
Introduction:

The Department of Education's Planning and Building Unit is developing a low-energy building

using Generic Repeat Design (GRD) principles. This program intends to deliver many primary

schools  using the single prototype building. This should minimize risk to project finaces and outcomes

by the use of proven technologies.The intention is the building can be orientated to suite numerous

sites while applying the standard repeating design system. The building is intended to be a low-energy

building and the energy level is to be aimed at half of the applied standard in the field.

Existing Condition

The school building is a two story building with a traditional heavy construction, consisting of a

composite roof panel on steel portal frames supported on block cavity walls with traditional strip

foundations and concrete first and second floors.

There are classrooms to the south of the building on both floors and a gymnasium and support

rooms such as offices and teachers accommodation to the north with a corridor running east west

between them.

The south facing elevation contains large double glazed windows in a thermally broken aluminium

frame. All other windows and doors in the building are large double glazed windows in a thermally

broken aluminium frames.

The roof panel is a 75mm thick kingspan kingzip panel with an aluminium skin either side of xps

insulation, further insulation is provided inside this in the void left by the steel 'z' purlins spanning

between the main structure and supporting the roofing panel, this insulation is a mineral wool

slab. The mineral wool slab is proposed to be held in position by friction with the purlins while also

using a wire netting between the purlins, in other locations a liner sheet is proposed while in the

gymnasium a layer of 12.5mm plasterboard is provided. No design value has been proposed for

the roof constructions.

The external walls are constructed from high density forticrete blocks 215mm un-rendered

internally and 100mm Common Block rendered externally with a 110mm cavity with 70mm xps

insulation in the cavity. This wall construction is proposed to have an elemental U-value of 0.22

W/m2k

The ground floor slab is constructed of 150mm concrete slab on 60mm of xps floor insulation the

floor is proposed to have an elemental U-value of 0.21 W/m2k. the floor perimeter is provided with

a 30mm thick vertical insulation band. The gymnasium floor also has a timber floor supported on

durabella battens. All floors are on a radon barrier which is folded in to the cavity and where there

are steel columns sealed to them with radon tape.

The Double glazed windows in thermally broken frames are sitting on a precast concrete sills

which sit on the inner leaf of block work with an xps insulation backing. the windows are fixed at

the jambs traditionally and sealed with airtight tape to the inner leaf of block work and covered

with a timber reveal on heads, sills and jambs. There is no design proposal for the elemental

U-value of the windows, doors etc.

There are other minor elements of construction of the building including an insulated sandwich

panel on the side walls of the dormers to the plant room and north light to the gymnasium. This

construction is 60mm composite kingspan panel externally surface fixed to a timber frame

construction internally with 175x50mm studs with OSB board externally, 12.5mm plasterboard

internally and filled with 175mm mineral wool. There is a vapour barrier between the plasterboard

and the stud which is proposed to act as an airthghtness layer and this is sealed to the metal

construction of the connecting metal of the inner side of the metal roof. There is no proposed

elemental U-value for this construction.

The building is proposed to have an airtight enclosure on the inside of the construction.

Roof:

75mm thick kingspan kingzip panel

140mm Minerial Wool insulation between 'z' purlins held in position by

friction

12.5mm plasterboard is provided.

U-value = 0.16 W/(m²K)

fRsi value =The critical month is December with fRsi,max = 0.675

Warning! This U-value result is invalid as the ratio between the upper and

lower resistances exceeds 1.5.

This calculation method is not suitable where insulation is bridged by metal

framing.

Consider modifying the basic or separating material in the inhomogeneous

layer or replacing it as a light gauge steel frame layer.

Walls:

100mm Common Block rendered externally

110mm cavity with

70mm xps insulation

215mm un-rendered high density forticrete blocks

U-value = 0.34 W/(m²K)

fRsi value = The critical month is December with fRsi,max = 0.675

Ground Floor:

150mm concrete slab on

60mm of xps floor insulation

30mm thick vertical insulation band.

The gymnasium floor also has a

22mm timber floor supported on durabella battens

All floors are on a radon barrier which is folded in to the cavity and where

there are steel columns sealed to them with radon tape.

U-value = 0.16 W/(m²K)

fRsi value = The critical month is January with fRsi,max = 0.818

DAYLIGHT FACTOR BASED ON THE DEPARTMENT OF EDUCATION

GUIDELINES

The existing classrooms are designed to comply with the DoE guidelines
requiring a Daylight Factor between 4.5% and 5.5%. The tests below is
from the DoE Document outlining the project

DAYLIGHT FACTOR BASED A REVIEW USING DESIGNBUILDER.

Using DesignBuilder The existing classrooms  Daylight Factor  is 3.022%.

Passive house test:

The building has been assessed using the Passive house standard

assessment software PHPP.

The building was assessed to have an annual heating demand of

127kW/(m2a)

while the primary energy demand is 251kW/(m2a)

The airtightness test result 4.6 1/h

Passive house test:

The heat loss from the building is outlined below

Ventilation 91.9kW/(m2a)

Windows 19.9kW/(m2a)

Exterior wall 12.5kW/(m2a)

Being the main contributers to the heat losses of the building, There is one

issue not assessed in the inital assesement, Thermal Bredge heat loss

which would contribute about 1 quater of the fabric heat loss.

Passive house Goals

The Goal of the project is to provide an Enerphit standard in to the building, which is

Annual heating demand of 25kW/(m2a)

Primary energy demand of 120kW/(m2a)

Airtightness of 1.0 1/h

Achieving this standard without impacting on the DoE standards in place already

SYSTEMS:

the building is heated with a condensing oil boiler through a wet system of

radiators in all rooms.
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Passive House Procedure:

To achieve the Enerphit standard proposed by Passive House and calculated using the PHPP software a number of

alterations to the building are required. As we have seen by the study of the existing building we know where the building

under performers. These areas are heat loss through infiltration ventilation, Heat loss through External Walls and

Windows. Further heat loss is experienced through the Floor and roof construction.

I propose to improve the construction fabric off all these elements thus reducing the heat loss to the whole building. This

requires you to look at the building as a whole. Though the original design considered airtightness the fact is the building

performs very badly in this aspect. So improving the airtightness goes hand and hand with the general insulation upgrade.

Taking the roof as the example of this, though the roof does not perform badly in a U-value approach  we also know that

the U-value is unreliable due to the construction also the underside of the aluminium panel is considered as the airtight

layer this layer is penetrated to support the aluminium composite panel over head as well as the diffeculty of applying the

airtight tape to the junctions with Purlins, Joists etc to be dealt with. If I apply an airtight membrane to the underside of the

existing finished ceiling tape it to the existing structural concrete or newly rendered walls and cover with a 50mm insulated

plasterboard  sheeting taped and jointed the airtightness is improved to a standard required and the concern with the

U-value calculation is corrected. Also the interstitial condensation issue is reduced but not removed without the use of a

vapour barrier.

U-value = 0.13 W/(m²K)

fRsi value = The critical month is December with fRsi,max = 0.675

Taking this approach to the External walls of the building not only is the insulation aspect of

the building to be dealt with but so too the airtightness of this construction. When picking an

approach to this aspect I did not want to apply an external insulation to the building as this

building will be surrounded by sharp objects and a dubious maintenance schedule so filling

the cavity with a beaded insulation product and rendering the internal blockwork for

airtightness is my solution. additional benefits include no obvious reductions to the internal

area of the building.

All the junction of the walls with the other elements and penetrations have to be taped to

maintain the airtight layer inside the building. These include all the windows and doors and

main junctions with roofs and floors

U-value = 0.25 W/(m²K)

fRsi value = The critical month is December with fRsi,max = 0.675

No modification are proposed for the floors to the building as the expense will out weigh the

benefit that could be achieved, however this does highlight the importance of considering

the issues when designing especially in the heavy and permanent elements of construction.

Details along the perimeter will have to be inspected and renewed if required in relation to

the airtightness of the building. All skirting will have to be replaced or at least removed and

repositioned.

The other element of the fabric that requires improvement is the windows and doors and

even thought the existing windows are of a high standard they are still a large contribute to

the heat loss of the fabric and the building will not meet the standard required without their

upgrade.

I propose the building be upgraded to a triple glazed window and door system from Munster

joinery. The triple glazed unit proposed has the following characteristics: A g-Value of 0.51

and a U-value of 0.50 W/m2K. There is however an issue with upgrading the windows to this

standard in relation to the reduced light transmittance of the triple glazed windows. Another

daylight factor test was under taken to determine the loss and the solution to the loss.

The test undertaken shows a reduction in the daylight factor to a low of 2.416 and a

uniformity of 0.044%

A proposed modification to the window arrangement with triple glazing is tested.

This assesement shows an increase in the daylight factor to 4.344 and a uniformity of

0.119%

Though these results are very good there is an overheating effect associated with PHPP

that need to the be addressed with summer ventilation and shading

The ultimate compromise is to provide larger triple glazed windows with perminent shading.

this proposal is again tested.

Daylight factors are 2.870 and a uniformity of 0.158%

Though the Daylight factor is Reduced the uniformity stays high with the big windows. The dept of
light penetration in the room is increased with the larger windows as can be seen from the chartsaccross.
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Passive House Results

With the now vastly reduced heating load it is now possible to continue using the existing

condensing oil boiler for heating space and water.

The Improved fabric and some small alterations to lighting, ie LED and more onerous lighting

control systems applied improves the energy demand to a level that achieves the enerphit

standard as set out by Passive House.

Passive House Results

The new heat loss figures through the retrofitted building fabric is outlined to the left

Ventilation heat loss is reduced from 91.9kW/(m2a) to 14.3kW/(m2a)

Windows heat loss is reduced from19.9kW/(m2a) to 10.6kW/(m2a)

Exterior wall heat loss is reduced from 12.5kW/(m2a) to 9kW/(m2a)

Thermal Bridge heat loss has been calculated and measures taken to reduce its impact and the

total heat loss through LTB's is 0.7kW/(m2a)

There is a slight reduction in the heat loss through the roof but the effect of the retrofit work to the

roofs and ceilings can be seen in the drastic reduction in the heat loss from ventilation. there is a

slight increase in heat loss through the floor.
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