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1.0 Introduction.

I’ve been given the responsibility for the design suggestions to improve the energy efficiency of the proposed detached house. This document will cover changes from the building’s orientation, shading and the natural ventilation. The designs will also cover the building’s envelope, roof covering, and any area in contact with the ground. Also, to identify any possible thermal bridges and solutions to implement so to be avoided.

Attached to the appendix of this document, will be the building’s current plans and the new proposed plans for the energy efficiency improvements.

2.0 Buildings Orientation, Shading and Solutions for Natural Ventilation.

2.1 Orientation

Current Orientation
[image: ]
With the current orientation of the building, the living area would benefit the most from the sunlight. Given its South East facing, the main living area and balcony gains sunlight from the morning until the early afternoon but is shaded then after. Also, the pool would be completely shaded from the sun and would remain cold throughout the day. 

I would propose the building to be orientated facing South as this would gain the most benefit from sunlight and heat. The building should be placed beside the pool, so the pool also would benefit from the sunlight in the day, shaded in the evening and towards the night when it is no longer needed. 
The building’s floor plan would not need any changes made as the orientation of the building is of main concern. (greenspec.co.uk, n.d.)



Proposed Orientation


























2.2 Shading Options.

The first-floor balcony on the front façade, would be the only area of the building that would benefit from shading as the ground floor is overlooked by the balcony, provide the needed shading for the ground floor area. (Prowler, 2016). The shading options chosen for this, would be a retractable awning. This was chosen as it can be opened and closed, depending on the weather conditions. It would shade from sunlight and would provide a shelter from the rain. (Barrett, 2017)
[image: ]


https://www.samsonawnings.co.uk/domestic-products/domestic-retractable-awning-range/
There will be two openings on the first floor, front façade. These openings will also need additional shading. The option chosen for these are fixed timber louvres. These would be fixed in a frame, run horizontally and vertically to fully benefit the angles of sunlight. This will provide efficient shading from not only sunlight but also the wind. (Solinear, n.d.)

[image: ]

https://www.solinear.co.uk/product-range/medera-architectural-timber-louvres/

2.3 Ventilation

Natural ventilation is based on that the indoor climate of the building needing to be comfortable and healthy for their occupants. There are 3 strategies to choose from for natural ventilation, these are single, cross and stack ventilation. From this design, cross ventilation would be the chosen strategy as we will need the windows from one side of a room to bring fresh air in, and this creating a current of air that rushes across the room. The overpressure from this air, forcing the low pressure of the room out the other side. (Designingbuildings.co.uk, n.d.)

(Illustration showing the flow of air across a room.)
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https://www.windowmaster.com/solutions/natural-ventilation/strategies
The best way of this working would be for the windows not to be facing the incoming wind. This would help reduce the amount of draft caused, (which would affect the temperature) but still achieving the natural cross ventilation.

Also, to help will the natural wind outside of the building, using trees, bushes and shrubs strategically placed around specific points of the building can be used as a sort of windbreak. These being aesthetical and giving you shade and are used for a natural wind and sound break.

3.0 Envelope Design.

3.1 Façade.

The building will be of constructed using structural insulated panels (SIPs). Which need to be manufactured off-site and then delivered to site as kit form. The decision to use structural insulated panels for this building is because of the individual boards, high energy efficiency. Using these structural insulate panels there is no need for studwork, this reducing thermal bridging. These boards consist of two sheets of OSB board (oriented strand board) that are sandwiched together and then injected with high quality insulation. Also, using these panels you can create a liveable loft space as these make a fully insulated warm roof. (Group, 2020)

Illustration of a SIP Panel


[image: ]

https://www.ecosipshomes.co.uk/single-post/2017/09/22/How-are-Structural-Insulated-Panels-made

3.2 Basement.

The basement construction will be that of insulating concrete framework (ICF). This is basically stacking hollow polystyrene blocks, which are then filled will concrete. Having the concrete wrapped in polystyrene increases its thermal mass. It provides continuous insulation along with excellent air tightness. (ICFA, n.d.)



Illustration of ICF Blocks
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https://www.builderonline.com/products/building-materials/nudura-icf-series_s

Standard ICF Spec
The standard block size is 1200mm length by 600mm high. The insulation used is a high-density graphite flame retardant EPS. This insulation has a value of 0.030 W/m/K. 

3.3 Roof.

The roof will be of timber construction using time roof trusses. These roof trusses will support a green roof. The roof will have many benefits, these include aesthetics, rainwater retention, sound and thermal insulation. There will be many layers to the roof. These layers will all contribute to increasing the thermal insulation of the roof space. (CSSW, n.d.)

Illustration of a green roof and its layers

[image: ]

http://greenroofsensing.net/?page_id=63


All construction methods and materials used for this design comply within Part L of the Building Regs 2010 England and Wales (see appendix for guidance).

U-value for the structural insulated panels, basement and roof construction and building regulations guidance can be found in the appendix.

4.0 Possible Thermal Bridges and Solutions to Avoid Them.

There are 4 possible area of the building where thermal bridging may occur.

4.1 Floor - SIPs can also be used for the floor but would need some extra support when covering larger spans. Thermal bridging would occur around joins in the panels and where they are placed into the walls. If the SIPs are fitted wrongly or poorly, then these are the points of weakness for thermal bridging. (Kingspan | Great Britain, n.d.)

4.2 Walls - joints between the panels or blocks and openings for the services can be points where thermal bridging may occur. To prevent these using a joining spline between each panel and making sure openings for any services are sealed after the services have been placed. (Kingspan | Great Britain, n.d.)

4.3 Doors/Windows - any opening for doors or windows can cause thermal bridging. Using these SIPs almost eliminates all thermal bridging, making sure they are fitted correctly and securely is the only measure you can take to reduce it. (Kingspan | Great Britain, n.d.)

4.4 Roof - using SIPs for the roof is also possible with some extra support. As the roof will be constructed as a green roof, the quality of workmanship is important as there are many layers that need fitting properly. Areas that could be concern are where the roof butts up with the wall-plate, thermal bridging could only occur if fitting is done poorly. (Kingspan | Great Britain, n.d.)

5.0 Conclusion.

Using the proposed construction method and materials, that I have chosen for this design, I personally think this is an excellent design choice to gain a modern and highly energy efficient building. All these designs elements are expected to help reduce a building’s heating, cooling and lighting operations to cut energy consumption for the future.
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[bookmark: _Hlk32403127]7.1 England & Wales Building Regulations 2010 for SIPs.
	 
	Specification 1:
172 mm SIPs for Walls and Roof
	Specification 2:
Timber Frame with Mineral Fibre
	Specification 3:
Masonry Full Fill with Mineral Fibre

	Wall U-value (W/m2. K)
	0.16 (365 mm)
	0.16 (460 mm)
	0.16 (453 mm)

	Roof U-value (W/m2. K)
	0.15 (281 mm)
	0.15 (464 mm)
	0.15 (464 mm)

	Airtightness (m³/m²/hr @ 50 Pa)
	3.0
	7.0
	7.0

	Thermal Mass
	Low (100)
	Low (100)
	Medium (250)

	Thermal Bridging
	13.364 (y=0.033)
	22.665 (y=0.055)
	22.665 (y=0.055)

	Additional Measures
	MVHR, standard central heating pump in heated space, 180 litre boiler fed water tank.
	Natural ventilation with 5 fans, standard central heating pump in heated space, weather compensator, 180 litre boiler fed water tank, wastewater heat recovery.
	Natural ventilation with 5 fans, standard central heating pump in heated space, weather compensator, 250 litre boiler fed water tank, 55 litre solar storage, wastewater heat recovery.

	TER
	17.01
	17.01
	17.08

	DER
	15.80
	16.98
	17.07

	TFEE (England Only)
	64.60
	64.60
	64.60

	DFEE (England Only)
	54.30
	59.80
	62.50


https://www.kingspan.com/gb/en-gb/products/structural-insulated-panels/knowledge-base/how-to-comply-with-building-regulations-and-standa
The modelling found that the improved airtightness and thermal bridging achieved with SIPs limited the need for costly renewables, which are often required when building with masonry and timber frame. The SIP option was also much thinner than the other options, allowing for space savings to be made internally.

[image: ]7.2 Structural Insulated Panel U-Value.
 https://www.sipsecopanels.co.uk/technical/u-values/


7.3 England & Wales Building Regulations 2010 for Insulated Concrete Forms (ICF).
[image: ]

https://polysteel.co.uk/documents/certification/BBA20114811PS1i1-WarmerwallbyPolysteel.pdf











7.4 Insulated Concrete Form (ICF) U-value.
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https://polysteel.co.uk/documents/certification/BBA20114811PS1i1-WarmerwallbyPolysteel.pdf
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SIPs U-Values

Below is a selection of U-Value calculations for different thicknesses of Sips Eco Panels used in a roof and wall constructions.

NB - because the SIP panel provides the bulk of the insulat

n, altering the roofing finish does not drastically affect the U-Value.

All dimensions are nominal and within a tolerance of +/-3mm

Wall Type 1= 102.5mm brick, 60mm cavity, breathable reflective membrane, o
SIP wall panel at specified thickness, vapour membrane, 25mm service batten,

(mm) 19 18 169 194 210

ki e o Geviiey Internal & External OSB Thickness; mm) u n ou ou ou
Foam Core Thickness: (mm) o m ws m aw

Wall Type 2= Smm render, 12mm MGO panel exterior, breathable membrane,

1P wall panel at specified thickness, 25mm service battens, 12.5mm vapour Weight: (kg/m2) aapides e a4l 154

check plasterboard, 3mm skim. Ullue as Wall Type £: (Wm2) 021 018 o016 014 013
Ul as Wall Type 2: (W/m2) 026 021 o1 ois 01

Wall Type 3 = 18mm Timber cladding, 50mm ventilated cavity, reflective
breathable membrane, SIP wall panel at specified thickness, 25mm service UValue as Wall Type 2: (W/m2) 023 020 017 015 014

batten, 12.5mm vapour check plasterboard, 3mm skim. in oy W5 s e oE

Roof Type 1= Standard clay tiles, 25mm tiling batten, 25mm counter batten, U-Value as Roof Type 2: W/m2) 016 014 012 010
breathable roofing membrane, SIP roof panel at specified thickness, 25mm
service void, vapour check plasterboard, 3mm skim.

Roof Type 2 = Standard clay tiles, 25mm tiling batten, 25mm counter batten,
breathable roofing membrane, SIP roof panel at specified thickness, 25mm
service void, 50mm Thermaline super, 3mm skim.
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Regulations

In the opinion of the BBA, PolySteel PSI-4000 Series Insulating Concrete Forms (ICF), if installed, used and

mainioined in occordance vith this Certficate, con salisly or contribute o satisying the

relevant requirements of

the following Building Regulaions (the presence of a UK map indicates that the subject i reloted fo he Building
Regulations in the region o regions of the UK depicted):

gim Building Regulafions 2010 (England and Wales) (as amended)
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Walls will have adequate stength and siffness fo saisy hese Requiremen's. See secions 6.1, 6.2, 6.3,
6.10and 6.1 of his Cerifcole

el e sprd ()

Walls can sl this Requitement. See secions 9.1 and 9.5 of this Cerificate

Resitonce o msre

Weols can adequately liit he sk of moishre ingress from the ground. See section 11.1 o this Cerificate.
Resitonce o e

Walls can adequely limit he risk o suface condensation and coniibuse fo minimising fhe risk of
infersiial condensaion. See sections 8.1 and 8.2 of tis Cerificae.

Protcion cgains sound rm e pars o hebuding nd adning buidings

Frtcion cgeins sound wibin o deling house .

Walls can odequoely saisfy tese Requiremens. See secion 14 of s Cerifcote

Comeroion of el and power

Walks can conribute fo a bulding meeiing fhe Targe! Emission Rale. See sections 7.5 10 7.7 of his
Cerificale. Wl can also adequaely limit heat oss f juncions between wals, with ober elemen's and
around openings. See seciions 7.1, 7.2, 7.510 7.7, 13.1 and 13.2 of this Cerificate.

Moo and workmandip

The sysem is acceplable. See secions 16.1 and 16.2 and the Installafon part of hs Cerificate

O, emision s for new bdings

Folvic nergy dicenc oes o new delins gplicsl o Engond an)

Princry energyconsampton roe fo new bl (pplicbl o Walescny)
Fobricparfomence vales for e el opplkcbl o Woles o)

Walls formed from the sysiem can sasy or coniribue fo saisy these Regulafions. See section 7.1, 7.2
and 7.5 of this Ceriicate.
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Table 3 Mean design U values — England and Wales!

Consrucion Ualue
WK
Novonal o demesie buking 026
Dusling nevebid fmit 030
Nosional dweling 035
Nondomestic newbuld limt 035

1) Flosble pprooches on sxsing bdings ot gven n o Approred Documens

Table 4 Mean design wall U values — Northern lreland!!

Consrcion Usale
WK
Exiing bulding — new wall 030
Nosional dweling 035
Nosional nardamesic buiking 035
Bulding nevebuid it 035

1) Floxbie oppronches on exsing bulings e givn n i Technical Bockies

Table 5 Mean design wall U values — Scoffand!’!
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