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Introduction

Interreg North West Europe project Housing 4.0 Energy (H4.0E) aims to develop a market for small, 
affordable near-zero energy homes (NZEHs) by adapting and applying new digital technologies, thus 
stimulating both consumer and supplier interest. Made up of five partner countries in North West Europe 
(NWE).

• Ireland
• Germany
• Belgium
• Netherlands
• UK

The three and a half year H4.0E project will facilitate the uptake of low carbon and digital technologies, 
products, processes and services in the NWE housing sector to reduce carbon emissions and improve 
quality of life for homeowners in the region and beyond.



Climate Change & the Role of NZEB
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Climate Change & the Role of NZEB

In 1750, around the start of the Industrial Revolution, the concentration of CO2 in the air reached 
to about 280 parts per million (ppm) by volume. By 2019, this number had risen more that 
400ppm. Global CO2 emissions from human activity have increased by over 400% since 1950.
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Climate Change & the Role of NZEB

Carbon Impact in the Built Environment

Buildings are responsible for approx. 40% of energy consumption and 36% of CO2 emissions in 
the EU, making them the single largest energy consumer in Europe.

At present, approx. 35% of the EU's buildings are over 50 years old and approx. 75% of the 
building stock are considered energy inefficient.

Nearly Zero Energy Buildings (nZEB) implementation represents one of the biggest 
opportunities to reduce the Whole Life Carbon of buildings, this will produce a reduction in 
greenhouse gas emissions.
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Nearly Zero Energy Buildings (nZEB) is very closely related to the Passive House standard. Nearly 
Zero Energy Buildings (nZEB) are defined as highly efficient buildings requiring very low energy 
consumption and where energy is required, most of their energy requirements should be derived 
from renewable sources either on site or nearby.

Sustainable Building Fabric
6

— New single-family house: 15-30 kWh/(m2.y) of net primary energy with, 
typically, 50-65 kWh/(m2.y) of primary energy use covered by 35 
kWh/(m2.y) of on-site renewable sources; and

EU values for Oceanic residential buildings
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1. High Levels of Insulation

2. Triple Glazed Windows

3. Mechanical Ventilation Heat Recovery (MVHR)

4. Airtightness 

5. Thermal Bridge Free

Sustainable Building Fabric is made up of the following:



High Levels of Insulation

• A well-insulated building envelope 
must surround the H4.0E-nZEB 
house, to ensure that the heat 
remains inside the house.

• U values of external walls, floor slabs 
and roof areas of a H4.0E-nZEB 
house range from 0.10 - 0.15 
W/(m²K).

• U-value value shows, in units of 
W/(m²K), the ability of an element 
to transmit heat from a warm space 
to a cold space in a building, and 
vice versa.

• The lower the U-value, the better 
insulated the building element.

• nZEB = 0.16-0.20 W/m²K
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Windows

• Excessive solar heat gain is the main 
cause of overheating risk in a H4.0E-
nZEB building. This is easily 
managed in the design process. The 
risk of overheating can be 
eliminated by design.

• A window U-value must be at least 
2.2W/m²K

• The required U value of 2.2 applies 
to the whole window, ie frame and 
glazing. The window 
supplier/installer will need to 
demonstrate that the windows 
achieve this U value. This method 
sets a limit to the amount of heat 
loss through the fabric of the 
building as a whole.
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Mechanical Ventilation with Heat 
Recovery

• Heat Recovery Ventilation is an invaluable way 
to maintain indoor air quality.

• Mechanical fans supply air into the building, 
and extract the stale air on a continuous basis.

• Fresh incoming air passes through a heat 
exchanger, where thermal energy is absorbed 
from the outgoing extract air.

• 5 l/s plus 4 l/s per person, e.g. 25 l/s for a five 
person, 3-bedroom semi-detached dwelling. 
This is based on two occupants in the main and 
second bedrooms and a single occupant in the 
third bedroom. This should be used as the 
default value if a greater level of occupancy is 
expected, then add 4 l/s per occupant.

• Or b) 0.3 l/s per m2 internal floor area, e.g. 30 
l/s for a 100 m2 dwelling.

Sustainable Building Fabric

3

1

2

4

5

6



Airtightness

• Airtightness is about eliminating all unintended gaps 
and cracks, holes, splits and tears where air can move 
into and out of the ‘conditioned’ space (heated or 
cooled space) of the building.

• Such gaps, cracks etc. can account for up to 50% of all 
heat loss through the external envelope of a building.

• Benefits of Airtightness include;
• Reduced heat loss
• Reduced energy costs (Space Heating)
• Improved thermal performance of the structure
• Improved thermal comfort. (A steady temperature is 

maintained throughout the building)
• For H4.0E-nZEB certification a building must reach the 

standard of ≤0.6 air changes per hour (ACH) @ 50 
Pascal pressure. 

• Airtightness is determined by a ‘blower door test’.
• H4.0E-nZEB air tight definition: acceptable range of air 

change rate n50 ≤ 0,6 h-1, quantity of air changes per 
hour @50 pascal.

• NZEB Backstop value for air permeability definition: air 
permeability qE50 ≤ 5 m3/h.m2, air leakage rate per 
square meter of the building envelope @50 pascal

• NZEB/PH qE50 ≤ 1 m3/h.m2
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Thermal Bridge

• To minimise all thermal bridges is a necessity in order 
to achieve PH and NZEB standard.

• A thermal bridge, represents the area of a building 
construction which has a significantly higher heat 
transfer rate than the surrounding materials.

• Thermal bridging may be the due to: a break in the 
insulation, less insulation or the insulation is 
penetrated by an element with a higher thermal 
conductivity. 

• As buildings become better insulated, the importance 
of thermal bridging has increased. 

• Research suggests that thermal bridging within 
traditional buildings accounts for approx. 30% of 
overall heat loss.

• If is essential to minimise Thermal Bridging in PH, to 
ensure that the specified values for the heating 
demand and heating load can be achieved. 

• The heating demand in a PH is limited to 15 
kWh/(m²a).

• The heating load of the building is a maximum of 10 
Watt/m²

• The temperature factor (fRsi) is defined as follows:

fRsi = (Tsi – Te) / (Ti – Te)

where:

Tsi = minimum internal surface temperature,
Te = external temperature,
Ti = internal temperature.
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High Levels of Insulation 
6

High Performance dwellings are different from 

“normal“ houses in many ways. The decisive 

characteristic of a High Performance dwelling is its 

good insulation level and its airtightness to 

minimise heat losses. The highly insulated exterior 

building elements are optimised and work perfectly 

in connection with all other components to provide 

a comfortable indoor climate and the desired 

energy savings.



Triple Glazed Windows
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The third pane of glass located half way 

between the inner and outer panes of double 

glazing creates two air locks which improves 

the energy performance of regular double 

glazing by around 50%.

Energy efficiency is further improved by 

variables such as the type of air or gas used in 

the space between the panes, warm edge 

spacer bars around the perimeter to reduce 

thermal bridging and different coating on the 

glass to reduce energy loss from the inside.
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Ventilation is best described as the 
intentional introduction of outdoor air 
into a building in order to provide 
healthy air for breathing, by both 
diluting the pollutants originating in the 
building and removing the pollutants 
from it.

Ventilation within residential housing 
has traditionally been provided via 
natural forces due to a lack of 
airtightness within the building 
envelope. Traditional features such as 
open chimneys combined with leaky 
construction ensured homes were 
reasonably ventilated. In this image are 
the major sources of Air Leaks within a 
house.
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Where Air leaks commonly occurs in naturally ventilated buildings
1. Ducts
2. Floors, Walls & Ceilings
3. Electrical outlets
4. Fans & Vents
5. Fireplace
6. Doors
7. Plumbing
8. Windows



Ducts = 15% Air Leaks
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Floors, Walls and Ceilings = 
31% Air Leaks
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Electrical Outlets = 2% Air Leaks
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Fans and Vents = 4% Air Leaks
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Fireplace = 14% Air Leaks
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Doors = 11% Air Leaks
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Plumbing = 13% Air Leaks
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Windows = 10% Air Leaks
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Ventilation 
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Mechanical Ventilation Heat Recovery (MVHR)

What is Mechanical Ventilation Heat Recovery (MVHR)?

MVHR provides fresh filtered air into a building whilst retaining most of the energy that has already been 
used in heating the building. Heat Recovery Ventilation is the solution to the ventilation needs of energy 
efficient buildings. A heat recovery ventilation system properly fitted into a house provides a constant 
supply of fresh filtered air, maintaining the air quality whilst being practically imperceptible. 
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Indoor Air Quality & the Role of Mechanical Ventilation
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Indoor Air Quality & the Role of Mechanical Ventilation

MVHR Passive House Efficiency criteria

Heat: 

• ≥ 75%
• Current MHRVs on market up to 90%
• Efficiency level highly dependent on 

airtightness level of building envelope

Electricity: 

• max. 0.45Wh/m3
• Standby mode: max. 1W
• Balance of outdoor & exhaust air
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Indoor Air Quality & the Role of Mechanical Ventilation

MVHR Passive House Comfort Criteria

Minimum supply air temperature:

• From 16.5°C to -10°C

Operational control: 

• At least 3 airflow levels - 70% / 100% / 130%

Noise protection: 

• max. 35dB(A) in the service room
• Max. 25dB(A) in the living space
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Indoor Air Quality & the Role of Mechanical Ventilation

MVHR PH Additional Criteria

Indoor air hygiene:

• Intake air fitted with at with at least a F7 grade filter to 
substantially reduce the concentration of bacteria and 
spores in the supply air

• Exhaust air fitter with at least a G4 grade filter to 
remove coarse dust

Frost protection:

• System must be equipped with frost protection to 
protect the heat exchanger and subsequent 
disbalancing of air flow rates

• Defroster consists of electrical pre-heater in the duct 
between intake and HRV unit. Normal operation down 
to −15 °C
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Indoor Air Quality & the Role of Mechanical Ventilation

Demand-controlled 
ventilation (DCV) 
automatically regulates 
ventilation based on actual 
demand using a suitable 
sensor.

DCV can be triggered by 
occupancy sensors, moisture 
sensors or air-quality 
sensors detecting carbon 
dioxide or other pollutants, 
or a combination of these.
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Indoor Air Quality & the Role of Mechanical Ventilation

Moderate to high levels of  CO2 can cause headaches and fatigue, and higher concentrations can 
produce nausea, dizziness, and vomiting. Loss of consciousness can occur at extremely high 
concentrations. See below CO2 Concentration (ppm)
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Indoor Air Quality & the Role of Mechanical Ventilation

Humans are very sensitive to humidity, as the skin relies on the air to get rid of moisture. The 
process of sweating is your body's attempt to keep cool and maintain its current temperature. If 
the air is at 100% relative humidity, sweat will not evaporate into the air. If the relative humidity 
is low, we can feel much cooler than the actual temperature because our sweat evaporates easily, 
cooling us off. See below a Humidity Comfortability Chart:
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Indoor Air Quality & the Role of Mechanical Ventilation

Volatile Organic Compounds (VOCs) are 
emitted as gases from certain solids or 
liquids.

VOCs include a variety of chemicals, some of 
which may have short-term and long-term 
adverse health effects.

Formaldehyde, one of the most common 
VOCs, is a colourless gas with an acrid (sharp 
and bitter) smell. 

Many building materials such as plywood, 
particleboard and glues contain 
formaldehyde.
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Ventilation

H4.0E -nZEB design concept improves the 
indoor quality but it also results in improved 
outdoor air quality due to near zero levels of 
operational carbon being produced over the 
lifetime of the building.

High levels of insulation, minimal energy 
demands and incorporation of renewable 
technologies result in near zero levels of 
operational carbon being produced over the 
lifetime of the building. 
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Airtightness 

Benefits of Airtightness:

• Minimum Heating Demand resulting in the 
reduction of operational carbon generated 
from building

• Improved Comfort Levels reducing 
overheating in summer and insulating better 
in winter

• Improved Building Durability protecting the 
building fabric against damage due to 
moisture-laden air leaking into the building 
envelope and condensing
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Ventilation and Airtightness 

There are air change rate criteria for Passive 
Houses Standard and air permeability criteria for 
the NZEB standard. 

• PH airtight definition: acceptable range of air 
change rate n50 ≤ 0,6 h-1, quantity of air 
changes per hour @50 pascal.

• NZEB Backstop value for air permeability 
definition: air permeability qE50 ≤ 5 m3/h.m2, 
air leakage rate per square meter of the 
building envelope @50 pascal

• NZEB/PH qE50 ≤ 1 m3/h.m2

A critical component of the Passive House 
standard is the ability to design and construct an 
airtight building envelope achieving ≤0.6 Air 
Changes per Hour (ACH).

To ensure that a building can be heated passively 
(≤10W per m2) it is critical that such critical 
airtightness levels are achieved.
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Airtightness

Radon levels within certified Passive Houses have been found to be significantly lower in 
comparison to traditional buildings. An air-tight building envelope, high levels of insulation and 
balanced mechanical ventilation all aid in this reduction.
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Thermal Bridge Free
6

Heat always wants to flow from hot areas to cold ones. In 

doing so, it follows the path of least resistance. A thermal 

bridge is a localised area of the building envelope where the 

heat flow is different (usually increased) in comparison with 

adjacent areas. In other words, these thermal bridges act as a 

heat highway headed straight to the outdoors.

Due to this, the temperature of the interior surface near the 

thermal bridge is lower. If this spot becomes too cold, it could 

lead to condensation and moisture build-up. Over time, 

mould may even form, potentially damaging the building 

structure.

Thermal Bridge Free Construction = Ψ ⩽ 0.01 W/(mK).



Benefits of Adopting a Fabric First approach in H4.0E buildings

Benefits of adopting a Fabric First approach in H4.0E and nZEB/ZEB buildings

By adopting a sustainable Fabric first approach for the buildings achieving nZEB/ZEB standards, the need 
for heating energy required for the building is greatly reduced, and if low operational carbon 
technologies are used to produce this energy the need for fossil fuels can be eliminated, hence reducing 
greenhouse gases and the effect on Climate Change. 

The following benefits are achieved by adopting a sustainable Fabric First approach for the buildings 
achieving nZEB/ZEB standards –

• The reduced need for heat energy is greatly reduced, hence reducing both the cost to the residents 
and also greenhouse gases which affect Climate Change.

• Financial Benefit
• Lower emissions
• Better Quality house
• Improved Public Perception



Evaluation 

Interreg North West Europe project Housing 4.0 Energy (H4.0E) by in the use of the Fabric First 
Approach to achieve H4.0E and nZEB/ZEB are not only the stimulation of consumer and supplier interest 
but also tackling the issues related to Climate Change throughout the five partner countries in North 
West Europe (NWE)
• Ireland
• Germany
• Belgium
• Netherlands
• UK
And also further afield.
By way of Education to both the Construction Industry and the End Users, the three and a half year H4.0E 
project has facilitated the uptake of low carbon and digital technologies, Low Carbon products, processes 
and services in the NWE housing sector to reduce carbon emissions and improve quality of life for 
homeowners in the region and beyond.


