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History

History

• 1930’s: pioneers

• 1960: early adoption

• 1980: response to 1973 oil 
crisis



History

History

• 2018 New Public

Buildings

are Nearly zero energy

Nearly zero energy

2010 2018 2020 2030 2040 2050

• 2020 All new housing• 2040 Deep

decarbonization

phase

• 2050 Net-zero CO2 

ParisAgreement

2030 ZEBtarget and public

. by 2028

T I M ELI N E i n EU R O P E Directive (EU)2024/1275

• 2007: regional EPBD

• 2010 EPBD (European Performance 

in Buildings Directive)



History

History
N EW Z EA LA N D

• 2020 Building for Climate ChangeFrameworks 

Consultation

• Emissions reduction plan incl voluntary energy

performance ratings for non-residential buildings

NZGBCrequested

• Require Energy Labeling on existing buildings

sold/leased by 2024

Changesto sectionH1 of the Building Code



Our climate – oceanic temperate

Our climate–oceanictemperate



General principles

General principles

Study the interactions betweenheat,moistureand air as 
they move between indoor and outdoor environments 
through the fabric of the building.

Wind versus air versus vapour barrier. Damp closed = also 
airtight but not the other way around. Sd= equivalent air 
thickness (m) and µd vapour resistance diffusion factor (-)

Cold air cannot absorb asmuch moisture aswarm air



Condensation

Condensation

• Surface condensation (lack of 
insulation)

• Undercooling or condensation due 
to night-skyradiation (outside layer 
through night radiation) can also 
happen inside roof construction



Interstitial

Diffusion Convection



Inverted

Inverted condensation in the 
summertime – 3 conditions



Roof typologies

Rooftypologies

Pitched roof

• Open jointed

• Rain proof, but air and 
damp open, 
condensation in roof 
allowed.

• Slope of min 3° or more

• Focus: rainproof, air 
tightness warm side 
insulation in 
combination with damp-
open underroof



Roof typologies

Rooftypologies

Flat roofs

• Watertight joints

• Water resistant, airtight 
and damp proof

• Typically flat but pitched 
is possible

• Focus: vapour tightness

warm side insulation.

Flat roofs:avoid water at 
all times, no mechanics 

to recover !!!



Types of flat roofs

Typesof flat roofs
Green Roof



Types of flat roofs

Typesof flat roofs



Typesof flat 
roofs

• Condensation in winter: cold air has little absorption capacity

• Ventilation never enough to “dry” roof

• Possibly roof structure colder than air (steel)

• Ventilation creates under-pressure for internal air

• Efficiency insulation may reduce if wet ->snowball effect



Types of flat roofs

Typesof flat
roofs

1. Gypsumboard

2. Vapour barrier

3. Insulation

4.Concrete

5.Membrane

Problems:

• Expected interstitial condensation

• Green concrete dry-out time

(25mm/month)

• Moisture pressure underneath roofing 
membrane

on concrete substrate



Types of flat roofs

Typesof flat roofs



Types of flat roofs

Typesof flat
roofs

COMPACTROOF

1. Membrane 2. Plywood

3. Insulation 4. Vapour barrier

5. Plywood 6. Gypsumboard



Vapour barrier

Vapourbarrier

• Avoid internal condensation

• Reduce wind pressures on roof
membranes

• Temporary waterproofing 

Vapour barriers are classified by :

• E1:≥ 2m and < 5m: PE

• E2:≥ 5m and < 25m: glued thick PE

• E3:≥ 25m and < 200m:APP,SBS
bitumen

• E4:≥ 200m: alu-faced bitumen, multi-
layer bitumen



Vapour barrier – ISO 13788

Vapourbarrier– ISO13788

Humidit

y 

class

PIR/XPS MW

Mech Glue Mech Glue

Concrete

2-3 E3 E3 E3 E3

4-5 X E4 X E4

Timber/ 

plywood

/ steel

2 E1 E1 E2 E2

3 E2 E2 E3 E3

4-5 X E4 X E4



Vapour barrier

Vapour
barrierCareful detailing

• “Ziplock”



Vapour barrier

Vapour
barrier
• Careful detailing

• Joints



Vapour barrier

Vapour
barrier
Careful detailing

• Penetrations



• Other sources

• WMAI

• Branz

Alternative Solutions

Alternative Solutions



LCA

LCA

Typically aim for 60 years in 20 year cycles

Bitumen New layer every 20 years

Adhered thermoplastic and thermo-
elastic

Replacement of membrane and insulation

Mechanical fixing: perforations needs repair

Several recycling opportunities yet no NZbased plants



Pathology

Pathology

Example 1: concrete adhesion

for adhered systems

• High moisture content in 
concrete

• Curing of concrete: too 
hot, frost

• Correct application
primer

• Rain also after 
installation



Pathology

Pathology

Example 2: double vapour barrier + timber product



Pathology

Pathology

2 vapour barriers with enclosed timber product



Effect of dampness and mould

Effectof dampnessandmould
• Significant correlation between 

respiratory diseases (as asthma) and 
mould



Safety nets

Safety nets
Compartmentation 

Specifications +ASBUILTS

Sensors in compartments 

20+ years

Predictive comparative model



Safety nets

Safetynets

• IR imaging (end of first winter?) 
Babbage drone

• Electronic Leak Detection



Cont act Us
Christchurch

Addres s | 128 M ont real Street, Sydenham, C hr is tchurc h 8023

Post | PO Box PO Box 2373, Chr ist church 8140 , N ew Zealand

Ph | +64 3 379 2734

Auckland

Addres s | Level 4, 68 Beac h Road, Auc kland 1010

Post | PO Box 2027, Shor tland Street, Auck land 1140, N ew Zealand

Ph | +6 4 9 379 9980

Hamilton

Addres s | Uni t 1, 85 C hurch Road, Pukete, Ham i lt on 3200

Post | PO Box 200 68, Te Rapa, Ham i lt on 3241, N ew Zealand

Ph | +6 4 7 85 0 7010

Australia

Address | Suit e 4, Level 2, 1 Yarra Street, Geelong, Vic toria 3220 , Aus tra l ia

Ph | +61 3 85 39 4805

hello@babbage.co.nz

babbage.co.nz

svde@babbage.co.nz

Stijn Van den Eeden Lead External Envelope Babbage Consultants svde@babbage.co.nz

Stijn Vanden Eeden Lead
External Envelope 
Babbage Consultants 
svde@babbage.co.nz M 022 648 31 51

mailto:hello@babbage.co.nz
mailto:svde@babbage.co.nz
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