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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.

To combat the Carbon Impact on the Built Environment, Nearly Zero Energy Buildings (nZEB) have 
been introduced. Nearly Zero Energy Buildings can be defined as highly efficient buildings.

In the following slides we are going to focus on the Operational Carbon
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Climate Change & the Role of NZEB

Carbon Impact in the Built Environment

The Whole Life Carbon of the building is both the: 

• Embodied Carbon Emissions (generated during 
the manufacture, transport, assembly, and 
maintenance of building materials).

• Operational Carbon Emissions (powering, heating 
the building etc).

Therefore, savings in relation to Embodied carbon 
made during the design and construction stage and 
are achieved during the build, whereas savings in 
relation to Operational stage are achieved over time.
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Climate Change & the Role of NZEB

Operational Carbon Emissions (powering, heating the 
building etc).

• Operational carbon refers to CO2 emitted during 
the in-use or operational phase of a building. This 
includes the emissions from heating, cooling, 
powering, providing water etc.

• Operational carbon production is highly dependent 
on building user behaviour and level of 
understanding regarding associated impacts.

• Design with net zero carbon at operational level 
with the Fabric First approach, will ensure the 
building is as efficient possible and will reduce the 
Operational Carbon Emissions.
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Since 2021, all new buildings in the European Union should be Nearly Zero Energy Buildings 
(NZEB).

Energy Performance Building Directive (EPBD) sets the framework definition of NZEB, with 
individual member states responsible for developing framework and implementing supporting 
policies.

EU nZEB definitions for the Oceanic climate—

Offices: 40-55 kWh/(m2.y) of net primary energy with, typically, 85-100 kWh/(m2.y) of primary 
energy use covered by 45 kWh/(m2.y) of on-site renewable sources;
—
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

Low Carbon Heating Technologies
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NZEB and lowering the Operational Carbon Emissions from Buildings.



Traditional domestic heating systems are based on 
burning fossil fuels and are not Low Carbon Heating 
Technologies. This energy produced is used to raise 
the temperature of cold water from the water system 
before use. This process usually consumes a large 
amount of energy.
Listed below are some Low Carbon Heating 
Technologies which are alternatives to traditional 
domestic heating systems. These will be covered in 
the following slides.

Low Carbon Heating Technologies

Heat Pumps

Infrared Heating

Biomass Heating

Solar Heating

4



Air Source Heat Pump (ASHP) technology extracts heat from the outside air in the same way that 
a fridge extracts heat from its inside. It can get heat from the air even when the temperature is as 
low as -15° C.

Air Source Heat Pump (ASHP)
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Air Source Heat Pumps are the most common type of heat pump used in the domestic building



Infrared (IR) heating is a relatively recent addition to the domestic heating scene.
Most central heating systems rely on convection to distribute heat. This technology involves 
direct radiation. If radiation produced by the panels is absorbed by something before it reaches 
the intended target, then the target won’t get warm.

Infrared Heating
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A wood-fuelled (biomass) stove with a back boiler is a stove that not only provides heat into the 
room (like a conventional stove) but also hot water to run one or more radiators as well. In some 
instances biomass stoves with back boilers are also used to provide domestic hot water.

Biomass Heating
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Solar water heating systems, or 'solar thermal' systems, use free heat from the sun to warm 
domestic hot water. Flat plate collectors have a flat, glazed, dark-surfaced absorber plate which 
contains metal tubing. The tubing, that normally consists of copper or aluminium, absorbs the 
solar energy and the casing stops heat from escaping from it. 
A fluid is constantly ran through the tubing which is heated up by the solar power captured from 
the sun.

Solar Thermal Heating
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EU targets for carbon emissions is only possible through the delivery of Near Zero Energy Buildings (NZEB).

Reducing carbon production through the Passive House concept is seen as an appropriate method to 
achieving NZEB standard. 

Solar Photovoltaic (PV) technology plays an important role in eliminating our dependency on non-
renewable energy with the aid of Battery Energy Storage (BES).

Renewable Energy Technologies provide a solution to  lower the Operational Carbon Emissions from 
Buildings.
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NZEB and Renewable Energy.



Solar PV Technology
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Renewable Energy Technologies

Solar inverters, convert the direct current (DC) electricity produced by your solar PV panels to alternating current (AC) 
electricity that can be used in your home and exported back to the grid.

Solar inverters are very efficient, usually 93–96% depending on the make and model - never 100% because they use 
some of the input DC power to run.



1. Monocrystalline

2. Polycrystalline

3. Thin- Film

Efficiency rate



Types of Solar Inverters

String Inverters

A string is a chain of panels connected together in series. This 
is the most basic inverter system. All the panels in a string 
must be at the same pitch and orientation, otherwise there 
will be inefficiencies in the system.

Factors resulting in system inefficiencies from using string 
inverters include:

• Shade - a panel will produce less energy when it’s shaded, 
and shading on one panel will impact the entire string.

• Equipment Malfunction - if one of your panels stops 
working, your entire string stops working until you repair 
or replace the defective panel.
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Types of Solar Inverters

Micro-inverter

A micro-inverter is an inverter that pairs with a single solar panel to manage the DC-to-AC power inversion 
for that individual panel. In micro-inverter systems, there is no centralised inverter. Instead, each panel is 
hooked up to its own micro-inverter.
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System Monitoring

Most inverters now have internet 
connection capability, so you can keep an 
eye on your system using apps or web 
browsers, even when you’re away. 

The technology also raises awareness of 
your energy usage, encouraging you to be 
more sustainable, and save more money.
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Although there are a number of system types, variations and configurations, Solar Photovoltaic Systems fall 
into two basic system categories:

1. 'On-grid' Systems

2. 'Off-grid' Systems
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‘On-grid’ or ‘grid-tied’ are terms used to describe the same concept – a PV plant that is connected to the 
utility power grid. This type of configuration is most common across Europe, allowing the homeowner to 
utilise solar energy and export any surplus energy generated to grid.
Exported electricity is metered and feed-in tariffs exist with utility companies.
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Renewable Energy Technologies

‘Off-grid’ is best described as PV plant that is not connected to the utility grid.  
Battery storage technology is used to store excess energy that may have otherwise been exported. 
Hybrid configurations also exist that allow homeowners to source power from the grid whenever the sun 
isn’t shining, whilst also exporting excess energy to the grid when battery storage reaches max capacity.



Battery Energy Storage (BES) can enable the transition to a sustainable and secure energy system based on 
renewable sources, with reduced greenhouse gas emissions and enhanced energy security.
Batteries can be deployed at all levels of the electricity grid:

Generation Level
At generation level, batteries can store the energy produced by renewables that could not be injected to 
the grid and would have been curtailed.

Transmission & Distribution Level
At transmission and distribution level, batteries can offer several ancillary services to stabilise the electricity 
grid, improving its working conditions, extending its capacity and making it more secure, reliable, and 
responsive.

Household Level
At household level, a battery system connected to a PV plant or small wind generator can increase the 
amount of self-produced electricity as well as increasing self-consumption. 
Within the last few years, the range of BES commercially available and suitable for residential applications 
has become dramatically improved. BES can be largely categorised based in the following characteristics.
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Power Rating

• Power Rating is measured in kWh or MWh.
• Indicates how much power can flow into or out of the battery in any given instant. It's similar to the 

capacity rating of a PV plant, which indicates how much power can theoretically come out of the PV 
plantin any given instant.

• For an off-grid PV plant, a BES should be adequately sized to accommodate the power rating of the solar 
PV array.
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Example -
Need 4 h backup => 2kWx4h=8kWh
70% of 8 used by night => 0.7x8=5.6kWh
Say average solar array is sized regarding cloudy 
conditions 1.5x8kW =12 kWH battery size
12-volt battery = 12kWh/12 = 1000 AH
End of life battery should be considered when it reached 
80% of the initial values
12kWh/0.8=15kW



Battery Cycles

• A cycle is one complete discharge and one complete charge.
• A battery may only discharge 25%, then recharge 25%. This would be 1/4 of a cycle.
• Knowing the specified amount of battery cycles associated with a battery will allow you to determine 

the expected lifespan of the battery and subsequent return on investment.

• As the battery goes through more charge and discharge cycles it begins to degrade and the amount of 
energy the battery can hold decreases. So, while the battery is fully charged it doesn’t hold as much 
charge as when the battery was new.

• Most batteries are rated by the number of cycles it takes before the battery can only store 80% of the 
energy it could when it was new.
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Depth of Discharge

• A battery’s depth of discharge (DoD) indicates the percentage of the battery that has been discharged 
relative to the overall capacity of the battery. For example, if a battery storage system holds 13.5 
kilowatt-hours (kWh) of electricity, and you discharge 13 kWh, the DoD is approximately 96 percent.

• DoD is an important factor to consider: a higher DoD means you can use more of the energy being 
stored in your battery. 

• Many modern lithium ion batteries advertise a DoD of 100 percent.
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There are no one-size-fits-all solutions in the energy storage world, and the decision to opt for one storage 
technology over another one depends on specific project parameters.

The four main types of chemical compositions present in battery technologies include: 

• Lead
• Lithium
• Nickel
• sodium

Each type distinct and important functions for grid operators and have the potential for significant further 
technological and economic improvement.
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Benefits of Low Operational Carbon Technologies & Renewable Energy Technologies

Benefits of using Low Operational Technologies  and Renewable Energy Technologies in H4.0E and 
nZEB/ZEB buildings

By using Low Operational Carbon Technologies for heating alongside Renewable Energy Technologies for 
the energy required for the buildings achieving nZEB/ZEB standards, the following benefits are achieved –

• The use of Fossil Fuels is eliminated, hence reducing greenhouse gases and the effect on 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 Low Operational Carbon 
Technologies to achieve H4.0E nZEB/ZEB. H4.0E are not only stimulating 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.


