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This sample scheme of work covers classroom-based learning for the Occupational Specialism Low Carbon Heating 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 tasks in the Skills Practice Workbook 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.





Low Carbon Heating Engineering
Sample scheme of work
Course/qualification: T Level Technical Qualification in Building Services Engineering for Construction 
Tutor’s name:  

Number of sessions: 		Venue:				Group: 
	Learning Outcomes
· Health and Safety (K1.1 – K1.3)
· Legislation, regulations and standards (K1.4 – K1.6)
· Tools, equipment and materials (K1.7)
· Relationship management (K1.8 – K1.9) 
· Low carbon heating and hot water systems (K1.10 – K1.16) 
· Low carbon heating and hot water science (K1.17 – K1.22) 
· Sustainability (K1.23 – K1.26) 
· Building technology (K1.27 – K1.28) 
· Information and data (K1.29 – K1.31) 
· System design (K1.32 – K1.36) 
· System installation (K1.37) 
· System commissioning (K1.38 – K1.41) 
· System maintenance (K1.42 – K1.45) 
· System decommissioning (K1.46 – K1.48)




	Session
	Content area
	Range and amplification
	Activities and resources

	1
2 hours
	Legislation, regulations and standards (K1.4 – K1.6)

Key requirements … (CoP) – Part A
	Types of requirements (legislation/regulations, Approved Documents, standards, ACOP, manufacturer instructions). Building Regulations Approved Documents overview: Parts L, P, G, F, H, J (awareness) and why they matter across job stages.
	Activities
· Tutor to deliver sections 1–6 of the K1.4 PPT (types of requirements + Approved Docs).
· Starter (5 mins) + objectives.
· Recap checkpoint (5 mins): Parts L/P/G/F/H/J quick questions.
· Video break (5–8 mins): Building regulations and Part P overview + short discussion.
· Stop point (5–10 mins): Wordwall/Quizizz (match Approved Doc to scenario) – developed separately by tutor.
· Tutor recap (5 mins).


Resources
· PPT_T_Level_OS_LowCarbon_K1.4
· YouTube (tutor use): Building regulations document overview and Part P 
https://www.youtube.com/watch?v=mX_BZynfUdg
· Wordwall/Quizizz: developed by tutor


	2
2 hours
	Legislation, regulations and standards (K1.4 – K1.6)

Key requirements – Part B
	Water Supply (Water Fittings) Regulations; ACOP L8 Legionella awareness; standards/guides referenced (BS EN 12831-1, EN 8558, Domestic Building Services Compliance Guide); planning/permitted development awareness.
	Activities
· Tutor to deliver K1.4 PPT sections on water safety, standards/guides and planning.
· Recap checkpoint (5 mins): evidence that supports compliance.
· Video break (5–8 mins): Water regulations and unvented safety tiers (G3 context) + discussion.
· Stop point (5–10 mins): Wordwall/Quizizz (standards vs regs vs manuals) – developed separately.
Using a suitable search method, Learners to research planning and permitted development conditions for air source heat pumps, identifying the key requirements for domestic installations.
· Tutor recap (5 mins).
Learners to research and understand the consequences of non-compliance with trade bodies such as Heating Equipment Testing and Approvals Scheme (HETAS), Oil Firing Technical Association (OFTEC), Gas Safe Register, Institution of Gas Engineers and Managers (IGEM), Chartered Institute of Plumbing and Heating Engineering (CIPHE) and CIBSE.
Learners to understand the role that the Health and Safety Executive (HSE) has in the Building Services Industry.

Resources
· PPT_T_Level_OS_LowCarbon_K1.4
YouTube (tutor use): Water regulations
· https://youtu.be/bU4MXaXk1Es?t=4
Unvented safety tiers https://www.youtube.com/watch?v=NhF5RtMDEoQ
· Wordwall/Quizizz: developed by tutor


	3
2 hours
	Legislation, regulations and standards (K1.4 – K1.6)

Key requirements – Part C
	Certification scheme installer standards (examples: MCS/Flexi-Orb) and how requirements apply across design, installation, commissioning and maintenance. Implications of non-compliance; responsibilities and duty holders (awareness).
	Activities
· Tutor to deliver remaining K1.4 PPT sections: certification schemes, responsibilities, non-compliance.
· Activity (20 mins): compliance mapping scenarios + evidence checklist by job stage.
· Video break (5–8 mins): MCS Registration + discussion.
· Stop point (5–10 mins): Wordwall/Quizizz (evidence pack match) – developed separately by tutor.
· End-of-session knowledge check (5 mins) + recap.

Resources
· PPT_T_Level_OS_LowCarbon_K1.4
· Compliance mapping worksheet (tutor-created)
· YouTube (tutor use): MCS Registration
https://www.youtube.com/watch?v=mlvnL5Ff2FM
· Wordwall/Quizizz: developed separately by tutor


	4
2 hours
	Legislation, regulations and standards (K1.4 – K1.6)

F-Gas regulations (awareness)
	What F-gases are; purpose/applications; ODS/GWP; hazards (awareness); contractor categories/registration; when certification is required; safe behaviours and referral.
	Activities
· Tutor to deliver K1.5-1.6 PPT.
· Recap checkpoint 1 (5 mins): GWP + why leakage matters.
· Video break (5–8 mins): refrigerant awareness + discussion.
· Stop point (5–10 mins): Wordwall/Quizizz (refer or proceed) – developed separately by tutor.
· Scenario activity (15 mins): classify tasks as OK vs refer.
· Recap checkpoint 2 (5 mins): tutor summary.


Resources
· PPT_T_Level_OS_LowCarbon_K1.5_1.6
· YouTube (tutor use): Primary https://www.youtube.com/watch?v=RShmCx21vMU
· YouTube (backup, optional): https://www.youtube.com/watch?v=xmVVUhIMlTw
· Wordwall/Quizizz: developed separately by tutor


	5
2 hours
	Legislation, regulations and standards (K1.4 – K1.6)

Manufacturer’s information
	Manufacturer installation, operation, commissioning and maintenance requirements; locating critical information in manuals; installation requirements, operation requirements and maintenance schedules. UK Energy Label, product label, package label, product fiche, declared vs real performance, COP/SCOP awareness and job-file evidence.
	Activities
· Tutor to deliver K1.6 PPT sections: manufacturer information, why instructions matter, finding critical information quickly, installation/operation/maintenance requirements, UK Energy Label, product/package labels and product fiche.
· Manual-reading task (20 mins): using a centre-provided ASHP manual, learners locate siting/clearance requirements, commissioning checks and maintenance intervals.
· Mini activity (5–10 mins): extract product fiche figures and write a 4-bullet job-file justification note.
· Stop point (5–10 mins): Wordwall/Quizizz (manual terminology / product vs package/fiche item to purpose) – developed separately by tutor.
· Recap questions + tutor summary.

Resources
· PPT_T_Level_OS_LowCarbon_K1.5_K1.6
· Example manufacturer manuals (centre-provided)
· UK Energy Label and product fiche examples (centre-provided)
· Wordwall/Quizizz: developed separately by tutor


	6
2 hours
	Relationship management (K1.8 – K1.9)

Limits of competence
	Limits of own competence: what not to do; when to engage a competent tradesperson/specialist (electrician, Gas Safe, OFTEC, F-Gas engineer, certification scheme registered installer/designer and other expertise); escalation evidence and handover records.
	Activities
· Tutor to deliver K1.8 PPT sections 1–7: introduction, objectives, limits of competence, referral routes and escalation records.
· Starter (5 mins): “How can a job go wrong before installation?”
· Scenario activity (15 mins): match mains gas, oil boiler, GSHP electrical work, refrigerant repair and scheme sign-off to the correct specialist.
· Stop point (5–10 mins): Wordwall/Quizizz “Who do you refer to?” – developed separately by tutor.
· Tutor recap (5 mins): stop, check, escalate.

Resources
· PPT_T_Level_OS_LowCarbon_K1.8_K1.9
· Wordwall/Quizizz: developed separately by tutor


	7
2 hours
	Relationship management (K1.8 – K1.9)

Communication principles, methods and styles
	Principles of effective communication; communication methods and styles for different situations and audiences; technical and non-technical vocabulary; teach-back and closed-loop communication.
	Activities
· Tutor to deliver K1.9 PPT sections 8–11: effective communication principles, methods/styles and technical vs non-technical language.
· Role-play (15 mins): deliver the same isolation message using informative, persuasive, empathetic and assertive styles.
· Stop point (5–10 mins): Wordwall/Quizizz “Which communication style?” – developed separately.
· Technical vocabulary task (10 mins): translate weather compensation, defrost cycle, flow temperature and DHW boost into customer-friendly language.
· Tutor recap (5 mins): explain, check, confirm.

Resources
· PPT_T_Level_OS_LowCarbon_K1.8_K1.9
· Suggested tutor-use video: communication/customer expectations clip (centre-approved link to be added)
· Wordwall/Quizizz: developed separately by tutor


	8
2 hours
	Relationship management (K1.8 – K1.9)

Stakeholders, collaboration and ethics
	Expectations and interrelationships of stakeholders; collaborative working; ethical principles and implications of clear communication about benefits, costs and drawbacks; managing impacts on essential services.
	Activities
· Tutor to deliver K1.9 PPT sections 12–16: stakeholders, collaborative working, ethical communication and protecting essential services.
· Stakeholder mapping task (15 mins): identify what customers, contractors, Building Control/schemes, utilities/DNOs and neighbours need from the installer.
· Mini case (10 mins): outdoor unit location changed due to noise/boundary issue – who is told, what evidence is used, what records are updated?
· Scenario activity (15 mins): customer works from home and relies on broadband + hot water – create a disruption-minimisation plan.
· Stop point (5–10 mins): Wordwall/Quizizz “Which service is impacted?” – developed separately.


Resources
· PPT_T_Level_OS_LowCarbon_K1.8_K1.9
· Scenario worksheet: Customer Disruption Plan (tutor-created)
· Wordwall/Quizizz: developed separately



	9
2 hours
	Relationship management (K1.8 – K1.9)

Communication outputs and handover
	Communication methods/outputs: estimate, quotation, invoice, heat pump performance document, compliance certificate, handover documents and demonstration of heat pump controls. Documentation protects the customer, business and engineer.
	Activities
· Tutor to deliver K1.9 PPT sections 17–22: estimate vs quotation, invoice, performance/compliance/handover, controls demonstration, recap and summary.
· Activity (15 mins): compare estimate vs quotation and identify assumptions, exclusions and variation control.
· Document matching task (10 mins): match performance document, compliance certificate, handover documents and controls demonstration to their purpose.
· Controls handover role-play (15 mins): learner demonstrates schedule, setpoint, DHW boost and “what is normal” explanation using teach-back.
· Stop point (5–10 mins): Wordwall/Quizizz “document to purpose” and recap questions – developed separately by tutor.
· Tutor summary (5 mins): relationship management reduces complaints, callbacks and non-compliance.




Resources
· PPT_T_Level_OS_LowCarbon_K1.8_K1.9
· Example quote/invoice/handover pack templates (centre-provided)
· Suggested tutor-use video: heat pump controls handover / manufacturer controls demo (centre-approved link to be added)
· Wordwall/Quizizz: developed separately by tutor


	10
2 hours
	Low carbon heating and hot water systems (K1.10 – K1.16) 

Types of control systems – Part A
	Purpose of controls in low carbon heating and hot water systems. Suitability factors: energy efficiency, budget, comfort, scalability, compatibility and compliance. Characteristics and operation of thermostats, hot water cylinder thermostats, smart/remote thermostats, controllers, weather compensation, optimisation, scheduling, set-backs and hot water priority.
	Activities
· Tutor to deliver K1.15 PPT sections 1–11: starter/objectives, why controls matter, suitability factors, thermostats, controllers, weather compensation, optimisation, scheduling/set-backs and hot water priority.
· Starter (5 mins): Why can a well-installed heat pump still be expensive to run?
· Tutor explanation: heat pumps benefit from steady low-temperature control; link controls to CoP/SCoP, comfort, DHW recovery and customer behaviour.
· Discussion (10 mins): rank suitability factors for a low-budget customer and a PV/battery/time-of-use tariff customer.
· Stop point (5–10 mins): thermostat/sensor location – identify poor locations and consequences.
· Activity (10 mins): weather compensation and set-back/UFH scenario – explain efficient control advice.
· Tutor recap (5 mins): controls that improve efficiency vs settings that cause cycling/high costs.


Resources
· PPT_T_Level_OS_LowCarbon_K1.15
· Manufacturer heat pump/cylinder/control manuals: centre-provided examples
· Building Regulations Approved Documents: https://www.gov.uk/government/collections/approved-documents 
· Energy Saving Trust guidance: https://energysavingtrust.org.uk/ 
· Wordwall/Quizizz: developed separately by tutor


	11
2 hours
	Low carbon heating and hot water systems (K1.10 – K1.16) 

Types of control systems – Part B
	Application and suitability of TRVs, zoning, hybrid controls, apps/remote monitoring, time-of-use tariffs, smart grids and demand response. Compatibility/regulatory considerations: communication methods, manufacturer wiring/control requirements, effective time/temperature control, MCS evidence, handover records and avoiding conflicting controls that disable efficiency or safety functions.
	Activities
· Tutor to deliver K1.15 PPT sections 12–21: TRVs/zoning, hybrid controls, apps, tariffs, smart grids, compatibility, control selection scenario, activity, recap and summary.
· Recap (5 mins): weather compensation, optimisation, scheduling and hot water priority.
· Tutor explanation: TRVs/zoning must maintain heat pump minimum flow and active water volume; controls must not fight weather compensation or hydraulics.
· Hybrid discussion (10 mins): switchover settings, secondary heat source operation and Gas Safe/OFTEC/electrical competence boundaries.
· Digital/smart controls task (10 mins): apps, remote monitoring, data privacy, PV/battery, export tariffs and demand response.
· Scenario activity (15 mins): 3-bed ASHP home with radiators, cylinder and 7am DHW demand. Select and justify a control strategy.
· Stop point (5–10 mins): ‘compatible or conflict?’ quiz – identify controls that could disable WC, DHW priority, minimum flow or safety functions.
· Recap checkpoint and tutor summary (5 mins).

Resources
· PPT_T_Level_OS_LowCarbon_K1.15
· MCS standards/guidance: https://mcscertified.com/standards-tools-library/ 
· Heat Pump Association guidance: https://hpauk.org.uk/
· Example smart control/app screenshots or demo system (centre-provided)
· Wordwall/Quizizz: developed separately by tutor


	12
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Application of scientific principles and concepts
	Heat loss calculations; practical method; heat loss assumptions; low temperature heating principles; link between building fabric, heat loss, emitter output and heat pump performance.
	Activities
· Tutor to deliver K1.17 PPT sections: introduction, objectives, what science means in practice, heat loss method, worked heat loss assumptions and low temperature heating.
· Starter (5 mins): Why do heat pumps perform best with low flow temperatures?
· Tutor discussion: heat loss is calculated room-by-room and must not be guessed from property size.
· Video break (5–8 mins): heat loss calculation / low temperature heating overview + discussion.
· Stop point (5–10 mins): Wordwall/Quizizz (match heat loss terms to meaning) – developed separately.
· Learners to complete Skills Practice Workbook Task 1: Heating design 1 – Heat loss 
· Tutor recap (5 mins): how poor heat loss assumptions affect comfort, flow temperature and COP.

Resources
· Skills Practice Workbook for Learners: Task 1
· PPT_T_Level_OS_LowCarbon_K1.17
· YouTube (tutor use): heat loss worked example/design overview https://youtu.be/r2uLnkDmRfk
· Wordwall/Quizizz: developed separately by tutor


	13
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Application of scientific principles and concepts
	Emitter selection and delta T; difference between radiator ΔT50 and system ΔT; manufacturer correction factors; fluid dynamics including laminar/turbulent flow and viscosity/glycol impact.
	Activities
· Tutor to deliver K1.17 PPT sections on emitter selection, ΔT worked examples, fluid dynamics and viscosity.
· Recap checkpoint (5 mins): low temperature heating vs boiler mindset.
· Worked example (10 mins): calculate radiator ΔT for 75/65/20 and low-temperature heat pump example 45/40/20.
· Demonstration/discussion: use manufacturer correction factors to explain reduced radiator output at lower ΔT.
· Stop point (5–10 mins): Wordwall/Quizizz (system ΔT vs radiator ΔT50) – developed separately.
· Learners to complete Skills Practice Workbook Task 3: Heating design 1 – Radiator sizing and 
Task 20: Glycol level (if appropriate at this point).
· Tutor recap (5 mins): why existing radiators may be unsuitable without resizing or flow temperature changes.



Resources
· Skills Practice Workbook for Learners: Task 3 and Task 20 (if appropriate) 
· PPT_T_Level_OS_LowCarbon_K1.17
· Manufacturer correction factor example (tutor use): Stelrad correction factor
https://www.stelradprofessional.com/stelrad-correction-factor
· Wordwall/Quizizz: developed separately by tutor


	14
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Application of scientific principles and concepts
	Pipe sizing, system flow rate, circulation pump selection and worked 8 kW heat pump example. Flow rate, head/resistance, pressure drop, velocity, filters, air and commissioning evidence.
	Activities
· Tutor to deliver K1.17 PPT sections on pipe sizing practical logic, circulation pump selection and worked heat output → flow → pump example.
· Recap checkpoint (5 mins): why system ΔT5 and radiator ΔT50 are different.
· Worked calculation (15 mins): 8 kW heat pump at 5K system ΔT = olumiz. 22.8 L/min required flow.
· Demonstration option: use Grundfos Product Center to show how required flow and system head inform pump selection.
· Stop point (5–10 mins): Wordwall/Quizizz (symptoms: pipe sizing, pump selection or controls?) – developed separately.
· Learners to complete Skills Practice Workbook Task 5: Heating design 1 – Pipe sizing.
· Tutor recap (5 mins): commissioning must prove design flow and pump settings in practice.


Resources
· Skills Practice Workbook for Learners: Task 5
· PPT_T_Level_OS_LowCarbon_K1.17
· Grundfos Product Center (tutor demonstration):
https://product-selection.grundfos.com/uk
· Wordwall/Quizizz: developed separately by tutor


	15
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Application of scientific principles and concepts
	Hot water demand calculation; heat pump DHW recovery; pressure vessel sizing awareness; expansion vessel worked example; buffer and olumizer sizing and when added volume or hydraulic separation is needed.
	Activities
· Tutor to deliver K1.17 PPT sections on DHW demand, 8 kW DHW recovery worked example, pressure vessel sizing and buffer/olumizer sizing.
· Recap checkpoint (5 mins): why DHW demand is about volume and timing, not only occupancy.
· Worked example (10 mins): 200 L cylinder from 10°C to 50°C using an 8 kW heat pump ≈ 70 mins ideal recovery.
· Activity (15 mins): estimate system water volume and identify whether expansion vessel size may need checking after a heat pump conversion.
· Stop point (5–10 mins): Wordwall/Quizizz (buffer vs volumizer vs expansion vessel) – developed separately.
· Learners to complete Skills Practice Workbook Task 7: Heating design 1 – Pressure loss.
· Tutor recap (5 mins): design decisions must be recorded in the job file.

Resources
· Skills Practice Workbook for Learners: Task 7
· PPT_T_Level_OS_LowCarbon_K1.17
· British Standard reference for tutor: BS EN 12831-3:2017 (DHW heat load and storage volume)
· CIBSE Domestic Heating Design Guide (centre/tutor reference)
· Wordwall/Quizizz: developed separately by tutor


	16
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Application of scientific principles and concepts
	Coefficient of Performance (CoP), Seasonal Coefficient of Performance (ScoP), ventilation and heat loss, electricity links to performance, tariffs/PV/battery context, and water drainage/capture considerations.
	Activities
· Tutor to deliver K1.17 PPT sections on CoP, ScoP, ventilation, electricity links and water drainage/capture.
· Recap checkpoint (5 mins): CoP as a snapshot vs ScoP as seasonal performance.
· Discussion (10 mins): how flow temperature, emitter sizing, commissioning and user behaviour can improve or reduce ScoP.
· Scenario activity (15 mins): customer has solar PV/battery and time-of-use tariff – learners identify scheduling opportunities and risks for DHW/heating.
· Stop point (5–10 mins): Wordwall/Quizizz (science principle → performance impact) – developed separately by tutor.
· End-of-session knowledge check (5 mins) + tutor summary.

Resources
· PPT_T_Level_OS_LowCarbon_K1.17
· Optional tutor video/resource: heat pump efficiency / COP explainer (centre-approved)
· Image sources for tutor: Freepik/Pexels/Pixabay/Unsplash only; record in Artlog
· Wordwall/Quizizz: developed separately by tutor


	17
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Whole-system science, suitability and air source heat pumps
	Learning focus: Explain systems science, apply evidence-based suitability criteria and evaluate ASHP types and integration requirements.

Coverage
· Systems science: heat source, heat transfer, hydraulics, emitters/storage and controls form one engineered chain; failure or mismatch at one point affects comfort, efficiency and reliability.
· Suitability evidence: calculated whole-dwelling heat loss, room-by-room emitter demand, DHW profile, site constraints, operating temperatures, hydraulic requirements, electrical capacity, access, budget, maintenance and customer expectations.
· ASHP purpose and refrigeration function: use outdoor air as the source and upgrade heat for space heating and DHW.
· Monobloc versus split: location of the refrigerant circuit, external water pipework, frost protection, refrigerant competence and service implications.
· Performance factors: design outdoor temperature, required flow temperature, airflow, discharge-air recirculation, defrost, frost protection, noise, vibration and condensate drainage.
· Integration checks: output at design condition, heat emitters, cylinder coil, flow rate, active water volume, controls, electrical supply and manufacturer-approved hydraulic layout.
· Selection evidence: use manufacturer performance tables at the actual outdoor and flow temperatures; nominal model ratings or the previous boiler output are not sufficient.

Standards and guidance: MCS MIS 3005-D; MCS/NHBC Domestic Heat Pumps Best Practice Guide; current manufacturer instructions; applicable Building Regulations and certification-scheme requirements.
Behaviours: use measured evidence, work within competence, question assumptions and record a traceable reason for every component choice.
	Activities
· Starter - 5 minutes: Use slide 2. Learners explain why a good-quality heat pump can still produce a poor system outcome.
· Tutor delivery - 25 minutes: Deliver K1.20 PPT slides 1-7. Build the whole-system chain and compare monobloc and split ASHP arrangements, including competence boundaries and frost protection.
· Component-chain activity - 12 minutes: Learners arrange heat source, pump, cylinder, emitters, expansion provision, sensors and controls into a logical operating sequence.
· ASHP image and siting audit - 15 minutes: Using a unit photograph/site sketch, identify airflow, service, noise, vibration, condensate and electrical issues.
· Suitability scenario - 18 minutes: Compare a small terrace, a modern detached home and a coastal property. Groups identify the evidence needed before approving an ASHP.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 9: Heating design 1 - Air source heat pump sizing and 
Task 11: Heating design 1 - Heat pump selection.
· Plenary - 5 minutes: Complete: “An ASHP should not be selected until…”

Resources
· Skills Practice Workbook for Learners: Task 9 and Task 11
· PPT_T_Level_OS_LowCarbon_K1.20
· MCS MIS 3005-D - Heat Pump Design Standard (Issue 3.0)
· MCS/NHBC - Domestic Heat Pumps: A Best Practice Guide
· Energy Saving Trust - In-depth guide to heat pumps
· MCS Heat Load Calculator - Help documentation
Delivery note: Preview all linked resources before delivery
and confirm current standards, legislation, scheme
requirements and manufacturer instructions.

	18
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Ground, water/marine and exhaust-air heat pumps
	Learning focus: Compare GSHP, WSHP/MSHP and EAHP source characteristics, integration needs, permissions and domestic suitability.

Coverage
· GSHP collectors: horizontal straight/slinky loops, vertical boreholes and shared ground arrays; relate collector type to land, access, geology, heat demand and long-term thermal balance.
· GSHP source-side hydraulics: brine type and concentration, frost protection, specific heat, viscosity, pressure loss, loop/manifold sizing, pump duty, balancing, air removal, expansion provision and commissioning evidence.
· Water-source systems: closed-loop submerged collectors versus open-loop abstraction, heat exchanger, discharge/reinjection, source temperature and filtration.
· Marine-source systems: seawater or tidal sources; consider salinity, corrosion, biofouling, tidal variation, coastal exposure, access and environmental permissions.
· Plas Newydd case study: 300 kW marine-source system using the Menai Strait; listed-building constraints, source-side materials, BMS control and recommissioning lessons.
· EAHP operation: recover heat from mechanically extracted wet-room air; integrate ventilation, heating, DHW, ductwork, filters, condensate, airflow commissioning and supplementary heat.
· EAHP limitation: recoverable heat is constrained by extract airflow and internal gains; increasing ventilation solely to increase heat can worsen heat loss, draughts and fan energy.
· Important distinction: an EAHP uses a vapour-compression cycle to upgrade heat; MVHR transfers heat directly between air streams.

Standards and guidance: MCS MIS 3005-D; Natural Resources Wales heat-pump permits/licences guidance; current manufacturer collector, brine, water-quality and ventilation instructions.
Behaviours: identify when specialist ground, geological, environmental, marine, water-treatment or ventilation competence is required.
	Activities
· Recap - 5 minutes: Learners state three ASHP design checks that affect performance rather than appearance.
· Tutor delivery - 25 minutes: Deliver K1.20 PPT slides 8-11. Compare source stability, collector types, permissions, source-side hydraulics and the firm heat limit of EAHPs.
· Ground-array selection - 15 minutes: Select horizontal loops, boreholes or a shared array for three sites and justify land, access, heat extraction and disruption assumptions.
· Plas Newydd case study - 15 minutes: Review the authentic project page. Learners identify technical, environmental and heritage constraints and propose monitoring/maintenance evidence.
· EAHP airflow challenge - 12 minutes: Explain why a compact EAHP may suit an airtight flat but not a large, high-heat-loss house.
· Quiz break - 8 minutes: Eight questions developed separately on source types, open/closed loops, brine, water quality, marine risks and EAHP limitations.
· Plenary - 5 minutes: Name the design factor most likely to make each source unsuitable.

Resources
· PPT_T_Level_OS_LowCarbon_K1.20
· Natural Resources Wales - Permits and licences needed for a heat pump
· Kimpton - Marine Source Heat Pump at Plas Newydd
· NIBE - Exhaust air heat pumps
· Kensa - Water source heat pump guide
· MCS MIS 3005-D - Heat Pump Design Standard
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.

	19
2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Hybrid, bivalent, PVT and solar thermal systems
	Learning focus: Explain multi-source operating strategies and compare hybrid, bivalent, PVT and solar-thermal applications using whole-system evidence.
Coverage
· Hybrid systems: combine a heat pump with boiler, biomass or electric backup; coordinate capacity, fuel/electrical services, hydraulics, controls, competence, servicing and handover.
· Bivalent operation: parallel, alternative and part-parallel strategies; define the bivalence/balance point using building heat demand and actual heat-pump output at design conditions.
· Switchover logic: outdoor temperature, required flow temperature, available output, cost, carbon intensity, electrical capacity and DHW demand; avoid unnecessary backup operation.
· PVT systems: produce electricity and low-grade thermal energy from the same roof area; integrate panel thermal loop, inverter, heat-pump source, DHW/storage, freeze/stagnation protection and controls.
· PVT suitability: limited roof area or integrated whole-building strategy may justify complexity; source-temperature management and specialist design are essential.
· Solar thermal collector types: flat plate, evacuated tube, heat-pipe tube, direct-flow tube and unglazed collectors; compare operating temperatures, robustness and applications.
· Solar integration: collectors, pump station, controller, sensors, solar coil, expansion vessel, relief provision and glycol; manage seasonality, shading, stagnation, overheating and hygiene.
· Heat-source comparison: select from demand, site, permissions, roof/ground/water availability, customer tolerance, maintenance, controls and evidence - not technology preference.

Standards and guidance: MCS MIS 3005-D; MCS solar-thermal installation standard; CIBSE Solar Heating Design and Installation Guide; current manufacturer instructions.
Behaviours: communicate operating compromises honestly and do not use hybrid or backup heat to conceal weak heat-loss, emitter or control design.
	Activities
· Starter - 5 minutes: Learners distinguish a hybrid product from a bivalent operating strategy.
· Tutor delivery - 25 minutes: Deliver K1.20 PPT slides 12-16. Explain balance points, operating modes, PVT energy paths, collector types and selection evidence.
· Bivalent-curve activity - 15 minutes: Plot simplified building demand and heat-pump output against outdoor temperature; identify the balance point and propose parallel or alternative control.
· PVT versus separate PV/solar comparison - 12 minutes: Compare roof use, thermal/electrical output, complexity, storage and maintenance.
· Collector identification - 10 minutes: Use photographs to identify flat-plate, evacuated-tube, heat-pipe and unglazed collectors and give a suitable application.
· Domestic selection scenario - 13 minutes: Groups select hybrid, PVT, solar thermal or none for a constrained retrofit and justify the decision.
· Plenary - 5 minutes: Explain one way poor control could remove the low-carbon benefit.

Resources
· PPT_T_Level_OS_LowCarbon_K1.20
· GOV.UK - Hybrid heat pumps study
· IEA Solar Heating and Cooling - PVT technology position paper
· CIBSE - Solar Heating Design and Installation Guide
· Energy Saving Trust - Solar water heating
· MCS - Solar Thermal Installation Standard
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

DHW cylinder heat exchangers and heat emitter selection
	Learning focus: Select heat-transfer and emission components that meet calculated demand at low operating temperatures and provide acceptable customer performance.

Coverage
· Cylinder compatibility: volume alone is insufficient; assess coil/heat-exchanger surface area and rating, heat-pump output, primary temperature, sensor position, recovery time and standing losses.
· Lower-temperature heat transfer: heat-pump cylinders normally need a larger coil than boiler cylinders; undersized coils can cause slow recovery, higher primary temperatures and excessive immersion use.
· DHW demand: occupancy, shower flow rates, bath volume, simultaneous use, target temperature and acceptable recovery interruption to space heating.
· DHW controls and safety: priority, schedules, hygiene/pasteurisation strategy, immersion permissions, TMVs, secondary circulation and customer handover.
· Emitter sizing: each room’s emitter must meet its calculated heat loss at the proposed flow, return and room temperatures.
· Manufacturer data: use output tables or correction factors; existing radiator size or catalogue output at boiler conditions is not evidence of low-temperature suitability.
· Emitter options: larger/additional radiators, fan convectors, UFH and mixed circuits; consider comfort, noise, floor construction/covering, zoning, balancing and disruption.
· Evidence trail: room heat loss, emitter dimensions/type, output at design condition, customer approval, hydraulic flow, control strategy and commissioning readings.

Standards and guidance: MCS 021 Heat Emitter Guide; MCS MIS 3005-D; CIBSE Domestic Heating Design Guide 2026; CIBSE Underfloor Heating Guide; manufacturer cylinder and emitter data.
Behaviours: use room-level evidence, explain recovery and comfort expectations, and obtain informed customer acceptance for visible or disruptive changes.
	Activities
· Recap - 5 minutes: Learners identify two reasons a multi-source system may use more backup heat than intended.
· Tutor delivery - 25 minutes: Deliver K1.20 PPT slides 17-20. Explain cylinder coil transfer, DHW priority/recovery and emitter correction at lower temperatures.
· Cylinder comparison - 15 minutes: Compare two cylinders with the same stored volume but different coil ratings/surface areas and recovery data.
· DHW customer-profile task - 12 minutes: Specify the evidence needed for a two-person bungalow and a five-person home with two showers and a large bath.
· Emitter table exercise - 18 minutes: Given room heat loss and manufacturer output data at several temperature conditions, decide whether the existing emitter can remain.
· Peer evidence audit - 5 minutes: Check whether each decision links heat loss, temperature, output and controls.
· Workbook task - 5 minutes: Complete Skills Practice Workbook Task 13: Hot Water Requirements 1.
· Plenary - 5 minutes: Explain why a boiler cylinder or radiator rating cannot be accepted without recalculation.

Resources
· Skills Practice Workbook: Task 13
· PPT_T_Level_OS_LowCarbon_K1.20
· MCS 021 - Heat Emitter Guide
· CIBSE - Domestic Heating Design Guide 2026
· CIBSE - Underfloor Heating Design and Installation Guide
· MCS/NHBC - Domestic Heat Pumps Best Practice Guide
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Buffer/volumiser and circulation pump selection
	Learning focus: Explain why additional volume or hydraulic separation may be required and calculate/select circulation flow and pump duty from system evidence.

Coverage
· Volumiser: adds active water volume in series without normally separating heat-pump and emitter flow rates.
· Buffer vessel: can add volume and, depending on pipe arrangement, provide hydraulic separation between primary and secondary circuits.
· Design reasons: manufacturer minimum volume/flow, stable compressor run time, reduced short cycling, defrost support, small active zones and variable secondary flow.
· Risks: automatic or oversized buffers add standing loss and plant space; primary/secondary flow imbalance can mix water, raise return temperature and reduce efficiency.
· Circulation pump purpose: deliver calculated volumetric flow at the total resistance/head of the most demanding circuit.
· Flow calculation: Q = m-dot × c-p × ΔT; for 8 kW at 5 K using water, mass flow is approximately 0.383 kg/s or 23.0 L/min.
· Pump duty: add pressure losses from pipework, fittings, valves, filters, manifolds, emitters and heat exchangers; select the operating point on the manufacturer pump curve.
· Glycol effect: fluid-specific heat, density and viscosity change required volumetric flow and resistance; use concentration and temperature-specific manufacturer data.
· Commissioning: verify pump mode, actual flow, ΔT, balancing, minimum-zone operation, filters and noise; the catalogue selection must be proven on the system.

Standards and guidance: HPA/BEAMA Controls Guide; CIBSE Domestic Heating Design Guide 2026; BS EN 12828; MCS MIS 3005-D; manufacturer hydraulic and pump-curve data.
Behaviours: solve the identified hydraulic problem rather than adding components by habit; show calculations and assumptions clearly.
	Activities
· Starter - 5 minutes: Learners explain the functional difference between a volumiser and a buffer vessel.
· Tutor delivery - 23 minutes: Deliver K1.20 PPT slides 21-22 and revisit slide 31. Explain active volume, separation, flow imbalance, pump duty and the 8 kW/5 K example.
· Hydraulic scenario - 15 minutes: Diagnose a zoned system that short-cycles when one small zone calls. Decide whether the issue is volume, minimum flow, controls or emitter sizing.
· Flow calculation practice - 15 minutes: Calculate flow for three heat outputs/ΔT values and identify why glycol requires different fluid data.
· Pump-curve activity - 15 minutes: Use a manufacturer curve to select a pump at a given flow and head, then check the duty point is within a suitable operating region.
· Buffer decision task - 7 minutes: Write a one-sentence design justification for using a volumiser, a hydraulic buffer or neither.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 20: Glycol level (if appropriate at this point)
· Plenary - 5 minutes: State why flow rate alone is not enough to select a pump.

Resources
· Skills Practice Workbook: Task 20 (if appropriate)
· PPT_T_Level_OS_LowCarbon_K1.20
· HPA UK - Control Guide for Air-Water Heat Pump Systems
· Caleffi - Components for Heat Pump Systems
· Grundfos - How to do pump sizing by application
· Pump curves | Grundfos
· Duty point | Grundfos
· BSI – BS EN 12828: design for water-based heating systems
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 

Expansion vessels, controls and water quality/glycol
	Learning focus: Explain pressure control, integrated control logic and fluid-quality requirements that protect performance and long-term reliability.

Coverage
· Expansion-vessel purpose: absorb thermal expansion in sealed heating, DHW, solar and brine/glycol circuits while maintaining safe operating pressure.
· Vessel sizing inputs: total fluid volume, fluid expansion, temperature range, static height, fill pressure, pre-charge and PRV setting; follow CIBSE/BS EN 12828 and manufacturer selection data rather than a fixed percentage rule.
· Incorrect sizing/pre-charge: rapid pressure rise, PRV discharge, loss of pressure, air ingress and repeat faults; commissioning records must include cold/hot pressures and pre-charge.
· Controls integration: heat source, emitters, cylinder, pumps, valves, sensors and backup heat must follow a common control narrative.
· Key functions: weather compensation, room/load feedback, DHW priority, hybrid/bivalent changeover, pump/valve sequencing, minimum run time, anti-cycling, hysteresis, tariff/PV scheduling and remote monitoring.
· Water quality: cleaning/flushing, strainers, magnetic separation and inhibitor concentration protect pumps, valves, heat exchangers and emitters.
· Glycol types: inhibited monopropylene glycol (lower toxicity), ethylene glycol (toxic but lower viscosity) and high-temperature solar glycol; do not mix incompatible products.
· Concentration testing: use a refractometer calibrated for the exact glycol type and compare with manufacturer charts; record product, concentration, freeze point, pH/inhibitor condition and sample location.
· Design impact: excessive glycol reduces specific heat and increases viscosity/pressure loss, affecting flow calculation, pipe sizing and pump duty.

Standards and guidance: CIBSE Domestic Heating Design Guide 2026; BS EN 12828; BS 7593:2019+A1:2024; HPA controls guide; manufacturer chemical/fluid instructions.
Behaviours: test rather than assume, document settings and fluid condition, protect warranties and recognise where chemical, electrical or refrigerant competence is required.
	Activities
· Recap - 5 minutes: Learners calculate the design flow for 6 kW at 5 K and state one additional item needed for final pump selection.
· Tutor delivery - 25 minutes: Deliver slides K1.20 PPT 23-24 and 27. Explain expansion-vessel acceptance, control sequencing and water/glycol protection.
· Expansion evidence task - 12 minutes: Given system volume, temperature and pressure information, learners identify the data required by a manufacturer sizing tool and the commissioning checks.
· Control-sequence flowchart - 15 minutes: Map a call for space heating from sensor demand through pump/valve proving, compressor modulation and satisfied demand.
· Glycol demonstration - 15 minutes: Tutor demonstrates representative sampling and refractometer use. Learners explain why MPG and MEG scales/data are not interchangeable.
· Water-quality fault task - 8 minutes: Diagnose restricted plate heat exchanger, noisy pump and repeated low-flow faults caused by debris or poor treatment. (Tutor to develop).
· Workbook task - 5 minutes: Complete the pressure, controls and fluid-quality evidence record. (Tutor to develop).
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 20: Glycol level (if appropriate at this point).
· Plenary - 5 minutes: Name one fault caused by incorrect pre-charge and one caused by excessive glycol concentration.

Resources
· Skills Practice Workbook: Task 20 (if appropriate)
· PPT_T_Level_OS_LowCarbon_K1.20
· CIBSE - Domestic Heating Design Guide 2026
· BSI - BS 7593:2019+A1:2024 water-system preparation and maintenance
· BSI - BS EN 12828 water-based heating-system design
· Fernox - Refractometer instructions
· Fernox - Monopropylene glycol heat-transfer fluid information
· Fernox - Ethylene glycol heat-transfer fluid information
· HPA UK - Control Guide for Air-Water Heat Pump Systems
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 
Whole-system integration in heating and DHW modes
	Learning focus: Trace the operating sequence in heating and DHW modes and diagnose performance problems caused by component mismatch or incorrect commissioning.

Coverage
· Heating mode sequence: demand and weather compensation establish target flow; pumps/valves create the hydraulic path; heat source modulates; pipework distributes; emitters release the calculated room load.
· Heating stability: minimum flow and volume, buffer/volumiser where justified, expansion control, sensor feedback, low flow temperature and long stable run times.
· DHW mode sequence: cylinder sensor/time programme calls; DHW priority diverts output; higher flow temperature and cylinder coil transfer heat; space heating may pause.
· DHW integration: cylinder volume, coil area/rating, sensor location, recovery time, hygiene cycle, immersion/backup, TMVs, secondary circulation and tariff/PV scheduling.
· Commissioning evidence: actual flow, ΔT, pump mode, emitter balance, sensor readings, heating curve, DHW setpoints/recovery, backup permissions and customer instructions.
· Component mismatch scenario: small radiators and an older boiler cylinder drive high flow temperatures, slow DHW recovery, immersion use, lower COP and complaints. 
· Diagnostic approach: verify design heat loss, emitter outputs, cylinder data, flow/return readings, active volume, pump settings, filters and control sequence before blaming the heat pump.
· Customer experience: explain normal continuous/longer heating operation, DHW recovery, boost limitations, tariff logic and how user changes can undermine the design.

Standards and guidance: MCS MIS 3005-D; CIBSE System Criteria Document; HPA controls guide; MCS/NHBC Best Practice Guide; current manufacturer commissioning and handover requirements.
Behaviours: diagnose methodically, use trend and measurement evidence, protect the design intent and communicate clearly without blaming the customer or equipment prematurely.
	Activities
· Starter - 5 minutes: Learners identify the first three components/actions in a call for heating.
· Tutor delivery - 23 minutes: Deliver K1.20 PPT slides 25-26 and 28. Trace the full heating and DHW sequences and connect each component to its design evidence.
· Heat-path tracing - 15 minutes: Groups annotate a schematic from source to room and from source to cylinder, adding sensor, pump and valve actions.
· Mode-comparison task - 10 minutes: Compare target temperature, control priority, likely COP and customer impact in heating versus DHW mode.
· Component-mismatch investigation - 20 minutes: Use the slide 28 symptoms. Learners produce an evidence-based diagnostic plan and rank likely causes.
· Handover role-play - 7 minutes: Explain DHW priority, boost/immersion use and weather-compensated heating to a customer in clear non-technical language.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 13: Hot Water Requirements 1
· Plenary - 5 minutes: Complete: “Do not blame the heat pump until…”

Resources
· Skills Practice Workbook: Task 13
· PPT_T_Level_OS_LowCarbon_K1.20
· CIBSE - Domestic Building Services System Criteria Document
· MCS/NHBC - Domestic Heat Pumps Best Practice Guide
· HPA UK - Control Guide for Air-Water Heat Pump Systems
· Caleffi - Components for Heat Pump Systems
· MCS MIS 3005-D - Heat Pump Design Standard
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 

Applied system selection, visual identification and assessment
	Learning focus: Apply K1.20 knowledge to complete domestic scenarios, justify component choices and demonstrate specification coverage at Level 3.

Coverage
· Scenario A - rural detached home: land, high DHW demand and tolerance for groundworks; consider GSHP, collector design, cylinder, emitters, hydraulics and controls.
· Scenario B - small new build: low heat loss, controlled ventilation and limited external noise tolerance; consider ASHP versus EAHP and integrated DHW/ventilation.
· Scenario C - difficult retrofit: existing boiler, high peak demand and limited emitter-upgrade budget; consider fabric actions, hybrid/bivalent operation and customer impacts.
· Selection output: heat source, storage, emitters, buffer/volumiser decision, pump duty, expansion provision, controls and fluid treatment.
· Evidence output: heat-loss and DHW data, site/source evidence, manufacturer performance, hydraulic calculations, permissions, controls narrative, commissioning and handover requirements.
· Visual identification: recognise heat sources, cylinders/coils, emitters, buffers, pumps, vessels, controls, filters and glycol-testing equipment; link appearance to function and failure risk.
· Technical communication: present assumptions, alternatives, limitations and competence boundaries using accurate Level 3 terminology.
· Specification assurance: ASHP, GSHP, WSHP/MSHP, EAHP, hybrid, bivalent, PVT and solar thermal; heat source, cylinder exchanger, emitters, buffer, pump, vessel and control integration.

Standards and guidance: all current resources used throughout sessions 1-7; manufacturer information must be project-specific and current.
Behaviours: collaborate, justify rather than assert, respond professionally to challenge, acknowledge missing evidence and improve the design through peer review.
	Activities
· Retrieval starter - 8 minutes: Ten short questions from slide 32 covering source suitability and component integration.
· Tutor briefing - 7 minutes: Introduce K1.20 PPT slides 29-34, assessment expectations and the requirement to justify each decision with evidence.
· Group design challenge - 30 minutes: Assign scenarios A-C. Groups produce a component schedule, system sketch, key calculations/checks and risk/evidence register.
· Photo identification carousel - 12 minutes: Use slide 30 and deck images. Learners identify each component, purpose, suitability check and one consequence of wrong selection.
· Presentations and peer challenge - 18 minutes: Each group delivers a concise design justification; peers challenge one assumption and request one missing item of evidence.
· Individual specification check - 8 minutes: Learners complete slide 33 mapping and identify their least secure topic for revision.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 15: Identification of key components in an air source heat pump installation
· Revision - 7 minutes: Learners to complete: “A low-carbon system performs well when…” and give three evidence examples.

Resources
· Skills Practice Workbook: Task 15
· PPT_T_Level_OS_LowCarbon_K1.20
· MCS MIS 3005-D - Heat Pump Design Standard
· MCS 021 - Heat Emitter Guide
· CIBSE - Domestic Heating Design Guide 2026
· CIBSE - Domestic Building Services System Criteria Document
· Energy Saving Trust - In-depth guide to heat pumps
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Scientific foundations and the vapour-compression cycle
	Learning focus: Explain how heat transfer, pressure, temperature and phase change allow a heat pump to move energy from a low-temperature source to a higher-temperature heating or hot-water circuit.

Coverage
· Energy pathway: environmental heat plus compressor work becomes useful heat at the condenser; heat is moved rather than created solely from electricity.
· Heat-transfer concepts: sensible and latent heat; evaporation absorbs heat and condensation releases heat; source and sink temperatures set the operating challenge.
· Pressure-temperature relationship: compression raises refrigerant pressure and temperature; expansion lowers pressure and temperature so evaporation can restart.
· Four stages: evaporation, compression, condensation and expansion; relate each stage to pressure, temperature, refrigerant state and direction of energy flow.
· Operating modes: explain how the same scientific cycle supports space heating, DHW, cooling and reverse-cycle defrost where the product is designed for them.
· Evidence: outdoor/source temperature, flow/return temperatures, compressor state, sensor values and fault history should support any explanation.

Standards and guidance: EHPA refrigerant-cycle guidance; Energy Saving Trust installer toolkit; current manufacturer sequence of operation and safety instructions.
Behaviours: use accurate scientific language, separate measured evidence from assumption and work within competence.

	Activities
· Starter - 5 minutes: Use slides 1-3. Learners identify three scientific decisions made during a heat-pump installation and state what evidence would support each decision.
· Tutor delivery - 22 minutes: Deliver K1.22 PPT slides 1-4. Build the energy pathway and explain pressure, temperature, phase change, source/sink and the four stages.
· Verified video - 8 minutes: Show the refrigeration-cycle explanation. Pause after each stage and ask learners to identify pressure, temperature, state and energy movement.
· Cycle sequencing activity - 15 minutes: Groups arrange component/stage cards into a loop and annotate low/high pressure, low/high temperature and liquid/vapour condition.
· Phase-change demonstration - 12 minutes: Use a safe tutor demonstration or simulation to compare evaporation/condensation and a bicycle-pump compression analogy. Learners write cause-and-effect statements.
· Mode comparison - 13 minutes: Compare heating, DHW and defrost. Explain what changes and why defrost temporarily reduces useful heat delivery.
· Plenary - 5 minutes: Complete: "A heat pump can deliver more heat than its electrical input because..."


Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· EHPA - About heat pumps and the refrigerant cycle
· Energy Saving Trust - What is a heat pump? Installer toolkit
· STIEBEL ELTRON - How heat pumps work
· Heat Pumps Explained - How Heat Pumps Work HVAC
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 

Core refrigerant-cycle components
	Learning focus: Explain the characteristics and scientific function of the evaporator, compressor, condenser, expansion valve and expansion-valve phial, then link poor heat transfer or control to likely symptoms.

Coverage
· Evaporator: source-side heat exchanger; low-pressure refrigerant absorbs latent heat and boils. Airflow, brine/water flow, icing, cleanliness and defrost affect capacity.
· Compressor: draws low-pressure vapour and raises pressure and temperature; the main work input. Relate pressure ratio and temperature lift to electrical demand and COP.
· Condenser: sink-side heat exchanger; hot high-pressure vapour rejects heat into heating water/DHW and condenses. Water flow and cleanliness control heat rejection.
· Expansion valve: meters liquid refrigerant and creates the pressure drop before the evaporator. Distinguish thermostatic and electronic control at awareness level.
· Expansion-valve phial: senses suction-line temperature and supports superheat control; location, contact and insulation affect response.
· Component interaction: too little heat absorption, excessive temperature lift, poor heat rejection or unstable refrigerant feeding affects the entire cycle.

Standards and guidance: manufacturer component literature, Danfoss expansion-valve animations and Copeland compressor technical media.
Behaviours: identify safe observable evidence and escalate sealed-circuit work to competent qualified personnel.
	Activities
· Recap - 5 minutes: Learners state the four cycle stages and one pressure/temperature change at each stage.
· Tutor delivery - 25 minutes: Deliver K1.22 PPT slides 5-9. Explain the evaporator, compressor, condenser, expansion valve/phial and component map.
· Component image carousel - 15 minutes: Identify each component from representative photographs/schematics and state function, refrigerant condition and one installation influence.
· Manufacturer media - 12 minutes: View selected Copeland compressor and Danfoss expansion-valve animations. Learners record what moves, what is controlled and what evidence would indicate a problem.
· Heat-transfer comparison - 10 minutes: Compare an iced/dirty evaporator with a restricted/dirty condenser water circuit and predict pressure/performance consequences.
· Symptom matrix - 13 minutes: Match icing, high-pressure trip, low output, slow DHW recovery and unstable operation to possible component functions without claiming a final diagnosis.
· Plenary - 5 minutes: Explain why a high flow-temperature target increases compressor work.

Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· Danfoss - Refrigeration product animations
· Danfoss - Thermostatic expansion valves
· Copeland - Two-stage scroll compressor: how it works
· EHPA - What is inside a heat pump?
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 

Sensors, switches, inverter control and refrigerant routing
	Learning focus: Explain how measuring, protection, modulation and refrigerant-conditioning components allow the controller to operate the cycle safely and efficiently.

Coverage
· Pressure transducer: provides a variable live pressure signal for modulation, diagnostics and calculation of operating condition; distinguish from a threshold switch.
· RTD/resistance temperature device: resistance changes with temperature. Relate correct sensor type, location, contact, insulation and wiring to reliable readings.
· Low- and high-pressure switches: protection devices that open/trip at unsafe limits. Repeated reset without cause investigation is unsafe and poor practice.
· Inverter controls: vary compressor/fan/pump speed to match demand; require reliable sensor inputs, adequate flow/volume and compatible control settings.
· Drier/receiver/sight glass: remove moisture/contaminants, store or stabilise liquid supply where required and provide visual indication. Avoid simplistic bubble diagnosis.
· Four-way reversing valve/hot gas bypass: alter refrigerant routing for heating/cooling, defrost or low-load strategies; not every system contains every component.
· Controller integration: inputs drive compressor speed, expansion-valve position, fan/pump speed, DHW priority, defrost and lockout.

Standards and guidance: current manufacturer wiring, sensor, pressure and operating-sequence data; F-Gas competence requirements.
Behaviours: do not bypass protection devices; record values and escalate uncertain or sealed-circuit findings.
	Activities
· Recap - 5 minutes: Classify evaporator, compressor, condenser and expansion valve as heat-transfer or pressure-changing components.
· Tutor delivery - 28 minutes: Deliver K1.22 PPT slides 10-16. Explain sensors, switches, inverter control, liquid-line components and reversing/hot-gas control.
· RTD demonstration - 12 minutes: Tutor uses a spare low-voltage sensor and multimeter/manufacturer table to show resistance change with temperature. Learners explain why the correct curve matters.
· Transducer versus switch task - 10 minutes: Learners compare signal type, controller use, protection function and likely symptoms from a faulty input.
· Control input/output map - 15 minutes: Map sensor and switch inputs to compressor, expansion valve, fan, pump, DHW and defrost outputs.
· Protection scenario - 10 minutes: High-pressure trip begins during DHW mode. Groups list safe hydraulic/control evidence before refrigeration escalation.
· Plenary - 5 minutes: Explain why a pressure transducer and pressure switch are not interchangeable.


Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· Danfoss - Refrigeration and air-conditioning product animations
· GOV.UK - Qualifications required to work on equipment containing F gas
· GOV.UK - F gas guidance for users, producers and traders
· MCS – Standards and Tools Library
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Component interaction, symptoms, evidence and competence
	Learning focus: Trace how components work together under control, interpret symptoms using measured evidence and communicate when specialist support is required.

Coverage
· Operating sequence: demand and sensor inputs establish target conditions; controller coordinates compressor, expansion device, fan, pumps, valves, DHW priority and defrost.
· Cause-and-effect thinking: a hydraulic fault may appear as a refrigerant fault; a sensor fault may imitate poor heat transfer; a control fault may cause cycling or lockout.
· Evidence hierarchy: observed condition, measured values, manufacturer expected range, operating sequence, likely causes, safe checks and escalation.
· Symptom examples: evaporator icing/low pressure; compressor noise/current/lockout; condenser high pressure/poor delta T; expansion instability; false sensor readings.
· Safe checks: airflow/clearances, water flow, filters/strainers, pump settings, temperatures, sensor position, fault history and control configuration within competence.
· Competence boundary: K1.22 knowledge does not authorise opening, recovering, charging or adjusting sealed refrigerant circuits or bypassing safety devices.
· Technical reporting: separate facts, readings, assumptions, likely causes, safety action, customer advice and referral.

Standards and guidance: MCS standards, manufacturer service/commissioning instructions and GOV.UK F-Gas qualification guidance.
Behaviours: diagnose methodically, protect evidence and avoid blaming the product or customer before checks are complete.
	Activities
· Starter - 5 minutes: Learners explain why the same high-pressure fault could have hydraulic, control or refrigerant causes.
· Tutor delivery - 20 minutes: Revisit K1.22 PPT slides 16-18 and build a structured evidence-to-action diagnostic model.
· Operating-sequence flowchart - 15 minutes: Trace a call for space heating and a call for DHW from demand through sensing, modulation, heat transfer and satisfied demand.
· Symptom carousel - 20 minutes: Five stations cover icing, high pressure, slow DHW recovery, cycling and false temperature. Groups record evidence, safe checks and escalation.
· Technical note task - 15 minutes: Write a concise report using headings: observation, measurements, likely scientific principles, immediate action and referral.
· Quiz break - 10 minutes: Ten questions developed separately by tutor on component function, protection, controls and competence.
· Plenary - 5 minutes: Complete: "A protection trip should be treated as..."

Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· MCS - Standards and Tools Library
· GOV.UK - Qualifications to work with F gas
· Energy Saving Trust - Heat pump installer toolkit
· ETL – Heat pump product categories and performance information
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 

COP, SCOP and parasitic losses
	Learning focus: Calculate point performance, explain seasonal performance and evaluate how auxiliary electricity and heat losses affect the installed system result.

Coverage
· COP: useful heat output divided by electrical input at stated test/operating conditions; a point-in-time ratio, not an annual guarantee or simple percentage efficiency.
· Operating influences: source temperature, flow/DHW temperature, compressor speed, airflow/water flow, defrost and heat-exchanger condition.
· SCOP: standardised seasonal performance that reflects weather, part-load operation, cycling, standby and controls. Distinguish SCOP from measured seasonal performance factor (SPF).
· Parasitic electrical loads: pumps, fans, controls, crankcase heaters, trace heating, actuators and standby energy.
· Thermal losses: cylinder/store standing loss, uninsulated pipework, external runs, poor stratification, unnecessary DHW boosts and competing heat sources.
· Worked example: 8 kW heat output / 2 kW compressor input = COP 4.0; adding 0.3 kW auxiliaries gives system COP approximately 3.48.
· Design response: reduce temperature lift, improve heat transfer, insulate, optimise pump/control settings and commission for actual use.

Standards and guidance: BS EN 14825:2022 seasonal testing/rating; ETL specifications; ISO 13256-1:2021 for applicable water/brine-to-air equipment.
Behaviours: state conditions, units and assumptions; never compare performance figures without checking the test basis.
	Activities
· Retrieval starter - 5 minutes: Explain how source temperature and heating flow temperature affect compressor lift.
· Tutor delivery - 25 minutes: Deliver K1.22 PPT slides 19-23. Explain COP, SCOP, SPF, parasitic loads and design actions.
· Calculation practice - 15 minutes: Calculate COP for four heat-output/input pairs, state units and explain why each figure is only valid at the stated condition.
· Seasonal comparison - 12 minutes: Compare two product data extracts at 35 °C and 55 °C, then identify why declared SCOP does not guarantee the same result in every property.
· Parasitic-loss audit - 15 minutes: Identify electrical and thermal losses on a system schematic and rank the most avoidable losses.
· Worked system example - 8 minutes: Recalculate appliance COP after adding pumps/controls and discuss customer impact.
· Plenary - 5 minutes: State one reason two identical heat pumps can have different annual electricity use.

Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· Energy Technology List - Air-to-water heat pumps
· BSI - BS EN 14825 current standard information
· ISO - ISO 13256-1:2021 performance testing and rating
· Energy Saving Trust - What is a heat pump?
Delivery note: Preview all linked resources before delivery
and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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	Low carbon heating and hot water science (K1.17 – K1.22) 
Solar system types, radiation, collectors and conversion
	Learning focus: Compare solar thermal, PV and PVT systems and explain how solar radiation is absorbed and converted into useful heat or electricity.

Coverage
· System types: solar thermal collectors heat a fluid; solar PV converts light to DC electricity; PVT combines electrical and thermal collection with greater integration complexity.
· Solar radiation: direct beam, diffuse sky and reflected radiation; output varies with season, weather, orientation, pitch, shading and collector temperature.
· Collectors: flat plate and evacuated tube characteristics; relate glazing, absorber, insulation/vacuum and heat loss to operating temperature and suitability.
· Solar thermal conversion: radiation to absorber heat, then glycol/water fluid, heat-exchanger coil and stored DHW/thermal energy.
· PV conversion: light to DC electricity through the photovoltaic effect, inverter to AC, then loads, battery, diverter or export.
· System components: collectors/modules, pump station, sensors/controller, expansion/safety devices, glycol, cylinder/store, inverter and electrical protection as applicable.
· Design limitations: winter solar availability is lower when space-heating demand is highest; solar contribution must not be used to undersize a heat pump for design-day heat loss.

Standards and guidance: Energy Saving Trust solar guidance; MCS solar installation standards; current manufacturer design instructions.
Behaviours: use survey and design evidence rather than assuming that any south-facing roof is automatically suitable.
	Activities
· Starter - 5 minutes: Learners distinguish solar thermal, PV and PVT using the energy output from each technology.
· Tutor delivery - 25 minutes: Deliver K1.22 PPT slides 24-27. Explain system types, radiation, collectors and absorption/conversion pathways.
· Verified video - 7 minutes: Show the solar thermal animation and ask learners to trace collector fluid and stored-water heat transfer.
· Radiation and site task - 15 minutes: Use four roof sketches to assess direct/diffuse contribution, shading, orientation, pitch, pipe route and access.
· Collector comparison - 12 minutes: Compare flat plate and evacuated tube images/data and select a suitable application with justification.
· Energy-pathway task - 13 minutes: Create three one-line pathways for solar thermal, PV and PVT from input energy to useful output.
· Plenary - 5 minutes: Explain why solar gain should not reduce the winter design heat-load calculation.

Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· Energy Saving Trust - Solar water heating
· Energy Saving Trust - Solar panels
· MCS - Standards and Tools Library
· YouTube – Animation of how solar thermal works
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Thermal storage, PV/PVT integration and thermoelectric conversion
	Learning focus: Explain how storage and controls coordinate variable solar energy with heat-pump and DHW demand, and distinguish thermoelectric conversion from PV.

Coverage
· Thermal storage purpose: collect/generate energy at one time and use it later; cylinders and thermal stores bridge mismatch between solar gain, heat-pump operation and draw-off.
· Stratification: hotter water remains near the top; poor connection design, uncontrolled flow or sensor position can disturb usable storage and increase reheating.
· Cylinder/store design: volume, coil area/rating, insulation, standing loss, sensors, expansion/safety controls and hygiene strategy.
· Control coordination: solar thermal, heat pump, immersion/backup, PV diverter and battery should not compete or force unnecessary high-temperature operation.
· PV integration: support heat-pump and household loads, charge batteries or divert surplus; heat-pump sizing still comes from building heat loss.
· PVT awareness: combined electrical and thermal output; product-specific roof loading, hydraulic loop, source-temperature management, controls and maintenance.
· Thermoelectric conversion: a temperature difference creates electrical potential through the Seebeck effect; distinguish from PV light-to-electric conversion and solar thermal heat collection.
· Application: thermoelectric generation is emerging/specialist in domestic low-carbon heating; PV, solar thermal and PVT are the main practical technologies.

Standards and guidance: Energy Saving Trust, MCS/manufacturer instructions and NIST/MIT educational material for Seebeck awareness.
Behaviours: communicate emerging technology accurately and avoid overstating domestic applicability.

	Activities
· Recap - 5 minutes: Learners state the conversion pathway for solar thermal and PV.
· Tutor delivery - 25 minutes: Deliver K1.22 PPT slides 28-31. Explain storage, stratification, integration, PVT and thermoelectric conversion.
· Stratification demonstration - 12 minutes: Use a transparent model/video/temperature-layer diagram to show why connection and sensor position matter.
· Control-priority flowchart - 15 minutes: Coordinate comfort, DHW safety, heat-pump efficiency, solar gain, battery and immersion backup.
· Integrated system challenge - 15 minutes: Trace environmental heat, grid/PV electricity, solar heat and stored hot water through an ASHP + cylinder + PV/battery + optional solar coil system.
· Thermoelectric comparison - 8 minutes: Complete a three-column comparison: PV light to electricity; solar thermal radiation to heat; thermoelectric temperature difference to electricity.
· Plenary - 5 minutes: Explain one way poor control can remove the expected low-carbon benefit.


Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· Energy Saving Trust - Solar water heating
· Energy Saving Trust - Thermal energy storage
· Energy Saving Trust - Solar panels and electrical generation
· NIST - Seebeck coefficient and thermoelectric conversion
· MIT OpenCourseWare - Thermoelectric effect and devices
Delivery note: Preview all linked resources before delivery
and confirm current standards, legislation, scheme
requirements and manufacturer instructions.
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2 hours
	Low carbon heating and hot water science (K1.17 – K1.22) 

Applied investigation, specification assurance and assessment
	Learning focus: Apply the complete K1.22 criterion to diagnose a low-performance system, justify evidence, calculate performance and communicate competence boundaries at Level 3.

Coverage
· Integrated scenario: high flow temperature, frequent evaporator frost, continuous pump operation, daily DHW boost, slow cylinder recovery and unchecked filters.
· Scientific causes to investigate: high compressor lift, poor source/sink heat transfer, hydraulic restriction, sensor/defrost issue, weak cylinder coil transfer, parasitic loads and control scheduling.
· Evidence plan: outdoor/source temperature, flow/return and cylinder temperatures, energy input/heat output, pressure/sensor data where available, pump settings, fault history, filter condition and recovery time.
· COP calculation and interpretation: calculate a point result, then explain why SCOP/SPF may differ because of season, DHW, defrost, cycling and auxiliaries.
· Solar application: assess whether PV, solar thermal or PVT changes annual energy pathways without changing design-day heat-pump sizing.
· Visual identification: recognise every listed component and explain its scientific role, likely evidence and relationship to the cycle/controller.
· Professional report: separate observed facts, measured values, likely principles, safe checks, customer advice, limitations and referral.
· Specification assurance: explicitly revisit all vapour-compression components; COP/SCOP/parasitic losses; solar types, radiation, absorption/conversion, storage and thermoelectric conversion.

Standards and guidance: all current resources from sessions 1-7 and project-specific manufacturer instructions.
Behaviours: collaborate, accept challenge, identify missing evidence and improve conclusions rather than defend assumptions.
	Activities
· Retrieval starter - 8 minutes: Ten short questions from slide 33 covering cycle stages, components, COP/SCOP and solar conversion.
· Tutor briefing - 7 minutes: Introduce K1.22 PPT slides 31-34, assessment outputs and the evidence/competence standard expected.
· Group investigation - 25 minutes: Use the slide 32 scenario. Produce a cause-and-evidence matrix, safe-check sequence and escalation plan.
· Component identification carousel - 12 minutes: Identify every listed component from images/schematics and state function, measurement/protection role and likely symptom.
· Performance task - 10 minutes: Calculate COP from supplied data, add parasitic loads and explain the limitation of the result.
· Solar decision task - 8 minutes: Select solar thermal, PV, PVT or none for a short scenario and justify the energy pathway and storage/control requirements.
· Technical report and peer challenge - 15 minutes: Write and review a concise evidence-based customer/engineer report.
· Final exit ticket - 5 minutes: Complete: "A low-carbon system performs well when scientific principles are supported by..." and give three evidence examples.

Resources
· PPT_T_Level_OS_LowCarbon_K1.22
· EHPA - About heat pumps
· Energy Technology List - Heat pumps
· MCS - Standards and Tools Library
· Energy Saving Trust - Heat pump installer toolkit
· Energy Saving Trust – Solar water heating
Delivery note: Preview all linked resources before delivery and confirm current standards, legislation, scheme requirements and manufacturer instructions.
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2 hours
	System design (K1.32 – K1.36) 

Whole-system design principles and buildability
	Learning focus: Explain low-carbon design principles and assess whether a proposal is buildable, maintainable and replaceable.

Coverage
· Whole-system judgement: balance comfort, performance, carbon, capital/running cost, customer needs, planning, compliance and future maintenance.
· Buildability: delivery and lifting, floor/wall support, plant space, pipe/cable routes, drainage, fire stopping, service clearance and safe access.
· Coordinate enabling works, fabric measures, electrical upgrades, emitters, cylinder, outdoor unit, controls, flushing, commissioning and handover.
· Design for access to isolators, filters, sensors, valves, test points and removable equipment, including a realistic future replacement route.
· Record the measured survey, photographs, drawings, dimensions, assumptions, constraints, specialist actions and customer decisions before selection.
Standards and guidance: MCS MIS 3005-D; current Welsh Approved Documents; CDM 2015 principles; current manufacturer clearances and instructions.
Behaviours: plan before selection, anticipate risk, coordinate trades and record evidence accurately.
	Activities
· Starter - 5 minutes: Use slide 2. Learners list three reasons a technically good heat pump project may still fail.
· Tutor delivery - 20 minutes: Deliver K1.32 PPT slides 1-5. Introduce the design-principles overview and the question: “Can it be installed, commissioned, serviced and replaced?”
· Buildability scenario - 25 minutes: Use slide 6. Groups identify six constraints in the terraced-house brief and propose one design response for each.
· Installation-sequence task - 15 minutes: Arrange fabric, electrical, emitter, cylinder, outdoor-unit, controls, flushing and commissioning works into a defensible sequence.
· Peer quality check - 10 minutes: Identify one missed safety, access, programme and future-maintenance issue.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 16: Heat pump siting (if appropriate at this point).
· Plenary - 5 minutes: Complete: “A system is not buildable when…”

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· Skills Practice Workbook: Task 16
· MCS MIS 3005-D - Heat Pump Design Standard (Issue 3.0)
· Welsh Government: Building Regulations approved documents
· HSE: Construction (Design and Management) Regulations 2015
Delivery note: Preview resources and confirm current standards, planning rules and manufacturer instructions before delivery.
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2 hours
	System design (K1.32 – K1.36) 

Integration of services, quality and whole-life cost
	Learning focus: Explain how building services must be coordinated and evaluate quality and value using whole-life performance rather than the lowest installation price.
Coverage
· Service interfaces: heating, plumbing, DHW, electrical supply, ventilation, drainage, controls, solar PV, battery storage, EV charging, smart tariffs and home/building energy-management systems.
· Electrical and control coordination: combined demand, DNO requirements, protective devices, cable routes, load management, tariff response, remote monitoring and avoidance of conflicting commands between heat source, zones and DHW.
· Fabric and ventilation coordination: insulation and airtightness changes must be matched by a deliberate ventilation and moisture-control strategy; accidental draughts are not a ventilation design.
· Quality measures: comfort, reliability, efficiency, compliance, controllability, ease of use, documentation, warranty support, maintainability and customer confidence.
· Cost categories: survey/design, equipment, enabling works, installation, commissioning, energy, servicing, repairs, downtime, replacement and disposal.
· Value engineering: remove waste and duplication without reducing safety, performance, access, resilience or design evidence. Cheap equipment or omitted commissioning can increase whole-life cost.
· Coordination evidence: service drawings, interface schedule, electrical/load information, control narrative, responsibilities, commissioning plan and change control.
Standards and guidance: MCS MIS 3005-D; current Welsh Approved Documents L, F and G; current BS 7671 requirements; ENA/DNO connection guidance; manufacturer interface and controls instructions.
Behaviours: collaborate across trades, challenge incompatible assumptions, communicate cost and performance trade-offs and protect the design intent.
	Activities
· Recap - 5 minutes: Learners name four buildability checks that should be completed before equipment is ordered.
· Tutor delivery - 22 minutes: Deliver K1.32 PPT slides 7-8. Map the heat pump interfaces with plumbing, electrics, ventilation, DHW, renewables and controls. Contrast lowest price with whole-life value.
· Service-interface map - 22 minutes: Pairs create an interface diagram for an ASHP, cylinder, PV, battery and EV charger. For each connection they identify the responsible trade, required information and possible conflict.
· Quality-versus-cost exercise - 18 minutes: Compare two tenders: one has lower capital cost but omits emitter checks, controls commissioning and service access. Learners identify likely consequences and recommend a defensible value-engineering response.
· Quiz break - 8 minutes: Eight questions developed separately on integration, quality, value engineering, whole-life cost and customer confidence.
· Plenary - 5 minutes: Explain one example where spending more during design could reduce whole-life cost.



Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· Welsh Government: Building Regulations approved documents
· Energy Networks Association: connecting EVs and heat pumps
· IET: current BS 7671 information and transition arrangements
· MCS MIS 3005-D – Heat Pump Design Standard
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

Embodied carbon and the fabric-first approach
	Learning focus: Distinguish embodied and operational carbon and apply fabric-first design to reduce demand before final plant and emitter selection.

Coverage
· Whole-life carbon stages: raw-material extraction, manufacture, transport, installation, operation, maintenance, repair, replacement, deconstruction, waste processing, disposal and potential reuse/recycling.
· Embodied-carbon sources in low-carbon systems: copper, steel, aluminium, plastics, insulation, electronics, cylinders, refrigerants, packaging, transport and replacement components.
· Operational carbon: influenced by heat loss, flow temperature, controls, seasonal efficiency, backup heating, electricity carbon intensity, maintenance and customer operation.
· Design responses: retain suitable pipework, emitters and controls where evidence supports compatibility; avoid unnecessary replacement, excessive pipework and oversized equipment; select durable, repairable products with support.
· Fabric first: assess loft, wall and floor insulation, glazing, airtightness, thermal bridges and uncontrolled infiltration before final heat-pump sizing.
· Performance link: reduced room and dwelling heat loss can permit smaller plant, lower flow temperatures, more effective emitters, longer stable run times and lower running cost.
· Moisture and ventilation: fabric measures must not create surface/interstitial condensation, damp or mould; ventilation provision and occupant use must be considered.
Standards and guidance: RICS Whole Life Carbon Assessment, 2nd edition; current Welsh Approved Documents L, F and C; PAS 2035 whole-dwelling principles where retrofit is proposed; MCS MIS 3005-D and current manufacturer data.
Behaviours: make proportionate evidence-based decisions, avoid waste, consider unintended consequences and explain carbon trade-offs honestly.
	Activities
· Starter - 5 minutes: Learners sort examples into embodied carbon, operational carbon or both.
· Tutor delivery - 22 minutes: Deliver K1.32 PPT slides 9-10. Explain life-cycle carbon stages, material and refrigerant impacts, and the relationship between fabric heat loss, heat-pump size and operating efficiency.
· Carbon-hotspot mapping - 18 minutes: Groups annotate a low-carbon heating system and identify material, transport, replacement and disposal impacts. They suggest one practical reduction for each stage.
· Retain-or-replace debate - 12 minutes: Learners decide whether working radiators and pipework should be retained. Require evidence on emitter output, condition, cleanliness, compatibility and expected service life.
· Fabric budget challenge - 18 minutes: With a limited budget, groups choose between insulation, glazing, draught reduction, ventilation improvement and larger plant. They justify the sequence and identify missing survey evidence.
· Video stop point - 10 minutes: Show selected extracts from the RICS whole-life carbon webinar. Learners record the difference between embodied, operational and end-of-life impacts.
· Plenary - 5 minutes: Complete: “Fabric first improves heat-pump design because…”

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· RICS: Whole Life Carbon Assessment for the built environment
· YouTube: RICS webinar - Whole Life Carbon Assessment, 2nd edition
· Conservation of fuel and power: Approved Document L - GOV.UK (England)
· Welsh Government: Approved Document L Volume 1 - Dwellings (2026)
· Approved Documents - GOV.UK (England)
· Welsh Government: Building Regulations approved documents
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

New build, retrofit, PAS 2035/2030 and future readiness
	Learning focus: Compare new-build and retrofit design challenges and develop an adaptable system that meets present demand without preventing future upgrades.

Coverage
· New build: coordinate fabric performance, airtightness line, thermal bridges, ventilation, plant space, electrical capacity, pipe routes, controls and low-temperature emitters from the outset.
· Retrofit complexity: existing construction, hidden defects, moisture condition, occupied rooms, limited access, service clashes, uncertain records, customer budget, heritage constraints and disruption.
· PAS 2035: whole-dwelling assessment, option evaluation, risk management, coordination and intended outcomes. PAS 2030: quality installation, process control, commissioning and handover of energy-efficiency measures.
· Heat-pump sizing dependency: planned fabric measures must be agreed, sequenced and recorded before final heat loss and equipment selection; uncompleted measures can create underheating risk.
· Future demand: extensions, changing occupancy, additional bathrooms, home working, accessibility needs and altered hot-water patterns.
· Future technologies: PV, battery storage, EV charging, smart tariffs, demand-side response, home energy management, shared ground arrays and heat networks.
· Practical provision: spare electrical capacity/ways where justified, cable and pipe routes, compatible controls, plant access, isolation points and clear design records. Future readiness is not uncontrolled oversizing.
Standards and guidance: PAS 2035:2023; PAS 2030:2023; current Welsh Approved Documents L, F and C; MCS MIS 3005-D; current manufacturer controls and interface requirements.
Behaviours: investigate before assuming, respect traditional buildings, manage retrofit risk, consult occupants and distinguish sensible provision from unnecessary oversizing.
	Activities
· Recap - 5 minutes: Learners explain the difference between embodied and operational carbon and give one fabric-first design response.
· Tutor delivery - 22 minutes: Deliver K1.32 PPT slides 11-12. Compare new-build integration with retrofit investigation, then explain the different roles of PAS 2035 and PAS 2030.
· New-build versus retrofit comparison - 18 minutes: Teams compare a new EPC A dwelling with a 1930s semi. They identify five decisions that can be fixed at design stage in the new build but require investigation or compromise in retrofit.
· Retrofit risk register - 15 minutes: Learners identify moisture, ventilation, heritage, access, resident, programme and cost risks and propose controls or specialist referrals.
· Future-ready markup - 15 minutes: Annotate a plant/electrical layout to allow practical future PV, battery, EV, extension or shared-network connection without oversizing today’s heat pump.
· Video stop point - 10 minutes: Passivhaus Trust retrofit case study. Learners note how fabric, airtightness, ventilation and services were coordinated.
· Plenary - 5 minutes: Explain why retrofit is normally more uncertain and disruptive than new build.

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· BSI: PAS 2035:2023 - Retrofitting dwellings for improved energy efficiency
· BSI: PAS 2030:2023 - Installation of energy-efficiency measures
· YouTube: Passivhaus Trust - 1960s semi-detached retrofit case study
· Welsh Government: Approved Document F – Ventilation
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

Life cycle, maintenance and end-of-life disposal
	Learning focus: Design for safe access, reliable maintenance, repair, replacement and responsible resource recovery throughout the system life cycle.

Coverage
· Life-cycle stages: specification, procurement, installation, commissioning, operation, maintenance, fault diagnosis, repair, component replacement, decommissioning and disposal.
· Maintainability: access to heat pump, cylinder, pumps, filters, strainers, valves, sensors, controls, electrical isolators, air/dirt separation, condensate and defrost drainage.
· Service design: adequate clearances, removable panels, lifting/removal routes, logical isolation, drain points, test points and arrangements that avoid draining or dismantling more of the system than necessary.
· Maintenance strategy: manufacturer intervals, filter and water-quality checks, pressure, controls/firmware, refrigerant-related duties, drainage and corrosion; define user checks and competent-person tasks.
· Records: as-fitted drawings, settings, commissioning results, certificates, warranties, product data, service history, refrigerant information and customer handover.
· End-of-life hierarchy: prevent waste, maintain, repair, reuse/refurbish where safe, recover components/materials, recycle and dispose through authorised routes.
· Waste controls: competent refrigerant recovery; WEEE routes for electrical/electronic equipment; recovery of copper, steel and aluminium; responsible handling of glycol, inhibitor, oil, filters and contaminated water; retain transfer/disposal evidence.
Standards and guidance: MCS MIS 3005-D and MIS 3005-I; manufacturer service instructions; BS 7593; F-gas recovery requirements; WEEE/EEE producer and waste duties; local waste and environmental requirements.
Behaviours: design for the next engineer, keep traceable records, prevent pollution, protect warranties and prefer repair/reuse where safe and technically appropriate.
	Activities
· Starter - 5 minutes: Display a cramped plant cupboard. Learners identify components that cannot be safely serviced or replaced.
· Tutor delivery - 22 minutes: Deliver K1.32 PPT slides 13-14. Explain life-cycle stages, service access, documentation, refrigerant recovery, WEEE and responsible fluid/material disposal.
· Maintainability audit - 20 minutes: Groups review a plant layout and score access to filters, valves, sensors, cylinder, pumps, isolators and replacement routes. They redesign the two weakest areas.
· Service-sequence exercise - 12 minutes: Learners plan how a filter, circulation pump or cylinder could be isolated, drained, removed, recommissioned and documented.
· End-of-life sorting task - 16 minutes: Sort refrigerant, circuit boards, metals, plastics, glycol, inhibitor, compressor oil and contaminated filters into recovery, specialist waste, reuse or recycling routes. Discuss competence and evidence.
· Plenary - 5 minutes: Explain why inaccessible equipment is a design defect, even if it works on commissioning day.


Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· MCS MIS 3005-D - Heat Pump Design Standard
· MCS MIS 3005-I - Heat Pump Installation Standard
· GOV.UK: Recovering, reclaiming and recycling F gas
· GOV.UK: Electrical and electronic equipment / WEEE responsibilities
· BSI: BS 7593 domestic heating and cooling water systems
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

ASHP noise, unit location and planning requirements
	Learning focus: Assess ASHP sound and vibration, select an appropriate external location and identify national and local planning requirements before installation.

Coverage
· Acoustic terms: sound power level (LwA) is the source output; sound pressure level (LpA) is the level at a receiver. Explain why the values are not interchangeable.
· Influences on receiver level: distance, directivity, operating mode, outdoor temperature/load, reflective walls and corners, barriers, enclosures, ground surfaces, multiple units and background sound.
· Sensitive receptors: occupants’ and neighbours’ bedrooms, habitable-room windows, patios, balconies, gardens and quiet external areas; consider night operation and high-load conditions.
· Vibration and structure-borne sound: base or wall bracket, anti-vibration mounts, flexible connections, pipe supports and lightweight construction. Follow manufacturer fixing details.
· MCS 020(a): domestic ASHP sound calculation used for permitted-development assessment in England. For Wales, verify current national permitted-development rules, effective dates, transitional arrangements and local authority requirements.
· Building Regulations and design: use current Welsh Approved Documents, including Part L guidance for efficient services and Part E where plant/pipework may transmit sound through building elements; planning assessment remains separate.
· Unit location: manufacturer airflow clearance, recirculation, safe maintenance/replacement, defrost and condensate drainage, frost/ice, flood/coastal exposure, security, visual impact and proximity to buildings/boundaries.
· Planning evidence: property status, listed/conservation/protected setting, national rules, local policy/advice, sound assessment, site plan, manufacturer data, assumptions and correspondence.
Standards and guidance: MCS 020(a); MCS noise-mitigation guidance; current Welsh permitted-development and local planning requirements; Welsh Approved Documents L and E; manufacturer acoustic, siting and fixing instructions.
Behaviours: assess early, use verified sound data, protect neighbours and occupants, avoid optimistic assumptions and retain a transparent planning/noise record.
	Activities
· Recap - 5 minutes: Learners identify three maintenance or disposal issues that should have been designed out before installation.
· Tutor delivery - 22 minutes: Deliver K1.32 PPT slides 15-18 and 21. Explain sound power versus sound pressure, reflections, barriers, vibration, national/local planning and unit-location restrictions.
· Noise-calculation walkthrough - 15 minutes: Tutor demonstrates the structure of an MCS 020(a) assessment using a manufacturer sound power value, distance, reflections/barriers and a noise-sensitive receiver. Focus on method and evidence rather than memorising one result.
· Site-plan siting task - 20 minutes: Learners compare three proposed ASHP locations near bedroom windows, a boundary, a patio and a narrow passage. They justify the preferred option and identify mitigation or planning actions.
· Welsh planning check - 10 minutes: Learners use the current GOV.WALES heat-pump page and approved-document index to identify what must be checked locally and why England-only assumptions are unsafe.
· Video stop point - 8 minutes: “Field Assessment of Air Source Heat Pump Noise”. Learners record how measured levels compared with design calculations.
· Plenary - 10 minutes: Complete a noise and siting decision record, then state one reason noise cannot reliably be “fixed later”.

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· MCS 020(a) - Air Source Heat Pump Sound Calculation
· MCS: Noise mitigation guidance for ASHPs
· Welsh Government: Planning permission - heat pumps
· Welsh Government: ASHP noise and permitted development rights - Phase 2
· Welsh Government: Approved Document L Volume 1 - Dwellings (2026)
· Welsh Government: Approved Document E - Resistance to passage of sound
· YouTube: Field Assessment of Air Source Heat Pump Noise
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36)
 
MCS, Flexi-Orb and design principles in practice
	Learning focus: Explain how certification schemes support quality and apply K1.32 principles to real social-housing and neighbourhood-scale heat-pump projects.

Coverage
· MCS role: standards for products, contractors and installations; MIS 3005-D for design and MIS 3005-I for installation, setting to work, commissioning and handover.
· Design evidence: room-by-room heat loss, emitter assessment, equipment and hydraulic selection, controls, noise/planning evidence, commissioning requirements, certificates, warranties and customer information.
· Flexi-Orb: independent renewable-technology certification and quality scheme; heat-pump code covers project processes and quality expectations. Confirm current scope, competence boundaries and whether the project, funder or client recognises the route.
· Certification limits: scheme approval does not replace legal duties, Building Regulations, planning permission, manufacturer instructions, specialist competence or project-specific contractual requirements.
· Enfield Council: shared ambient ground arrays serving over 400 flats in eight tower blocks with individual in-dwelling heat pumps; occupied retrofit, buildability, resident control, cost and carbon lessons.
· Sutton Dwellings: heritage social-housing retrofit with 81 Edwardian flats, 27 boreholes and individual GSHPs; dense urban drilling, historic fabric, service coordination and resident disruption.
· Leeds RHINOS / Heat Pump Ready: area-based shared ground arrays, coordinated electricity-network planning, mixed private/social housing, finance, customer engagement and neighbourhood regeneration.
· Neighbourhood versus single-home design: infrastructure economies, disruption, ownership, maintenance, consumer choice, phasing, resilience, grid capacity and equitable access.
Standards and guidance: MCS MIS 3005-D and MIS 3005-I; MCS 001 scheme requirements; Flexi-Orb Heat Pump Code of Practice; project/client/funding requirements; current planning and manufacturer instructions.
Behaviours: use certification evidence rather than logos alone, understand scheme boundaries, learn from real projects and communicate whole-estate impacts to residents and stakeholders.
	Activities
· Starter - 5 minutes: Learners answer: “What does certification prove, and what does it not prove?”
· Tutor delivery - 20 minutes: Deliver K1.32 PPT slides 19-23. Explain MCS and Flexi-Orb requirements, evidence files, legal/manufacturer duties and the three real-world project examples.
· Certification comparison - 15 minutes: Pairs compare MCS and Flexi-Orb under survey, design, installation, commissioning, handover, evidence, consumer protection and competence boundaries.
· Evidence-file audit - 12 minutes: Learners review a fictional project file and identify missing calculations, drawings, manufacturer data, sound/planning evidence, commissioning records and handover documents.
· Case-study jigsaw - 20 minutes: Groups investigate Enfield, Sutton Dwellings and Leeds RHINOS/Heat Pump Ready. Each reports the design challenge, solution, benefits, compromises and strongest K1.32 principles.
· Video stop point - 10 minutes: Kensa Sutton Dwellings case study. Learners identify examples of buildability, service integration, heritage constraints and long-term infrastructure.
· Plenary - 8 minutes: Debate: when is neighbourhood-scale design better than installing one home at a time?

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· MCS Standards and Tools Library
· Flexi-Orb: Heat Pumps and Heat Pump Code of Practice
· Local Government Association: Enfield Council housing heat pumps
· Kensa: Sutton Dwellings central London retrofit case study
· YouTube: Kensa - Decarbonising Sutton Dwellings
· GOV.UK: Heat Pump Ready Stream 1 Phase 1 - Leeds RHINOS
· GOV.UK: Heat Pump Ready successful projects
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

Integrated design challenge, peer review and consolidation
	Learning focus: Apply all K1.32 design principles to a complex social-housing proposal and defend the preferred solution using technical, carbon, cost, planning and quality evidence.

Coverage
· Case-study brief: 1960s social-housing estate with poor EPC ratings, ageing electric heating, occupied dwellings, mixed fabric condition, limited budgets, external noise constraints and potential local regeneration funding.
· Strategy options: individual ASHPs, communal/central solution, individual GSHPs on shared ambient loops, fabric-first phasing, PV and controls. Identify when specialist heat-network or ground-array design is required.
· Design matrix: buildability, integration, quality, capital and whole-life cost, embodied/operational carbon, fabric measures, adaptability, maintenance, disposal, noise, planning, certification and resident impact.
· Design evidence: survey and assumptions, fabric/ventilation strategy, layout and access, service interfaces, sound/planning route, certification requirements, phasing, commissioning, handover and maintenance ownership.
· Quality assurance: every recommendation linked to a calculation, survey observation, manufacturer value, standard, planning requirement or clearly stated assumption; record alternatives and reasons for rejection.
· Stakeholder considerations: residents, landlord, local authority, planning, DNO, installer/designer, maintenance team, funding body and specialist contractors.
· Common weaknesses: technology-first selection, hidden resident disruption, omitted ventilation/moisture risk, lowest-price bias, no replacement route, unverified noise assumptions, oversized “future proofing” and incomplete evidence.
· Assessment preparation: learners should explain not only what they selected, but why the design is buildable, compliant, maintainable and better than realistic alternatives.
Standards and guidance: Use the current documents referenced throughout Sessions 1-7, together with project-specific manufacturer instructions, local planning advice, certification/funding requirements and competent specialist input.
Behaviours: take ownership, justify decisions transparently, listen to stakeholder concerns, challenge weak evidence, collaborate and improve the proposal through peer review.
	

Activities
· Retrieval starter - 10 minutes: Teams answer one question for each K1.32 strand: buildability, integration, cost/quality, carbon, fabric first, adaptability, life cycle, noise/planning and certification.
· Tutor consolidation - 12 minutes: Deliver K1.32 PPT slides 24-25. Revisit the design challenge, project examples and the principle that good design balances technical, customer, carbon, cost and long-term outcomes.
· Capstone design challenge - 35 minutes: Groups develop an outline strategy for the 1960s estate. They complete a decision matrix, select a preferred option, state fabric and service-enabling works, identify planning/noise/certification routes and list missing evidence.
· Peer design review - 12 minutes: Groups assess another proposal against all K1.32 criteria and issue two commendations, two technical actions and one question for the designer.
· Knowledge check - 10 minutes: Complete the separately developed K1.32 quiz. Tutor corrects misconceptions on PAS 2035/2030, carbon, noise, MCS/Flexi-Orb and whole-life value.
· Individual reflection - 6 minutes: Learners record three design principles they can apply confidently and one area requiring further development.
· Plenary - 5 minutes: Exit statement: “A low-carbon system is well designed when…”

Resources
· PPT_T_Level_OS_LowCarbon_K1.32
· MCS Standards and Tools Library
· RICS: Whole Life Carbon Assessment
· Welsh Government: Planning permission - heat pumps
· BSI: PAS 2035:2023
· Local Government Association: Enfield Council case study
· GOV.UK: Heat Pump Ready successful projects
Delivery note: Tutor to preview videos and confirm that standards, planning rules, scheme documents and manufacturer instructions remain current before delivery.
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2 hours
	System design (K1.32 – K1.36) 

Whole-system design, building fabric and heat loss
	Learning focus: Explain why moving from a gas boiler to a low-carbon heat source is a whole-system design exercise rather than a like-for-like appliance replacement.
Coverage: Compare high-temperature, intermittent boiler operation with lower-temperature, longer-duration heat-pump operation. Establish the relationship between room-by-room heat loss, design outdoor temperature, fabric performance, emitter output, system capacity and comfort.
Technical depth: Identify transmission heat losses plus ventilation and infiltration losses. Explain why the existing boiler rating is not evidence of the true design heat load.

Standards and guidance: MCS MIS 3005-D (current edition); BS EN 12831-1 (current edition);  manufacturer design instructions.
	Activities
· Starter - 5 minutes: Learners suggest possible reasons.
· Tutor delivery - 20 minutes: Deliver PPT K1.33 slides 1-5. Model whole-system thinking using a simple chain: building demand -> heat source -> hydraulics -> emitters -> controls -> occupants.
· Video break - 8 minutes: Show the Energy Saving Trust overview of an air source heat pump. Pause to identify components and system dependencies.
· Applied activity - 20 minutes: Pairs annotate a dwelling plan and identify likely heat-loss routes, high-risk rooms and information needed before design. Groups justify why room-by-room calculations are required.
· Quiz stop point - 10 minutes: Use a Wordwall or Quizizz knowledge check developed separately by tutor. Include heat-loss routes, design assumptions and why old boiler output must not be copied.
· Workbook - 22 minutes: Complete Skills Practice Workbook Task 16: Heat pump siting.
· Plenary – 5 minutes. Generic discussion to wrap up session 

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 16
· MCS MIS 3005-D - Heat Pump Design Standard
· YouTube: What is an air source heat pump?
· MCS Heat Load Calculator Guidance
· Wordwall/Quizizz: developed by tutor
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2 hours
	System design (K1.32 – K1.36) 

Building fabric, insulation, airtightness and ventilation
	Learning focus: Assess how fabric improvements can reduce design heat load, support lower flow temperatures and improve heat-pump seasonal performance.
Coverage: Loft, wall and floor insulation; glazing and doors; thermal bridging; airtightness; uncontrolled infiltration; ventilation provision; moisture risk; condensation and indoor air quality.
Design principle: Fabric-first measures should be evaluated before or alongside equipment selection. Airtightness improvements must be coordinated with a suitable ventilation strategy; reducing air leakage without considering ventilation can create moisture and air-quality problems.
Standards and guidance: MCS MIS 3005-D; PAS 2035 principles where retrofit coordination is relevant; competent specialist advice where fabric defects, damp or ventilation risks are identified.
	Activities
· Recap - 5 minutes: Five retrieval questions from Session 1.
· Tutor delivery - 20 minutes: Deliver PPT K1.33 slides 6-7. Use thermal images or photographs to explain missing insulation, thermal bridges, draught paths and the interaction between airtightness and ventilation.
· Demonstration/video - 10 minutes: Use the MCS heat-load calculator guidance extract to show how wall, roof, floor, glazing and air-change assumptions affect calculated demand.
· Group investigation - 20 minutes: Learners compare three fabric-upgrade packages for a pre-1990 dwelling. They predict which measures will reduce heat loss most and identify checks needed before recommending work.
· Scenario discussion - 10 minutes: A house has new windows and draught-proofing but persistent condensation. Learners identify the design error and propose a safe referral or ventilation response.
· Workbook - 20 minutes: Complete Skills Practice Workbook Task 17: Fit anti-vibration feet and level a heat pump.
· Plenary - 5 minutes.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 17
· MCS Heat Load Calculator Guidance
· Thermal images/fabric survey worksheet - tutor produced
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2 hours
	System design (K1.32 – K1.36) 

Heat emitter suitability and flow temperature
	Learning focus: Determine whether existing or proposed emitters can meet room heat loss at the intended low flow temperature.
Coverage: Radiators, underfloor heating and fan convectors; mean water temperature; design temperature difference; manufacturer output tables and correction factors; emitter oversizing; mixed emitter circuits; comfort and warm-up expectations.
Design principle: Radiator output falls as water temperature reduces. Increasing system flow temperature to compensate can reduce heat-pump efficiency; the preferred response is to resolve limiting rooms through suitable emitter selection, fabric improvement or hydraulic correction.
Standards and guidance: MCS 021 Heat Emitter Guide; MCS MIS 3005-D; BS EN 442 for radiator outputs; manufacturer emitter data and heat-pump operating envelopes.
	Activities
· Starter - 5 minutes: Learners predict which of three emitters will deliver the greatest output at low water temperature and justify their reasoning.
· Tutor delivery - 22 minutes: Deliver PPT K1.33 slides 8-10. Explain design flow/return temperatures, mean water temperature, emitter correction factors and the effect on COP and comfort.
· Video break - 8 minutes: Show "Are My Radiators Suitable For a Heat Pump?" and ask learners to record three checks an engineer must make.
· Numeracy activity - 25 minutes: Using room heat losses and simplified manufacturer output data, learners check whether existing radiators are suitable at the proposed design condition. Support sheet provides worked example; stretch task compares two flow temperatures.
· Quiz stop point - 8 minutes: Short multiple-choice quiz developed separately: flow temperature, emitter output and design ΔT.
· Plenary - 5 minutes: Learners state the evidence needed before retaining an existing radiator.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· MCS 021 Heat Emitter Guide
· YouTube: Are My Radiators Suitable For a Heat Pump?
· Manufacturer radiator tables / correction-factor worksheet
· Calculators or spreadsheet template
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2 hours
	System design (K1.32 – K1.36) 

Heat distribution, hydraulics, flow rate and volume
	Learning focus: Explain how pipework, pumps, valves, water volume and zoning influence delivery of heat at low temperature.
Coverage: Required design flow rate; system resistance and pump head; pipe sizing and velocity; balancing; minimum flow and minimum water volume; buffers and volumisers; hydraulic separation; bypass arrangements; filters, air removal, flushing and water treatment; defrost energy and system stability.
Design principle: A correctly sized heat pump can still fail to provide comfort if the distribution system cannot carry the required flow or if controls close down too much of the circuit. Buffers and volumisers must solve a defined design problem rather than being added automatically.
Standards and guidance: MCS MIS 3005-D; BS EN 12828; BS 7593; manufacturer minimum-flow, minimum-volume, pump and water-quality requirements.
	Activities
· Recap - 5 minutes: Link emitter output to required water flow: what happens when heat cannot be transported to the rooms?
· Tutor delivery - 22 minutes: Deliver PPT K1.33 slides 3 11-12. Trace water through primary and secondary circuits and compare a simple direct system, volumiser arrangement and buffered/hydraulically separated system.
· Video break - 8 minutes: Show the pipework-design video extract. Learners identify restrictions, excessive resistance and poor layouts.
· Practical schematic task - 25 minutes: Teams build or annotate a hydraulic schematic using component cards. They identify pump position, air/dirt separation, expansion provision, flow measurement, minimum-flow route and commissioning points.
· Fault scenario - 10 minutes: Only one small zone is calling; the heat pump short-cycles and reports low flow. Learners decide whether the likely issue is flow, water volume, control strategy or emitter capacity.
· Workbook - 15 minutes: Complete Skills Practice Workbook Task 18: Pipe up to an air-source heat pump (ASHP) and 
  Task 19: Schematics
  Task 21: Setting the flow rate
· Plenary - 5 minutes: Explain the difference between a buffer and a volumiser in one clear sentence.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 18, Task 19 and Task 21
· MCS MIS 3005-D
· YouTube: Design Heating System Pipework Like a Pro
· Hydraulic component cards / training rig / schematic worksheet
· BS EN 12828 and BS 7593 - current editions
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2 hours
	System design (K1.32 – K1.36) 

Domestic hot water requirements
	Learning focus: Select a domestic hot water design strategy that meets household demand while remaining compatible with lower-temperature heat-pump operation.
Coverage: Occupancy and usage profile; storage volume; recovery time; heat-exchanger/coil surface area and rating; cylinder sensor position; domestic hot water priority; space-heating interruption; immersion or auxiliary heating; pasteurisation strategy; secondary circulation; distribution losses; safe outlet temperatures and customer expectations.
Design principle: A cylinder that performed adequately with a boiler may be unsuitable for a heat pump because the coil cannot transfer enough heat at the lower primary temperature. Design must balance stored volume, recovery, safety, efficiency and available space.
Standards and guidance: MCS MIS 3005-D and MCS pre-sale calculation guidance; Building Regulations Approved Document G; Water Supply (Water Fittings) Regulations; HSE ACOP L8/HSG274 Part 2; cylinder and heat-pump manufacturer instructions.
	Activities
· Starter - 5 minutes: Two households use the same daily litres but at different times. Why might their cylinder design need to differ?
· Tutor delivery - 22 minutes: Deliver PPT K1.33 slides 13-14. Explain cylinder compatibility, coil area, recovery, domestic hot water priority and how high DHW temperatures can affect efficiency.
· Video break - 8 minutes: Show the hot-water-cylinder comparison video. Learners list the specification data they would check before selection.
· Design activity - 25 minutes: Groups compare three cylinder data sheets for a family scenario. They select a suitable option and justify volume, coil rating, heat-pump compatibility, recovery assumptions and backup strategy.
· Safety checkpoint - 10 minutes: Tutor-led questions on stored water temperature, legionella control, thermostatic mixing, unvented safety controls and limits of competence.
· Workbook - 15 minutes: Complete Skills Practice Workbook Task 20: Glycol level (if not already done).
· Plenary - 5 minutes: Identify one reason a standard boiler cylinder can cause poor heat-pump performance.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 20
· YouTube: Heat pump hot water cylinders - comparing specs
· HSE ACOP L8
·  MCS Standards and Tools Library
· Manufacturer cylinder data sheets / Approved Document G
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2 hours
	System design (K1.32 – K1.36)
 
Control strategies and zoning
	Learning focus: Explain how control strategy supports stable low-temperature operation, comfort and seasonal efficiency.
Coverage: Weather compensation and heat curves; outdoor and room sensing; modulation; setback rather than repeated on/off operation; domestic hot water priority; zoning and motorised valves; thermostatic radiator valves; minimum-flow protection; buffer sensor logic; smart controls, remote monitoring and customer interfaces.
Design principle: Controls must reflect the hydraulic design and the heat pump operating characteristics. Excessive zoning, aggressive setbacks or frequent manual boosts can increase cycling, raise flow temperature and undermine efficiency.
Standards and guidance: MCS MIS 3005-D; manufacturer controller instructions; Boiler Plus concepts where relevant to retained boilers in hybrid systems; electrical controls installed and verified within competence and applicable Building Regulations requirements.
	Activities
· Recap - 5 minutes: Learners explain why heat pumps usually prefer long, stable run periods.
· Tutor delivery - 22 minutes: Deliver PPT K1.33 slides 15-16. Demonstrate a weather-compensation curve and show how the target flow temperature changes with outdoor conditions.
· Video break - 10 minutes: Show the weather-compensation video. Learners identify the benefit to comfort, flow temperature and COP.
· Control-logic activity - 23 minutes: Pairs create a sequence of operation for space heating, DHW priority and frost/defrost conditions. Stretch task adds a buffer sensor and two zones without compromising minimum flow.
· Quiz stop point - 10 minutes: Use a control-strategy quiz developed separately: weather compensation, zoning, setback, DHW priority and customer overrides.
· Workbook - 15 minutes: Complete Skills Practice. Workbook Task 22: Weather compensation curve and Task 23: Setting the controls.
· Plenary - 5 minutes: One control setting that can improve efficiency and one that can damage it if misused.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 22 and Task 23
· YouTube: The Importance of Weather Compensation for Heat Pumps
· Manufacturer controller manuals / demonstration controller
· Control sequence worksheet and weather-curve graph
· MCS MIS 3005-D
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2 hours
	System design (K1.32 – K1.36) 

Hybrid systems and combining technologies
	Learning focus: Evaluate when a hybrid or combined-technology design is justified and explain the control, competence and documentation implications.
Coverage: Heat pump plus gas, oil, biomass or electric backup; parallel and alternative bivalent operation; bivalence point; peak-load support; resilience; solar PV, battery storage and solar thermal integration; thermal stores; tariffs and load shifting; electrical capacity; metering and monitoring.
Design principle: Do not select backup by default to hide poor fabric, emitter, or hydraulic design. The designer should define why the additional technology is needed, when it operates and how carbon, running cost, comfort and maintenance are affected.
Standards and guidance: MCS MIS 3005-D; manufacturer hybrid/bivalent instructions; Gas Safe, OFTEC or other competent-person boundaries for retained fuel appliances; electrical design and DNO requirements; clear handover and control documentation
	Activities
· Starter - 5 minutes: Debate statement: "Every difficult retrofit should use a hybrid system." Learners vote and give one reason.
· Tutor delivery - 22 minutes: Deliver PPT K1.33 slides 17-20. Compare heat-pump-only, parallel bivalent and alternative bivalent strategies. Explain switchover based on capacity, temperature, tariff or carbon assumptions.
· Video break - 10 minutes: Show the hybrid heat-pump video extract. Learners identify the controls and evidence required to prevent unnecessary boiler operation.
· Decision-making activity - 23 minutes: Groups assess three properties and select heat-pump-only, hybrid or fabric-first-before-design. They must justify the decision and define the operating/control strategy.
· Technology integration task - 10 minutes: Learners map how PV, battery or solar thermal could support the system without assuming that generation and heat demand always coincide.
· Plenary - 5 minutes: State one valid reason for hybrid design and one risk.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· YouTube: Can I Have a Heat Pump Running With My Boiler?
· YouTube: The Holy Trinity - Heat Pump, Solar and Battery Storage
· Manufacturer hybrid schematics and control manuals
· MCS Standards and Tools Library
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2 hours
	System design (K1.32 – K1.36) 
Integrated retrofit design decision and consolidation
	Learning focus: Apply all K1.33 factors to a realistic retrofit, justify a coherent design response and identify evidence required for the design file.
Coverage: Building fabric and insulation; room-by-room heat loss; emitter suitability; proposed flow temperature; pipework, flow and water volume; DHW demand and cylinder compatibility; controls and zoning; heat-pump-only versus hybrid; complementary technologies; customer priorities and constraints.
Professional practice: Resolve the limiting factors rather than raising flow temperature for the entire system. Record assumptions, calculations, manufacturer requirements, design decisions, exclusions and referral points. Communicate trade-offs clearly to the customer and other trades.
Assessment preparation: Learners produce a concise design rationale using evidence rather than unsupported opinion. This workbook activity supports knowledge development and is not intended to replicate the final occupational specialism assessment.
	Activities
· Retrieval starter - 10 minutes: Teams answer seven specification questions - one for each K1.33 factor - then correct answers using the PowerPoint summary.
· Tutor delivery - 15 minutes: Deliver PPT K1.33 slides 21-27: combining technologies, design constraints and customer priorities, the 1930s retrofit scenario, design decision, common design mistakes, Knowledge Check and K1.33 Summary.
· Video/case reflection - 8 minutes: Show the Energy Saving Trust "Getting the best out of air source heat pumps" extract and identify where user operation depends on good design and handover.
· Integrated design challenge - 30 minutes: Groups receive the same property brief with different customer constraints. Produce a one-page recommendation covering fabric, emitters, flow temperature, hydraulics, DHW, controls and whether hybrid/combined technologies are justified.
· Peer review - 10 minutes: Groups use a specification checklist to challenge another design. Feedback must identify one strength, one missing item and one unsupported assumption.
· Workbook - 12 minutes: Adapt Skills Practice Workbook Task 16: Heat pump siting as extra practice, as required.
· Final assessment/plenary - 5 minutes: Individual exit check: three common design mistakes and the evidence needed to avoid them.

Resources
· PPT_T_Level_OS_LowCarbon_K1.33
· Skills Practice Workbook for Learners: Task 16 adaptation as required  
· YouTube: Getting the best out of air source heat pumps
· K1.33 integrated property brief/specification checklist
· MCS MIS 3005-D
· MCS 021 Heat Emitter Guide.
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2 hours
	System design (K1.32 – K1.36)
 
Design chain, survey planning and building suitability
	Learning focus: Plan a defensible, survey-led design process and explain why equipment must not be selected from the existing boiler rating.

Coverage
• Design chain: survey -> suitability -> room heat loss -> emitters and hydraulics -> electrical/DNO -> DHW/solar -> equipment selection -> commissioning plan.
• Survey evidence: construction type, insulation, glazing, ventilation, room use, occupancy, desired temperatures, existing controls and planned fabric upgrades.
• Physical survey: plant and cylinder space, pipe and cable routes, access, lifting, floor loading, outdoor siting, drainage, service clearances and future replacement.
• Building suitability: ability to maintain comfort at a practical low flow temperature; suitability of emitters, pipework, controls and hot-water storage; likely disruption and customer priorities.
• Records: dimensions, photographs, sketches, room schedule, assumptions, limitations and actions requiring specialist input.
Standards and guidance: MCS MIS 3005-D; BS EN 12831-1 heat-load principles; current manufacturer survey, design and installation instructions.

	Activities
· Starter - 5 minutes: Use PPT K1.34 slide 2. A property has a 24 kW gas boiler. Learners decide whether an 8 kW heat pump can be chosen from that rating and list the evidence still required.
· Tutor delivery - 20 minutes: Deliver PowerPoint K1.34 slides 1-6: title/criterion introduction, starter activity, learning objectives, design chain, survey-first planning and building suitability. Model the complete design chain and explain why a heat pump is a whole-system design rather than a direct appliance swap.
· Paired survey-planning task - 25 minutes: Learners create a survey checklist for a three-bedroom semi-detached house. Require headings for fabric, room data, existing heating, DHW, electrical supply, access, external siting and customer needs.
· Quality check - 10 minutes: Pairs exchange checklists and identify three missing items that could cause redesign, delay or inaccurate quotation.
· Video stop point - 10 minutes: Show selected sections of the MCS Heat Load Calculator Guidance. Learners note what information the designer must gather before calculations can begin.
· Plenary - 5 minutes: Each learner completes: "A design decision is only reliable when..."

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· MCS MIS 3005-D - Heat Pump Design Standard
· BSI: BS EN 12831-1 design heat-load standard
· YouTube: MCS Heat Load Calculator Guidance
· CIBSE Domestic Heating Design Guide 2026
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2 hours
	System design (K1.32 – K1.36) 

Electrical supply and DNO connection planning
	Learning focus: Identify electrical and network checks required before a heat pump is selected, quoted or connected.

Coverage
· Incoming supply: service head, main fuse rating, meter position, single- or three-phase supply, consumer unit condition, spare ways, protective devices, isolation, earthing and bonding.
· Maximum demand and load interaction: heat pump compressor, immersion/backup heater, EV charger, electric shower, induction cooking, solar PV, battery storage and other significant loads.
· Cable routes, voltage drop, starting current, harmonics, manufacturer protective-device requirements and safe access to electrical equipment.
· ENA/DNO process: identify the network operator; check the heat pump database and connection route; distinguish Connect and Notify from Apply to Connect; retain approval/notification evidence.
· PV and battery systems may require separate generation or storage connection processes. Do not assume heat-pump approval covers export or storage.
· Competence boundaries: electrical design, alteration, inspection and certification must be undertaken by competent persons.

Legislation and standards: Electricity at Work Regulations 1989; current BS 7671 requirements; ENA Low Carbon Technology connection process; DNO-specific instructions.

	Activities
· Recap - 5 minutes: Learners name five survey items that influence whether a property is suitable for a heat pump.
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 7-8: electrical supply assessment and DNO connection planning. Explain supply checks, maximum-demand considerations and the Connect and Notify / Apply to Connect routes.
· Load-schedule exercise - 25 minutes: Provide a dwelling with an EV charger, induction hob, electric shower, heat pump and 3 kW immersion. Learners identify the information an electrician needs and where diversity or control strategies may be considered.
· DNO flow-chart activity - 12 minutes: In groups, trace two scenarios through the current ENA process and decide whether installation can proceed before notification or needs prior approval.
· Quiz break - 8 minutes: Eight questions developed separately by tutor covering DNO, main fuse, consumer unit, competence, notification and records.
· Plenary - 5 minutes: Explain one consequence of leaving the DNO check until installation day.

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· Energy Networks Association: connecting EVs and heat pumps
· ENA Connect Direct
· ENA combined EV and heat-pump process flow chart
· Energy Saving Trust installer toolkit: electrical load check
· IET: current BS 7671 information and transition arrangements
· HSE: Electricity at Work Regulations guidance
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2 hours
	System design (K1.32 – K1.36) 
Space, accessibility, external siting and roof/solar assessment
	Learning focus: Plan safe, buildable and maintainable locations for internal and external equipment and evaluate roof suitability for solar technologies.

Coverage
· Internal equipment space: cylinder, valves, filters, expansion vessel, pumps, controls, buffer/volumiser where justified, electrical isolators and service access.
· Buildability: delivery route, door widths, lifting and manual handling, floor loading, wall/support requirements, installation sequence and future removal/replacement.
· External unit siting: manufacturer airflow clearances, prevention of recirculation, noise and vibration, neighbour impact, maintenance access, flood/debris exposure and protection from accidental damage.
· Defrost and condensate drainage: safe discharge, frost/ice risk, falls, trapping, paths, steps and entrances.
· Roof and solar assessment: usable area, orientation, pitch, shading, structural condition, access, scaffolding, cable/pipe routes and compatible storage/control strategy.
· PV can offset electrical consumption and solar thermal can support DHW; neither replaces design-day space-heating heat-loss sizing.

Standards and guidance: manufacturer clearances; MCS 020 a) ASHP sound calculation where relevant; MCS product requirements; solar technology standards and current local planning/building requirements.

	Activities
· Starter - 5 minutes: Display two proposed plant locations and ask which one is easier to install, commission, service and replace.
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 9-14: space and accessibility Parts 1-2, external siting Parts 1-2, and roof orientation/solar Parts 1-2. Use annotated photographs or a site plan to explain plant space, lifting/access, airflow, defrost drainage, noise, maintenance access, roof orientation, pitch, shading and solar constraints.
· Site-layout markup - 25 minutes: Learners mark a floor plan and external elevation with proposed cylinder, heat pump, pipe/cable route, isolators and drainage. They must identify at least six buildability or maintenance risks.
· Solar comparison - 12 minutes: Compare a shaded south-facing roof with an unshaded east/west roof. Learners justify which evidence is needed before selecting PV or solar thermal.
· Video stop point - 8 minutes: Energy Saving Trust "Solar PV explained". Learners record three design checks that affect output.
· Plenary - 5 minutes: One-minute explanation: why is external siting an engineering decision rather than an aesthetic afterthought?

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· MCS 020 a) - Air Source Heat Pump Sound Calculation
· MCS Product Directory
· Energy Saving Trust: solar panel installation and shading
· Energy Saving Trust: solar water heating
· YouTube: Energy Saving Trust - Solar PV explained
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2 hours
	System design (K1.32 – K1.36)
 
Room-by-room heat loss and space-heating requirements
	Learning focus: Calculate and interpret room and dwelling design heat loads so that emitters, flow temperature and heat-pump capacity can be selected from evidence.

Coverage
· Design conditions: local design outdoor temperature, agreed internal temperatures, heated/unheated boundaries and continuous or intermittent assumptions used by the approved method.
· Fabric heat loss: element area, U-value and temperature difference; walls, floors, roofs, windows, doors and thermal bridges as required by the method.
· Ventilation heat loss: intended ventilation, infiltration/airtightness assumptions and the need to avoid reducing ventilation below safe requirements.
· Room-by-room calculation: each room heat loss informs emitter output; the limiting room may determine the highest practical flow temperature or need for fabric/emitter improvement.
· Total dwelling heat loss is built from the room calculations. Old boiler rating, EPC recommendation, annual fuel use or floor area may support sense-checking but must not replace the design calculation.
· Record source data, measurements, assumptions, uncertainties and planned fabric upgrades. Recalculate where the scope changes.

Standards and guidance: BS EN 12831-1; current MCS heat-load methodology and design tools; CIBSE Domestic Heating Design Guide; MCS 021 for emitter implications.

	Activities
· Retrieval starter - 5 minutes: Identify four survey errors that would directly distort a room heat-loss result.
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 15-18: room-by-room heat loss Parts 1-2 and space-heating requirements Parts 1-2. Model transmission and ventilation heat loss, room schedules, design temperatures, the limiting-room principle, system water-volume considerations and how room losses combine to the dwelling total.
· Worked calculation - 18 minutes: Tutor completes one room example using Q = U x area x temperature difference, then adds a ventilation-loss allowance from the approved method.
· Learner calculation task - 22 minutes: Learners calculate two contrasting rooms, compare results and identify the limiting room. Include a deliberate unit/conversion error for peer diagnosis.
· Video stop point - 8 minutes: Revisit the MCS Heat Load Calculator Guidance and compare the video workflow with the manual calculation steps.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 2: Heating design 2 - Heat loss and 
Task 4: Heating design 2 - Radiator sizing etc as revision.
Plenary - 5 minutes: Explain why the coldest or highest-loss room can control the wider emitter and flow-temperature strategy.

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· Skills Practice Workbook for Learners: Task 2 and Task 4
· BSI: BS EN 12831-1 design heat-load standard
· CIBSE Domestic Heating Design Guide 2026
· MCS Heat Pump Reference Information and Tools
· YouTube: MCS Heat Load Calculator Guidance
· MCS 021 Heat Emitter Guide
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2 hours
	System design (K1.32 – K1.36)
 
Heat-pump sizing and equipment selection from manufacturer data
	Learning focus: Select a heat pump and associated equipment against the calculated design conditions rather than nominal model description.

Coverage
· Selection point: calculated design heat loss, design outdoor temperature and intended flow temperature. Check output at that actual condition, not only the model name or catalogue nominal rating.
· Manufacturer data: available thermal output, electrical input, COP, operating envelope, leaving-water temperature, defrost behaviour, backup heat, minimum and maximum flow, required water volume and electrical characteristics.
· System compatibility: emitters, cylinder, pumps, buffer/volumiser where justified, controls, sensors, refrigerant pipework where applicable, noise and DNO requirements.
· Undersizing risks: unmet comfort, prolonged backup use and poor recovery. Oversizing risks: cycling, higher capital cost, reduced controllability, noise and unnecessary electrical demand.
· Consider modulation range and part-load operation as well as design-day capacity. Record any bivalent or backup strategy and clearly explain it to the customer.
· Selection evidence: calculation summary, performance-table extract, model/version, design temperatures, assumptions and reasons alternatives were rejected.

Standards and guidance: MCS MIS 3005-D; MCS Product Directory; MCS 021; manufacturer technical and installation data; ENA database/connection requirements.

	Activities
· Starter - 5 minutes: A nominal 8 kW heat pump is proposed for a 7.6 kW design loss at 45°C flow. Learners list the data needed before accepting the selection.
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 19-20: heat-pump selection and oversizing/undersizing. Explain selection from calculated design heat loss, local outdoor design temperature, intended flow temperature, manufacturer performance at actual operating conditions, modulation and the consequences of over- or undersizing.
· Manufacturer-data challenge - 28 minutes: Provide three current heat-pump data sheets from official manufacturer sources. Learners compare output and electrical demand at the specified outdoor/flow condition and select the best-supported option.
· Oversize/undersize debate - 10 minutes: Groups diagnose two short scenarios and state likely comfort, cycling, backup and cost consequences.
· Emitter link - 8 minutes: Use MCS 021 or radiator output data to show how a lower design flow temperature may change both heat-pump and emitter selection.
· Workbook task - 12 minutes: Complete Skills Practice Workbook Task 10: Heating design 2 - Air source heat pump sizing and Task 12: Heating design 2 - Heat pump selection and Task 14: Hot Water Requirements 2 as revision
· Plenary - 5 minutes: State the three numbers that must appear beside every justified heat-pump selection.

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· Skills Practice Workbook for Learners: Task 10, Task 12 and Task 14
· MCS MIS 3005-D - Heat Pump Design Standard
· MCS Product Directory
· MCS 021 Heat Emitter Guide
· YouTube: Are My Radiators Suitable For a Heat Pump?
· ENA heat-pump connection information


	54
2 hours

	System design (K1.32 – K1.36) 
Domestic hot water and solar sizing/selection
	Learning focus: Size and select a hot-water and solar strategy that meets realistic household demand and remains compatible with heat-pump operation.

Coverage
· Demand profile: occupants, bathrooms, shower flow/duration, bath volume, simultaneous or consecutive use, peak-time pattern and customer recovery expectations.
· Cylinder selection: nominal and usable volume, heat-pump-compatible heat-exchanger surface/rating, sensor positions, standing losses, dimensions, weight, service access and manufacturer compatibility.
· Recovery and controls: heat-pump output in DHW mode, target temperature, DHW priority, immersion/backup strategy, time-of-use tariffs and impact on space heating.
· Hygiene and safety: storage-temperature strategy, periodic high-temperature cycle where specified, thermostatic mixing, unvented safety requirements and secondary circulation losses where relevant.
· Solar PV: expected generation, self-consumption, smart diversion/battery interaction and control priority. Solar thermal: collector area, orientation/shading, compatible solar coil/store, glycol, expansion and stagnation protection.
· Solar contribution can reduce purchased energy but does not determine design-day heat-pump capacity. Avoid double-counting uncertain or seasonal gains.

Standards and guidance: MCS MIS 3005-D; manufacturer cylinder and heat-pump data; current hot-water/unvented requirements; HSE Legionella guidance; MCS/EST solar guidance.

	Activities
· Starter - 5 minutes: Compare two five-person households: one uses short staggered showers, the other uses a large bath and two simultaneous showers. Why may the required storage/recovery strategy differ?
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 21-22: DHW sizing and solar/hot-water requirements. Explain demand profile, cylinder volume, heat-pump-compatible coil performance, recovery, DHW priority, hygiene, and the coordinated use of solar PV, battery storage or solar thermal without reducing design-day heat-pump sizing.
· Cylinder-data exercise - 20 minutes: Learners compare two current cylinder data sheets. They identify volume, coil rating/surface area, standing loss, dimensions, immersion provision and compatibility evidence.
· Case study - 18 minutes: Family of five with a large bath and partially shaded south-west roof. Groups justify cylinder/coil requirements and whether PV, solar thermal or neither should be prioritised.
· Video stop point - 8 minutes: "Heat pump hot water cylinders - comparing specs". Learners record three specification items that matter more than nominal litres alone.
· Plenary - 5 minutes: Explain why a large cylinder can still be unsuitable for a heat pump.

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· MCS MIS 3005-D - Heat Pump Design Standard
· Energy Saving Trust: solar water heating
· Energy Saving Trust: solar panels and roof suitability
· YouTube: Heat pump hot water cylinders - comparing specs
· HSE ACOP L8 - Legionnaires disease
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2 hours
	System design (K1.32 – K1.36)
 
Hydraulic flow rate and pipe sizing
	Learning focus: Calculate required design flow and select pipework that can carry it within acceptable velocity, resistance, noise and pump limits.

Coverage
· Heat-transfer relationship: heat output = mass flow x specific heat capacity x flow/return temperature difference. For water, use approximately 4.18 kJ/kgK and show units at every stage.
· Worked design: 8 kW at a 5 K temperature difference gives approximately 0.383 kg/s, 0.383 L/s or 23.0 L/min.
· Convert volumetric flow to required internal area and indicative diameter. Explain that calculated diameter is only a starting point, not the final pipe selection.
· Final checks: actual internal diameter for pipe material/fittings, velocity, pressure loss, total circuit length, bends, valves, filters, strainers, heat exchangers, manifolds and manufacturer minimum/maximum flow.
· Pump selection: required flow at calculated head; verify pump mode, authority, balancing, bypass/low-loss arrangements and mixed-temperature circuits as applicable.
· Consequences of poor sizing: low flow and faults, excessive temperature difference, poor output, high pump energy, velocity noise, erosion, air problems and difficult balancing.
· Water quality and cleanliness affect resistance, heat transfer and equipment life; design must allow flushing, filtration, air removal and treatment.

Standards and guidance: MCS MIS 3005-D; current CIBSE domestic heating design guidance; BS 7593; manufacturer hydraulic data and commissioning requirements.

	Activities
· Recap - 5 minutes: What is the difference between heat-pump capacity in kW and water flow in L/min?
· Tutor delivery - 22 minutes: Deliver PPT K1.34 slides 23-24: pipe sizing principles and worked calculation. Derive the heat-transfer relationship, complete the 8 kW / 5 K example to approximately 23 L/min, and show why final pipe selection must also consider internal diameter, velocity, pressure loss, fittings, pump duty and manufacturer hydraulic requirements.
· Calculation relay - 25 minutes: Learners calculate design flow for 5, 8 and 12 kW systems at different temperature differences, convert units and peer-check each stage.
· Pipe selection task - 15 minutes: Using a tutor-provided pipe table/manufacturer chart, learners compare candidate sizes and discuss velocity, pressure loss, fittings and total head.
· Fault scenario - 8 minutes: Diagnose a system with low-flow alarms and noisy pipework. Learners identify measurements and design evidence required before changing the pump.
· Workbook task - 10 minutes: Complete Skills Practice Workbook Task 6: Heating design 2 - Pipe sizing and Task 8: Heating design 2 - Pressure loss as revision.
· Plenary - 5 minutes: Complete: "The formula gives a flow rate, but final pipe selection also requires..."

Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· Skills Practice Workbook for Learners: Task 6 and Task 8
· MCS MIS 3005-D - Heat Pump Design Standard
· CIBSE Domestic Heating Design Guide 2026
· BSI: BS 7593 water-system preparation and maintenance
· YouTube: Design Heating System Pipework Like a Pro
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2 hours
	System design (K1.32 – K1.36) 

Integrated design decision, evidence file and consolidation
	Learning focus: Apply all K1.34 planning, sizing and selection practices to an integrated installation proposal and defend each decision with evidence.

Coverage
· Integrated constraints: survey/building suitability; electrical supply and DNO; internal space and access; outdoor unit siting; roof/solar; room heat loss; emitter/flow-temperature strategy; DHW; hydraulics and controls.
· Design file: survey record, room heat-loss schedule, dwelling total, emitter assessment, flow and pipe calculations, DHW assessment, electrical/DNO evidence, drawings, equipment schedule, manufacturer data, assumptions and customer requirements.
· Selection schedule: heat pump at design condition, cylinder/coil, pumps, valves, pipe sizes, expansion/volume provision, controls, backup strategy and accessories.
· Quality assurance: cross-check calculations, version control, independent review, unresolved actions, competence boundaries and confirmation that current standards/manufacturer instructions were used.
· Commissioning plan: identify what must later be measured or proven, including flow, temperatures, controls, electrical protection, water quality and customer handover.
· Common failures: selecting from boiler rating; ignoring combined electrical load; using nominal heat-pump output; overlooking cylinder coil; sizing pipe by outside diameter; relying on solar gains on the design day; missing evidence.

	Activities
· Retrieval starter - 10 minutes: Teams answer one question for each K1.34 strand: survey, suitability, electrical/DNO, access/siting, heat loss, selection, DHW/solar and hydraulics.
· Tutor consolidation - 15 minutes: Deliver PPT K1.34 slides 25-29: ASHP retrofit case study, electrical/DNO case study, solar/DHW case study, standards and evidence, and the final knowledge check/summary. Revisit the principle "select from evidence - not assumptions" and use the final slides to consolidate the complete K1.34 design process.
· Capstone design challenge - 30 minutes: Groups receive a property brief containing room data, electrical loads, access restrictions, roof information, DHW demand and two candidate heat pumps. They produce a justified outline design and identify missing evidence.
· Peer design review - 12 minutes: Use a checklist to test whether every selection links to a calculation, manufacturer value or regulatory/network requirement. Groups issue two commendations and two actions.
· Quiz break - 10 minutes: Complete the tutor developed K1.34 knowledge check. Tutor addresses misconceptions using worked answers.
· Workbook / individual reflection - 8 minutes: Learners record three design decisions they can now justify and one area requiring further practice.
· Plenary - 5 minutes: Exit ticket: list the minimum evidence needed before ordering the heat pump, cylinder and principal pipework.


Resources 
· PPT_T_Level_OS_LowCarbon_K1.34
· MCS Standards and Tools Library
· MCS MIS 3005-D - Heat Pump Design Standard
· MCS 021 Heat Emitter Guide
· ENA Connect Direct
· MCS Product Directory
· IET: current BS 7671 information
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2 hours
	System commissioning (K1.38 – K1.41) 

System operation requirements to be checked for commissioning
	Commissioning purpose and evidence. 
Operation requirements to be inspected: flow and return temperatures, system pressure, expansion checks, control system calibration, heat emitter distribution and balancing, and hot water temperature/DHW operation.
Links to manufacturer instructions, BS EN 14336, BS EN 12828, BS 7593 and Legionella temperature control awareness.
	

Activities
· Tutor to deliver PPT K1.38 slides 1–9: introduction, objectives, commissioning purpose, flow/return temperatures, pressure, controls, emitter distribution and DHW operation.
· Starter (5 mins): What must be proven before heat pump handover?
· Tutor-led discussion: Commissioning is not just “turning the system on”; it proves safe, clean, controlled and balanced operation.
· Worked mini-check (10 mins): Interpret flow/return readings (e.g. 45°C/40°C vs 45°C/33°C) and identify possible causes.
· Demonstration/visual activity (10 mins): use strap-on thermometers or clamp probes to explain radiator balancing and emitter distribution checks.
· Stop point (5–10 mins): Wordwall/Quizizz (temperature/pressure/balancing checks) – developed by tutor
· Tutor recap (5 mins): what evidence would you record before handover?

Resources
· PPT_T_Level_OS_LowCarbon_K1.38
· Example manufacturer commissioning checklist / manual (centre-provided)
· Sample temperature and pressure commissioning record (tutor-created)
· Wordwall/Quizizz: developed separately by tutor.


	58
2 hours
	System commissioning (K1.38 – K1.41) 

System operation requirements to be checked for commissioning
	Commissioning checks for circulation pump operation, safety checks, system flushing and cleaning, chemical treatment, water quality, documentation and records. 
Includes benchmark records, warranty evidence, competence referrals, certificates and future fault-finding baseline. 
Learners apply checks to a commissioning scenario and checklist review.
	Activities
· Tutor to deliver PPT K1.38 slides 10–19: pumps, safety, flushing/cleaning, chemical treatment, documentation, worked scenario, checklist review, video/demo and recap.
· Video/demonstration break (5–8 mins): commissioning sequence and why records matter.
· Scenario activity (15 mins): ASHP readings show flow 45°C / return 33°C and distant radiators cool. Learners identify likely causes, checks within competence, referral points and evidence to record.
· Checklist review activity (15 mins): learners mark items as Pass / Investigate / Refer across temperatures, pressure, controls, DHW, pumps, water treatment and documentation.
· Stop point (5–10 mins): Wordwall/Quizizz (commissioning evidence match) – developed separately by tutor.
· Recap checkpoint (5 mins): why do records, water quality and safety checks matter?
· Tutor summary and questions.

Resources
· PPT_T_Level_OS_LowCarbon_K1.38
· Sample commissioning checklist / Benchmark record (centre-provided)
· Water treatment record template (tutor-created)
· YouTube (tutor use): commissioning sequence / manufacturer demonstration
https://www.youtube.com/watch?v=cYRuxOtNtdU 
· Wordwall/Quizizz: developed separately by tutor
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2 hours
	System commissioning (K1.38 – K1.41) 

Inspection techniques – Part A
	Purpose of inspection before commissioning. 
Use of senses in visual inspection: sight, sound, touch and smell. Application of visual inspections to determine if the installation is complete, safe and ready for testing. Inspection against manufacturer instructions, relevant British Standards, Building Regulations, MCS/design requirements and site documentation. 
Visual inspection of external units/siting, pipework, insulation, cylinders, DHW components, emitters and distribution circuits.
	Activities
· Tutor to deliver PPT K1.39 slides 1–9: introduction, objectives, purpose of inspection, using senses safely, external unit/siting, pipework, cylinders/DHW and emitter/distribution inspections.
· Starter (5 mins): What can be discovered before switching the system on?
· Stop point (5–10 mins): learners identify visible faults from an ASHP/pipework image or training rig.
· Discussion: why manufacturer instructions, Building Regulations, British Standards and MCS/design requirements must be checked before commissioning.
· Short activity (15 mins): senses-based inspection – classify observations as Pass / Correct / Refer. Tutor created.
· Tutor recap (5 mins): inspection findings that would pause commissioning.

Resources
· PPT_T_Level_OS_LowCarbon_K1.39
· Photo pack/training rig: ASHP siting, pipework, cylinder and emitter examples (centre-created)
· Manufacturer installation manual(s): centre-provided model-specific examples
· Tutor reference: BS EN 14336 / BS 7593 information via BSI Knowledge
· Building Regulations Approved Documents: https://www.gov.uk/government/collections/approved-documents 
· Wordwall/Quizizz: visual inspection fault match (developed by tutor)


	60
2 hours
	System commissioning (K1.38 – K1.41) 

Inspection techniques – Part B
	Visual inspection of controls, sensors, electrical boundaries and water quality/cleanliness clues. Pre-commissioning checks before energising or starting the system: documentation/design availability, filling, venting, pressure, component accessibility, regulated sign-offs, controls/sensors, drainage/frost protection and water treatment evidence. 
Inspection findings: how to record, classify and act; when to stop, correct or refer before commissioning proceeds.
	Activities
· Tutor to deliver PPT K1.39 slides 10–19: controls/sensors, electrical boundaries, water quality clues, pre-commissioning checks, inspection recording, scenario activity, recap and summary.
· Manual-reading task (15 mins): learners locate three pre-commissioning checks in a heat pump/cylinder/control manual.
· Scenario activity (15 mins): ASHP installed and customer wants handover today; learners classify incomplete condensate discharge, blocked rear clearance and missing water treatment record as Pass / Correct / Refer.
· Stop point (5–10 mins): Wordwall/Quizizz – identify if the issue should be corrected, monitored or referred.
· Recap checkpoint (5 mins): senses, manufacturer instructions, pre-commissioning checks and safety-critical escalation.
· Tutor summary and questions.

Resources
· PPT_T_Level_OS_LowCarbon_K1.39
· Centre-provided manufacturer manuals/user guides for heat pump, cylinder and controls
Inspection checklist template / Pass-Correct-Refer worksheet (tutor-created)
· Suggested video (tutor use): manufacturer commissioning/inspection overview – link to be added by tutor in SoW/tutor notes only
· Wordwall/Quizizz: developed separately by tutor
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2 hours
	System commissioning (K1.38 – K1.41) 

Testing techniques – Part A
	Testing techniques applicable to commissioning low carbon heating and hot water systems. 
Test planning, suitability of techniques, soundness testing sequence, initial fill, stabilisation, required test pressure, hydraulic pressure testing and air testing. 
Safe use of manufacturer instructions, current industry standards and component limitations.
	Activities
· Tutor to deliver PPT K1.40 slides 1–10: starter, objectives, testing purpose, planning, soundness testing, initial fill/stabilisation, hydraulic pressure testing and air testing.
· Starter discussion (5 mins): installation vs proving the system works.
· Tutor explanation: testing must follow manufacturer instructions, current industry standards and site procedures. Mention BS EN 14336, BS 7593 and Water Regulations/backflow prevention when filling from the mains.
· Stop point (5–10 mins): sequence the soundness test steps – prepare, fill, vent, stabilise, raise to test pressure, inspect, check pressure and record.
· Scenario activity (10 mins): ASHP soundness test with a weeping compression joint. Decide: stop, depressurise, repair, retest and record.
· Comparison activity (10 mins): air vs hydraulic pressure testing – advantages, limitations, hazards and suitability.
· Learners complete Skills Practice Workbook Task 29:  Planned annual service on an air source heat pump system
· Tutor recap (5 mins): why a generic test pressure should not be assumed.


Resources
· PPT_T_Level_OS_LowCarbon_K1.40
· Skills Practice Workbook: Task 29
· Sample manufacturer manuals for heat pump/cylinder/pipe/fittings/UFH manifold
· BS EN 14336, BS 7593 and Water Regs UK tutor links
· Wordwall/Quizizz: soundness sequence/air vs hydraulic testing. Created by tutor
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2 hours
	System commissioning (K1.38 – K1.41) 

Testing techniques – Part B
	Operational checks and performance-related testing: temperature, flow rate, pressure and controls. 
Flow-rate testing, controls testing, safety component operation, soundness verification after the test period, performance testing, safe disposal of testing by-products and documentation of pass/fail evidence.
	Activities
· Tutor to deliver PPT K1.40 slides 11–20: leak checking, operational/flow-rate checks, controls testing, safety components, performance testing, testing by-products, failed-test scenario, technique selection, recap and summary.
· Recap checkpoint (5 mins): stages of a soundness test and why air testing can be more hazardous than hydraulic testing.
· Demonstration/discussion (10–15 mins): interpreting temperature, flow rate, pressure, controls and safety component evidence against design/manufacturer expectations.
· Scenario activity (15 mins): pressure test fails. Learners create a test record entry with initial/final pressure, duration, area tested, findings, corrective action, retest result and responsible person.
· Application task (15 mins): choose the correct testing technique for scenarios – new radiator circuit, suspected blocked strainer, DHW not reaching temperature, noise complaint and ASHP condensate pooling.
· Safe disposal discussion (5–10 mins): flushing water, sludge, inhibitor, glycol/brine and refrigerant recovery boundaries. Emphasise COSHH/SDS and F-Gas referral where refrigerant is involved.
· Video/demonstration break (5–8 mins): pressure testing or commissioning testing demonstration selected by tutor. Link added in tutor notes/SoW only.
· End-of-session knowledge check + tutor summary (5 mins).

Resources
· PPT_T_Level_OS_LowCarbon_K1.40
· Sample test record/commissioning checklist
· Pressure gauge/test pump images or rig
· COSHH/SDS examples for inhibitor, cleaner or glycol; 
· Wordwall/Quizizz: choose the correct testing technique. Created by tutor
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2 hours
	System commissioning (K1.38 – K1.41) 
Documentation required for commissioning and verification – Part A
	Purpose and use of commissioning documentation. 
Documentation as evidence that the system was installed, commissioned and verified in line with manufacturer instructions, relevant British Standards and Building Regulations/scheme requirements. 
Commissioning record purpose and typical content, including site/product details, readings, settings, 
DHW evidence, water quality evidence, safety checks, Benchmark/manufacturer sections and sign-off. 
Verification of commissioning records and service sheet purpose.
	Activities
· Tutor to deliver PPT K1.41 slides 1–8: starter, objectives, documentation purpose, commissioning record purpose/content, verification checks and service sheet.
· Starter discussion (5 mins): what paperwork proves a heat pump was commissioned correctly?
· Tutor explanation: documentation is evidence, not an admin extra. Link to K1.38 operational checks and K1.40 testing techniques.
· Standards/context discussion: manufacturer instructions, BS EN 14336:2025 for water-based heating/cooling commissioning, BS 7593:2019+A1:2024 for preparation/commissioning/maintenance of domestic heating/cooling water systems, and Benchmark/Part L where relevant.
· Stop point (5–10 mins): learners classify commissioning record items as readings, settings, safety evidence, water quality evidence or handover evidence.
· Activity (15 mins): sample commissioning record with missing sections. Learners identify what prevents verification/handover and what evidence is needed.
· Discussion (10 mins): service sheet vs commissioning record - how future service readings are compared with the commissioning baseline.
· Tutor recap (5 mins).

Resources
· PPT_T_Level_OS_LowCarbon_K1.41
· Benchmark (tutor use): https://www.benchmark.org.uk/ 
· BS 7593 information (tutor use): BS 7593:2019+A1:2024 | 31 Oct 2024 | BSI Knowledge
· BS EN 14336 information (tutor use): BS EN 14336:2025 - TC | 31 Oct 2025 | BSI Knowledge
· Wordwall/Quizizz: document item → evidence type (developed by tutor)
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2 hours
	System commissioning (K1.38 – K1.41) 
Documentation required for commissioning and verification – Part B
	Warranty information, manufacturer guarantees, self-certification and compliance evidence. 
Handover pack content, user instructions, user guides and service requirements. 
Documentation workflow before, during and after commissioning; common documentation failures and consequences. 
Verification that the customer has received the correct documents and understands operation/service requirements.
	Activities
· Tutor to deliver PPT K1.41 slides 9–19: warranty/manufacturer guarantees, self-certification, handover pack, instructions/user guides, service requirements, documentation workflow, failures, scenario, evidence pack activity, recap and summary.
· Recap checkpoint (5 mins): purpose of the commissioning record and service sheet.
· Tutor explanation: warranty and guarantees often depend on correct installation, commissioning, registration and service history.
· Self-certification discussion (10 mins): examples where evidence may be required, including heat pump installation, associated electrical work and unvented hot water cylinder work. Link to competent person schemes, BPEC/NICEIC/APHC/OFTEC examples, direct MCS registration or MCS umbrella route where applicable.
· Scenario activity (15 mins): ASHP commissioned, but customer later reports poor DHW recovery and the handover pack is incomplete. Learners identify missing evidence, what can be verified now and what must be escalated.
· Group activity (15 mins): build a commissioning evidence pack for a sample job. Mark each item Required / Useful / Not applicable.
· Stop point (5–10 mins): Wordwall/Quizizz match document → purpose (commissioning record, warranty, self-certification, user guide, service sheet).
· Tutor recap and summary (5 mins).

Resources
· PPT_T_Level_OS_LowCarbon_K1.41
· MCS standards and guidance (tutor use): https://mcscertified.com/standards-tools-library/ 
· Building Regulations Approved Document L (tutor use): https://www.gov.uk/government/publications/conservation-of-fuel-and-power-approved-document-l 
· Example manufacturer warranty/guarantee documents and user manuals (centre-provided)
· Wordwall/Quizizz: developed separately by tutor
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2 hours
	System maintenance (K1.42 – K1.45) 

Root causes of faults
	Poor installation, inadequate design, user error, environmental factors, appliance/component malfunction and electrical/electronic control faults.
	Activities
· Deliver PPT K1.43 slides 1–7.
· Starter: symptoms vs root causes.
· Tutor explanation: fault categories.
· Installation: photograph analysis.
· Group: classification exercise.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.43
· Skills Practice Workbook for Learners: Tasks 24-28
· MCS MIS 3005
· BS 7593
· Manufacturer manuals
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2 hours
	System maintenance (K1.42 – K1.45) 

Wet heating system faults
	Leaks, corrosion, noise, blockages, lack of flow, cold emitters, controls, TRVs, motorised valves, expansion vessels and preventative maintenance.
	Activities
· Deliver PPT K1.43 slides 8–15.
· Case study: Pressure-loss.
· Exercise: Flow diagnosis.
· Maintenance planning.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required.

Resources
· PPT_T_Level_OS_LowCarbon_K1.43
· Skills Practice Workbook for Learners: Tasks 24-28
· BS 7593
· Manufacturer guides
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2 hours
	System maintenance (K1.42 – K1.45) 

Heat pump faults
	Electrical faults, PCB, sensors, pressure trips, refrigerant leaks, source-side faults and manufacturer diagnostics.
	Activities
· Deliver PPT K1.43 slides 16–22
· Fault-code interpretation.
· ASHP diagnostic scenario.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.43
· Skills Practice Workbook for Learners: Tasks 24-28
· Manufacturer manuals
· Fault code charts
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2 hours
	System maintenance (K1.42 – K1.45) 

Solar thermal & integrated diagnosis
	Solar thermal faults, preventative maintenance, evidence gathering, structured diagnosis and referrals.
	Activities
· Deliver PPT 1.43 slides 23–25.
· Group diagnostic exercise.
· Quiz.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.43
· Skills Practice Workbook Tasks: 24-28
· Solar manuals
· Maintenance records
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2 hours
	System maintenance (K1.42 – K1.45) 

Fault-finding techniques – Part A
	Structured diagnosis, fault-finding mindset, visual inspection, listening techniques and customer questioning. Selecting the most suitable technique for different fault symptoms.
	Activities
· Deliver PPT1.44 slides 1–8.
· Starter: 'Heat pump not working' discussion.
· Tutor delivery on structured diagnosis.
· Match technique to symptom activity.
· Visual inspection photograph exercise.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.44
· Skills Practice Workbook: Tasks 24-28
· Manufacturer service manuals
· HSE electrical safety guidance
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2 hours
	System maintenance (K1.42 – K1.45) 

Fault-finding techniques – Part B
	Multimeter testing, refractometer testing, component testing, software diagnostics, remote monitoring and fault codes. Competence boundaries and evidence gathering.
	Activities
· Deliver PPT 1.44 slides 9–15.
· Multimeter demonstration.
· Fault code interpretation exercise.
· Refractometer case study.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.44
· Skills Practice Workbook: Tasks 24-28
· Manufacturer manuals
· Fault code charts
· BS 7593
· F-Gas guidance
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2 hours
	System maintenance (K1.42 – K1.45) 

Applying diagnosis
	Combining techniques, evidence chains, low-flow, high running cost and DHW recovery scenarios. Structured diagnosis and recording evidence.
	Activities
· Deliver PPT 1.44 slides 16–20.
· Scenario-based diagnosis.
· Group evidence-chain exercise.
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.44
· Skills Practice Workbook: Tasks 24-28
· Service records
· Diagnostic flowcharts
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	System maintenance (K1.42 – K1.45) 

Decision routes and business implications
	Replacement, upgrades, temporary solutions, decommissioning, communication, Consumer Rights awareness and professional decision-making. Final learner activity, recap and summary/consolidation.
	Activities
· Deliver PPT 1.44 slides 21–29.
· Customer communication role-play.
· Decision-route workshop.
· Knowledge quiz. Use a Wordwall or Quizizz developed separately by tutor. 
· Learners to complete Skills Practice Workbook Tasks 24-28 as required. 

Resources
· PPT_T_Level_OS_LowCarbon_K1.44
· Skills Practice Workbook: Tasks 24-28
· Manufacturer guidance
· Consumer Rights Act overview
· HSE guidance
· Quizizz/Wordwall – developed by tutor
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