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This report presents an analysis of an existing Mechanical, Electrical, and Ventilation (M&E) design for a new build home in Wales. The primary objective is to critically appraise the current design and propose modifications to improve the performance to meet the standards of a low energy building design. The focus is on whole life solutions to reduce the energy demand in construction and operation.
The report will justify the choices for both design and installation practices within the context of Net Zero, low carbon/energy, low embodied carbon/energy, and financial savings. It includes annotated sketches and schematics, evaluates and justifies options, and makes appropriate recommendations for a low energy design.
Additionally, the report will emphasise the importance of reducing air permeability and thermal bridges and improving ventilation. The aim is to achieve low energy standards such as LETI, and Passivhaus.

[bookmark: _Toc196389490]Building overview Part L.

The Spring design building being evaluated is a 6-person, 4-bedroom detached building design with a gross floor area of 110.4m2. The building has been designed in an East, West orientation, as the least advantageous in terms of solar gain and can be improved with different orientation to increase solar gain, with a typical street layout applied as shown in appendices A, B, & C. 
The initial Building design meets approved document L (Wales) Volume 1 – Dwellings 2022 the requirements of this standard in terms of space heating and energy use are shown in Figure 1Below (Davies, 2025a). 
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Figure 1. 


Approved documents are the mandatory UK standards that are set for UK construction of residential and non-residential buildings, Part L covers the standard that buildings must meet in terms of fuel and power consumption and performance (Gov, 2010). 
This is the minimum standard that can be applied to building and there are other standards that be used that have greater requirements in terms of power consumption and performance as shown in figure 1.

The building specification to meet the approved document L is shown in appendix D. as an overview there is an insulated concrete slab, brick cavity wall external walls with insulation and service void, Block cavity party walls with insulation, Block internal walls, Concrete tile cold roof with rockwool insulation. With exception to the roof void and the party walls the insulation used is taped PIR. The ventilation strategy for the building is shown in Figure 2. And is MEV extract only (Davies, 2025b) (Davies, 2025c).

The performance of the building has been modelled and evaluated using Passivhaus software appendix F, this software can assess the overall performance of the building by analysing the individual elements of a building, his is a requirement to obtain Passivhaus certification under the Passivhaus scheme (Passive House Institute, 2024a). 

Figure 3. Below shows the performance of the building based upon the Passivhaus planning package software (PPP) and building specification in appendix D to obtain Part L performance (Davies, 2025d).
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Figure 3.

The heating demand for the building modelled to approved document L with the appendix D. specification as shown in Figure 4. Below which shows the losses and gains from the building (Davies, 2025e). 

The biggest losses of energy to the building are.

· ventilation at 33.8 72.1 kWh/(m2a) 
· Windows at 17.2 kWh/(m2a)
· Thermal bridges at 16.9 kWh/(m2a)
· external walls at 15.7 kWh/(m2a)
To match the building requirements for heating (losses) the heating demand that needs to be applied is 79.5kWh/(m2a) the study alters the performance of the biggest losses to the building, ventilation, windows, and doors, & thermal bridges. 
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Figure 4.

[bookmark: _Toc196389491]Improving building performance.

According to the UK government audit report construction in the UK is accountable for 25% of the UK’s carbon footprint, the UK has made a commitment to reach net zero by 2050. In order to assist in reaching the net zero target in the building control approved documents can help reduce the size of the UK’s construction carbon footprint, by forcing construction to design buildings with the conservation of fuel and power in mind, however the implementation of stricter standards such as LETI or Passivhaus could further accelerate the reduction of the carbon and increase the carbon reduction when compared to the approved documents by imposing stricter energy efficient design in buildings to obtain certification (House of commons, 2022) (Department for energy security & net zero, 12.2023) (Passive House Institute, 2024b).

Appendix G shows the requirements in terms of building performance to achieve Low energy transformation initiative, LETI, standard that closely mimics the Passivhaus standard requirements in terms of space heating demand and ventilation strategy requirements (LETI, no date). 
In the spring vale study the building specification shown in Appendix E. and the standards set in figure 5 were created using the PPP software to increase the performance of the building to a measure, that do not meet the LETI standards shown in appendix G, ensure the proposed building could meet a higher level of performance target that is as close as possible to LETI/Passivhaus requirements and above the requirements of the approved documents (Davies, 2025f). 
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Figure 5. 

Table 1. Below compares the information shown in Figures 1, & 3 for side-by-side comparison. 

	
	LETI/PASSIVHAUS type
	Approved Document L

	Building Fabric

	Air permeability
	0.50m3/m2/hr
	5.00m3/m2/hr

	Thermal Bridges
	-0.050 W/mK
	0.200 W/mK

	Doors & Windows

	Frames Uf 
	0.810-0.088 W/m2K Upvc
	1.400 W/m2K Upvc

	Installation thermal bridging
	0.009-0.023 W/mk
	0.040 W/mK

	Glazing Ug
	0.55 W/m2K triple glazing 
	1.120 W/m2 K double glazing

	Glazing g-value
	0.63
	0.64

	Glazing edge
	0.025 W.mK
	0.040 W/mK

	Ventilation strategy

	Ventilation rate
	30m3 per person per hour MVHR
	30m3 per person per hour via MEV

	Ventilation Unit
	Zehnder ComfoAir 225
	MEV

	Heat recovery efficiency
	92%
	N/A

	Ducting
	Semi rigid radial
	 

	Duct insulation
	50mm closed cell Armaflex
	 

	Heating

	ASHP
	Vaillant aro THERM plus
	Generic

	SCOP
	4.01
	3.3

	Controls
	Acc. To ambient temperature
	on/off



Table 1.

Figure 6. below shows the overall performance of the building by adopting the changes in appendix E and Figure 5. The overall heating demand for the building has been reduced to 16.1kWh/(m2a) by eliminating the thermal bridging loss and reducing the losses through windows and ventilation (Davies, 2025g).

[image: A chart of different colors

AI-generated content may be incorrect.]
Figure 6.

This shows that by reducing the air permeability, thermal bridges, U value of the windows and doors, and introduction an improved ventilation strategy the building can achieve a higher performance close to the requirements required by LETI. 

[bookmark: _Toc196389492]Air permeability / Air tightness 

Air permeability is the rate at which air can pass through the building fabric. By slowing down this rate an increase in building performance in terms of heat transfer rate, comfort and health can be achieved, an example of poor air permeability performance could be a poorly constructed wall with gaps in the mortar, skirting, plaster and around the window reveals with no airtightness barrier in place allowing drafts to penetrate the building fabric easily. 
Figure 7. below shows how much energy can be saved per year in a Passivhaus designed dwelling by reducing air permeability by increasing airtightness also showing the reduction in air changes per hour, ach, due to the increased air tightness. This graph shows a 7000kW/h/annum saving which relates to a saving of £1,703.80 when using the 2025 figures in appendix H (Passivhaus trust, no date) (Gas and electricity quotes – compare our energy tariffs, no date a). 
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Figure 7. Passivhaus guide PG4

Improved airtightness requires careful considerations in the design phase of a building to ensure the design is the most appropriate in terms of being able to be made airtight and that the design is achievable when transitioning into the construction phase of the project. During construction there is a requirement to have ownership in terms of quality control and testing to ensure the design principles are executed as intended (Passivhaus trust, no date b). 

When reviewing appendices D & E the differences between the Part L and LETI building specifications are the omittance of vapour control paint in the LETI building along with the introduction of an airtightness layer and vapour control layer, the introduction of insulation to the internal walls and suspended floor. 
It is worth noting that there are a range of materials available that can constitute an airtightness layer figures 8, 9, & 10 below show a range of materials and techniques that could have been used instead of the proposed changes in appendix E. as an example the plaster finish could have been used as the airtightness layer with a screed finish to the original proposed finish to the concrete floor along with taping of joints with airtight tape. This would have reduced the complexity of the building, and the specialist skills required to ensure that the building meets the designed performance, however this may lead to the requirement of an additional vapour control layer and adjustment to the frame of the building (Passivhaus trust, no date c) (AECB, 2009). 
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Figure 8.
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Figure 9. 


[bookmark: _Toc196389493]Thermal Bridges.

Thermal bridges are the elements or components with a building’s fabric where the transfer of heat around the element of component is higher than the surrounding areas, allowing the heat within the building fabric to pass through the element or component more easily. Examples within a building could be steel fixings in timber with the steel fixings have a greater thermal conductivity value than the wood, this would be classed as point thermal bridging, whereas linear thermal bridges are around junctions of elements such as wall floor interfaces where there is a passage for heat transfer. This becomes a problem when the component has a direct passage through the entire building fabric and can cause significant heat losses within a building (What is a thermal bridge, 2016). 

Figure 10. below shows an example of how to reduce a linear thermal bridge along a wall floor junction, allowing the continuous envelope of insulation to eliminate the thermal bridge and as mentioned previously the use of concrete and plaster as an airtightness layer. 
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Figure 10.

Thermal bridges in the spring vale proposed design can be reduced to reach LETI standard at the design phase by thinking of how the building will be constructed and employing techniques such as offsetting the fixings used to not allow penetration through the fabric of the building, ensuring the thermal envelope is continuous around the fabric of the building and using materials that have low thermal conductivity or in a way that they slow the heat transfer. As an example, turning timber so the grain is opposed to the direction of heat loss (Thinkwood, no date). 
All of these control measures to limit thermal bridges can be formulated at the design phase of the project in the same way that the airtightness can be improved, with better quality control at point of installation to ensure the design performance is met. 
[bookmark: _Toc196389494]Windows and Doors.
According to the UK government 18% of heat loss of a building is through the windows, upgrading to better performing windows can lower this heat loss. For a building to be able to obtain LETI/Passivhaus standards the windows must not have a U-value greater than 0.80 W/(m2K) as shown in appendix G. Table 1. above shows that the windows U values were reduced from 1.120 W/(m2k) for the part L design to 0.55 (W/m2k) by upgrading from double glazed units to triple glazed units with better performing frames (Know, no date). 

Appendix F. shows that the doors used are certified Passivhaus products and have a U/value of 0.67W/(m2K) (LETI, no date b).


The installation of the upgraded windows and doors requires no more technical ability and can be included in the design phase when the window and door sche3duel is created. Without these higher specification components being included the buildings performance would be reduced. 

[bookmark: _Toc196389495]Ventilation.
In the UK there is a minimum requirement for ventilation of dwellings of 0.3 litres per second per m2. Buildings being constructed to higher standards such as LETI/Passivhaus has a greater emphasis on airtightness, as previously highlighted, and as such there is greater importance to have an improved ventilation strategy above what is set out in the approved documents. This improved strategy would ensure proper ventilation to all areas of the building and prevent any issues arising from insufficient airflow within the building removing any stale air (Uk, 2022). 

Appendix G. shows that to obtain LETI standard there is a requirement for a building to be fitted with mechanical extraction with heat recovery, MVHR, with a minimum efficiency of 90%. The Spring design proposed LETI standard building is fitted with a 92% efficient MVHR unit as shown in table 1. Installing an MVHR unit will not only assist in ensuring the extraction of stale air and moisture from the building but also provide the occupants with a supply of filtered fresh air improving the air quality to the users of the building (Siddall, 2012). 
The heat recovery installed into the MVHR minimises heat loss from the building and reduces the annual Heating demand of the building. 
The losses from upgrading the building from a localised extract only MEV to MVHR are reduced by 28.3Kwh/(m2a) as shown in figures 4 & 6.

[bookmark: _Toc196389496]costs.

The spring design proposal captures the construction costs and compares theses costs for both the construction to ADL Wales and the LETI. Figure 11. Below 	shows the costs to upgrade the building M&E package, and windows and doors to perform to LETI Standards. This shows that the there is a cost decrease per building of £3476.37, the reason why the better performing building is cheaper in these areas are that the due to the decreased energy use of the better performing LETI building the air source heat pump can be reduced in size, the MEV is no longer required as the building is fitted with an MVHR unit, and the PV array size can be reduced as the electrical demand is reduced due to the smaller air source heat pump (Davies, 2025h). 
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Figure 11. 

Figure 12 below shows the costs associated constructing the building to ADL part L Standard. This shows that when combining each of the elements listed the building will cost £151,161.76. Figure 13 below shows the costs to upgrade the building fabric to LETI standard including the cost savings shown in Figure 11. When combining these elements, the building will cost £162,366.63 (Davies, 2025i).
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Figure 12. 
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Figure 13. 

Figure 14. below shows the savings associated with the electrical consumption per year, when building to LETI standard there is a saving of £570.60 per Anum, using these figures and looking the cost difference of £11,204.87 to build to LETI standard the potential upgrades to the building performance would take 19.6 years of operational use to pay for the upgrades, however this duration will reduce as the cost of energy is not fixed and will increase over time. The costs for upgrading the building will be aligned  to the owner of the asset, if the proposed buildings were built for social landlords the cost savings during operation would not benefit the owner of the asset as the operational savings are with the users of the asset not the owner (Davies, 2025j).
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Figure 14. 

[bookmark: _Toc196389497]Low carbon Embodied carbon.
Low carbon in construction is a term used for the intended reduction of emissions generated from the construction and operation of buildings. 
Embodied carbon is the amount of carbon sequestered within in the building in the form of the materials it is comprised of, this looks at the entire lifecycle of each material from being harvested as raw elements through production, transportation, use, and disposal. 
by designing buildings to perform better and by careful selection of materials, with raw virgin material being lower in embodied carbon used both carbon emissions and embodied carbon of a building can be reduced. 
There are specific requirements in LETI shown in Appendix G. for embodied carbon to gain certification under this scheme.
The spring LETI design uses more sustainable and less embodied carbon materials to construct the building. The airtightness layer is made from material that 60% by product and the triple glazed windows are made from using recycled PVC (Our sustainable products, 2022) (Rehau, 2025 b).

The roof uses Welsh slate on the LETI design as opposed to concrete tile on the Part L design, Welsh slate having a lower embodied carbon than concrete tiles. The insulation used in the LETI design was changed from PIR insulation to cellulose insulation as per the slate and tile comparison the embodied carbon of the cellulose is lower than the PIR (Pearson, 2023) (Embodied carbon and the built environment: Get the facts, 2022). 

These Lower embodied carbon materials can be of reduced performance in terms of U values when compared to the higher embodied carbon materials and over the operational lifespan of the building the carbon emissions produced could offset the upfront gains in reduced sequestered carbon.
Because of the reduced heating demand of the Leti building there is a benefit of a reduced demand on the photovoltaic array and the air source heat pump and as such these can be sized smaller to meet the energy demand of the building. These components are carbon rich due to the complexity and materials required to produce them, this makes the building more sustainable when compared to the part L equivalent and reduces the upfront and operational costs. 
[bookmark: _Toc196389498]Summary.
The proposed modifications can be designed with minimal cost increases for improved performing buildings when offsetting different elements of a building. The improvements will significantly improve the building's energy efficiency, reduce its carbon footprint, and contribute to the UK's commitment to reaching Net Zero by 2050. The careful selection of materials and design strategies will ensure the building performs better and is more sustainable over the building lifespan. The building services that are incorporated into the design are directly correlated to the building performance and can’t be planned in isolation, furthermore the installation of certain services such as air source heat pumps require minimum performance standards required from a building and there may be a prerequisite to change poor performing elements to install building services. 

General Business

General Business

General Business
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Appendix A.
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Appendix B.
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Appendix C.
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Appendix E.



[image: A close-up of a graph

AI-generated content may be incorrect.]
Appendix G.
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Appendix H.
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Cost per unit -£3,476.37

Cost per m? -£31.49
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Projected annual electricity bills

* AD'L (Wales) 2025 £1,774.29
* AECB £1,309.04
* B&ANES £1,25244
o LETI £1,203.69

excludes standing charge & PV offsets
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2.2.1 Masonry with PIR

Construction Size (mm]
Foundations

Concrete trench fil 600:600
Ground Floor

"Sand & cement screed on 500 gauge polyihene separating layer &
PIRinsulation 200
Concrete slab on 1200 gauge polythene damp proof membrane. 150
External Walls

Plasterboard with skim i
Battens 1o form service zone 387
Passive Purple Internal Vapour Control Faint

Forterra Evalast aggregate block 100
PIR insulation with all oints taped 165
Ventiated cavity 50
Brickwork 103
Party Wals

‘Sand & cement plaster 5
Blockwork 100
Cavity fully illed with ROCKWOOL 50
Blockwork 100
Sand & cement plaster finish 13
Tnternal Walls

Wet plaster finsh g
Blockwork 100
Wet plaster finish 15
Intermediate Fioor

Chipboard floor finsh 2
SJL45 STEICOjoist partially filled with ROCKWOOL (100mm) 300
Plasterboard with skim 125
Separafing Floor

‘Sand & cement screed 3
Damp proof membrane. 02
REGUPOL sonus curve 8" resilint layer

Prestressed concrete beams (50mm concrete topping on 100mm block infl) 150
Metal suspended ceiling system with ROCKWOOL (50mm) over ceiling board 200
Plasterboard with skim 125
Roof

Plasterboard with skim i
Battens 1o form service zone over 500 gauge polythene vapour control layer 3847
Timber ceiing chord fully filled with ROCKWOOL. Thermal Insulation Roll

'ROCKWOOL Thermal Insulation Roll 100
Ventilated attic 300
Timber trusses overkid with breather membrane

Tile batiens 2538

Concrete tiles
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2.2.4 Twin Stud Cellulose

Comrasiion [ Seeom
Toundations

Concrete trench £l 00600
Ground Floor

Cipboard flor frish 77
SJL45 STEICOjoist fully filled with Warmeel cellulose insulation 390
ol Walls

Plastorboard wilh skim 5
Battens to form servioe zone 387
SMARTPLY ProPassiv OB as aifighiness & vapour corirol layer 125
Timber studs flly filed with Wermeelcellose insulion 2%
Panclvent sheathing board 2
Ventiated cavity E
Erickwork 103
Party Wall.

Plasterboard (12 5:2) wih skim frsh 7
'SMARTPLY ProPassiv OSB as airtightness & vapour control layer 125
Timber studs flly filed with Wermeel celliose nsuation &
os 9
Cavityfly filed with Warmeel cellose insultion &
ost 5
Timber studs flly filed with Wermeel celliose insuation &
SMARTPLY ProPassiv OSB as airighiness & vapour corirol layer 125
Plasterboard (12 5:2) with skim finish 2
Trtermal Wall

Plastorboard wilh skim frish 75
Timber studs full filed with Wermeelcellose insultion &
Plastorboard wih skim finish 125
Itermediate Floor

Chipboard floor frsh 77
SIL45 STEICOjoist partaly fled vith Warmos! celllose nsulation (100mm) 300
Plastorboard wih skim 25
Separating Floor

Colicts Serecdboard 78 %
0SB deck (min. 600k?) is
253mm metal web joists partially filled with mineral wool quilt (100mm) 253
Resient bars (16mm) with lasterboard (x15mrm) with joins tzped 16:30
Metalsuspendied ceiing system (150mm with plasterboard with skim 15015
ool

Plastorboard wilh skim 5
Battens to form service zone 387
SMARTPLY ProPassiv OB as aifighiness & vapour corirol layer 125
Timber ceiling chord fully filled with Warmcel cellulose insulation 100
Warme!cellose nsultion 25
Ventiated atic

Timbertrusses overlid with breather membranc 10038
Tie battens 2538
Welsh sate
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Small scale housing
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Fixed Tariff v68 Estimated cost (nc. VAT)

o Fixed tariff with rates and charges that won't increase £197.31 /montn

o Tariff ends on 16th August 2026.

© Monthly Direct Debit £2367.69/year

© Exitfee: £50 per fuel
You wonit pay an exit fee if you switch to another British Gas fixed tariff. A Hide tariff details
Gas tariff costs Electricity tariff costs
Estimatedcost ~ £99.44 /month Estimatedcost ~ £97.86 /month

£119331/ year £1174.38 / year

Unitrate 6.462p perkWh Unitrate 24.342p perkWh
Standingcharge  25.965p per day Standingcharge  48.316p per day

- Decide later
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Operational emission scenarios.

Reference Space heating demand Energy Use Intensity (EUI)
AD: L (Wales) 2025 N/A N/A

AECB CarbonLite 40 KWh/mayr N/A

B&NES 30 KWh/mfyr 40 KWh/m2/yr

LETI 15 KWh/m?yr

40 KWh/m3/yr





