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Solum

29°

FGL

FFL

FFL

Triple glazed low E, thermally broken timber
windows supported on timber block (fixed to existing
concrete cills) and strapped back to inner brick leaf
at reveals.

Polyester powder coated pressed metal cill flashing
with 150mm sealed butt straps
Continuous 0.7mm thick PVDF coated steel Storm
clip to support cill flashing

Remove existing soffit, fascia board and gutter,
remove first 3/4 rows of slate, roll back roof felt and
cut back OSB. Insulate roof eaves and reinstate roof
finish, felt and OSB.

New 37.5mm acoustic plasterboard ceiling fixed to
u/s of separating floor.

Silicone render on mineral fibre slab EWI

Due to watertightness, Extruded Polystyrene
insulation board must be used below the DPC level.

New proprietary vents to pass through cavity, floor
insulation and EWI.

Maintain 50mm eaves ventilation with 50x50mm
battens between u/s roof sheeting and roof truss
insulation. Battens fixed in place to sides of trusses.

External wall insulation to continue to u/s of 50mm
battened eaves ventilation space.

New pumped bead insulation in existing wall cavity

Living/Dining

25
25

25
45

Living/Dining Bedroom 1

Bedroom 1

Internal Air Tight Layer - Walls at Intermediate Floor:
Plaster air tight layer to continue through intermediate
floor. Remove, as necessary, floorboards, joists and
ceiling to expose internal face of inner leaf.

Proposed Section X-X

Scale 1:50

Apartment F1

Apartment G1

New walkway over insulation layer.
Plywood deck on timber battens
fixed to roof trusses.

Retrofit Ceiling (Apartment F1):
9.5mm foilbacked plasterboard, 25mm battened
services cavity, 5mm wet plaster skim (Air tight
layer), 9mm plasterboard, 150mm ceiling joists
with mineral fibre quilt insulation between,
350mm mineral fibre quilt insulation over

U-Value = 0.08 W/m²K

Retrofit External Walls (Apartment G1 & F1):
12.5mm internal plasterboard, 25mm battened
services cavity, 5mm wet plaster skim (Air tight
layer), 15mm plaster, 102.5 brick inner leaf,
80mm cavity pumped with 'Ecobead' insulation,
150mm mineral fibre slab external wall insulation,
10mm breathable silicone render or brick slip

U-Value = 0.14 W/m²K

Excavate and expose perimeter footing. External
wall insulation to continue to top of foundation.

Fit 70mm EPS insulation between roof trusses (λ =
0.031 W/mK). Insulation to finish flush with u/s of roof
trusses and held in position by timber battens above.

Solum

6 x New Solar PV panels (3 per apartment, G1 & F1)

New timber window board installed so as not to
puncture or deform the air tight layer below and at
window frame interface.

37.5mm insulated plasterboard on dabs at window/
door head and reveal

Services void & cavity. No services or fixings to
penetrate air tight plaster layer behind.

Retrofit Suspended Timber Floor (Apartment G1):
22mm OSB3 (Air tight layer)
225mm timber floor joists @ 400cts.
225mm mineral fibre quilt insulation between joists.
Insulations supported on 'Insumate' trays.

U-Value = 0.15 W/m²K

Services void & cavity. No services or fixings to
penetrate air tight plaster layer behind.

Retrofit Timber Windows & Doors (Apartment G1 &F1):
Triple glazed low E, thermally broken timber windows
& doors.

U-Value = 0.7 W/m²K

Internal Air Tight Layer - Window Cills:
INTELLO or similar & approved air tight membrane
to form air tight layer at window cills. All joints and
junctions with windows and walls (air tight plaster
layer) to be taped and sealed with approved air
tightness tape. All fixings thru air tight layer to be self
sealing. Provide level grounds under INTELLO
membrane with 12mm plywood

Treated timber Brise Soleil providing summer
shading fixed to existing concrete lintel

South West Elevation

Scale 1:100

Vent Vent

rwp

rwp

F.1

G.1

ESCAPE
WINDOW

External insulation to continue
down to top of footing.

Demolish existing concrete
canopy over door

EWI with silicone render finish

F.2

G.2

North East Elevation

Scale 1:100
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Vent Vent Vent Vent
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South East Elevation

Scale 1:100

New Triple glazed windows
within EWI zone

Vent Vent Vent Vent

ESCAPE
WINDOW

ESCAPE
WINDOW

F.2

G.2

F.1

G.1

North West Elevation

Scale 1:100

VentVent

rwp rwp

New concrete ramp to
comply with TGD Part M
(max gradient 1:12)

Maintain existing floor
ventilation

EWI with silicone render
finish

New Triple glazed windows
& doors within EWI zone

Pressed metal window cills

6 x New Solar PV panels
(3 per apartment, G1 & F1)

Demolish existing concrete
canopy over door

EWI with silicone render
finish

New concrete ramp to
comply with TGD Part M

HP - G1

DCMEV louvered grill wall
outlet.

6 x Existing Solar PV panels
serving apartment F2

G1 G1 G1

F1F1F1 F2F2F2

F2 F2 F2
G2 G2

G2G2

Demolish existing chimney
stack. Make good roof.

HP - F1

New air to water heat pumps
for apartments G1 & F1

New UPVC rainwater goods
and fascia to match existing.

New concrete entrance
steps to comply with TGD
Part M

New UPVC rainwater goods
and fascia to match existing.

New Triple glazed doors within
EWI zone

Construct entrance steps in
new location outside external
insulation layer.

EWI with brick slip plinth

EWI with brick slip plinth

EWI with brick slip plinth

Existing Heat Pump
(Apartment F2)

New Air Source Heat Pump
(Apartment G2)

Line of EWI (Apartment G1 &
F1) beyond

4 x New Solar PV panels
serving apartment G2

New Air Source Heat Pump
(Apartment G1 & F1) New Air Source Heat Pump

(Apartment G2)

New UPVC rainwater goods
and fascia to match existing.

Treated timber Brise Soleil
providing summer shading
fixed to existing concrete
lintel in external leaf

Treated timber Brise Soleil

Treated timber Brise Soleil

Treated timber Brise Soleil

FINISHED GROUND LEVEL VARIES

ToF

DPC/DPM

FFL Datum

FFL Datum

New retrofit external wall 150mm Mineral Fibre
slab external insulation with lightweight
breathable silicone render finish.

25mm services void & cavity. No services or
fixings to penetrate air tight plaster layer behind.

Plasterboard fixed to battens. Care to be taken
when fixing battens so as not to puncture air tight
layer behind.

Internal Air Tight Layer - Floor:
New 22mm OSB3 over floor joists to form air tight
layer. All joints and wall junctions to be taped and
sealed with approved air tightness tape.

Internal Air Tight Layer - Walls:
Tape all gaps, openings and junctions in existing
plaster finish with approved air tightness tape.
Apply 5mm wet plaster finish to form new Air Tight
layer.

25mm services void & cavity. No services or
fixings to penetrate air tight plaster layer behind.New pumped bead insulation in existing wall

cavity

Floor Ventilation Note:
Existing floor ventilation to be maintained. New
proprietary vents to pass through cavity, floor
insulation and EWI.

150mm Ventilated Solum

Porprietary EWI drip

Plasterboard fixed to battens. Care to be taken
when fixing battens so as not to puncture air tight
layer behind.

Existing brick inner and outer leaf

160

New retrofit Ground Floor. 225mm Mineral Fibre
quilt between joists supported on 'Insumate Trays'
or similar

Excavate and expose perimeter footing.
External wall insulation to continue to top of
foundation.

Internal Air Tight Layer - Walls at Intermediate Floor:
Plaster air tight layer to continue through
intermediate floor. Remove, as necessary,
floorboards, joists and ceiling to expose internal
face of inner leaf.

New 37.5mm acoustic plasterboard ceiling fixed
to u/s of separating floor.

Insect mesh

New UPVC rainwater goods and fascia
to match existing.

External wall insulation to continue to u/s of
50mm battened eaves ventilation space.

Remove existing soffit, fascia board and
gutter, remove first 3/4 rows of slate, roll back
roof felt and cut back OSB. Insulate roof
eaves and reinstate roof finish, felt and OSB. 50

New dropped ceiling/services cavity below
existing plasterboard ceiling. 9mm foilbacked
plasterboard fixed to timber battens or proprietary
ceiling system. Care to be taken when fixing new
ceiling so as not to puncture air tight layer above.

25

25

22
5

Lightweight breathable silicone render reveal.

Triple glazed low E, thermally broken timber
windows within external insulation layer

37.5mm insulated plasterboard on dabs at
window/door head and reveal

Typical Window/Door Head Detail (G1 & F1)

Scale 1:10

Typical Eaves Detail (F1)

Scale 1:10

Typical Junction at External Wall and Ground Floor (G1)

Scale 1:10

Typical Window Cill Detail (G1 & F1)

Scale 1:10

Triple glazed low E, thermally broken timber
windows supported on timber block (fixed to
existing concrete cills) and strapped back to inner
brick leaf at reveals.

New timber window board installed so as not to
puncture or deform the air tight layer below and at
window frame interface.

Silicone mastic sealant

Lightweight breathable silicone render reveal.

Insulated plasterboard reveal on dabs

50

Polyester powder coated pressed metal cill
flashing with 150mm sealed butt straps

Continuous 0.7mm thick PVDF coated steel Storm
clip to support cill flashing

Windows supported on 75x100mm treated timber
block securely fixed to existing cill.

29°

Due to watertightness, Extruded Polystyrene
insulation board must be used below the DPC
level.

New slate cavity closer

Proprietary EWI starter track fixed to existing
external brick leaf

Internal Air Tight Layer - Walls:
Tape all gaps, openings and junctions in existing
plaster finish with approved air tightness tape.
Apply 5mm wet plaster finish to form new Air Tight
layer.

Floor U-Value:
0.15 W/(m²K)

Ceiling U-Value:
0.08 W/(m²K)

Window U-Value: 0.7 W/(m²K)

Ensure min. 25mm EPS insulation (λ = 0.025
W/mK) packed between external wall and floor
joists/battens.

Selected floor finish above air tight layer. All fixings
to be self sealing.

Cut back existing concrete window cills flush with
line of external brick face.

Replace existing concrete soap bars behind cills
with sw timber grounds.

Internal Air Tight Layer - Window Cills:
INTELLO or similar & approved air tight membrane
to form air tight layer at window cills. All joints and
junctions with windows and walls (air tight plaster
layer) to be taped and sealed with approved air
tightness tape. All fixings thru air tight layer to be
self sealing. Provide level grounds under INTELLO
membrane with 12mm plywood

Pack tight void with EPS insulation
(λ = 0.025 W/mK)

Existing plaster layer on inner brick leaf

25mm battened cavity

EWI (External Wall Insulation)

Internal Air Tight Layer - Window Head/Reveal:
Return 5mm wet plaster air tight layer at head and
reveals to butt window/door frame. Tape and seal
junctions at window/door frame with approved air
tightness tape.

Windows strapped back to inner brick leaf behind
insulated plasterboard reveals.

Windows strapped back to inner brick leaf behind
insulated plasterboard reveals.

New retrofit external wall 150mm Mineral Fibre
slab external insulation with lightweight
breathable silicone render finish.

New pumped bead insulation in existing wall
cavity

Existing brick inner and outer leaf

25mm battened cavity

Internal Air Tight Layer - Walls:
Tape all gaps, openings and junctions in existing
plaster finish with approved air tightness tape.
Apply 5mm wet plaster finish to form new Air Tight
layer.

Internal Air Tight Layer - Walls:
Tape all gaps, openings and junctions in existing
plaster finish with approved air tightness tape.
Apply 5mm wet plaster finish to form new Air Tight
layer.

Internal Air Tight Layer - Ceiling:
Tape all gaps, openings and junctions in existing
plasterboard ceiing finish with approved air
tightness tape. Apply 5mm wet plaster finish to
form new Air Tight layer.

Plasterboard fixed to battens. Care to be taken
when fixing battens so as not to puncture air tight
layer behind.

25mm battened cavity

Fit 70mm EPS insulation between roof trusses
(λ = 0.025 W/mK). Insulation to finish flush
with u/s of roof trusses and held in position by
timber battens above.

Maintain 50mm eaves ventilation with
50x50mm battens between u/s roof sheeting
and roof truss insulation. Battens fixed in
place to sides of trusses.

EWI (External Wall Insulation)

External Wall U-Value: 0.14 W/(m²K)

160

25

External Wall U-Value: 0.14 W/(m²K)

Ψ- value (W/mK) = 0.450

Ψ- value (W/mK) = 0.065

Ψ- value (W/mK) = 0.080

Ψ- value (W/mK) = 0.044

Certified and approved non combustible
mineral fibre slab insulation

Certified and approved non combustible
mineral fibre slab insulation

Certified and approved non combustible
mineral fibre slab insulation

50
0
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Treated timber Brise Soleil providing summer
shading fixed to existing concrete lintel

20
0
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UP
Construct entrance steps
outside EWI layer

New concrete ramp &
entrance steps to
comply with TGD Part M
(max gradient 1:12)

Proposed Ground Floor Plan (G1)
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Reverse
door swing

Reverse
door swing

Reverse
door swing

Block up door ope
with existing brick.

New door

1

2

DC extract

Demolish existing chimney stack
and flanking walls. Show dashed.
Re-use brick in new construction.

Block up door ope and form new
wall return with existing brick.

3

New
HWC

DC extract

Humidity
sensitive
air inlet

Humidity
sensitive
air inlet

Box out DCMEV ductwork
below ceiling level

Aereco V2A fan
wall mounted
at high level

DCMEV louvered
grill wall outlet.

Apartment G1
Air source Heat
Pump.

Apartment F1
Air source Heat
Pump.

Level
access

A
co

 d
ra

in

New kitchen units, sink
and breakfast bar

Bedroom 1

Internal Air Tight layer
indicated in blue

Treated timber Brise Soleil providing
summer shading shown dashed over

THRESHOLD INTERNAL TEMPERATURE
(22.7°C - Medium) APARTMENT G1:

Overshading
Provide line of mature trees on South East
Elevation to improve summer time shading.

Effective Air Change
On hot days windows to be slightly open
(50mm) to provide cross ventilation (ach 0.8).

Curtains & Blinds
Light colored Venetian blinds

Overhangs
Provide treated timber brise soleil to
SE windows

Demolish existing sink and kitchen
units shown dashed

Humidity
sensitive
air inlet

Bedroom 2

Bedroom 1
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UP
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RWP

RWP
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Proposed First Floor Plan (F1)

Scale 1:50

Loft Hatch

Store

Kitchen/Living/Dining

25.6m²

Reverse
door swing

Reverse
door swing

DC extract

SVP DC extract

Aereco V2A fan
wall mounted
at high level

DCMEV
louvered grill
wall outlet.

Block up door ope
with existing brick.

Demolish existing chimney stack
and flanking walls. Show dashed.
Re-use brick in new construction.

Block up door ope and form new
wall return with existing brick.

Humidity
sensitive
air inlet

Humidity
sensitive
air inlet

New kitchen units, sink
and breakfast bar

Box out DCMEV ductwork
below ceiling level

Hall

New
HWC

X

X

Internal Air Tight layer
indicated in blue

Humidity
sensitive
air inlet

Treated timber Brise Soleil
providing summer shading below

THRESHOLD INTERNAL TEMPERATURE
(18.8°C - Not Significant) APARTMENT F1:

Effective Air Change
On hot days windows to be open half the time
to provide cross ventilation (ach 3).

Curtains & Blinds
Net curtain (covering whole window)

Demolish existing sink and kitchen
units shown dashed

Acoustic Layer

Thermal Layer

LEGEND

Air Tight Layer Demand controlled air inlet

Demand control air extract

Aereco V2A Fan

Proposed Site Plan

Scale 1:200

Provide 17m² Private Open
Space with 4m drying line for
each apartment.

Common
Garden

Footpath

Ramp

G1 P/O
Space

F1 P/O
Space

F2 P/O
Space

G2 P/O
Space

Timber post & fence enclosure
to apartment open space

Footpath

Footpath

Play
Area

Existing PV - F2

4 No. mature trees
to provide summer
shading to South
facing elevation

Performance Specification
The aim of this project is to comprehensively assess the energy performance of a typical
domestic dwelling and to apply optimal energy solutions to achieve a near zero energy
building (nZEB). The proposed design criteria are set out as follow:

 Reduce the primary energy demand for each apartment to less than 45kWh/m²y
 Each apartment to achieve a BER of A2 using DEAP methodology.
 60 year minimum design lifetime with an expectation of up to 100 years of use from

date of retrofitting.
 Hygrothermal analysis for all building fabric elements using BuildDesk U software.
 Surface temperature/condensation risk (fRsi) calculation for internal surfaces of the

thermal envelope in accordance with Irish Building Regulations.
 Design stage sustainability assessment made using BREEAM metric.

Subject Building Description
The subject building is 'four-in-a-block' typical Scottish apartment dwelling, of which
there are 265 thousand in the country and 3 million of a similar design in England. This
type of dwelling, where there are two flats on the ground floor and two on the first floor
is one of the worst performing apartment building types both thermally and acoustically
in the UK. The subject building has already been refurbished by the BRE on their site in
Ravenscraig but for the purposes of this project we have taken the baseline for
apartment G1 and F1 in their original construction. The baseline for apartments G2 and
F2 is the existing BRE retrofit.

E x i s t i n g  B u i l d i n g  P l a n  a n d  B a s e l i n e  S p e c i f i c a t i o n

Measures to Achieve nZEB
A p a r t m e n t  G 1  a n d  F 1
1. Upgrade Thermal Envelope
 Insulate Suspended Timber Ground Floor - U-Value of 0.15 W/m2K
 Insulate Cavity Walls - U-Value of 0.14 W/m2K
 Insulate Ceiling - U-Value of 0.08 W/m2K
 Windows/Doors - Triple Glazed, Argon filled, (low-E) - U-Value of 0.7 W/m2K

2. Improve Structural Air Tightness & Ventilation
Air Tightness: To achieve 1m3/h. m2 @ 50pa.  New air tight layer to form a continuous
internal barrier to air infiltration. All junctions & penetrations of the air tight layer to be
taped and sealed with approved air tightness tape.  Any fixings through the air tight
layer should be self sealing.
Floor: Air tight layer formed with 22mm OSB3 floorboards over existing joists.
Walls & Ceiling: Air tight layer formed by new 5mm wet plaster finish internally. Prepare
existing plaster/ plasterboard surface by taping all gaps, openings and junctions.

Efficient Ventilation System: Demand Control Mechanical Extract Ventilation with
Aereco V2A fan. Humidity sensitive air inlets wall mounted in habitable rooms. Humidity
sensitive extract units to Bathroom and Kitchen.

3. Reduce Thermal Bridges
Simplify building and improve detailing at key junctions to meet Acceptable Construction
Detail standards and achieve the performance standards set out in the Technical
Guidance Document (TGD) Part L of the Building Regulations 2008 – Conservation of Fuel
and Energy – Dwellings. Thermal bridge or 'Y' factor of 0.08 (DEAP input).

4. Efficient Space and Water Heating System
 New air to water heat pump for space heating and DHW. (358% efficiency)
 New factory insulated hot water cylinder
 Low temperature radiators.
 Insulate primary pipework.
 Install separate and independent time + temperature zone control.

5. Energy Efficient Lighting
Low energy light fittings throughout.

6. Renewable Energy
Add 6 x photovoltaic (PV) panels to South East facing roof. 3 panels to serve each
apartment G1 and F1.

A p a r t m e n t  G 1  &  F 1  P r o p o s e d  D e e p  R e t r o f i t  D e s i g n  S c h e m e

Primary
Energy ↓53%G1 F1

A p a r t m e n t  G 2
1. Certified Values for DEAP
Obtain and input the certified values for the
existing Heat Recovery units and the existing
windows and doors.

2. Thermal Bridge 'Y' Factor
Change the DEAP 'Y' factor from the default
of 0.15 to 0.08.

3. Efficient Space and Water Heating System
 Remove the existing inefficient electric combi heat store
 New air to water heat pump for space heating and DHW. (358% efficiency)
 New factory insulated hot water cylinder
 Low temperature radiators.
 Insulate primary pipework.
 Install separate and independent time

+ temperature zone control.

4. Renewable Energy
Add 4 x photovoltaic (PV) panels to North East
facing roof.

A p a r t m e n t  F 2
1. Thermal Bridge 'Y' Factor
Calculated 'Y' of 0.058 achieved through a
combination of ACD's and Therm models of
selected junctions.

2. Certified Values for DEAP
Obtain and input the certified values for the
existing PV electrical contribution.

Baseline BER and Energy Analysis

Existing Apartment G1

Existing Apartment F1

Existing BRE Retrofit Apartment G2

Existing BRE Retrofit Apartment F2

Building Fabric Analysis and Hygrothermal Performance

Primary
Energy ↓56%

Primary
Energy ↓15%

Primary
Energy ↓32%

Primary
Energy ↓78%

Primary
Energy ↓65%

Primary
Energy ↓19%

Primary
Energy ↓12%

Primary
Energy ↓60%G1 F1 Primary

Energy ↓65%

Primary
Energy ↓63%G1 F1 Primary

Energy ↓67%

Primary
Energy ↓75%G1 F1 Primary

Energy ↓78%

Primary
Energy ↓78%G1 F1 Primary

Energy ↓81%

Primary
Energy ↓85%G1 F1 Primary

Energy ↓87%

Retrofit BER and Energy Analysis

Apartment G1

Apartment F1

Apartment G2

Apartment F2

C a l c u l a t e d  ' Y '  F a c t o r  f o r  A p a r t m e n t  F 2

Therm Infared - Entrance Threshold

Therm Infared - Combined Eaves

Therm Infared - Eaves

4 In A Block Apartment
F i n a l D e s i g n S u b m i s s i o n

A R C H 1 2 8 0 : R e t r o f i t T e c h n o l o g y P r o j e c t

David Keogh
D13124798

DT774 PG Cert DAER
Project 4

Retrofit Wall Analysis (BuildDesk U)

Retrofit Floor Analysis (BuildDesk U) Retrofit Ceiling Analysis (BuildDesk U)

Ψ- value (W/mK) = 0.026

Ψ- value (W/mK) = -0.121

Ψ- value (W/mK) = 0.501

Thermal Bridge Calculation

B R E E A M  A s s e s s m e n t
An Outstanding score of (>85%) was achieved for the proposed Retrofit scheme when
assessed with BREEAM (British Research Establishment Environment Assessment
Method) Domestic Refurbishment. The specific areas assessed in BREEAM DR and their
weightings are: Management (12%), Energy (43%), Water (11%), Materials (8%),
P o l l u t i o n  ( 6 % ) ,  W a s t e  ( 3 % )  a n d  H e a l t h  &  W e l l b e i n g  ( 1 7 % ) .

Retrofit Energy Performance & Emissions Summary


