
services duct
from above

services duct
from above

services duct
to above

Heat Exchanger
Zone 1
600mm long exhaust
& intake ducts

Heat Exchanger
Zone 2

Heat Exchanger
Zone 3

MVHR Unit
Zone 4

services duct
to below

services duct
to below

services duct
from below

LEGEND

Warm Air Supply & Pipework

Warm Air Extract & Pipework

Cool Exhaust Air & Pipework

Cool Intake Air & Pipework

Zone 1 Area & MVHR Unit

Zone 2 Area & MVHR Unit

Zone 3 Area & MVHR Unit

Zone 4 Area & MVHR Unit

Proposed Ground Floor MVHR Schematic Plan
Scale 1:200

Proposed First Floor MVHR Schematic Plan
Scale 1:200

Servery extractor to have
carbon filter to remove fats

Aerolsilent Centro 1200

600mm long exhaust
& intake ducts

1m long exhaust & intake
ducts through roof
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storage wall
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Existing Classroom 67m²
Average DF: 2.335%

Daylight Analysis of Typical Classroom
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storage wall

IT Area

EnerPHit Classroom 67m²
Average DF: 3.026%

Daylight Analysis of Typical Classroom
NTS

Typical Classroom Window

South Facing Elevation
Scale 1:150

North Facing Elevation
Scale 1:150

Summer Ventilation
Selected windows (cross hatched in red)
entered into the PHPP summer ventilation
sheet providing daytime ventilation.
Applicable to all classroom areas

Summer Shading
High levels windows in Ground Floor
classrooms to be fitted with temporary
shading device in summer

Summer Shading
Roof overhang provides shading
to the high level classroom
windows during summer months

External Shading
External sun shade at 2250mm above floor
level providing shading to lower window
area. Ground & First floor classrooms.
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Proposed First Floor Plan
Scale 1:150

AIR TIGHT LINE

Principal's Office

Classroom 1 Classroom 2 Classroom 3 Classroom 4
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Proposed Ground Floor Plan
Scale 1:150
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Air tight seal - window frame to inner face
concrete downstand beam

New low-e argon filled double glazed windows on
Passive House standard windows frames

U =1.07 W/m²K

Replace existing concrete soap bars, to back of
concrete window cills, with Quinn-lite B3 aerated
blocks (λ = 0.12 W/mK)

Pump existing cavity with Kingspan Ecobead
insulation (λ = 0.033 W/mK)

Cut as necessary and reinstate plywood window
liners on completion of window installation and air
tightness works

New low-e argon filled triple glazed windows on
Passive House standard windows frames

Classroom 4

Classroom 8

Circulation

Space

Circulation

Space

Section B-B
Scale 1:50

General

Purpose

Room

Care to be taken when reinstating the window cill
board so as not to puncture or deform the air tight
layer below and at window frame interface.

Air tight seal - window frame to vapour check -
vapour check to plaster

Air tight seal - wall plaster to floor

Air tight seal - window frame to inner face
concrete beam

Air tight seal - window frame to vapour check -
vapour check to plaster

Cut as necessary and reinstate plywood window
liners on completion of window installation and air
tightness works

New 15mm plaster to internal face of external
walls to form air tight layer

Modify as necessary and reinstate plywood
window liners on completion of window installation
and air tightness works

New 15mm plaster to internal face of external
walls to form air tight layer

Remove services to access inner face of external
wall to form new plaster finish. Reinstate services.

Replace existing concrete soap bars, to back of
concrete window cills, with Quinn-lite B3 aerated
blocks (λ = 0.12 W/mK)

Air tight seal - window frame to vapour check -
vapour check to plaster

Air tight seal - window frame to vapour check -
vapour to steel channel

Air tight seal - plaster finish to u/s of roof panels

Air tight seal - window frame to steel
support channel

Air tight seal - window frame to steel
beam - steel beam to u/s of roof
panels

Air tight seal - concrete beam to u/s of roof panels
New low-e argon filled triple glazed
windows on Passive House standard
windows frames
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79
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300mm deep external sun shade at 2250mm
above floor level

300mm deep external sun shade at 2250mm
above floor level

79
8

AIR TIGHT LINE

Pump existing cavity with Kingspan Ecobead
insulation (λ = 0.033 W/mK)

Existing concrete block inner and outer leaf

Replace existing concrete soap bars with
Quinn-lite B3 aerated blocks (λ = 0.12
W/mK). Cut as necessary and reinstate
plywood window boards and timber trim
detail.

New windows fitted on timber block to
accommodate new 40mm Kingspan K3, or
similar high density insulation, (λ = 0.020
W/mK).New windows fixed to 75x40mm timber block

bolted to existing concrete cills. Proprietary
flashing over timber block with silicon mastic
seal to cill

Reinstate existing softwood skirting board

Air Tight Line - Walls:
Form new air tight layer to inner face of
external walls with 15mm plaster coat.

Air Tight Seal -  Walls to Floors:
Seal from plaster face to floor slab with flexible
taped joint. Tapes and seals by 'SIGA' or
similar & approved.

Air Tight Line - Windows:
New double glazed/triple glazed windows to
continue internal air tight line

Cut as necessary and reinstate plywood
window liners on completion of window
installation and air tightness works

Replace existing insulation to back of cill with
60mm Kingspan K3 (or similar high density)
insulation (λ = 0.020 W/mK).

Existing rigid cavity insulation 70mm wide

Air Tight Seal -  Window Cill:
'Proclima DA-S' 210mm wide airtight vapour
check membrane sealed to window frame
with 'Tescon Profil' flecxible corner sealing
tape and sealed to inner plaster finish with
'Orcon F' non aging flexible adhesive or similar
equal approved arrangement.

New low-e argon filled double/triple glazed
windows on Passive House standard windows
frames

Existing external render finish made good
around new MVHR duct penetrations and
where blocking up existing wall vents.

Replace existing concrete soap bars with
Quinn-lite B3 aerated blocks (λ = 0.12
W/mK). Modify as necessary and reinstate
plywood window boards and timber trim
detail.

New windows fitted on timber block to
accommodate new 40mm Kingspan K3, or
similar high density insulation, (λ = 0.020
W/mK).

Reinstate existing softwood skirting board

Air Tight Line - Walls:
Form new air tight layer to inner face of
external walls with 15mm plaster coat.

Air Tight Seal -  Walls to Floors:
Seal from plaster face to floor slab with flexible
taped joint. Tapes and seals by 'SIGA' or
similar & approved.

Air Tight Line - Windows:
New double glazed/triple glazed windows to
continue internal air tight line

Cut as necessary and reinstate plywood
window liners on completion of window
installation and air tightness works

Pump existing cavity with Kingspan Ecobead
insulation (λ = 0.033 W/mK)

Existing concrete block inner and outer leaf

New windows fixed to 75x40mm timber block
bolted to existing concrete cills. Proprietary
flashing over timber block with silicon mastic
seal to cill

Replace existing insulation to back of cill with
60mm Kingspan K3 (or similar high density)
insulation (λ = 0.020 W/mK).

Existing rigid cavity insulation 70mm wide

Air Tight Seal -  Window Cills:
'Proclima DA-S' 210mm wide airtight vapour
check membrane sealed to window frame
with 'Tescon Profil' flecxible corner sealing
tape and sealed to inner plaster finish with
'Orcon F' non aging flexible adhesive or similar
equal approved arrangement.

New low-e argon filled double/triple glazed
windows on Passive House standard windows
frames

Existing external render finish made good
around new MVHR duct penetrations and
where blocking up existing wall vents.

Quinn-lite B3 aerated blocks (λ = 0.12 W/mK)
to maintain course height

Air Tight Seal -  Window Head:
'Contega FC' air tight fleece tape with
adhesive strip which adheres to the window
frame and sealed to the concrete downstand
beam with 'Orcon F' non aging adhesive or
similar equal approved arrangement.

Cut as necessary and reinstate plywood
window liners & timber grounds on completion
of window installation and air tightness works

Reinstate existing angle support and
suspended ceiling as necessary

Existing concrete floor

Window units to be re-sealed on all sides with
high qulity silicone sealant

New flexible polyurethane foam around
window frame

Make good or replace PVC bead and render
as required

Air Tight Line - Intermediate Floor:
Existing in-situ concrete floor slab is
considered air tight. Air tight layer to be taped
and sealed above and below floor as
specified.

Existing insulated pressed metal lintel

Typical Classroom External Wall/Floor Detail
Scale 1:10

Typical Classroom Window Head/Intermediate Floor Detail
Scale 1:10

300

50

External sun shading shelf formed from
coated aluminum powder coated integral cill
with stiffeners and steel SHS support frame

300

50

Air Tight Seal -  Window Head:
'Contega FC' air tight fleece tape with
adhesive strip which adheres to the window
frame and sealed to the concrete eaves beam
with 'Orcon F' non aging adhesive or similar
equal approved arrangement.

Cut as necessary and reinstate plywood
window liners & timber grounds on completion
of window installation and air tightness works

Reinstate existing timber batten, angle
support and suspended ceiling as necessary

Window units to be re-sealed on all sides with
high qulity silicone sealant

New flexible polyurethane foam around
window frame

Make good or replace PVC bead and render
as required

Existing insulated pressed metal lintel

External sun shading shelf formed from
coated aluminum powder coated integral cill
with stiffeners and steel SHS support frame

Pump existing cavity with Kingspan Ecobead
insulation (λ = 0.033 W/mK)

Existing rigid cavity insulation 70mm wide

Air Tight Line - Concrete Eaves Beam
Existing concrete eaves beam is considered
air tight. New window frames and wall plaster
layer to be taped to the concrete beam with
'SIGA' air tightness tape or similar & approved.

Typical Classroom Window Head/Roof Eaves Detail
Scale 1:10

Air Tight Line - Roof
The existing air tight line continues along the
underside of the composite roof panels. It is
anticipated that the retrofit works to the walls
& windows will be sufficient to reach the
EnerPHit air tightness target. After the initial
blower door tests it may then become
necessary to tape & seal the roof air tight line.

Classroom 4

Classroom 8

Circulation

Space

Circulation

Space

Classroom Section
Scale 1:100

ELEVATIONS 1:200

East Facing Elevation
Scale 1:200

West Facing Elevation
Scale 1:200

I n t r o d u c t i o n  a n d  P r o j e c t  O u t l i n e
The aim of this project is to demonstrate the function of PHPP (Passive House Planning Package) software

as a key design tool when planning buildings to achieve EnerPHit or Passive House. PHPP serves as the

basis for verification of EnerPHit and the Passive House standard. Using PHPP it is undertaken to:

 Assess the energy performance of the existing building

 Propose a retrofit solution to achieve EnerPHit standard

 Propose a new build solution to achieve Passive House standard

EnerPHit & Passive House School
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 2 1 8 1 : 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

DT774a PG Dip DAER
Semester 1

School Project

D a y l i g h t i n g  A n a l y s i s ,  O v e r h e a t i n g ,  S o l a r  G a i n s  &  S h a d i n g

S y s t e m s  -  M e c h a n i c a l  V e n t i l a t i o n  W i t h  H e a t  R e c o v e r y
Efficient heat recovery ventilation is key to achieving Passive House
standard, allowing for good indoor air quality and energy saving. In Passive
House, at least 75% of the heat from the exhaust air is transferred to the
fresh air again by means of a heat exchanger. Using MVHR can significantly
increase the Primary Energy demand for the building so it is essential to
select the most efficient system cable of meeting the supply/extract
demand for the building.

The ventilation system is sized by selecting the greater requirement from
fresh air, extract air or the minimum air change. In the case of the
proposed school the design air flow is 3600m³ and is based on the supply
air requirement.

The MVHR selected is the Aerosilent Centro 1200 which is Passive House
Institute certified for air flow rates of 660 - 1230 m³/h at an external
pressure of 235 Pa (requirements non residential buildings). Four of these
units are required with the building divided into four zones accordingly.

The relevant MVHR specifications
are as follows:

Heat recovery efficiency - 83%

 Electrical efficiency - 0.45 Wh/m³

 Operational range - 660 - 1230 m³/h

 Exhaust/Intake duct lengths - 3.2m

 Ψ value of ambient/exhaust air
ducts 0.338 W/mK

P r o p o s e d  E n e r P H i t  R e t r o f i t  P l a n s ,  E l e v a t i o n s ,  S e c t i o n  a n d  D e t a i l s

Heating Balance - Gains vs Losses
Further analysis can then be carried out via the Annual

Heat Demand sheet and the heating balance graph. The

graph gives a concise and visual breakdown of the heat

losses and gains in kWh/m²y and is useful in giving the

designer an overview of the buildings performance. An

initial  design strategy can be formulated by identifying

problem areas and reasons for high energy demand. In

the baseline case it is obvious that ventilation is the

most significant area of interest. Losses through

ventilation alone almost amount to the same energy

required to heat the building. The school is naturally

ventilated meaning there is very little control over

ventilation heat losses. Immediately it is apparent that

the first step in a retrofit strategy, to reduce energy

demand, should start with reducing the ventilation

losses. Reduce ventilation losses and you reduce the

heating demand. After the ventilation losses are

addressed it can be deduced that the windows and

external walls could to be looked at in more detail. The

roof is already insulated to Passive levels and although

the floor is performing poorly, it would be costly

disruptive and to upgrade for comparatively small

reductions in overall building fabric heat losses.

Monthly Method - Specific Annual Heating Demand
The specific annual heat demand is determined in PHPP using the monthly method. This section of PHPP

uses climate data and occupancy patterns, along with internal and external gains, to determine the space

heating loads.  The monthly method can also be a good indicator of overheating as it clearly shows when

the heat gains exceed the heat losses.

B a s e l i n e  S c h o o l  B u i l d i n g  P H P P  E n e r g y  A s s e s s m e n t  &  A n a l y s i s

Achieving EnerPHit
Initially the design approach taken to reach EnerPHit was one which would minimize intrusive and

extensive building works while addressing the key heat loss areas. However, the EnerPHit air tightness

requirement of N₅₀ 1 means extensive internal works is unavoidable if we are to confidently achieve this

level. Since the air tightness works will need access to ceilings and roof spaces it therefore makes sense to

specify a centralized MVHR system rather than a decentralized option such as the 'AirMaster' HRV. These

units would make sense in retrofit situations where intrusive internal works are avoidable or undesired. It

is anticipated that all works will be carried out during the summer months, thus having no impact on the

school year. Reaching EnerPHit is essentially a ventilation solution. By addressing the air tightness and

introducing mechanical ventilation with heat recovery we are 93% of the way to achieving our goal. The air

tightness criteria must be satisfied so the big decision seems to be choosing the most suitable, efficient

MVHR system. Pumping the existing external wall cavity with insulation with improve the energy

performance of the building fabric. In addition this measure will raise internal surface temperatures  and

reduce risk of surface condensation and mould growth. Replacing the existing poorly performing window

frames throughout with a passive house standard alternative is the final step needed to achieve the

EnerPHit Annual Heating demand criteria of 25kWh/m²y. Meeting the Primary Energy criteria is easily

done by introducing daylight responsive dimmer/off lighting in areas with external windows and occupant

responsive lighting to the circulation areas and toilets. These 5 steps will take the building to EnerPHit but

further measures have been taken to address the overheating potential and ensure that the building

environment is comfortable for the occupants at all times. I have anticipated that the building, even after

the retrofit, will have additional heat losses from thermal bridges. These losses might increase the heating

demand by 10%. Reaching an annual heating demand of 21 kWh/m²y allows a buffer zone to absorb

thermal bridge losses.

Baseline Verification Sheet from PHPP

PHPP as an Energy Assessment Tool
The energy performance of the school was assessed using PHPP. In the verification sheet, the certification

type is selected from the EnerPhit for retrofit or Passive House option. Results are then presented against

the requirements of the selected standard and the success/failure to meet each criteria is shown.

Proposed Fabric Thermal Conductivity

Proposed Fabric Thermal Conductivity

Certification of Proposed Building Components

Proposed Heat Loss Reductions

Annual Heating Demand Savings

PHPP Verification of Passive House

PHPP Verification of EnerPHit Building RetroPHit

Heating Energy Balance

Achieving Passive House
The proposed design is based around achieving the basic principles of Passive House construction:

Thermal Insulation: Opaque external building components to have U-Values less than 0.15 W/m²K.

Passive House Windows: Insulated window frames with low-e argon filled glazing. g-values around 50%.

Ventilation Heat Recovery: Mechanical Heat recovery ventilation with at least 75% efficiency.

Air Tightness of  the Building: Uncontrolled leakage through gaps smaller than 0.6 of the total building

volume per hour during an pressure test at 50 pascal.

Avoid Thermal Bridges: Edges, corners, connections and penetrations detailed to avoid thermal bridges.

Designing and building this school anew, and to Passive House standard is a much easier challenge than

retrofitting to reach EnerPHit standard. It would also be a more cost efficient option when you consider

the original school building construction cost together with the costs (which will be extensive) for the

EnerPHit retrofit. Key construction items, such as air tightness, can be detailed in advance with the

construction monitored and tested at various building phases. As with the EnerPHit retrofit strategy, I have

taken further measures beyond Passive House standard to ensure occupant comfort and reduce the

carbon footprint of the building. It was a concern that both the EnerPHit and Passive House solutions

incurred an increased Primary Energy demand over the baseline building. Thus, I have sought efficiencies

through daylight and occupant responsive lighting design together with low energy light fittings. Low

energy electrical equipment and computers will also help reduce the Primary Energy demand.

Extract from PHPP Ventilation Sheet - Design air flow calculation

L i n e a r  T h e r m a l  B r i d g e  &  S u r f a c e  T e m p e r a t u r e  A n a l y s i s

Therm Color Legend

Baseline Building Description
The subject building is a 2 storey primary school consisting mainly of 8 no. classrooms, gym and ancillary

areas with all the classrooms south facing. The Architectural response incorporated passive solar design,

natural ventilation and natural daylight with a focus on thermal performance and energy use.

Baseline Performance & Design Targets

Daylight analysis of the classrooms were undertaken using Design Builder
software. A daylight factor of between 4.5 - 5.5% is required by the
Department of Education for classrooms areas and the existing classrooms
meet this requirement. The main consideration for the EnerPHit retrofit
was therefore not to negatively effect daylight levels in the classrooms.
Choosing triple glazing with a lower light transmission factor is one such
upgrade which could potentially reduce the DF. With this consideration in
mind it was decided to maintain double glazing in the classrooms, but to
replace the glazing with one that allows better light transmission.

Design Builder
Classroom Model

Thermal bridge analysis was carried out on some of the key junctions for
the proposed EnerPHit retrofit using the LBNL Therm software package.
The heat loss values obtained from the software were used to calculate
the Psi and fRsi values for the junctions analysed. The calculation of Psi
values for Passive House input differs from the standard methods used in
DEAP in two key ways: 1) the exterior temperature is set at -10°C and 2)
the heat loss is measured at the exterior of the thermal envelope. This
analysis has used the DEAP method and the conventions of BR 497.

Other Building Junctions

Existing Classroom Daylight Factor Calculation

Extract from PHPP Summer Ventilation Sheet

Utilization of solar gains is a key strategy of
Passive House to reduce heating demand.
The existing school was orientated with
the main occupancy areas facing south to
maximize solar gain. It was important
therefore not to introduce excessive
shading which would impact these gains. A
permanent sun shade has been used on
the classroom windows to improve visual
comfort in the area beneath the window
and also to reduce the effects of summer
sun. The roof overhang provides additional
protection to the first floor classrooms.
The school will be closed during summer
months but if required, prevention of
overheating can be achieved by temporary
shading to the high level windows and
through summer ventilation.

Extract from PHPP Shading & Shading-S Sheets

General Shading Summer Shading

Sectional Perspective
NTS




