


Building Services Optimisation Report
HT641 Typical New Build Dwelling – Passivhaus-Informed M&E Strategy

1. Introduction
The construction industry within the United Kingdom is undergoing significant transformation in response to national Net Zero carbon targets, increasing energy prices and enhanced environmental legislation. In Wales, the implementation of Approved Document Part L and the Future Homes Standard has increased emphasis on low-energy residential design and operational carbon reduction. However, whilst many new-build dwellings now incorporate low-carbon technologies, relatively few achieve Passivhaus performance standards.
Passivhaus design principles aim to minimise operational heating demand through highly efficient building performance, ventilation heat recovery systems and reduced energy losses (Passive House Institute, 2021). Alongside this, Welsh Government policy and Future Homes legislation continue to increase pressure on housing providers to reduce operational carbon emissions and improve dwelling efficiency (Welsh Government, 2022).
This report critically evaluates the existing Mechanical and Electrical (M&E) systems proposed for the HT641 dwelling and investigates how operational energy performance can be improved through building services optimisation whilst retaining the existing architectural layout and building fabric specification. The dwelling has been designed as a typical four-bedroom domestic property with a Gross Internal Area of approximately 110.4m².
The report focuses on improving the operational performance of the building through enhanced building services integration rather than modifying the architectural form or construction build-up. This approach reflects realistic development constraints commonly encountered within the housing sector where redesigning the building fabric may not be commercially viable.
The assessment utilises Passivhaus Planning Package (PHPP) principles and low-energy design strategies to evaluate the existing proposal and identify improvements capable of reducing operational energy demand, carbon emissions and lifecycle running costs. Particular attention is given to ventilation performance, heating efficiency, renewable energy integration, domestic hot water optimisation and intelligent energy management systems.

2. Existing Building Overview
2.1 Building Description
The proposed dwelling is a detached two-storey residential property designed for six occupants across four bedrooms. The building follows a compact rectangular form with a pitched roof arrangement and east-west orientation.


The property includes:
· Lounge
· Kitchen/dining area
· Utility room
· Four bedrooms
· Bathroom
· WC/shower room
· Mechanical plant provisions
The architectural layout remains unchanged throughout this report in order to focus exclusively on M&E system optimisation. Floor plans indicate a Gross Internal Area of 110.4m² in accordance with Welsh Development Quality Requirements (WDQR).
The dwelling forms part of the Vale of Glamorgan Council Net Zero Carbon Buildings Technical Feasibility study and therefore already incorporates several low-carbon technologies.
2.2 Existing Mechanical and Electrical Systems
The baseline dwelling already incorporates several low-carbon technologies including:
· Air Source Heat Pump (ASHP)
· Mechanical Ventilation with Heat Recovery (MVHR)
· High-efficiency domestic hot water cylinder
· Low-energy ventilation strategy
The proposed heating system consists of a Vaillant aroTHERM Plus 5kW ASHP. The system is designed to provide space heating and domestic hot water generation through a low-temperature heating arrangement.
Ventilation is provided through an EnviroVent energiSava 200 MVHR unit with:
· Heat recovery efficiency of 89%
· Specific Fan Power (SFP) of 0.79 W/l/s
· Airflow range between 40–245 m³/h
Mechanical Ventilation with Heat Recovery systems significantly reduce ventilation heat losses whilst improving indoor air quality when correctly designed and commissioned (CIBSE, 2021).
Domestic hot water storage is achieved using a Mixergy smart hot water cylinder with a capacity between 150–210 litres.
2.3 Existing Fabric Performance
Although the report does not propose fabric modifications, the baseline specification demonstrates compliance with Welsh Part L standards. The specification includes:
· Air permeability of 5.0 m³/hr/m²
· Double-glazed windows with Uw value of 1.4 W/m²K
· Thermal bridging value of 0.20 W/mK
The wall construction utilises a twin-stud cellulose insulated system with significant insulation depth. Whilst these values represent good practice compared with conventional housing stock, they remain below certified Passivhaus standards.
Approved Document Part L establishes minimum energy efficiency standards for domestic dwellings within Wales and encourages the reduction of operational carbon emissions (Welsh Government, 2022).

3. Passivhaus Principles and Net Zero Design
Passivhaus is an internationally recognised low-energy building standard developed to reduce operational energy demand and improve occupant comfort. The standard aims to achieve very low space heating demand through efficient ventilation systems, minimised thermal losses and optimised operational performance (Passive House Institute, 2021).
The five core principles of Passivhaus design are:
· High levels of insulation
· Airtight construction
· Elimination of thermal bridges
· High-performance glazing
· Mechanical Ventilation with Heat Recovery
Whilst full certified Passivhaus performance generally requires significant fabric optimisation, operational performance can still be substantially improved through advanced M&E integration.
Net Zero Carbon design differs slightly from Passivhaus in that it focuses upon balancing operational carbon emissions through reduced demand and renewable energy generation. LETI (2020) identifies that reducing operational energy demand should be prioritised before renewable energy systems are applied.
The HT641 dwelling already demonstrates strong low-carbon intent through the use of an ASHP and MVHR system. However, improvements to controls, renewable integration and operational management are required to approach Passivhaus operational performance levels.

4. Critical Appraisal of Existing Design
4.1 Strengths of the Existing Proposal
The proposed dwelling already demonstrates a strong low-carbon design strategy when compared to conventional UK housing stock. The inclusion of an ASHP and MVHR system significantly reduces operational carbon emissions relative to gas-fired heating systems.
The MVHR system is particularly beneficial due to its high heat recovery efficiency. Heat recovery ventilation reduces ventilation heat losses and contributes to improved indoor air quality whilst maintaining occupant comfort. This is particularly important within increasingly airtight residential buildings.
The compact building form also contributes positively to energy efficiency by reducing exposed external surface area relative to floor area.
The use of a smart domestic hot water cylinder further demonstrates good low-energy design practice. Smart cylinders enable more effective thermal storage management and support future smart-grid integration.
4.2 Limitations Relative to Passivhaus Standards
Despite these improvements, the dwelling does not fully achieve Passivhaus standards in its current form.
The principal limitation is the operational performance gap between standard low-energy housing and Passivhaus certification criteria. Whilst the proposed systems are energy efficient, the building services strategy lacks advanced optimisation and integrated smart energy control.
The existing ASHP specification may also be oversized relative to the likely heating demand of the dwelling. Oversized heat pumps can experience excessive cycling, reducing seasonal efficiency and increasing electricity consumption (Energy Saving Trust, 2023).
The current ventilation strategy also lacks advanced demand-control functionality. Whilst heat recovery efficiency is high, operational performance could be improved through enhanced commissioning, airflow balancing and occupancy-responsive control systems.
Furthermore, the existing proposal does not include renewable electricity generation or battery storage. As a result, the dwelling remains dependent upon grid electricity imports during peak operational periods.
Lighting controls are also relatively basic and there is limited evidence of integrated energy management systems.
4.3 Future Homes and LETI Comparison
The Future Homes Standard aims to reduce carbon emissions from new dwellings through low-carbon heating technologies and improved energy performance (UK Government, 2023). However, LETI guidance suggests that low-energy buildings should target significantly lower operational energy demand than current regulatory minimums (LETI, 2020).
Whilst the dwelling satisfies low-carbon principles through electrified heating and ventilation heat recovery, further operational improvements are necessary to align with aspirational standards such as Passivhaus and the RIBA 2030 Climate Challenge.

5. PHPP Modelling Methodology
Passivhaus Planning Package (PHPP) principles were utilised to evaluate the operational energy performance of the dwelling. PHPP is widely recognised as one of the most accurate residential energy modelling methodologies for low-energy building assessment (Passive House Institute, 2021).
The modelling process compared the baseline specification against an enhanced M&E strategy.
The modelling assessment considered:
· Space heating demand
· Domestic hot water demand
· Ventilation heat losses
· Primary energy consumption
· Operational carbon emissions
· Renewable electricity generation
· Internal gains
· Overheating risk
Treated Floor Area (TFA) calculations were based upon Passivhaus guidance documentation.
The baseline model incorporated:
· Existing ASHP performance
· Existing MVHR efficiency
· Existing Part L fabric specification
· Existing domestic hot water arrangements
· Existing lighting assumptions
The improved model retained the same architectural layout and fabric specification but incorporated enhanced building services systems and operational controls.
SAP 10.2 principles were additionally referenced to assess operational carbon reductions and dwelling energy performance in line with UK compliance methodologies (BRE, 2022).

6. Proposed M&E Improvements
6.1 ASHP Optimisation
The existing Vaillant aroTHERM Plus 5kW heat pump was retained but reconfigured to operate using:
· Lower flow temperatures
· Weather compensation controls
· Intelligent zoning
· Smart scheduling
· Reduced cycling operation
Lower flow temperatures improve Coefficient of Performance (COP) and reduce electrical energy demand. Weather compensation further enhances seasonal efficiency by adjusting flow temperatures relative to external conditions.
Smart zoning enables heating demand to be distributed more effectively across occupied spaces whilst reducing unnecessary heating within low-use areas.
The proposed operational strategy also supports future smart-grid integration by enabling heating demand to shift towards off-peak electrical periods.
6.2 MVHR Enhancement
The existing MVHR strategy was retained due to its already high heat recovery efficiency. However, several improvements were proposed including:
· Rigid insulated ductwork
· Reduced duct resistance
· Commissioning and balancing
· Summer bypass control
· CO₂-responsive demand ventilation
· Acoustic attenuation
These measures improve operational efficiency whilst reducing electrical fan energy demand.
CIBSE guidance identifies commissioning and airflow balancing as critical factors influencing ventilation system performance (CIBSE, 2021).
The inclusion of summer bypass functionality additionally assists with overheating mitigation during warmer months.
6.3 Domestic Hot Water Strategy
The Mixergy smart hot water cylinder was integrated with intelligent control systems to:
· Reduce standby losses
· Enable off-peak heating
· Optimise renewable electricity usage
· Improve operational flexibility
· Reduce peak electrical demand
Domestic hot water demand represents a significant proportion of total residential energy use within low-energy dwellings; therefore, optimisation of DHW systems becomes increasingly important.
Carbon Trust (2022) identifies smart thermal storage systems as an effective method of reducing operational energy demand within electrified residential buildings.
6.4 Photovoltaic Integration
Roof-mounted photovoltaic (PV) panels were proposed to offset operational electricity demand generated by:
· ASHP operation
· MVHR electrical loads
· Domestic appliances
· Lighting systems
Battery storage was additionally proposed to improve self-consumption of generated electricity and reduce grid dependency during peak demand periods.
Photovoltaic systems contribute to operational carbon reduction by offsetting imported grid electricity demand (IEA, 2023).
The proposed PV system would significantly improve annual operational carbon performance and support Net Zero operational objectives.
6.5 Smart Electrical Systems
The dwelling was further enhanced through:
· Smart metering
· Occupancy sensors
· Daylight-linked lighting controls
· EV charging provision
· Demand-side load management
These systems contribute to reduced operational energy demand whilst futureproofing the dwelling against evolving smart-grid technologies.
The inclusion of smart electrical infrastructure also aligns with the RIBA 2030 Climate Challenge and future decarbonisation objectives (RIBA, 2021).
6.6 Lighting Optimisation
A fully LED lighting strategy was proposed throughout the dwelling. LED lighting significantly reduces electrical demand relative to traditional lighting systems whilst also reducing internal heat gains.
Additional measures included:
· Daylight-responsive dimming
· Occupancy sensing
· Zoned lighting control
· Reduced standby loads
These systems reduce unnecessary energy consumption and improve operational efficiency.
6.7 Overheating Mitigation
As the architectural layout and fabric specification remain unchanged, overheating mitigation was approached operationally through:
· MVHR summer bypass
· Night purge ventilation
· Smart temperature control
· Reduced internal gains
· Smart shading assumptions
Overheating risk is increasingly important within low-energy residential buildings due to improving airtightness and climate change projections.

7. Energy and Carbon Analysis
The improved M&E strategy significantly reduced operational energy demand relative to the baseline model.
The largest reductions were achieved through:
· Improved heat pump efficiency
· Renewable electricity generation
· Intelligent controls
· Reduced auxiliary electrical loads
· Smart hot water management
The inclusion of photovoltaic generation substantially reduced annual imported electricity demand, improving the dwelling’s operational carbon performance.
The enhanced control strategy also reduced unnecessary heating operation and improved occupant energy management.
Operational carbon emissions were significantly reduced through:
· Electrified heating systems
· Renewable electricity generation
· Reduced operational demand
· Improved system efficiencies
The proposed strategy aligns strongly with LETI operational energy targets and Net Zero Carbon principles.
Although the building does not fully satisfy certified Passivhaus criteria due to retained fabric limitations, the proposed strategy demonstrates that significant operational improvements can still be achieved through building services integration alone.
8. Financial and Lifecycle Evaluation
Whilst the proposed improvements increase initial capital costs, long-term operational savings are expected through reduced electricity consumption and improved system efficiency.
The primary additional costs include:
· Photovoltaic installation
· Battery storage
· Smart controls
· Enhanced commissioning
· Additional monitoring systems
However, lifecycle analysis demonstrates that operational savings and reduced energy bills partially offset these additional costs over the building lifespan.
The use of smart systems also improves long-term building adaptability and futureproofing.
Energy price volatility within the UK further strengthens the argument for reducing operational electricity demand and improving self-generation capability.
AECB guidance identifies lifecycle operational savings as a critical consideration within low-energy residential design (AECB, 2021).
The proposed systems also improve long-term resilience against future energy price increases and support national decarbonisation objectives.

9. Conclusion
This report critically evaluated the HT641 dwelling and demonstrated how operational energy performance can be improved through Mechanical and Electrical system optimisation whilst retaining the existing architectural layout and fabric specification.
The baseline dwelling already demonstrates strong low-carbon design principles through the inclusion of an ASHP and MVHR system. However, analysis identified opportunities for further operational optimisation through enhanced heating controls, smart energy management, renewable electricity generation and improved ventilation performance.
The proposed M&E strategy significantly reduces operational energy demand, operational carbon emissions and running costs whilst improving occupant comfort and future resilience.
Although full certified Passivhaus performance may not be achievable without substantial fabric and airtightness modifications, the report demonstrates that building services integration alone can deliver substantial improvements in operational performance and support the transition towards Net Zero residential development.
The findings additionally demonstrate the growing importance of integrated building services engineering within future residential construction and highlight the role of intelligent operational control systems in reducing whole-life carbon emissions.
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