
 

Phenomena and Factors Affecting Roof Condition, 
Performance, and Longevity 

Introduction 

The roof is one of the most critical components of any building envelope. 
Beyond providing shelter and defining architectural character, it plays a vital 
role in regulating temperature, controlling moisture, and protecting the 
structure from environmental stress. 

This report outlines the physical phenomena that influence roof performance 
and explains how a scientifically engineered roofing system can harmonize 
and control these forces. By maintaining proper vapour balance, thermal 
stability, and passive airflow, a roof can effectively breathe, protect, and 
endure even under demanding climatic conditions such as those typical of 
New Zealand’s humid environment. 

Understanding these principles allows property owners and designers to 
make informed decisions when planning restoration or new construction, 
prioritizing long-term performance, energy efficiency, and lasting value. 

1. A Roof Must Breathe – Understanding Hygrothermal Balance 

A healthy roof is more than a weather barrier,it is a dynamic system that 
must breathe, regulate temperature, and manage moisture throughout the 
year. To ensure durability, a roof must maintain a balanced exchange 
of heat, air, and vapour between inside and outside. This balance, known 
as hygrothermal stability, protects both the structure and the indoor 
environment. 



Why Moisture Matters 

Warm, moisture-laden indoor air naturally rises. When it contacts the cooler 
surfaces within a roof, the vapour can condense into liquid water. Over time, 
trapped moisture causes major issues such as: 

• Reduced insulation performance: When insulation becomes damp, 
its thermal resistance drops sharply, increasing heat loss in winter and 
heat gain in summer. Roofs can account for up to 30 % of a building’s 
total energy transfer. 

• Structural and health risks: Persistent moisture encourages mould 
and fungal growth, weakens timber, and degrades indoor air quality, 
posing health and maintenance issues. 

Most moisture problems originate from internal vapour that is not properly 
managed, not from external humidity. A roof without appropriate vapour 
control or ventilation becomes vulnerable to hidden deterioration and 
reduced efficiency. 

Why Older and Common Local Roof Systems Fail 

Both traditional and basic local roof system	 fail to meet current 
performance standards. Older roofs were built without waterproof 
membranes, while many newer low-cost assemblies use minimal protection, 
typically a low-grade membrane laid directly over rafters and topped with 
battens. 
The overlaps between membrane sheets are not sealed, allowing wind-driven 
rain and moisture vapour to enter the roof cavity. Over time, this trapped 
moisture leads to condensation, damp insulation, and gradual structural 
decay. In most cases, insulation is installed only at ceiling level, leaving the 
roof space cold, an arrangement that encourages further condensation and 
mould growth, especially in humid climates such as New Zealand’s. 

The Three Key Factors Behind Condensation 

The formation of condensation is driven by three main factors: 

1. Temperature differences between inside and outside. 



2. Moisture resistance within each layer of the roof. 
3. Air movement within and around the roof cavity. 

A well-designed roof manages these factors through a combination 
of insulation, vapour control, and continuous passive ventilation, 
allowing it to breathe naturally while staying watertight. 

2. Engineering Principles Behind a Healthy Roof 

A high-performance roofing system integrates several coordinated layers 
that regulate moisture, control heat flow, and protect the envelope. When 
properly assembled, these layers create a self-drying, self-regulating, 
and energy-efficient system grounded in advanced building-science 
principles. 

The primary goals are to: 

• Prevent moisture accumulation. 
• Maintain stable internal temperatures. 
• Preserve material integrity. 

By combining insulation, vapour control, and ventilation, the system 
ensures year-round hygrothermal stability, consistent performance, reduced 
lifetime costs, and a significantly extended service life. 

3. Comparative System Performance 

Our Basic Ventilated Roof System 

The conventional ventilated roof uses a breathable waterproof 
membrane laid over the rafters, combined with continuous passive 
ventilation beneath the roof covering. This design provides limited moisture 
relief and airflow management but lacks key performance controls: 

• No dedicated insulation layer, resulting in higher heat loss and 
reduced energy efficiency. 



• No vapour control membrane, allowing internal moisture to migrate 
into colder roof zones and condense. 

As a result, this type of assembly only partially addresses the physical 
factors that determine durability, comfort, and overall roof health. 

Our Cold Ventilated Roof System 

The Cold Ventilated Roof System is a fully engineered solution designed to 
manage all critical physical processes acting on the roof structure. By 
combining vapour control, high-performance insulation, breathable 
waterproofing, and continuous passive ventilation, the system ensures 
optimal thermal regulation, effective moisture protection, and long-term 
structural stability. 

It delivers reliable performance year-round, extends the service life of the 
entire roof assembly, and supports improved comfort and energy efficiency. 

4. Core Components and Functional Layers 

Smart Vapour Control Layer (Warm Side) 

Installed on the warm interior side of the insulation, the vapour control 
membrane regulates the movement of indoor vapour toward cooler roof 
layers. 
Unlike traditional impermeable barriers, modern membranes allow limited 
vapour transfer, preventing pressure buildup and enabling residual moisture 
to dry out safely. 

Result: Reduced condensation risk and protection of both the insulation and 
the timber structure. 

High-Performance Thermal Insulation 

Positioned above the vapour control layer, the insulation provides the 
primary thermal buffer, minimizing energy loss and stabilizing indoor 



conditions. 

Example Specification 

• Material: High-density Rockwool mineral wool 
• Thickness: 220 mm at 130 kg/m³ density 
• Thermal Resistance: Approx. R6.6 m²K/W (regulatory requirements) 
• Key Properties: 

• Hydrophobic: Water-repellent yet vapour-permeable. 
• Non-combustible: Euroclass A1 fire rating. 
• Thermally stable: Maintains R-value even in humid 

conditions. 

Thermo-hygrometric analysis (Glaser Method, EN ISO 13788) confirms that 
the dew point remains outside the insulation layer, protecting internal 
materials from condensation. 

Breathable Waterproof Membrane (Cold Side) 

Positioned above the insulation, this high-quality membrane 
with self-sealing overlaps provides dual functionality: 

• Waterproofing: Prevents external moisture ingress (rain, snow, 
wind-driven water). 

• Breathability: Allows internal vapour to escape outward. 

This ensures the structural layers remain dry, enhancing the service life of 
timber and insulation. 

Continuous Passive Ventilation Layer 

A ventilated cavity between the membrane and the roof covering maintains 
constant airflow from eaves to ridge. 

Advantages: 

• Expels humidity before it condenses. 



• Balances temperature, reducing summer overheating. 
• Keeps structural layers dry. 
• Extends roof lifespan by promoting continuous drying. 

Without adequate ventilation, moisture can accumulate—even in systems 
using premium materials. 

5. Seasonal Performance and Climatic Adaptability 

Winter Conditions 

Warm indoor air and vapour are contained by the vapour control layer, 
preventing condensation. The ventilated cavity and breathable membrane 
allow any residual moisture to escape, while insulation preserves interior 
warmth and comfort, reducing heating demand. 

Summer Conditions 

In hot weather, the ventilated cavity dissipates excess heat through natural 
airflow, while insulation limits heat transfer downward. This maintains cool 
indoor conditions, minimizing reliance on active cooling. 

Result: Year-round comfort, stable indoor temperatures, and low energy 
consumption, consistent with modern sustainable design standards. 

6. Engineering for Sustainability and Long-Term Value 

Modern roofs must provide more than weather protection, they must also 
support energy efficiency, occupant health, and long-term resilience. 
The Cold Ventilated Roof System integrates six sustainability principles: 

1. Durability: Quality materials and precise engineering reduce 
maintenance and extend service life. 

2. Climate Resilience: Enhanced ventilation and moisture control 
protect the structure from humidity and weather extremes. 

3. Health Protection: Prevention of mould and dampness ensures 



healthy indoor air. 
4. Energy Efficiency: Optimized insulation and vapour balance reduce 

heating and cooling costs by up to 30 %. 
5. Resource Conservation: Recyclable materials and longer service life 

reduce waste and embodied carbon. 
6. Long-Term Value: Proven performance increases property value and 

reduces lifetime cost of ownership. 

7. Long-Term Value Comparison 

Category Traditional Roof Our Cold-Ventilated 
Roof

Lifespan

Susceptible to weathering, 
UV degradation, and 
moisture issues. 
Typically 15–25 years, 
often requiring 
replacement.

Highly durable in 
extreme weather, UV 
exposure, and moisture. 
100+ years (system-
dependent) with correct 
detailing 
and periodic inspections.

Material Quality
Low to moderate (e.g., 
asphalt shingles, low-
grade metals, membranes).

Premium natural 
materials (copper, clay 
tile, serpentine schist, 
slate) with high 
durability and 
corrosion resistance.

Energy Efficiency
Often limited, increasing 
heating and cooling 
demand.

Proven energy savings 
up to 30% through a 
ventilated “cold roof” 
build-up (depending on 
insulation level).

Ventilation

Limited 
ventilation traps heat 
and moisture within the 
assembly.

Continuous 
ventilation reduces 
heat buildup and 
helps control 
condensation risk, 
supporting a self-
drying 
roof assembly.

Maintenance
Frequent repairs are 
required (sealants, 
coatings, localized 
failures).

Only ordinary 
inspections.



Indoor Air Quality / Health

Higher risk of moisture 
accumulation and mould, 
impacting indoor air 
quality.

Promotes a dry 
assembly, effectively 
eliminating moisture 
risk within the roof 
build-up when correctly 
detailed and ventilated, 
and supporting healthier 
indoor air 
quality.”

Environmental Impact
Shorter service life 
drives more waste and 
embodied carbon over 
time.

Long service life and 
recyclable materials 
reduce lifecycle impact 
and 
replacement waste.

Aesthetic & Architectural 
Value

More generic options; 
fewer architectural 
details; finishes fade 
relatively quickly.

Broad palette of 
architectural finishes and 
detailing; supports 
long-term aesthetic value 
and heritage-grade 
outcomes.

Installation & 
Workmanship

Standard installation; 
quality depends heavily 
on contractor practices.

Requires skilled 
craftsmanship and 
correct detailing to 
achieve intended 
performance and 
longevity.

Cost (Lifecycle)
Lower initial cost; 
higher long-term cost 
due to repairs and 
replacement 
cycles.

Higher upfront 
investment; typically 
lower lifecycle cost due 
to durability and 
reduced intervention.

Warranty Coverage

Typically shorter 
warranties; often 
material-only, 
workmanship 
varies.

Materials: Lifetime 
(copper, serpentine 
schist); 50 years (clay 
tile, slate). 
Craftsmanship: 20 
years to lifetime 
(project/ 
specification dependent).

Acoustic Performance May transmit impact noise 
(rain, hail).

Improved acoustic 
comfort due to mass and 
assembly build-up, 
reducing 
transmitted noise.

Fire Resistance

Varies by product; many 
common systems have 
lower fire performance 
than non-combustible 
coverings.

High fire resistance 
with non-combustible 
natural materials (e.g., 
c l a y t i l e , s c h i s t , 
copper).



8. Conclusion 

Roof performance depends on the careful interaction 
between temperature, vapour, and airflow. When these factors are 
properly managed, the roof remains dry, efficient, and structurally sound 
throughout its life. 

The Cold Ventilated Roof System provides a scientifically proven, fully 
integrated solution that actively controls these physical forces. With its 
coordinated layers, vapour control, insulation, breathable waterproofing, 
and ventilation, it achieves consistent thermal regulation, balanced 
humidity, and long-term durability. 

This advanced system not only protects your building but also enhances 
energy efficiency, occupant well-being, and overall property value,delivering 
a roof that truly breathes, protects, and endures. 

Filippo Scaramella 

Lower-grade roofing Preserves performance and

degrades faster (fade, appearance for decades,

surface wear, brittleness, reducing buyer risk. Fewer

Value Over Time leaks) and becomes a 
visible liability, often a

replacement cycles and 
stronger envelope

negotiation point at resale protection can support

when replacement is higher property value

approaching. over time
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