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[bookmark: _Toc197451752]The Importance of Mechanical and Electrical services in a Passive Haus

Electrical and mechanical services are essential in a Passive House (Passivhaus) because they support the building’s ultra-low energy goals while ensuring occupant comfort, health, and safety. While Passive Houses rely primarily on design strategies to minimize energy use, building services must be carefully integrated and optimized. Here's a breakdown of their importance:

[bookmark: _Toc197450751][bookmark: _Toc197451753]1.0 Mechanical Ventilation with Heat Recovery (MVHR)
· Core Component: MVHR systems are mandatory in Passive Houses.
· Function: They provide continuous fresh air while recovering heat from exhaust air, minimizing heat loss.
· Importance:
· Maintains indoor air quality without opening windows.
· Recovers 75–95% of the heat from outgoing air, crucial for energy efficiency.
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· Low Demand: Passive Houses require very little heating or cooling.
· Mechanical Role:
· Often integrated into the MVHR system (e.g., small heating coils).
· May use small heat pumps, underfloor heating, or radiant panels.
· Importance:
· Must be carefully sized to avoid overspecification, which would increase costs and inefficiency.
· Provides supplemental comfort during extreme weather.
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· Lighting: Energy-efficient LED lighting reduces energy demand.
· Appliances: Low-energy appliances help meet the Passive House's energy budget.
· Control Systems:
· Smart thermostats and sensors can optimize performance.
· Essential for monitoring air quality, temperature, and humidity.
· Importance:
· Minimizes primary energy use.
· Enhances user control and building performance tracking.
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The Vaillant aroTHERM plus is a high-performance air-to-water heat pump designed for both new builds and retrofit projects. It offers efficient heating and hot water solutions with a strong emphasis on sustainability and low operational costs.
Advantages:
· Energy Efficiency: Achieves a Seasonal Coefficient of Performance (SCOP) of up to 5.03, indicating high efficiency and potential for significant energy savings compared to traditional heating systems. 
· Natural Refrigerant R290: Utilizes R290, a natural refrigerant with a Global Warming Potential (GWP) of just 3, making it an eco-friendly choice that complies with future environmental regulations. 
· Quiet Operation: Designed with a sound power level as low as 54 dB(A), ensuring minimal noise disruption, suitable for installation in residential areas. 
· High Flow Temperature: Capable of delivering flow temperatures up to 75°C, making it compatible with existing radiator systems and eliminating the need for additional electric immersion heaters. 
· Integration with Renewable Energy: Compatible with photovoltaic systems and smart grids (SG-ready), allowing for optimized energy use and potential cost savings. 
· Legionella Protection: The high flow temperature also serves as protection against legionella, reducing the need for separate electric immersion heaters.
Disadvantages: 
High Initial Cost
· Issue: The upfront cost (unit + installation) can be significantly higher than traditional boilers.
· Impact: This may deter homeowners, especially in retrofit projects, despite long-term savings. 
Space Requirements
· Issue: Requires adequate outdoor and indoor space for the unit, buffer tank, and hot water cylinder.
· Impact: May be challenging for homes with limited installation space or small gardens.

Lower Efficiency in Extreme Cold
· Issue: Like all air-source heat pumps, its efficiency drops in very cold climates.
· Impact: Supplemental heating may be required during freezing weather, increasing energy use.
Installation Complexity
· Issue: Proper installation and commissioning require trained installers and time.
· Impact: Poor installation can lead to suboptimal performance, higher running costs, or system issues.
Electrical Demand
· Issue: Relies on electricity, which can be costly if not offset by renewable sources (e.g., solar PV).
· Impact: Running costs depend on local electricity rates and grid decarbonization.
Noise Consideration
· Issue: Though quieter than many alternatives, it still produces noise (around 54 dB), which can be an issue in very quiet residential settings.
· Impact: Positioning and acoustic shielding may be needed in sensitive areas.
Maintenance Requirements
· Issue: While low-maintenance, regular servicing is needed to maintain efficiency and lifespan.
· Impact: Adds ongoing costs and requires professional support.
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Heating controls on an Air Source Heat Pump (ASHP) are crucial for optimizing efficiency, comfort, and system performance. The specification states that the heating controls are ‘on/off’. Using on/off heating controls (also called binary or non-modulating controls) with an Air Source Heat Pump (ASHP) is generally not recommended due to several key disadvantages that can reduce system efficiency, comfort, and lifespan. These are the major disadvantages of using on/off controls
Reduced Efficiency
· How: ASHPs are most efficient when operating continuously at low power. On/off controls cycle the system fully on or off, preventing steady-state operation.
· Result: Lower Coefficient of Performance (COP), meaning higher running costs.
Short Cycling
· How: Frequent start-stop cycles caused by on/off control lead the heat pump to operate inefficiently and not reach optimal temperature ranges.
· Result:
· Wears out compressors faster.
· Increases energy use.
· Can cause comfort fluctuations.
Poor Comfort Control
· How: The system only heats when it falls below a fixed threshold, then turns off completely.
· Result: Indoor temperatures fluctuate more noticeably, especially compared to weather-compensated or modulating systems.
Incompatibility with Low Flow Temperatures
· How: ASHPs are designed to run at low flow temperatures to maintain high efficiency.
· Result: On/off controls often force the system to operate at unnecessarily high temperatures to quickly satisfy demands, negating this efficiency advantage.
Increased Wear and Maintenance
· How: Repeated stop/start cycles put mechanical stress on the compressor and other components.
· Result: Shorter system lifespan and higher maintenance costs over time.
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The Vaillant sensoCOMFORT and sensoNET VR 921 are advanced controls designed to optimize the performance of Vaillant heating systems, including Air Source Heat Pumps (ASHPs). Together, they offer intelligent, weather-compensated, and modulating control, enhancing both efficiency and comfort.
[bookmark: _Toc197450757][bookmark: _Toc197451759]2.4.1 Vaillant sensoCOMFORT (VRC 720)
Key Features:
· Weather Compensation: Automatically adjusts the flow temperature based on outdoor conditions, ensuring optimal efficiency. 
· Modulating Control: Provides continuous adjustment of heating output, reducing energy consumption and enhancing comfort. 
· Multi-Zone Control: Supports up to three heating zones, ideal for homes with multiple rooms or floors. 
· User-Friendly Interface: Features a high-resolution 3.5" touchscreen with navigation and backlit controls. 
· Integration with Renewables: Compatible with solar thermal, photovoltaics, and ventilation systems, allowing for a holistic approach to energy management. 
· App Control: When paired with the sensoNET VR 921, enables remote control via the sensoAPP.
Vaillant sensoNET VR 921 Internet Gateway
Key Features:
· Remote Access: Allows users to control their heating system from anywhere using the sensoAPP. 
· Smart Home Integration: Compatible with platforms like Google Home, Amazon Echo, and Apple HomeKit, facilitating voice control and automation. 
· Energy Monitoring: Provides insights into energy consumption, helping users make informed decisions to reduce usage and costs. 
· Error Notifications: Sends alerts in case of system faults, enabling prompt attention and minimizing downtime.
· Easy Installation: Connects to the internet via LAN or Wi-Fi, simplifying setup and integration with existing systems. 

Benefits of Combining sensoCOMFORT and sensoNET VR 921
· Enhanced Efficiency: Weather compensation and modulating control work together to reduce energy consumption.
· Improved Comfort: Multi-zone control ensures consistent temperatures throughout the home.
· Convenience: Remote access and smart home integration provide flexibility and ease of use.
· Future-Proofing: Compatibility with renewable energy sources supports sustainable living.
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Buffer tanks (also called buffer vessels or thermal stores) play a vital role in Air Source Heat Pump (ASHP) systems by improving efficiency, performance, and system stability. They act as a thermal energy reservoir to help the heat pump operate under ideal conditions.
Benefits of Using a Buffer Tank with an ASHP:
Prevents Short Cycling
· How: Stores thermal energy so the heat pump runs longer and less frequently.
· Why it matters: Reduces wear on the compressor and maintains high efficiency (COP).
Improves Temperature Stability
· Helps maintain a constant temperature even when heating demand changes quickly (e.g. multiple zones calling for heat at different times).
Supports Multiple Heating Zones
· Acts as a central thermal store, allowing different heating zones (e.g. upstairs/downstairs) to operate independently without causing frequent restarts.
Facilitates Defrost Cycles:
· During cold weather, the buffer tank ensures continued heat supply while the heat pump defrosts itself.
Recommended Models:
· Vaillant VIH RW 100/140/200 S – compatible with aroTHERM plus.
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The EnviroVent energiSava 300 is a high-performance Mechanical Ventilation with Heat Recovery (MVHR) unit designed for medium to large residential properties. It efficiently provides a continuous supply of fresh, tempered air while extracting stale, moist air, ensuring optimal indoor air quality. 
Key Specifications
· Airflow Capacity: Up to 300 m³/h (83 L/s)
· Heat Recovery Efficiency: Up to 89%, achieved through a high-efficiency counter-flow heat exchanger
· Sound Level: Approximately 47 dB(A), ensuring quiet operation
· Power Consumption: Specific electric power of 0.26 Wh/m³
· Frost Protection: Features an intelligent frost protection system with a pre-heater to maintain performance in low temperatures
· Bypass Function: Includes a mechanical summer bypass to allow cooler air into the property during warmer months
Control Options:
· Manual control via a 4-way switch with filter indicator
· Optional wireless remote control
· Integration with humidity sensors for automatic operation
· Installation: Suitable for installation in loft spaces or utility rooms
· Certifications:
· Passive House Certified
· SAP PCDB Listed
· ErP Grade A
· CE Certified
· Manufactured in accordance with BS EN ISO 9001 and BS EN ISO 14001
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Photovoltaic (PV) panels are a renewable energy technology that converts sunlight into usable electricity. Using the photovoltaic effect, these panels—typically made from semiconductor materials such as silicon—generate direct current (DC) electricity when exposed to sunlight. This electricity is then converted into alternating current (AC) by an inverter so that it can be used within the building or exported to the national grid. PV panels are usually mounted on rooftops or integrated into the fabric of a building. As they require no fuel and emit no pollutants during operation, they have become an essential component in the push for low-carbon and Net Zero energy strategies in both new and retrofit construction.

Advantages for Sustainability and Net Zero:
· Clean, renewable energy source that reduces dependence on fossil fuels
· Very low operational carbon emissions after installation
· Strong contribution to Net Zero targets by offsetting grid-supplied electricity
· Long service life (typically 25–30 years) with low maintenance requirements
· Significantly reduces or eliminates electricity bills over time
· Eligible for income via the Smart Export Guarantee (SEG) by exporting excess energy
· Embodied carbon from manufacturing is typically paid back within 1.5 to 3 years of use
· Modular and scalable, making them suitable for homes, commercial buildings, and large developments
Disadvantages and Considerations:
· Energy production depends on sunlight, with no generation at night and reduced output in winter or cloudy weather
· Battery storage is often needed to make full use of generated power, adding cost and embodied carbon
· High upfront capital cost (£5,000–£7,000)
· Manufacturing involves carbon-intensive processes, particularly in silicon refinement and aluminium frame production
· Limited end-of-life recycling infrastructure
· May face aesthetic or planning restrictions, particularly in conservation areas or listed properties
Conclusion
Photovoltaic panels play a critical role in sustainable construction and energy strategy. They support compliance with Part L of the Building Regulations by reducing the energy demand of buildings and lowering associated emissions. When integrated with other low-energy systems, such as heat pumps and mechanical ventilation with heat recovery, PV panels help achieve cost-effective, low-carbon operation, contributing directly to both short-term energy savings and long-term climate goals.

[bookmark: _Toc197450761][bookmark: _Toc197451763]4.1 Recommendations for improving the energy use in the dwelling
The Eddi is a solar power diverter manufactured by myenergi. It is designed to redirect excess electricity generated by a PV system to local appliances rather than allowing it to be exported to the grid. Most commonly, it diverts unused solar power to heat water via an immersion heater in a hot water cylinder, but it can also be used with other resistive heating loads.

How It Works with a PV System
· During daylight hours, the PV system generates electricity.
· If energy demand within the building is lower than the energy being generated, excess electricity would typically be exported to the grid.
· The Eddi detects this surplus energy and redirects it to a designated appliance, such as a hot water immersion heater.
· This allows the building to store energy in the form of hot water, reducing the need to use gas or grid electricity for heating later on.
Advantages of Adding an Eddi Switch:
· Maximizes On-Site Solar Use: Improves the self-consumption rate of solar energy, ensuring less is wasted or sold at low export rates.
· Reduces Energy Bills: Shifts the energy that would be exported (and earned at a lower tariff) into useful heat, offsetting electricity or gas costs.
· Lowers Carbon Emissions: Reduces the need for gas boilers or grid electricity for hot water, both of which have higher carbon intensities.
· Supports Part L Compliance: Enhances the building’s overall energy efficiency by improving internal use of renewables.
· Increases Return on Investment: More efficient use of PV generation improves the overall economic case for solar installation.
· Flexible Integration: Can work with PV systems, wind turbines, and battery systems, offering smart energy control via apps and monitoring tools.
Net Zero and Sustainability Contribution
The Eddi switch supports Net Zero objectives by ensuring that as much generated renewable energy as possible is used on-site, thereby reducing total energy imports and lowering operational carbon emissions. By converting surplus electricity into useful thermal energy, it increases energy resilience and minimizes dependence on fossil fuel-based heating systems.







[bookmark: _Toc197450762][bookmark: _Toc197451764]5.0 Justification of Services Equipment Selection and Fabric Specification for Sustainable Building Design

[bookmark: _Toc197450763][bookmark: _Toc197451765]6.0 Introduction
In support of the UK’s Net Zero by 2050 target and growing environmental accountability in the built environment, this report presents a detailed justification for both services equipment and construction methods in a sustainable design and installation context. The focus is on reducing both operational and embodied carbon while ensuring cost efficiency, high performance, and long-term viability.
Specifically, the services equipment includes the Vaillant aroTHERM plus air source heat pump, the EnviroVent energiSava 300 mechanical ventilation system, and photovoltaic (PV) solar panels. In parallel, the building fabric has been designed using a fabric-first approach to minimize heat loss and energy demand, utilizing trench fill foundations, insulated floor and wall assemblies, and advanced airtightness detailing.

[bookmark: _Toc197450764][bookmark: _Toc197451766]7.0 Overview of Equipment
[bookmark: _Toc197450765][bookmark: _Toc197451767]7.1 Vaillant aroTHERM plus (Air Source Heat Pump)
· Technology: Air-to-water heat pump using natural refrigerant R290
· Efficiency: Seasonal Coefficient of Performance (SCOP) up to 5.4
· Applications: Low-temperature space heating and domestic hot water
· Sustainability: Low-GWP refrigerant, high COP reduces operational carbon
[bookmark: _Toc197450766][bookmark: _Toc197451768]7.2EnviroVent energiSava 300 (Mechanical Ventilation with Heat Recovery - MVHR)
· Technology: Whole-house balanced MVHR system with up to 93% heat recovery
· Features: Demand-controlled ventilation with integrated humidity sensors
· Applications: Ventilation for airtight homes while retaining heat energy
· Sustainability: Enhances indoor air quality while minimizing energy loss
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· Technology: Monocrystalline modules (300–400W typical output)
· Applications: Renewable on-site electricity generation
· Sustainability: Supports Net Zero by offsetting grid energy use and enabling energy self-sufficiency

[bookmark: _Toc197450768][bookmark: _Toc197451770]8.0 Sustainable Fabric and Construction Detail Justification
[bookmark: _Toc197450769][bookmark: _Toc197451771]8.1 Foundation – Concrete Trench Fill (600x600 mm)
· Details: Traditional trench fill using concrete provides a robust base for load-bearing walls.
· Estimated Cost: £90–£120 per linear metre (excavation, concrete, labour)
· Sustainability: If locally sourced and optimized for volume, concrete’s impact can be reduced. Simple to construct and compatible with standard detailing to minimize thermal bridging.
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Build-Up Layers (Bottom to Top):
· Hardcore and sand blinding
· Damp-proof membrane (DPM)
· PIR insulation (100–150mm): ~£18–£25/m²
· Concrete slab + sand & cement screed: ~£35–£50/m²
Total Estimated Floor Cost:
· £65–£85 per m² (materials + labour)
· Performance: U-value target ~0.13 W/m²K
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Internal to External Layering:
· Plasterboard with skim: ~£10–£12/m²
· Timber battens (service void): ~£6–£8/m²
· Passive Purple vapour control paint: ~£5–£8/m²
· Forterra Evalast blockwork (100mm dense aggregate): ~£18–£22/m²
· PIR insulation (100–125mm, joints taped): ~£25–£35/m²
· Ventilated cavity (50mm)
· Facing brickwork (102.5mm): ~£55–£70/m²
Total Estimated Wall Cost:
· £120–£155 per m² (materials + installation)
· Performance: U-value target ~0.15 W/m²K
Benefits:
· Excellent thermal performance and airtightness
· Robust and durable external finish
· Simplifies installation of services within battened service zone

[bookmark: _Toc197450772][bookmark: _Toc197451774]9.0 Compliance with Part L Building Regulations
The combination of fabric-first principles and high-efficiency services systems makes it straightforward to comply with the Part L 2021 Building Regulations (Conservation of Fuel and Power). The regulations mandate improved standards for insulation, energy use, and emissions reduction.
Fabric Measures
· U-values of 0.13–0.15 W/m²K outperform the notional dwelling standards.
· Airtight construction (Passive Purple, taped PIR joints) enables very low air permeability (<3 m³/h·m²), enhancing thermal performance.
· MVHR helps meet ventilation requirements without sacrificing airtightness.
Services Measures
· aroTHERM plus achieves a high SCOP, with efficiencies that exceed Part L minimum heating system requirements.
· R290 refrigerant aligns with SAP 10’s updated carbon factors.
· PV panels contribute to carbon offsetting in SAP, helping meet or exceed the Target Emission Rate (TER) and Target Primary Energy Rate (TPER).
Overall: The combined design typically allows Dwelling Emission Rates (DER) to fall significantly below required limits, ensuring straightforward and efficient Part L compliance.
Lower Operational Costs
These strategies deliver significant savings in energy bills due to reduced heat loss, renewable generation, and highly efficient systems:

	System / Component
	Operational Benefit
	Cost impact

	High-performance fabric
	Reduced heating demand (up to 60%)
	£100–£250/year savings on space heating

	Vaillant aroTHERM plus heat pump
	COP 4.5–5 = less electricity used
	50–60% lower costs than traditional heating (over lifetime)

	energiSava 300 MVHR
	Retains heat, improves air quality
	Lower heating loads; minimal energy input

	PV solar panels
	Free renewable electricity, SEG income
	£400–£600/year in savings & grid payments

	Airtight detailing
	Consistent internal temperatures
	Reduces heating system cycling and costs
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	Component/Equipment
	Upfront Cost Estimate
	Lifespan
	Operational Savings
	ROI (Years)

	Ground Floor Fabric
	£65–£85/m²
	60+ yrs
	Improved heat retention
	Embedded cost

	External Wall Fabric
	£120–£155/m²
	60+ yrs
	Reduced heating demand
	Embedded cost

	Vaillant aroTHERM plus
	£8,000–£12,000
	15–20 yrs
	Up to 60% heating savings
	7–10

	EnviroVent energiSava 300
	£1,800–£2,500
	15 yrs
	20–30% reduced heating demand
	5–7

	PV Solar Panels (4kW system)
	£5,000–£6,500
	25–30 yrs
	£400–£600 annual savings + SEG
	7–9
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· Boiler Upgrade Scheme (BUS): Capital support for heat pump installation
· 0% VAT on energy-saving materials
· Smart Export Guarantee (SEG): Earnings from excess solar power
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· Fabric and systems designed together to reduce heating/cooling demand
· Internal service void simplifies installation without breaching airtightness layer
· Compatible with modern construction practices, including offsite or modular
· Systems specified for ease of maintenance and long-term reliability
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The coordinated use of high-performance building fabric and efficient, low-carbon mechanical systems provides a clear pathway toward achieving Net Zero performance. This strategy:
· Makes Part L compliance straightforward
· Minimizes both operational and embodied carbon
· Provides long-term cost savings
· Enhances comfort, air quality, and building longevity
· Positions the home as a future-proof, sustainable asset
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