Passive House Object

Documentation

_ Certified
Passive House

Passive House Institute

Detached house with 4no. Bedrooms in Crawsfordsburn, Northern Ireland.

Project Designer Mr Paul McAlister — Paul McAlister Architects Ltd
Year of construction 2012/2013

Cost of build £192,000.00 GBP

Size of build 2340 sq/ft

Method of Construction Timber Frame — SIP Panels

This Passivhaus design has been designed to achieve the Passivhaus Institute Standards.
The main living spaces such as the kitchen and the double height living room have been
designed to the south elevation to maximise heat gain from the southern sun. This modern
Passivhaus is situated on a cluster of farmyard buildings and its simple design is integrated

into the surrounding context.

Special Features: Solar collectors for hot water
U-Value Exterior Wall 0.115 W/(m?k)

U-Value Roof 0.123 W/(m?2k)

U-Value Window 0.87 W/(m2k)

U-Value Floor 0.144 W/(m?2k)

Heat Recovery 92%

PHPP Annual
heating demand 14kWh/(m2a)
PHPP primary 91kwh/(m?a)

energy Demand
Pressure Test n50 0.585h™



Project description

The design of a new sustainable family home in a rural context. The client requested
that the dwelling be certified by the Passive House Institute in Germany. The project
was achieved within a limited budget with low energy space heating and hot water
systems achieving a SAP ‘A’ rating.

Design statement

The Passive house was allowed us to put into practice all of the sustainable
credentials that we had been developing over the previous five years of practice. This
Passivhaus focuses on ultra energy efficiency and internal comfort. Sustainable
considerations influenced the palette of materials; timber was used as the primary
structure with SIP (Structural Insulated Panel) as the method of envelope
construction.

The quality of the design proposal was critical as the building was designed to reach
Passivhaus standard. Great care had to be taken with junctions and openings as air-
tightness is critical to Passivhaus certification. The PHPP software allowed the
calculation of the heat-load and resulted in the primary heating being provided by a
5Kw wood burning stove which is only required for 4 months of the year. Hot water is
achieved by solar panels in the summer with a thermal store with integrated heat
pump economically providing hot water in cooler months.

The completed house and its commissioned systems are being monitored and early
steady-state tests have shown that the house is performing as designed. Ventilation
Is achieved using mechanical ventilation with heat recovery and this allows the heat
produced within the building to be ‘recovered’ and reused ‘Passively’ heating the
dwelling. Thermal mass also plays a part in reducing heat load, with large south
facing windows capturing the heat of the sun adding considerably to the dwellings
heating efficiency.

The project was procured using a standard contract agreement as a lump sum tender
process. The project is now Northern Irelands second privately owned Certified
Passive House it was constructed on time and with virtually no additional costs
during the build. This building is an example of how a technically advanced building
may be built within a modest budget and in the same manner as a conventional
house.



Rear of dwelling

Front Entrance of dwelling



Dwelling on site

Interior of dwelling
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Timber Frame — SIP Panels

The drawing above was provided by SIPFIT which shows the manufacturing details and
the panel layouts.

Insulation

Super insulation is obviously fundamental to Passivhaus construction. The passive
house will have 225mm SIP panel walls and roof, and 200mm of high-performing
Springvale Platinum Floorshield insulation in the floor. The junctions of these elements
are of particular importance to prevent any heat loss.



Windows

All windows and doors utilised in Passivhaus certified buildings have to meet certain
performance criteria. The wall openings have been discussed in the previous diary entry
but here we will detail the exact capabilities of the window and doors units.

All the windows and doors were supplied by Munster Joinery/Baskil Window Systems. All
the windows and doors have been certified by the Passivhaus Institut in Germany,
assuring they meet the requirements necessary for Passivhaus certification and insuring their
performance capabilities.

Again the windows and doors have been modelled using PHPP software to analyse their
performance. All windows and doors must perform as part of the overall building envelope
and must achieve a total U-value equal or below 0.8W/(m?K). In our build the windows and
doors achieve a U-value of 0.77 W/(m?K). (g-Value of 0.61)

The glazing has a thickness of 52mm. The Glazing unit was made up of 4-20-4-20-4 Low-E
0.05 uncorrected emissivity (SGG Planitherm Total +) Internal and central panes, 90% Argon
, 10% Air filled, Float Outerpane (SGG planilux) glazing unit with Technoform TGI spacer bar

with Polyurethane Secondary Seal.

The frames are all grey finished PVC with
easy clean friction hinges. All ironmongery is

brushed satin finished aluminium.

This photograph illustrates two of the windows

in situ with the external timber cladding fitted.




Certificate

Passive House suitable component
for cool, temperate climate, valid until 31 December 2012

Window Frame

Munster Joinery

Ballydesmond, Mallow, Co.Cork IRELAND
PassiV Future Proof

Category
Maunfacturar

Product name

The follnwlng comfort criteria were used in
awarding this certificate:

Given a U, value of 0.70 W/m?K) and a window size of
1.23 m by 1.48 m,

U, = 0,78 W/(m2K) < 0.80 W/(m?K)

Taking into account the installation based thermal bridges, and
provided that the installation is, with regard to the thermal bridges,
equal or better than shown in the data sheet, the window meets
the following criterion.

U, =0.85 W/(mZ3K)

Passive House Institute
Dr. Waolfgang Feist
Rheinstrafie 44/46
D-64283 Darmstadt

Passive House
Efficiency Class

Thermal data of the window frame component
Ui-value| Width q"'g fraiz0.25
(Wiim2K)] | [mm] [W/(mK]] []
Spacer SuperSp. Tri-Seal”
Bpttom 0,77 102 0,024 0.74
Side/top 0,77 102 0,024 ;

*Spacers of lower thermal quality, especially those made of alu-
minium, lead to significantly higher thermal losses and lower
lemperature factors. Used material for secondary seal: PU

www.passivehouse.com

Page 1/3

@ Component
suitable for
Passive Houses
Dr. Woifgang Faist

PHY
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MVHR Unit

After much research we decided to use a Novus 300 unit, manufactured by Paul. This
MVHR unit has an effective heat recovery rate of 93%. The system was installed at the
Crawsfordsburn passive house, with the heat recovery unit being housed on the first
floor, within its own purpose built store.
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Certificate

Passive House suitable component
For cool, temperate climates, valid until 31 December 2012

Category: Heat recovery unit

Manufacturer: Paul Warmeriickgewinnung GmbH
08141 Reinsdorf, GERMANY)|

Product name: novus 300

This certificate was awarded based on the following

criteria:

Thermal comfort
Effective heat recovery

rate

Electric power
consumption

Airtightness

Balancing and adjustability

Sound insulation

Indoor air quality

Frostprotection

eSuppq:,.a;;Z 16.5%C
at Bgudoorzir = -10 T

Nures = 75%

Pg = 0.45 Whim®

Interior and exterior air leakage rates
less than 3% of nominal air flow rate

Air flow balancing possible: yes
Automated air flow balancing:  yes

Sound pressure level Ly < 35 dB(A)
based on a 4 m* equivalent
absorption area not met

Here L, = 43.0 dB(A)

Unit must be installed in a separate
building services room.

Dutdoor air filter F7
Extract air filter G4

Frost proteﬂior! for the heat
E')(changer with continuous fresh air
supply down to

Boudesrar = - 10 T

Further information can be found in the appendix of this certificate.

www.passivehouse.com

Passive House Institute
Dr. Wolfgang Feist
64283 Damstadt
GERMANY

Certified for air
flow rates of

121 - 231 m%h

NHR =5

93%
(94% bei 144 memh)

Electric power
consumption

0.24 Whim?®

5 Passive House
suitable
component
Dr. Walfgang Feist

PHI
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Ventilation Works

heet

Passive House Planning
VENTILATION DATA

Building: Detachad House |
Treatad Floor Arca A ] 185 [Arega workahest)
Rioam Hizight b m 2.5 (Anesd Koaling Do werkahod)
Roam Vantilation Volume (A hj= WV, ] 463 Annual Heatng Demand warkahes)
Ventilation System Design - Standard Operation
Cocupancy AP 35
Murnber of occupants P 5:5
SUpply Air per persan maEh) 30
Supply ar dernend miEh 159
Bxtract air rooms Kitchen Bathroom Shower We utility
Quanfiny 1 2k 2 ] 1
Extract air demand per room i &0 40 20 20 40
Total extract air demand mih 180
Diesicn Air Flow Rate (Maximum) m’.’hl 180
Average Air Change Rate Calculation
Draiity Operation Factors Referenced Lo Air Flows Rete Air Change Rele
Duration hiaimum
Type o Oparation hi'd rrrtih
Maximum 1.00 180
Standard 24.0 0.77 138
Basic 0.54 a7
Minimum 0.40 72
Average Ar How Hete ()

Infiltration Air Change Rate

Wind Protection Coefficients & and f
Saveral Cne
Coafficia for Screening Class Sides Sida
Exposed Expogad
Mo Saeenng 010 0oz
Moderate Screening 007 002
High Scresning 004 001
Coathcant | 15 0
for annual demand for heating load.
Wind Protection Coefficient, & 0.10 0.25
‘Wind Protaction Coefficiant, f 15 15 Nw.ra‘\':;m:.:; Lo BRI
Arr Change Rete o Press Tes! Neg wh 0.65 0.85 582 e
Type of Ventilation System
Balancad PH Vantilation Flaase Chack for anriual demand for neating load
Fura Extracl Ar
Excess Extract Air 1 0.00 0.00
Infiltration Air Changs Rate My eue ih 0.082 0.204

Effactive Heat Recovery Efficlancy of tha Ventilation System with Heat Recovery

x

Heal racavery urml walhur tha therma anvelops

Hesat rzcoveny unit outside of the themal envalope

Efficiency of Heet Recovery IR 0.53 Paul Novus 300 -
(Conductanca Ambiant Air Cuct b Wim k) 0.195 Caculation see Sacondary Caloulation

|Length Ambient Air Cuct m 1

(Conductance Exhaust Air Duct p Wilm k) 0.185 Caculaton sed Sacondary Calculation

Lenath Exhaust Air Duct m| 156 Room Temperatura (*C)
Temperature of Mechanical Services Room b= Av. Ambient Temp. Hedting P {*C)
|(Enter only if the heat recovery unit is outside of the thermal envelops ) Av. Ground Temg (*C)

Effective Heat Recovery Effickency LT
Effective Haat v Subsall Heat
SHX Efficiency

Haat Racovery Ffficiency SHX

mwe [ ]
oo 0% |
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Hot Water Heating
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! STATION ¢ Ifn" RECOVERY VENTILATION UNIT
|
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| xaswe
DHW FLOW MooE
= INDIRECT UNVENTED AIR
SDURCE HEAT PUMP HOT
WATER CYLINDER
WSTALLATION Y SPECALET i WSS
MCS REGISTERED CONTRACTOR i g
MAINS WATER
SOLMATIX X3 COMBI PLUS (HEAT PUMP CYLINDER WITH INTELIGENT AIR CONTROL) WITH SOLAR & INDEPENDENT SPACE HEATING

The hot water is heated by means of two
Solmatix solar panels installed on the
south facing roof in the summer; these
connect to a 300 litre thermal store. The
ESP Ecocent indirect unvented air source
heat pump will economically provide a
back up for hot water production during
the winter months. Solmatix provided and
installed both the solar panels and the

heat pump, alongside offering us vital
advice and helping to produce an
economic, low energy heating strategy for the passive house. The photo illustrates the
solar panels when there were being installed, which occurred as the roof was being
slated to prevent any retrofitting issues.
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Space Heating

The dwelling will be heated passively, utilising solar gains, energy given off by the day to
day activities and recycled using the ventilation system. This system will transfer a
calculated amount of heat throughout the house with smaller rooms needing no
additional heat source due to the delivered temperature of the warm air. These ‘passive’
heat gains go a long way towards maintaining a comfortable temperature within the
dwelling. The small amount of additional heat required in the winter months must be
provided from an external source.

In this case we have provided the additional heating in the
living room by means of a 5kW wood burning stove. This
is a RIKA Vitra passive house wood burning stove which
is located in the double height living space. It is unique in
that it is independent to the air in the room as it has its
own ducted air source direct from outside. It has the
capacity to provide active warmth to a space of 50-

110ms using very low amounts of energy, whilst releasing
minimal emissions. The photo illustrates the RIKA Vitra
passive house wood burning stove.

In additional to the wood burning stove, three Fondital towel radiators have also been
installed in the bathrooms and ensuite to eliminate the problem of how to dry towels and
perhaps clothes as there are no conventional radiators located within the passive house.
These radiators are supplied from the 300 litre thermal store and are an efficient way of
utilising the additional heat generated by the solar panels and heat pump.

16



Woodburning Stove Worksheet

D012 RIKA Imnovadive Clontschnik GmbH - Produst ovorde wih sechnioal data - Vira Passivhaus
Product overview with technical data / °
Vitra Passivhaus R“(A
Dimansbons FiWalght
Cirnrmslors HeBxT 1000 x 440 x 440 1
Wt w kvt ahad ok
Whalght w kb rshurad sl tR
Wasight w ith tharrmosbera 0k
Whaight with atesl ahal 168 ky
Wiaght w kh eararrie: abal (T
Shorage capacky iy
Flue pipa outiet, diarmester 180 mm
Conrbumation churrbe’ dimirsiors HdaxT PN i
Powar
Mowrireal acating presws o 400 KW
Mt hicsting pere i 2,00 KW
Rovorn healing capraciy &l - 110 D|
Fadturak '_
Bakdryy convpsintrnint - o
Holdirgy cormprartrnmmt = [

Coramic altva bop .

Ricitronic® @ , @

RLE-Syatam 1

Icheparadantt of reom sir 1 1 i

Rotatable - c 3
Corrr inatallation poaaide - _F |
Inabaliation Dirmanabons O

Az Cormection haight with eriginal angled pips 1698 am

B: Conmaction haight with resr flus pioe cormecion #4 cm g

= Daptts w ith erigieal anghed i 67 cin M

[t Dy st toa Bocke 2 em O

F: Flue pipa cormaction framright 2 em l
G Cormction haght fraah = 7 Gm 0

H Freah air cormection frorm laft 2 am m
Fraah air connwction disrnster 126 mm ﬁ
bnporznt B =

Exhaust gos terpershre 214" “HT

Mrirurn feed presaura 124 Pa

OO valla AT gl

CO vadua (Full essnd) 1088 /M

Extunnt gas masse fow 5.0 gleuc

T WICHTIGER HINWEIS: Bithe busschbin Sla dla urbarvschiedichn Lindaey arachrien balm Tharna Raumiufiurabiing g,
Tictwiincdvis el coistivlvn Aewhisuripint ivirbis B z- ured Dvulch il v crtoitalbin. Siand: Moy , 08.02 2012

wnk. ke abidainshaet php? Dofan=10
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Achieving Airtghtness

The passive house was tested by Gareth Chambers
from Airtightness Ireland Ltd. We prioritised
airtightness from the very beginning of design
detailing and throughout construction of the passive
house. While our continual calculations allowed us to
be quietly confident, we were nervous of the unknown
and also intrigued to witness the testing process.

The aim was to achieve the required Passivhaus
airtightness standard of 0.6 air changes per hour at
an air pressure difference of 50 Pascals. This
requirement is about 16 times more airtight than the
current Building Regulations.

Airtightness is tested by closing all apertures such as
windows, doors, mechanical ventilation and heat
recovery ducting. A fan is then fitted to an external
door opening to lower the air pressure within the
building, making the difference between the internal
and the external atmospheres 50 Pascals.

We are delighted to report that the passive house
exceeded our goals and achieved a result of 0.585 air
changes per hour at an air pressure difference of 50
Pascals!

The first photograph illustrates the temporary airtight
door screen and mounted fan used to gain the
difference of 50 Pascals between internal and
external air pressure.

Roof/wall interfaces were addressed using pro clima
air-tight membranes and tapes with plaster
reinforcement e.g. CONTEGA PV. A layer of plaster
formed the air-tight seal. Specialist pro clima tapes
(e.g. CONTEGA PV) were used to seal the floor

perimeter.

18




AIr test results

Depressurize Test Results

Results Results Uncertainty
Comelation, 0.9857 95% confidence fimils ArflowatanFe, 3205 +/-0.0648
r Qso Imarh]
Intercept,
Cianv 11.25 7.101 1125
Im3/h. Pan]
Equivalent
Slope, n 0.8544 0.723% 0.8544 leakage area at 50 0.01401 +/-0.0648
Pa [m?]
Combined Test Data
Resulls Uncertainty
Alr flow at 50 Pa, Vio [m¥/h] 345.0 +/-0.0515
+/-0.0874
Equivalent leakage area at 50 Pa [m?] 0.01725 +/-0.0515

Openings and Temporary Sealing

Mechanical Ventilation was sealed for the duration of the test. External Windows &
Doors Closed but not sealed. Internal Doors Open. Stove not installed at time of test.

Test Method

Carried out in accordance with the following standards:

o ATTMA TSL1 Issue 2 — Measuring Air Permeability of Building Envelopes
e BS EN13829:2001 Thermal Performance of Buildings
e BINDT - Quality Procedures and Explanatory Notes for Air Tightness Testing

Test was carried out under Method B (method A, B or C)

The building was tested using a Retrotec 3000 fan.

19



Construction Details

225mm SIP Roof Panel
Lambda 0.025 W/(mK)

Screws per I engi
with 50mm minimum penetration into end
blocking minimum 300mm c/c

Seal and adhere using urethane sealant to be
applied by the contractor

Softwood Fillets ex.225x110mm
Glued and Screwed to form
Solid Junction

45mm softwood end
blocking glued and nailed in place

Fasten end blocks using 2.Bx63mm

galvanised nails @ 150mm e/fc
225mm SIP Wall Panel
Lambda 0.025 W/ {mkK)
Plasterboard

Protec Facade 200 breather membrane

Injected polyurethane foam compound between
38x140mm studs at 600mm centres

Air tight VC Heat reflective membrane tape
Jointed at panel ends and around openings
12.5mm 058

2 Layers of 30mm RW45

Rockwool Rigid Slab
Lambda 0.04 W/(mK)

Eaves Detail 1:5

Protec Facade 200 breather membrane
18mm 0SE3 floor decking

45mm softwood end blocking glued
and nailed in place

Fasten end blocks using 2.8x63mm
galvanised nails @ 150mm c/c

225mm SIP Wall Panel
Lambda 0.025 W/(mK)

Engineered wood |-olst or Eco-Jolst

Joist hanger with nailable top flange
S0mm air cavity

First Floor Detail 1:5

Protec Facade 200 breather membrane to lap
Behind der Fanel
1 Layers of 50mm RW45
Rockwool Rigid Slab /.'
. Lambda 0.04 W/(mK)
" pawosts
Lap breather membrane over cavity tray
Cavity tray with stop ends
Weepholes at 400mm max. centres
Min. 2 per opening

Proprietary timber frame lintel -

Insulated cavity barrier -
indow screw fixed to timber frame with steel angles
25 mm Quinntherm QL
Lambda 0.023 W/{mK)
200x38 timber head

2.8x63mm galvanised nails @ 150mm c/c

T
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L LA
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by
T
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ey L L
Sescesseess
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NOTE:
Ensure minimum 100 mm laps to air tight VC
Heat reflective membrane. All laps to be taped
using air tight foil type adhesive tape. Minor
areas of damage to air tight VC Heat reflective
membrane to be repaired using air tight foil typ
adhesive tape. All air tight VC Heat reflective
membrane to be returned into reveals at all
external door and window epenings. Floor DPM
to be lapped and taped to wall air tight VC Heat
creating a layer.




Construction Details

25mm Quinntherm QL
Lambda 0.023 W/{mk)

1 No. 45x201mm Cripple Stud

to Support Lintel

e e )

T A~ 1
;ﬁ({){@.ﬂ’ A7

o

oS e J
B e 00080 a0 s a0 lse s st |
TS »H"f{rff. A

'J./")ﬂ

wWindow Jamb

1:5

1 No. Cripple Studs

25mm Quinntherm QL
Lambda 0.023 W/(mK)

4 No. 45x201mm
Cripple Studs -
to Support Lintel

50x50mm Batten

Fasten 75 x 126mm edge timbers using
2.8x63mm galvanised nails @ 150mm ¢/c

100mm Concrete Blockwork

Protec Facade 200
breather membrane

225mm 5IP Wall Panel
Lambda 0.025 W/(mK)

12.5mm O5B
Plasterboard
10mm Plaster Bond & Skim

2 Layers of 30mm RW45
Rockwool Rigid Slab
Lambda 0.04 W/(mK)

OO

AR j NN

Window Jamb
4 No. Cripple Studs

1:5

50x50mm Batten

Fasten 75 x 126mm edge timbers using
2.8x63mm galvanised nalls @ 150mm c¢/c
100mm Concrete Blockwork

Pratec Facade 200

breather membrane

12.5mm 058

225mm SIP Wall Panel

Lambda 0.025 W/(mK)

Plasterboard

10mm Plaster Bond & Skim

2 Layers of 30mm RW45
Rockwool Rigid Slab
Lambda 0.04 W/(mK)
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Construction Details
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90mm acoustic insulation

Loadt ing wall i |led with
a double head plate and binders
Plasterboard

90 x 38 stud wall

100 x 45 Tanalised Wallplate,
to be flush with Ext plate.

2 P 5, o
T MM oor Screed

2 no. layers of Foamglas Perinsul
440x87.5x100 block

200mm Springvale Platimum
Floorshield EPS100

100mm concrete sub-floor

DPM

Eﬁnding

22

4" Crusher Run



Construction

Fmyrs of Jlmm AWAS
Rackweal Ggid Sab
Lamitda 0.04 wTmi

Counter haiten

wakex Flashing dutail

A ight W Heat reflective memibrane
WELUX Ind anion frame B

F3mm Guimthem o8
Lamibca 3023 WM

Details

Vishuz U S0 Trasdie glaced il wisdow (L vkt
D62 Wim2KE 4 £0Y Aecessed Flashing kit Velus roaf
bght installed to mangfacnires decats

air gtk W Heat reflectve memizeane

taps b Vi

25mm unntherm 0L

Lambda 0,081 Wimk)

225mm &P al Pam

Lamba 9.025 WM

23
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Construction Details

25 mm Quinntherm QL Lambda 0.023 W/(mK}
Below timber sill

Silicone Point
Single course TF sill
DPM

225mm SIP Wall Panel
Lambda 0.025 W/(mK)

S0mm air cavity
Protec Facade 200 breather membrane

Sill Detail 1:5

Protec Facade 200 breather membrane
S0mm air cavity

2 Layers of 30mm RW45
Rockwool Rigid Slab
Lambda 0.04 W,/(mkK)

Alr tight VC Heat reflective membrane tape -

Jointed at panel ends and around openings
Plasterboard

12.5mm 0SB

225mm S|P Wall Panel
Lambda 0.025 W/(mK)

Tirn Ties' Wall tie

225x50mm Timberframe Soleplate

DPC below Timber Frame baseplate

60mm Springvale Platinum Floorshield EPS100
one continuous piece to subfloor extends 100mm
wertically past top of screed.

External DPC level to be 150mm above finished
ground level,

1 Row, Foamglas Perinsul 100x215mm

DPM min 100mm lap air tight WC Heat reflective
membrane and taped using foil type adhesive tape

T A, T e R T e e
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200mm Springvale Platimum Floorshield EPS100 -

75mm Floor Screed
150mm concrete sub-floor

365x300x100 block
Blinding

4" Crusher Run

Founds brought down to firm bearing strata -

Foundation Detail 1:5

e e o T

24



Passive House Verification Worksheet

Passive House Verification

Fhoto or Drawing

Building Detached House

Lecabon and Climate IRL - Birr
5 65 Cootehall Read

Crawfordsburn

Counlry. RI

Building Typa Residential

Horme O

M Client{s) Patrick & Helen McGlinchey

Straet

PosteodeCily

Architoct  |Paul McAlister Architects

Straet 64a Drumnacanvy Road

Fos

de/City  |Co Armagh

Mechanical Systam

Strast
PosteodaiCity
‘Year of Construction 2012
Mumber of Dwelling Urits i Fte amperature 20.0 |°c
Enclosed Volume Y, 533.8 m™ Irterral Heat Gains: 2.1
Mumber of Qccupants 8.3
Specific Demands with Reference o the Treated Floor Area
Treated Floor Area m"
Appliad: Menthly methed PH Cartificate: Fulfillad?]
Specific Space Heating Demand: 14 kWhimZa) 15 kWhi{m*a)
Yes
Heating Load: 11 Wim?® 10 Wim®
Pressurization Test Result: 0.6 h! 06h' Yes
Specific Primary Energy Demand = i
[OHWY, Heating, Cooling, Auxliary and Housshold Electrcity): 91 kWhi{m"a) 120 2} Yes
Spacific Primary Ensrgy Damand 2
(DHW, Heating and Auxiliary Electriciy]: 30 KWhi{m"a)
Specific Primary Energy Reductlon 2
through Solar Elestricity: KWhim"a)
Frequency of Overheating: 2 % over | 25 ¢
Specific Usaful Cooling Energy Demand: kWhim?a) 15 KWh/{na) I
Cooling Load: g Wim?
We confirm that the values given herein have been Issued on:
o ined following the PHPP hodalogy and based
on the characteristic values of the building. The calculations signed:
with PHPP are to this
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