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List of Abbreviations
BER – Building Energy Rating
DCENR - Department of Communications, Energy and Natural Resources
DEAP - Dwelling Energy Assessment Procedure
DECLG - Department of the Environment, Community and Local Government
DHW – Domestic Hot Water
CPSU – Combined Primary Storage Unit
EC – European Commission
EE – Energy Efficiency
EPBD - Energy Performance of Buildings Directive
EU – European Union
GHS – Greener Homes Scheme
GWh - Gigawatt Hour
kWh - Kilowatt Hour
kW p - Kilowatt Peak
MPEPC – Maximum Permitted Energy Performance Coefficient
MPCPC – Maximum Permitted Carbon Performance Coefficient
MVHR - Mechanical Ventilation with Heat Recovery
NREAP - The National Renewable Energy Action Plan
NSAI - National Standards Authority of Ireland
RES – Renewable Energy System
SEAI – Sustainable Energy Authority Ireland
TGD - Technical Guidance Documents
TRV – Thermostatic Radiator Valve
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Definitions
Air Infiltration: Air infiltration is the uncontrolled entry of fresh air into a
building through air leakage paths, e.g. gaps at junctions between external
building elements and around openings, unsealed penetrations of the building
envelope accommodating services.
Building Envelope: The building envelope is the line of separation between
the inside and outside environments of a building.
Biomass Energy: Biomass energy is the energy released from combustion
of suitable organic material. Biomass fuels may be derived directly from plant
material or indirectly from industrial, commercial, domestic or agricultural byproducts and waste.
Deep Retrofit: An investment in energy efficiency which saves the
homeowner 40% or more on energy bills. A deep retrofit investment will
generally involve a combination of roof and wall insulation, a new renewable
or highly efficient heating system, and heating controls. [Thinking Deeper –
Financing Options for Home Retrofit, Joseph Curtin & Josephine McGuire,
2011]
Energy consumption: The amount of energy consumed in the form in which
it is acquired by the user. The term excludes electrical generation and
distribution losses.
Energy performance of a building: the amount of energy actually consumed
or estimated to meet the different needs associated with a standardised use
of the building, which may include, inter alia, heating, hot water heating,
cooling, ventilation and lighting. This amount shall be reflected in one or more
numeric indicators which have been calculated, taking into account insulation,
technical and installation characteristics, design and positioning in relation to
climatic aspects, solar exposure and influence of neighbouring structures,
own-energy generation and other factors, including indoor climate, that
influence the energy demand [EPBD, 2002/91/EC]
Geothermal Energy: Geothermal energy is thermal energy generated and
stored in the earth.
Nearly zero energy building: a building that has very high energy
performance, as determined in accordance with Annex I of the EPBD recast.
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The nearly zero or very low amount of energy required should be covered to
a very significant extent by energy from renewable sources, including energy
from renewable sources produced on-site or nearby [EPBD recast,
2010/31/EC]
Primary energy: Energy from renewable and non-renewable sources which
has not undergone any conversion or transformation process
Public building: building owned or occupied by any public body
Residential building: A structure used primarily as a dwelling for one or more
households. Residential buildings include single-family houses (detached
houses, semi-detached houses, terraced houses (or alternatively row houses)
and multi-family houses (or apartment blocks) which includes apartments/flats
Renewable Energy: Renewable energy is that which is derived from
renewable resources, i.e., resources that are naturally replenished on a
human timescale. Solar, biomass, wind, wave and tidal are all forms of
renewable energy.
Solar Photovoltaic: Solar photovoltaic generates electrical power by
converting sunlight into electrical energy using semiconductor materials.
Solar Thermal Energy: Solar thermal energy is the harnessing of the sun’s
energy and is generally used to heat water.
Thermal Bridging: Fundamental of heat transfer that occurs in building
envelopes when materials with high thermal conductivity (also called noninsulating material), such as steel, timber and concrete create pathways for
heat loss that bypass thermal insulation.
Thermal Conductivity: the property of a material to conduct heat.
U-Value: U-value is the measure of the rate of heat loss through a material. It
represents the amount of heat lost through one square meter of the material
for every degree difference in temperature either side of the material. It is
indicated in units of Watts per meter squared per degree Kelvin or W/m²K
Ventilation: Ventilation is the controlled supply of outside fresh air to a
building by natural and/or mechanical systems
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Module Description
This module is the third of a four module programme (see Figure 0.1), designed to
up-skill trainers of construction trades to deliver foundation energy skills training and
to prepare them for anticipated revisions to apprenticeship curricula in the future.

Figure 0.1: Programme structure

The module focuses on the factors affecting energy usage and efficiencies for
heating, lighting and ventilation systems in buildings. This includes an overview of the
renewable technologies that may be deployed as alternative energy sources for
heating and electricity generation
Module 2 of this programme considered how the design and performance of a building
envelope impacts on the energy demand in a building. The focus of this module
moves on to maximising the efficiency of the installed systems for heating and lighting
to further reduce energy consumption to a minimum.
As highlighted in Module 1, there have been significant amendments to Building
Regulations for energy performance since 2002. In relation to heating systems, the
changes have focussed primarily on the efficiency of boilers, zoned control of
heating/hot water and high performance insulation of pipework and storage vessels.
This change of emphasis is significant for all workers onsite as it increases the need
for collaboration and cooperation to achieve the standards.
The building standards are also moving to a point where passive (non-mechanical)
measures to improve energy performance are practically exhausted. This has led to
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a situation where building designers increasingly need to consider alternative
ventilation systems and renewable sources for heating and electrical generation.
These are technologies which will have to be integrated into the specified high
performance building envelopes while maintaining standards for air tightness and
insulation continuity.
The new emphasis on the energy performance of buildings presents a challenge for
the building industry, requiring understanding and collaboration onsite to achieve.
This module is not an attempt to train non-plumbing/electrical trades to install heating
and ventilation systems. Rather the objective is to highlight that all workers onsite
have responsibilities for the performance standards of the building. This is part of the
“systems thinking” approach that will be needed onsite going forward if low energy
buildings are to be a reality.
For you as a trainer, it is fundamental that you are fully aware of this context if you
are to influence the attitudes and behaviours of your learners to adopt a new culture
and approach in their work.

Module Aims
This module aims to provide you with knowledge of:


The factors that affect energy usage for heating and lighting in buildings and
how the design and installation of these systems can lead to significant energy
savings



The features and characteristics of space and water heating systems that are
commonly found in Irish buildings



The principles of renewable energy technologies that may be deployed in
buildings for heating and electricity generation



The importance of air quality and maintaining designed ventilation levels in
buildings



The features of ventilation systems that are emerging as more energy efficient
alternatives to traditional background (hole-in-the-wall) approaches
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Module Overview
The module is divided into three units and each unit is sub-divided into sections as
outlined in Figure 0.2 below.

Figure 0.2: Module Structure

Unit 1: Energy for Heating and Lighting
Section 1: In this section you will learn about the factors that affect energy use for
space heating which are related to the design and installation of systems
Section 2: In this section you will learn about the factors that affect energy use for
water heating which are related to the design and installation of systems
Section 3: This section explores the efficiencies that can be achieved in installed
lighting and small power (pumps and fans) in buildings
Unit 2: Renewable Energy in Buildings
Section 1: This section provides an overview of renewable heating technologies that
are increasingly deployed in Irish buildings such as solar thermal, biomass and heat
pump.
Section 2: This section provides an overview of micro-generation of electricity in
buildings using solar and wind power. Unit 3: Ventilation
Unit 3: Ventilation
Section 1: This section provides an overview of the importance of providing adequate
ventilation in buildings and the design requirements of Building Regulations.
Section 2: Outlines the principles and layout of ventilation system technologies that
are increasingly being deployed in Irish buildings.
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Module Learning Outcomes
On successful completion of this module you will be able to:
1. Describe the factors affecting energy use for heating, lighting and small power
in buildings and describe their impact on energy consumption
2. Outline the main features of common space and water heating systems and
list possible measures to improve their energy performance
3. Describe the principles of energy efficient lighting and the relative efficiencies
of lamps currently available in the market
4. Outline the principles of renewable energy systems deployed for heating and
micro-generation of electricity in buildings
5. Describe techniques for the integration and optimisation of multiple heating
systems in dwellings including renewable technologies
6. Outline the main design principles of ventilation system options for dwellings

Tips for Using the Module Manual
You are expected to read the module manual before you attend the workshop. This
is necessary to provide you with the best opportunity for learning at both workshops
and associated site visits. Module assignments and activities will be based on the
content of the manual. We recommend the following:


Work through the module material sequentially, the order is important.



Complete the exercises and activities as you proceed



Take note of summaries, key points and additional reading references, they
are designed to help you retain important information



If something is unclear to you or you require clarification take note of it, you
will have an opportunity to discuss with your tutor at workshops and site visits.
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Legend for Icons
The following icons are used to highlight sections of the module:

Learning outcomes
At the beginning of each unit and section

Key learning point
Highlighting main points in text

Activity
Where you are asked to complete an exercise to explore a topic further

Progress Check
At the end of each section to allow you to assess your own progress

Summary
At the end of each section summing up the main points

Further Reading
At the end of some sections you will be provided with suggestions for further reading
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Unit 1

Heating and Lighting
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Unit 1: General Introduction
Heating and lighting account for the largest proportion of energy consumption across
both the residential and non-residential building sectors in Ireland. It is basic
expectation that any building will provide a comfortable environment that is
adequately lit.
Hot water demand is also a large consumer of energy in buildings. As with space
heating, careful design and installation of systems with adequate temperature
controls can greatly improve efficiency and provide convenience for the building
occupier.
Electric lighting is essential to modern living, and provides the possibility of continuing
our activities across daytime and night time hours. Efficiency in lighting can be
improved by fitting alternatives to traditional incandescent bulbs. Also, lighting
demand is often variable and occupant driven and, therefore, appropriate lighting
controls can significantly improve on energy use.
After completing this unit, you will be able to:


Describe the factors affecting energy use for heating, lighting and small
power (i.e. circulator pumps and ventilation system fans) in buildings and
describe their impact on energy consumption



Outline the main features of common space and water heating systems and
list possible measures to improve their energy performance



Describe the principles of energy efficient lighting and the relative
efficiencies of lamps currently available in the market
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Unit 1 Section 1
Space Heating
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1.1 Introduction
Why do I need to know about space heating if I am not a plumber?
In the northern hemisphere, the climate generally leads to cold winters and moderate
temperatures during summers. As a result, the main emphasis for providing
comfortable indoor climate is on heating rather than cooling. In recent years in Ireland,
some particularly severe winters have focussed attention on the challenges of
keeping warm during these periods. The financial cost is obviously a major factor for
building occupiers. However, thermal comfort has been highlighted as an important
issue that defines the quality of a building.
As illustrated in Module 2, it is the performance of the building fabric that dictates the
demand for energy to heat the indoor environment. To provide for this heat demand
most efficiently, the heating system in a building must be designed and installed
carefully to operate at optimum levels. An efficient system is one that provides the
correct amount of heat at the correct place at the correct time, burning the fuel used
in the most efficient way possible and switching off the boiler when the demand is
satisfied.
To maintain comfortable indoor temperature, heating systems are normally provided
in dwellings. The heating system should, in effect, compensate for the heat lost
through the fabric and air change in order to maintain design ambient temperatures
(generally 21 °C for living areas and 18 °C for bedrooms and kitchens).
Heating system technology has developed with improvements in the efficiency of heat
producing appliances and the introduction of heating controls that can reduce energy
consumption even further. However, the increased sophistication of systems is
challenging the technical knowledge and skills of installers. Added to this is a need
for those involved in system installation to understand their responsibility for
maintaining air tight and insulation envelopes.
At the end of this section you will be able to:
1. Describe the factors affecting energy use for space heating in buildings and
describe their impact on energy consumption
2. Outline the main features of common space systems and list possible
measures to improve their energy performance
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1.2 Energy Use for Space Heating
To recap on previous modules in the programme, the following are the main factors
that affect energy use for space heating (see Figure 1.1)


Fabric losses: heat lost through the external fabric elements of the building,
i.e. floors, walls, roofs, windows and doors.



Infiltration losses: uncontrolled passage of air (leakage) through the building
fabric



Solar gain: heat energy gained into the building from the sun



Internal gains: heat generated by appliances, lighting and occupants of the
building



Control and response: the level of heating controls adjusting heating to
demand



System efficiency: the efficiency of the heat producing appliances

Figure 1.1: Factors affecting energy use for space heating

Module 2 of this programme explored the factors relating to the buildings fabric, such
as fabric heat losses, air infiltration losses and solar gain. In this module, the focus
will be on system efficiency, heating controls and response, i.e. the remaining factors
that may be affected by those involved in the building/renovation process.
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In this section there will be repeated reference made to the DEAP methodology. This
is both to provide an insight into what is measured to calculate energy consumption
for space heating and to reflect on the impact of different factors on energy usage.

Space Heating Requirements
Thermal comfort levels vary between individual people. Some people tend to feel the
cold more than others, often depending on age and physical condition. There are a
number of factors that affect the thermal comfort conditions in the rooms of a building
including:


Air temperature



The temperatures of the surfaces in the room



The air velocity in the room due to ventilation draughts



Extremes of humidity (above 70% or below 35% relative humidity)



The amount of clothing worn by the occupants



The level of activity of the occupants

For the purpose of this section on space heating, the focus will be on the temperature
of air and room surfaces. These are the factors that are affected by the
building/renovation process. Therefore, it is important that those involved in this
process understand the most efficient methods of providing space heating.
DEAP adopts the definition of space heat use as “the heat delivered to the heated
space by an ideal heating system to maintain the set-point temperature during a given
period of time”. Therefore, it considers annual space heat demand over a heating
season. This season is defined as being October to May inclusive, i.e. it is assumed
that heating will not be required in June, July August and September. DEAP
calculates space heat use on a monthly basis over the heating season taking into
account a number of factors including:


Average heat loss taking into account internal-external temperature
differences



The effect of heat gains on the heat demand. This is a combination of solar
gains, thermal mass of the building and internal gains (heat produced
internally by cooking, appliances, water heating and occupants)
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The calculation also assumes certain heating hours and required internal
temperatures based on the typical needs of an average household. The schedule is
defined as:


7.00am – 9.00am and 5.00pm – 11.00pm (7 days per week)

This amounts to a total of 56 hours of heating per week. Internal temperature
requirements are taken as 21°C for the living area and 18°C for the rest of the
dwelling. This is why DEAP software requires that the living area is inputted when
providing the dimensions of a dwelling.
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1.3 Fuel Types for Space Heating
When considering the efficiencies of space heating systems, the fuel type that the
system uses is particularly important. The cost of different fuels per kWh varies
considerably. There is also the environmental impact of CO₂ emissions to be
considered. In order to make a fully informed decision on fuel type, it is essential to
understand the difference between primary energy and delivered energy.

Delivered Energy
Delivered energy is measured in kWh/yr. It is the amount of usable energy arriving at
a site or building, e.g. electricity or gas recorded at meter, heating oil used.

Primary Energy
Primary energy is simply an energy form that has not been subjected to any
conversion or transformation process, also measured in kWh/yr. No energy
transformation process is 100% efficient. Therefore, any additional energy used in
extracting ‘primary’ oil or gas etc. must be accounted for.

In the Building Regulations, the energy
performance standard is based on primary
energy consumption rather than delivered
energy. The carbon performance standards
take into account the CO₂ emissions
resulting from the generation of this
primary energy. Therefore, the choice of
fuel for generating space heating impacts
on the prospects of a building complying
with regulations. In fact, the regulations
state that Part L - 1.1.5 “primary energy
does not include energy derived from onsite renewable energy technologies”

Energy factors are used to account for energies expended in recovering ‘primary
energy’. The primary energy factors for oil and gas are 1.1, i.e. one unit of energy
used in a building requires 1.1 units of primary energy to get it there (see Table 1.1).
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It is worth noting that electricity has a relatively high primary energy factor. This is a
result of the significant losses at power stations and through the cables and
transformers of the distribution network. This has improved significantly in recent
years as the electricity system has been improved, ranging from over 3 in 2001 to a
forecasted figure for 2014 of 2.132 (source: SEAI). However, this is still almost double
the factor of most other commonly used heating fuels.

Table 1.1: Primary energy conversion factors for main heating fuels (Source: SEAI)

Fuel Type

Primary Energy Factor

Electricity

2.132 (forecast)

Heating Oils

1.1

Gas (Natural and LPG)

1.1

Wood Fuels

1.1

Peat (sod and briquettes)

1.1

There are a number of factors to consider when selecting the type of fuel for a space
heating system. These include the following:


Environmental impact



Cost/affordability



Availability



The cost/space requirements of heating system equipment



Convenience

The cost of the different fuel types also vary considerably (see Table 1.2). Fuels such
as gas and oil particularly are affected by price fluctuations due to uncertainty over
supply. However, many Irish people have become accustomed to the convenience of
these fuels.
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Table 1.2: Heating fuel price per kWh comparison (Source: SEAI)
Fuel

Price per unit

kWh per unit

Cents per kWh

Wood chips (30% MC)

€140 per tonne

3,500 kWh/t

4.0c/kWh

Wood pellets

€230 per tonne

4,800 kWh/t

4.8c/kWh

Natural gas

6.1c/kWh

1

6.1c/kWh

Heating oil

85c per litre

10 kWh/l

8.5c/kWh

LPG (bulk)

88c per litre

7.1 kWh/l

12.4c/kWh

Electricity

18c/kWh

1

18c/kWh

Coal (smokeless)

€17 per 40kg bag

8.8kWh per kg

4.8c/kWh

Peat

€320 per tonne

5,400kWh/t

5.9c/kWh

Note: Prices based on market comparison at time of publication
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1.4 Primary and Secondary Heating Systems
The annual heat demand for a building will determine the size and output of the
heating system required to maintain desired indoor temperature. This heat demand
is usually met by a combination of two main types of heating systems, primary and
secondary. DEAP software requires input relating to both systems in order to
calculate overall energy consumption for space heating and the carbon emissions
associated with the fuel types that they use.
The primary (main) heating system is defined in DEAP as that which heats the largest
proportion of a dwelling. These systems are not usually based on individual room
heaters (although they can be) and are typically central heating systems, often
providing hot water as well as space heating. Typical examples of primary heating
systems include:


Wet - water based (hydraulic systems)



Dry - warm/forced air systems



Radiant - underfloor heating



Electric storage

Central Statistics Office (CSO) figures show that the proportion of homes with central
heating has increased from 52% in 1987 to 97% in 2010. This compares with 1974
data indicating that less than 25% of the 740,000 households in the country had
central heating.

A secondary heating system is based on individual localised room heaters. Typical
examples include:


Open fireplace



Gas fire (either in chimney, catalytic or balanced flue type)



Electric fuel effect fire



Wood pellet, log, multi-fuel or oil fired stove



Any other fixed appliance heating the living room



Electric heaters are assumed where storage heaters are used as the primary
heating source.

The following section outlines the principles and characteristics of primary heating
systems commonly used in Ireland.
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Wet – Water Based Central Heating Systems
Central heating systems are comprised of a heat producing appliance feeding a
distribution system. The heating appliance is sized to meet the heat demand of the
dwelling. The distribution system is commonly a piped water system due to water’s
high thermal specific capacity (ability to carry heat).
Gas and oil have become the main sources of fuel used for space and water heating
in Ireland, with the latter having a high incidence in rural areas where there is no
access to mains gas connection. The most common primary heating system installed
in dwellings is a wet central heating system with a gas or oil boiler distributing heated
water to wall hung radiators.

There are two main adaptations of wet central heating systems; open vented and
sealed. The open vented system refers to the provision of a vent pipe which is open
to the atmosphere. The system requires a feed and expansion cistern, to provide
water to allow for any changes in volume of water due to temperature (see Figure
1.2)

Figure 1.2: Open wet central heating system (Reproduced from S.R. 54:2014 with the
permission of NSAI)
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The sealed system replaces the need for a cistern by utilising a sealed expansion
vessel which incorporates a rubber diaphragm to allow for variations in water volume
(see Figure 1.3 below).

Figure 1.3: Sealed wet central heating system with expansion vessel (Reproduced from
S.R. 54:2014 with the permission of NSAI)

Dry – Warm/Forced air Heating Systems
This type of heating system typically uses a single large furnace and a network of
ducting to transport the heat throughout the building. The main benefit of using this
system is that a centralised air conditioning system can be attached to it. This system
is rarely seen in northern Europe, as people seldom require air conditioning in homes
due to the temperate climate.

Radiant – Underfloor Heating
Underfloor heating has become more popular in recent years. It is categorised as a
wet central heating system as it relies on a heat producing appliance to heat water
which is distributed through a continuous looped pipe network within a floor screed
(see Figure1.4). Heat is then radiated through the floor surface and into the room.
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Figure 1.4: Floor screed being poured over underfloor central heating pipes

Advantages


As the system provides heat which is radiated from the entire floor surface the
distribution is very even within a room when compared with localised heat
emitters. This helps to provide high levels of thermal comfort.



Floor or wall space is not taken up by localised heat emitters.



As the system has a more even distribution of heat, the temperature in the
distribution pipes can be significantly lower than with radiator systems. This takes
greater advantage of operational efficiency of condensing boilers, Heat pumps
and solar heating.



The system does not create convection currents (air movement) which may lead
to dust circulation that is common with many traditional heating systems.

Disadvantages


The system relies on the screed which houses the distribution pipes to act as a
thermal mass which releases the level of heat required to bring rooms to desired
temperature. This thermal mass requires time to heat up and cool down in
response to heat demand. As the Irish climate is prone to significant temperature
fluctuations day to day, this slow response time can be problematic.
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Careful selection of floor finishes is required so as not to impair the transfer of
heat from the floor mass to the rooms.



The system is still relatively new to Ireland and requires careful design and
installation to be successful. There is a sophisticated level of controls required for
the system to operate efficiently. This requires a high level of interface between
electrical and plumbing trades to successfully connect automatic controls to the
mechanically operated zoning of the pipe networks.

Electric Storage Heating
Electric heating is generally avoided in Ireland due to the high cost of electricity
relative to other energy sources (see Table 1.2 previously). This cost can be reduced
through the use of storage heater systems that operate on reduced night rate
electricity prices. The night time unit of electricity is approximately half the price of a
day unit.
The storage heaters (see Figure 1.5) have electric heating elements embedded in
bricks of clay or ceramic material (high specific heat capacity) surrounded by
insulation, which acts as a thermal store. The material is heated during the night time
hours at the reduced electricity rates. This heat is then released through radiation and
convection. There are controls to help regulate the heat dissipation such as a
thermostatically controlled damper flap at the top of the unit.

Figure 1.5: Electric storage heaters 'charge up' by night and release heat by day

Some storage heaters also incorporate electric fans as a ‘boost’ function to increase
the rate of heat transfer from inside the heater to the heating space. Others may have
an electric panel heater to the front of the storage unit. It is worth noting that these
types of storage heaters require two electric supplies. One to be made available only
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at night time hours and the other available 24hrs in order to allow operation of the
panel heater and/or fan. Use of the electric panel heater should be avoided if possible.
The system is still comparatively expensive to run and also suffers from a lack of
control that affects efficiency. While the system benefits from having the building
warm in the morning, the heat losses over the rest of the day are often wasted if there
is no demand during daytime periods. This lack of control leads to inevitable
inefficiencies.

1.5 Boiler Technology
As already discussed, the most common form of space heating in Ireland is a wet
central heating system powered by a boiler. Central heating boilers generally consist
of a shell where fuel is burned to create heat energy. This heat is transferred to a
distribution network (usually pipes or ducts) through a heat exchanger within the shell.
The heat energy is then carried through the distribution network to the heat emitters
(e.g. radiators or underfloor heating) in the rooms of a building. In Ireland, the boiler
of a central heating system will often also provide for water heating supply.
There are a variety of boilers available that can power domestic central heating
systems including:


Conventional gas and oil boilers



Condensing gas and oil boilers



Combination (Combi) boilers



Combined Primary Storage Unit (CPSU) – gas or electric



Back Boiler Unit (BBU)



Solid fuel boilers (including room stoves with boiler connected to heating
system)



Range cooker boilers

The following section provides an overview of the most common boilers found in Irish
buildings, and particularly those that are selectable in DEAP. The efficiencies of the
different boiler systems will also be considered as they have been the focus of recent
changes to Building Regulations and grant schemes operated by the SEAI (Note:
Biomass boilers will be covered in Unit 2 later).
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Conventional Boilers (Gas & Oil)
Conventional boilers, sometimes referred to as ‘regular’ or ‘heat only’ boilers, require
a cold water feed cistern, which is usually housed in a loft space. They are usually
available in wall or floor mounted models. Space heating is supplied directly.
However, water heating requires the connection of a separate hot water storage
system.
The burning of gas or oil in a boiler produces exhaust gases containing carbon dioxide
(CO₂) and water. In conventional boiler systems (see Figure 1.6), these exhaust
gases travel out of the building through the chimney or flue at high temperature (about
150°C). At this high temperature the water is converted to hot vapour which is lost
through the flue to the atmosphere. This heat accounts for 20 – 30% of the total heat
energy produced by the combustion in the boiler.

Figure 1.6: Conventional gas/oil boiler (source: Energy Saving Trust, CE29, 20051)

1

CE29, Energy Efficiency Best Practice in Housing – Domestic Heating by Oil: Boiler Systems
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Condensing Boilers
Condensing systems are currently only available for gas and oil boilers. Condensing
boilers are significantly more efficient than conventional versions as they recycle
some of the heat from the combustion gases. Typically, condensing boilers achieve
efficiency of 90 – 98%.
This is achieved by condensing the water vapour (steam) back to liquid water. The
condensing boiler is fitted with a secondary heat exchanger that recovers the latent
heat from this hot water (see Figure 1.7). As the combustion gases condense around
this secondary heat exchanger, their heat is transferred to the primary heating circuit
of the system.
This system is also characterised by a drain pipe which takes away the overflow of
water and vapour from the secondary heat exchanger. This drain is usually visible on
the external face of the wall that the boiler is mounted on and is useful for recognising
the boiler type installed.
The level of efficiency is dependent upon the operating conditions of the boiler. In
order for the boiler to operate in condensing mode the temperature of the water
returning to the boiler should be below 55ºC, in some cases the temperature may
need to be regulated by means of a control valve used to blend hot supply water.

Figure 1.7: Condensing boiler (source: Energy Saving Trust, CE29, 2005)
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Combination (Combi) Boiler
A combination or combi boiler supplies both space heating and hot water directly
without the need for storage cylinders. The boiler is mains fed and heats water on
demand through its heat exchanger (see Figure 1.8). When a tap or shower is turned
on, the cold water is drawn through the boiler and heated instantaneously.
This is a relatively low cost boiler type and benefits from easier and cheaper
installation than systems that require hot water store and a cold water feed cistern.
However, the system is limited in that it can only cope with a certain volume of
demand. If many draw off points (showers, baths, sinks) are active at the same time
it may not be able to satisfy demand. As a result, this type of boiler is often deemed
more suitable for apartments and small homes.

Figure 1.8: Combination boiler (source: Energy Saving Trust, CE29, 2005)
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Storage Combi Boilers
A storage combi boiler comes with the addition of a built in storage tank (generally
45-60 litres) and thus can provide for greater demand than a standard version. When
a tap or shower is turned on, the hot water is drawn from this storage tank (see Figure
1.9).
This type of boiler is a little more expensive than a combi boiler. However, it does
have an advantage over the standard combi boiler as it holds a reserve of hot water
to cater for demand. The heating coil within the storage tank is very powerful allowing
the system to keep up with demand. This type of boiler has a capacity suitable for
apartments and mid-size homes.

Figure 1.9: Storage combi boiler (Source: Energy Saving Trust, CE30, 2005 2)

2
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Combined Primary Storage Unit (CPSU)
A Combined Primary Storage Unit (CPSU) is a particular type of combination boiler
which provides a high level of hot water storage, 70 litres or more (Figure 1.10). The
high capacity of the system creates an excellent flow rate which is capable of heating
up radiators and underfloor heating quickly. This allows for baths, showers and sinks
etc. to operate at the same time without significant drop off in pressure. This makes
the system suitable for large homes.

Figure 1.10: Combined Primary Storage Unit (CPSU) (Source: Energy Saving Trust,
CE30, 2005)

Boiler Efficiency
Boiler efficiency depends on the design of the boiler and the conditions under which
it operates. Important factors include:


Size (surface area) of the heat exchanger



Water content of the heat exchanger



The method of ignition, especially whether or not it relies on a permanent
pilot flame



The type of burner control (on/off or modulating)



Whether or not the boiler is designed to run in condensing mode



Flue type
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Over the years, the development of boiler technology has seen efficiency levels
improve significantly. Boiler efficiency is defined as how much of the heating value of
the fuel is being converted to useful heat. These efficiencies, however, are dependent
on the operating conditions of the boiler.

The Building Regulations for Dwellings state the following requirements with regard
to boiler efficiency:
Part L - 1.4.2. “The appliance or appliances
provided to service space heating and hot water
systems should be as efficient in use as
reasonably practicable. For fully pumped hot
water-based central heating systems utilising
oil or gas, the boiler seasonal efficiency should
be not less than 90% as specified in the DEAP
manual and the associated Home heating
Appliance Register of Performance (HARP)
database

maintained

by

the

SEAI

(www.seai.ie/harp)”.

Boiler Sizing
Proper sizing directly relates to overall boiler efficiency. Short-cycling (frequent
on-off cycles) and the greater shell losses of an oversized boiler can dramatically
decrease the efficiency of the heating plant. It may in some instances be
appropriate to select multiple smaller sized boilers to best accommodate
fluctuating heating loads and provide redundancy.
Often the boiler may be replaced as one measure in an energy improvement
project in a building. If part of the improvements includes an upgrade to the
insulation and air tightness of the building, the heating load may have been
significantly reduced. This should be reflected in the sizing of replacement boilers.
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Method of Ignition
Gas Boilers can have either an electronic ignition or a standing pilot. In the past,
boilers relied on keeping a pilot flame lit to operate. The introduction of electronic
ignition saves on keeping a pilot light permanently lit. Electronic ignition only
needs to have a flame when the message is received from a thermostat or timer
to turn on.
Burner Control
The burner in a boiler relies on an air-to-fuel mixture for ignition and to maintain
combustion. Often the burners are adjusted to provide excessive levels of air in
an attempt to compensate for variables in burner performance. Models are
available with electronic controls that optimise the air-to-fuel mixture.
Condensing Mode
In order for the boiler to operate in condensing mode the temperature of the water
returning to the boiler should be below 55ºC, in some cases the temperature may
need to be regulated by means of a control valve used to blend hot supply water.
The system also benefits from the installation of a weather compensator which
adjusts the flow temperature based on external temperature, ensuring that
desired room temperature is achieved regardless of fluctuations in weather while
minimising energy consumption.
Flue Type
Most new boilers installed will be of the condensing type and in most cases they
will be replacing non-condensing units. The different flue arrangements of the
existing model may affect the siting of the new boiler. Figure 1.11 shows the most
common flue types i.e. the balanced and open flue types (many variances of these
can be found).
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Figure 1.11: Existing common flue types (Source: Energy Saving Trust, CE29, 2005)
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1.6 System Efficiency
The efficiency of condensing boilers are dependent on the operating conditions of the
boiler. In order for the boiler to operate in condensing mode the temperature of the
water returning to the boiler should be below 55ºC, in some cases the temperature
may need to be regulated by means of a control valve used to blend hot supply water.
The system also benefits from the installation of a weather compensator which
adjusts the flow temperature based on external temperature, ensuring that desired
room temperature is achieved regardless of fluctuations in weather while minimising
energy consumption.
Attention is required at installation to match the output of the boiler to the actual
heating load of the building. Often the boiler may be replaced as one measure in an
energy improvement project in a building and this may mean that there is a
significantly lower heating load than previously used to calculate the existing boiler
size. Oversizing of a boiler can lead to issues with short-cycling (frequent on-off
cycles), resulting in greater shell losses which significantly decrease efficiency.
Hydraulic balancing is an important contributing factor to the efficiency of a wet central
heating system that is often ignored by installers. The flow rate, water temperature
and size/output of heat emitter will determine if the desired temperature is being
reached and overheating or under-heating of spaces can result if these factors are
not in correct adjustment to individual room needs.
Balancing of the flow rate of the heating medium (i.e. water) is required to ensure that
the last heat emitters on the distribution network are reaching temperature while
ensuring that overheating does not occur in nearer rooms. The regulation of
temperature control for the system can be adversely affected if variations between
room temperatures exist.
Apart from the obvious negative effect on efficiency of overheating, there is also the
issue of sizing and operation of circulation pumps. The pump may be compensating
for incorrect balancing and using power unnecessarily (this is explored further under
‘small power’ in Unit 1 Section 3).
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1.7 Space Heating Controls
Building Regulations Part L for Dwellings includes specific provision for efficient
control of space heating and hot water systems controls as follows:
Part L – 2.2.3.1 “The aim should be to provide
the following minimum level of control:
 Automatic control of space heating on the
basis of room temperature
 Automatic control of heat input to stored hot
water on the basis of stored water temperature
 Separate and independent automatic time
control of space heating and hot water
 Shut down of boiler or other heat source
when there is no demand for either space or
water heating from that source”.

An effective heating control system is one that ensures that the boiler only operates
when there is demand for heating. It only provides heat where and when it is needed.
Selecting the appropriate controls for a system ensures that the running costs for
space heating are kept to a minimum.
Heating controls offer a number of benefits to the building occupier. They allow for
the matching of heating requirements with the working/living patterns of a building.
This provides the occupier with a number of advantages including;


Can reduced fuel consumption and CO₂ emissions by up to 18%3



Desired room temperatures are maintained. Turning down a room thermostat
by 1°C can reduce energy consumption for space heating by 6-10 per cent.



Programmers can be adjusted to match the occupancy patterns of a building
which cuts down on wasteful heat generation when it is not required

3

Source: Energy Saving Trust
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The following section outlines the different types of controls available for domestic
installations and their suitability for different applications.

Individual Controls
The following is a description of a range of controls that are commonly used with gas
and oil-fired space heating systems. The majority of controls described in this section
are normally installed separately from the boiler. However, some types may be
incorporated within the boiler itself.
Timer Switch
This is a simple time control that can affect only one circuit, i.e. heating on or off.
Typical versions use sliding tabs to select time periods for boiler to be switched
on (Figure 1.12). These tabs are easily adjusted when heating patterns are
changed.

Figure 1.12: Illustration of a boiler timer switch

Programmable Timer
This device can switch two circuits which allows for independent control of heating
and hot water. All programmer types are available either in daily (1 day),
weekday/weekend (5day/2day) or weekly (7day) cycle format. There are three
different types of programmer available:
1. Mini-programmer: can switch on heating and hot water together or hot
water only but cannot control heating alone
2. Standard Programmer: uses the same time settings for both heating and
hot water
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3. Full Programmer: Allows for independent time settings for space heating
and hot water (see Figure 1.13). Living and sleeping circuits can be timed
separately (see zoned heating later)

Figure 1.13: Programmable timer

Room Thermostat
Room thermostats are available in mechanical or digital versions (see Figure
1.14). They allows a building occupier to choose a set-point temperature which
will be maintained whenever the heating is set to be on. It contains temperature
sensors which switch the boiler on when temperature falls below the set-point and
switching it off again when it is reached. Wireless versions are now available
which avoid the need for running electrical wiring.

Figure 1.14: Mechanical room thermostat
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Programmable Room Thermostat
Programmable Room Thermostats operate in the same manner as room
thermostats and the same positioning rules apply (see Figure 1.15). They have
the additional feature of being able to provide different temperatures at different
times of the day or night. Some models have a remote temperature sensing
availability to overcome any conflict between the ideal temperature sensing and
accessibility locations.

Figure 1.15: Programmable room thermostat

Thermostatic Radiator Valves (TRVs)
A TRV may be installed on a radiator as an alternative to a standard valve (see
Figure 1.16). The TVR has a number of incremental settings which allow a
building occupier to set a desired temperature level for an individual room. Where
a high level of heat is required, the TRV can be turned to its highest setting and
vice versa if a lower temperature is desired.
The TRV works by closing the valve when the set temperature level is reached
and hence stopping the flow of hot water to the radiator. TRVs are usually installed
in conjunction with a programmer.
It is not good practice to have a TRV on radiators in same room as the main
thermostat. The TRV could turn off the radiator and cause the thermostat to
interpret that the whole building has cooled down. Similarly, if there is a fire in the
same room as the thermostat the heat from the fire may fool the thermostat into
switching off the heating.
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Figure 1.16: Thermostatic Radiator Valve (TRV)

A heating system incorporating TRVs will often employ a bypass to ensure that
a minimum flow rate is maintained through the boiler. This can be achieved by
simply having one radiator without a TRV or hand valve that stays open.
Alternatively, a short pipe with valve can be installed between the flow and return
pipe.

When selecting TRVs as a heating system control type in DEAP, there are two
additional options available; with flow switch and with boiler energy manager. A
flow switch is a device which detects when all TRVs are closed and there is no
water flow. It will switch the boiler off if there is insufficient circulation detected.
A boiler energy manager is device that intends to improve the functioning of a
boiler through a number of features such as weather compensation, start control,
night setback, frost protection, anti-cycling control and hot water over-ride.
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Time and Temperature Zone Control
In relation to control of space heating zones, 2011 Building Regulations for dwellings
require that:
Part L – 2.2.3.2 “Depending on the design and
layout of the dwelling, control on the basis of
a single zone will generally be satisfactory for
smaller dwellings. For larger dwellings, e.g.
where floor area exceeds 100 m², independent
temperature control on the basis of two
independent

zones

will

generally

be

appropriate”.

This is a system that operates using a number of the control components that have
been described previously such as room thermostats and programmable timers (see
Figure 1.17). Individual zones are separated by means of motorised valves which
allow water flow to be turned on and off. The Programmable timer sends a signals for
the heating system to switch on. Room or cylinder thermostats determine if heat
demand exists. If it does, the relevant motorised valve opens and activates an
auxiliary switch to the boiler and circulation pump. By this arrangement, the boiler
only fires when there is demand for heat.

Figure 1.17: Image illustrates the sequence of control of time and temperature for
heating zones.

39
Unit 1 Section 1

The programmable timer works in conjunction with room and cylinder thermostats to
open and close the space or water circuit motorised valves as appropriate (Figure
1.18). This means that heating and hot water are controlled separately, as
programmed by the occupier, and the boiler will be switched off when desired
temperatures are reached.

Figure 1.18: Typical zoning arrangement for a small dwelling (i.e. <100m 2). Control for
smaller dwellings requires only two zones, one for space heating and one for hot
water.

Further zoning of space heating circuits allows for temperature to be varied between
the living and sleeping areas (remember DEAP assumes 21°C and 18°C
respectively). This requires that the space heating circuits are split into two, one for
living area and another for bedrooms, and a two port motorised valve is fitted to each
(Figure 1.19). Remember that each zone requires its own dedicated thermostat which
opens the motorised valve for that circuit if a demand for heat exists.
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Figure 1.19: Typical zoning arrangement for a larger dwelling (>100m 2). For larger
dwellings three zones are required to separate hot water, living space and sleeping
space. This works by means of a thermostat for hot water (cylinder thermostat), a
room stat for the living space and an additional stat for the sleeping space.

Motorised valves are available in two port and three port versions (see Figure 1.20).
This allows for different zoning configurations to be incorporated in to the design,
particularly when multiple systems are to be integrated, e.g. if a multi-fuel stove with
boiler was supplying hot water when lit.
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Figure 1.20: Two & three port motorised valves

Boiler Interlock
The boiler interlock prevents the boiler cycling (boiler firing when there is no
demand for heat).For both new-build and replacement systems, boiler-based central
heating systems require boiler control interlock arrangements that ensure the boiler
and pumps are switched off when there is no demand for either heating or hot
water. A boiler interlock refers to an arrangement of controls rather than an actual
device. Thermostatic Radiator Valves alone do not provide interlock (see Figure
1.21).

The arrangement varies between different systems layouts. For explanation, consider
the example of the system illustrated in Figure 1.21. The interlock for this system is
arranged so that the room or cylinder thermostats can switch the power supply to the
boiler

(and

sometimes

the

pump,

depending

on

boiler

manufacturer

recommendations) through the motorised valve operation, i.e. the electrical feed from
the thermostat powers the motor in the valve and the operation of the boiler. If either
the programmer or thermostat sends the signal that heating is no longer required, the
boiler (and pump) will be switched off.
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Figure 1.21: Boiler interlock (source: SEAI)
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Summary


Space heating is fundamentally associated with energy use in a building and its
function of keeping occupants warm. It is responsible for the largest proportion of
energy consumption in a building.



From previous modules on this programme, it is apparent that in the first instance
we should strive for buildings which are highly insulated and air tight to reduce the
demand for heating. However, whatever the performance of the building fabric,
there is significant potential for improving the energy efficiency of installed
systems for space heating.



There are a number of different central heating systems that can be utilised to
provide space to dwellings. Hence, careful consideration is required to maximum
on heating system energy efficiency whilst also ensuring compliance with current
building regulations.



Central heating controls such as programmable timers, thermostats and
motorised valves are key to the success of any energy efficient central heating
system.



Electricity has the highest energy conversion factor and is the most expensive
form of energy for providing space heating in terms of its kWh cost.
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M3.U1.S1 Progress Check
1. List five factors that affect the thermal comfort conditions in the rooms of a
building.
1) ___________________________________________________________
2) ___________________________________________________________
3) ___________________________________________________________
4) ___________________________________________________________
5) ___________________________________________________________

2. What is the minimum efficiency of a boiler that should be installed according to
the building regulations?
_____________________________________________________________

3. Name and describe three factors which may affect the efficiency of a space
heating system.
1) _____________________________________________________________
_____________________________________________________________
2) _____________________________________________________________
_____________________________________________________________
3) _____________________________________________________________
_____________________________________________________________

4. List three types of primary heating systems
1) ___________________________________________________________
2) ___________________________________________________________
3) ___________________________________________________________

5. Explain the operating procedure of a condensing boiler
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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6. Explain the term boiler interlock
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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Unit 1 Section 2
Water Heating
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2.1 Introduction
Why does water heating use up so much energy?
As with space heating, there is an expectation in modern living that hot water will be
available literally ‘on tap’ when required for washing and cleaning. In Ireland, water
heating accounts for approximately 24% of energy end use in the home4. It is
important therefore to ensure that domestic hot water (DHW) systems are designed
and sized in accordance with best practice guidelines. The following sections examine
various system technologies, storage and distribution requirements and controls.

At the end of this section you will be able to:
1. List and describe the factors affecting energy use for water heating.
2. Describe a number of types of systems commonly used for domestic hot water
provision.

44

SEAI, (2012) Householders – be your own manager

48
Unit 1 Section 2

2.2 Energy Use for Water Heating
To recap on previous modules in the programme, the following are the main factors
that affect energy use for water heating (see Figure 1.22)


Energy for daily usage: the quantity of hot water required to meet daily
demand. This varies based on occupancy and usage patterns.



Distribution losses: the loss of heat energy between the hot water store and
the draw off points, e.g. taps, shower heads.



Storage losses: the heat lost from the hot water storage vessel.



Primary circuit losses: the loss of heat energy between the heat producing
appliance and the hot water store.



Solar input: the effect of the sun on the temperature of the water to be heated.



System efficiency: the efficiency of the appliance heating the hot water.

Figure 1.22: Factors affecting energy use for water heating

Energy for daily usage and solar input are both factors that affect energy use for water
heating yet neither factors are under the control of the designer or builder so will
therefore not be addressed in this section. System efficiency has already been
covered in section 1.6 on central heating systems. Therefore, the following sections
will focus on types of hot water heating systems and primary, storage and distribution
losses. Repeated reference is made to the DEAP methodology. This is to illustrate
how energy consumption for water heating is measured.

49
Unit 1 Section 2

2.3 Water Heating Systems
Irish Building Regulations state that systems utilised for the purposes of space
heating and hot water heating are designed and installed to be efficient as possible.

Part L – 1.4.2 “The appliance or appliances
provided to service space heating and hot water
systems should be as efficient in use as
reasonably practicable”.

There are a number of factors that will influence the selection of a water heating
system including:


Efficiency of the system.



Availability and cost of fuel.



Installation and maintenance costs.



Storage and distribution temperature required.



Convenience and safety for the user.

In many cases in Irish dwellings, hot water is supplied by the same centralised system
providing space heating. In these instances, the heat producing appliance is subject
to the efficiency criteria as outlined in the previous section on space heating.

However, there are a variety of hot water systems available in the market that can act
as either main or supplementary/secondary systems. These are described in the
following sections. Renewable systems for hot water provision will be discussed later
in Unit 2.
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Localised Vs. Centralised Systems
Hot water systems are available in two categories, localised and centralised. A
localised system is one which provides hot water directly at the point of draw off, e.g.
an above/below sink heater servicing the hot tap or an electric shower. A centralised
system is one that distributes hot water to multiple draw off points from a central
position within the building. Both systems have a number of advantages and
disadvantages.

Localised Hot Water System

Advantages


Does not use the area required for centralised boiler or thermal store systems.



No issues with hot water sitting in long networks of distribution pipes (referred
to as ‘dead legs’). Therefore there are No/minimal distribution losses (no
distribution losses can be selected in DEAP with these systems).



Possible to fit in the vicinity of point of use, particularly useful if this is an
isolated location within a building.



No storage losses as no storage vessel is used (no storage losses can be
selected in DEAP with these systems).

Disadvantages


Separate energy supply needed for each individual appliance (gas or
electricity).



Increased safety risks associated with electrical or gas connections.

Centralised Hot Water System

Advantages


Provides a large reserve of hot water to cater for high demand.



Options for fuel sources are much broader, e.g. wood fuels are usually more
economical than gas or electricity.



Allow for the integration of renewable systems, e.g. solar thermal system
topped up by gas or oil boiler.
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Disadvantages


Centralised systems incorporating thermal stores suffer storage losses, e.g.
heat lost from a hot water cylinder.



Suffer heat losses from the distribution pipe network.

Indirect Cylinder
This is where the hot water is supplied from a central heating system, as described in
Section 1.4 of this module. The space heating and the hot water are separate with a
circuit from the boiler connected to a coil in a hot water storage cylinder. The water in
the cylinder is heated via the coil (heat exchanger) and this hot water is drawn off and
distributed to showers and taps within the building (see Figure 1.23). This means that
the water is heated ‘indirectly’. The water in the heating circuits is kept separate from
the DHW to prevent contamination that can occur over time (from flowing through the
heat emitters) mixing with the DHW making it unsuitable for washing.

Cylinder, indirect

Figure 1.23: Indirect cylinder hot water system
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Combination Boilers
Combination or combi boilers have already been described in Section 1.5. They
benefit from being able to supply hot water without the need for a cold supply cistern
or a hot water storage vessel (standard combi only). If a standard combi is present
then one may select ‘no losses’ in DEAP when carrying out an assessment as there
is no storage of water and therefore no heat losses from storage.

Combined Primary Storage Unit (CPSU)
A Combined Primary Storage Unit (CPSU, Figure 1.24) is a particular type of
combination boiler which provides a high level of hot water storage, 70 litres or more.
The large capacity of the system creates an excellent flow rate to draw off points. This
allows for baths, showers and sinks etc. to operate at the same time without
significant drop off in pressure. This makes the system suitable for large homes.

Figure 1.24: CPSU Boiler (Source: Energy Saving Trust, CE30, 2005)
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Hot Water Only Thermal Store
Thermal stores are cylinders that act as a "heat bank", storing energy from one or
more heat sources to be used for heating and hot water (see Figure 1.25). With a
standard indirect cylinder system, the hot water is supplied directly from the store to
the draw off points (showers, taps etc.). A hot water only thermal store operates an
opposite sequence to this where the hot water in the store is heating cold water
passing through a coil (heat exchanger) and on to the draw off points.
This system requires the water in the hot store to be of a sufficiently high temperature
to be able to heat the cold water as it passes through the heat exchanger.

Figure 1.25: Hot water only thermal store

Electric Immersion Heater
An electric immersion heater is an electrically powered heat element which is inserted
into the hot water store for direct heating. The device can be used as a stand-alone
water heating system or as a supplemental support to a central heating system with
an indirect cylinder. The operation can be connected to a cylinder thermostat to shut
off the immersion heater when desired temperature is reached.
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This is considered to be a relatively expensive system for hot water provision due to
the current higher cost of electricity relative to other fuel alternatives such as gas and
biomass. However, the cost can be offset somewhat by providing two immersion
heaters, one at the bottom and one at the top of the hot water cylinder. The top
immersion heater can be timed to come on to use night rate electricity with the second
device operating to top-up temperatures during the day.

Single Point Instantaneous Water Heaters
This type of heater can be installed at an individual draw off point, e.g. above a sink,
in a bathroom to provide hot water for shower. It includes the advantages and
disadvantages outlined previously for localised hot water systems.

2.4 Water Heating System Losses
All hot water storage vessels, pipes and ducts associated with the provision of heating
and hot water in a dwelling should be insulated to prevent heat loss, including pipes
and ducts which are incorporated into wall, floor or roof construction. Hot water pipes
and ducts within the normally heated area of the dwelling that contribute to the useful
heat requirement of the dwelling do not require insulation (except those referred to in
paragraph 1.4.4.4).

Part L - 1.4.4.4 “The hot pipes connected
to hot water storage vessels, including the
vent pipe and the primary flow and return
to the heat exchanger, where fitted, should
be insulated, to the standard outlined in
paragraph 1.4.4.3, for at least one metre
from their point of connection”.
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Primary Circuit Losses
Heat losses from the primary circuit, i.e., the flow and return from the boiler to the hot
water storage, can be reduced by following the steps below:


The boiler should be positioned as close to the hot water storage cylinder as
possible, so that heat losses from the primary flow and return pipes are minimised.



The best practice standard is that the primary pipe-work is insulated throughout
its length.



Fittings and valves should be insulated to provide the same insulation thickness
as on the main pipe section (adhesives and jointing tapes are available to ensure
a neat joint)



Pre-insulated or district piping minimises the heat loss when running primary pipework underground from a shed / garage to the dwelling.

Figure 1.26 shows missing and damaged insulation from the primary circuit pipes of
a hot water circuit. This image highlights how such a break in insulation exposes
pipework to ambient air thereby increasing the rate of heat loss from the pipework.
Heat lost in this manner decreases system efficiency and increases running costs.

Figure 1.26: Example of missing insulation that results in accelerated heat loss from
Pipework
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DEAP considers the instantaneous and single-point water heaters located at the point
of use that only serve one outlet, to have no distribution losses.

Storage Losses
The loss of energy from stored hot water is virtually unavoidable, but what is totally
controllable is the rate at which heat energy is lost from the hot water storage vessel.
Insulation jackets are a popular and cost effective way to reduce the rate of heat loss
from hot water storage tanks particularly where there is an existing uninsulated tank.
However, if an insulating jacket is not installed properly heat will continue to escape
from the tank (see Figure 1.27).

Figure 1.27: Hot water storage vessel with poorly fitted insulating jacket

Newly installed cylinders now come with factory applied insulation (Figure 1.28).
Unlike the insulating jacket, this type of hot water cylinder employs a mould-injected
insulating foam layer approximately 20-25mm thick surrounding the tank. These
cylinders have a superior insulation property and drastically reduce the amount of
heat energy that is lost from the vessel.
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Figure 1.28: Hot water storage vessel with mould-injected, factory fitted insulation

DEAP considers certain combi boilers (standard non storage) and instantaneous
water heaters to have no storage losses.
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M3.U1.S2 Progress Check
1. State three factors that need to be taken into account to ensure the correct system
of water heating is installed in a dwelling.
1) __________________________________________________________
__________________________________________________________
2) __________________________________________________________
__________________________________________________________
3) __________________________________________________________
__________________________________________________________
2. List three steps that can be implemented to reduce heat loss from water heating
systems.
1) __________________________________________________________
__________________________________________________________
2) __________________________________________________________
__________________________________________________________
3) __________________________________________________________
__________________________________________________________
3. Describe the operating sequence of a two port valve fitted on the primary circuit
feeding a hot water storage vessel.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

4. Name and describe two types of insulation system that are commonly used for
hot water storage cylinders in dwellings.
1) ________________________________________________________________
________________________________________________________________
2) ________________________________________________________________
________________________________________________________________
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5. Name and describe the operating principles of four types of water heating system
that are commonly used in dwellings.
1) ________________________________________________________________
________________________________________________________________
________________________________________________________________
2) ________________________________________________________________
________________________________________________________________
________________________________________________________________
3) ________________________________________________________________
________________________________________________________________
________________________________________________________________
4) ________________________________________________________________
________________________________________________________________
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Unit 1 Section 3
Lighting & Small Power
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3.1 Introduction
At individual household level, electricity accounts for approximately one quarter of
total energy consumption. Notably, electricity costs between 1.5 and 2 times as much
as other residential fuels, therefore it can account for between 30% and 40% of total
household energy spend (depending on what other fuels are being used).
In addition to running various household appliances such as, televisions, washing
machines, clothes dryers, computers etc., electricity also supplies power for space
and water heating, and also lighting.
Small power in dwellings will be considered in this section as electrical power
consumed by circulators pumps (typically associated with space and water heating
systems) and fans (typically associated with mechanical ventilation). EU reports

5

have highlighted circulator pumps as significant consumers of electricity. The
following section will look at the main developments around improving circulator pump
efficiencies and what you need to be aware of in terms of new or replacement
circulator pumps for dwellings.
Correct lighting level is essential for visual comfort, safety and for aesthetic effects.
However, electric lighting consumes energy. Therefore, significant energy savings
can be made by the use of efficient electric lighting in addition to maximising the use
of daylight. The following section will consider the factors affecting the energy
required to deliver artificial lighting.

At the end of this section you will be able to:
1. Describe the principles of energy efficient lighting and the efficiencies of the
lamps currently available in the market.
2. Describe the operational efficiencies that affect energy consumption for
pumps and fans

5

EU Save II Project: Promotion of Energy Efficiency in Circulator Pumps, Especially in Domestic
Heating Systems (2001).
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3.2 Energy Use for Lighting
The following are the main factors that affect energy use for lighting (see Figure
1.29).


Energy required to achieve luminance level.
–

Good lighting design should keep energy required to achieve luminance
level to a minimum by making use of task lighting whilst observing
CIBSE recommended lighting levels.



Energy efficient lighting.
–

Required Luminance levels should be achieved by using the most
appropriate energy efficient lamp type.



Glazing ratio
–

DEAP uses a glazing ratio for daylighting purposes (i.e. the area of glass
to floor area of the dwelling). Notably, while more glass permits
increased daylight penetration, too much glazing can decrease the
overall thermal performance of a building.

Figure 1.29: Factors affecting energy use for lighting

NOTE: Further guidance is available in CIBSE SLL Code for Lighting, CIBSE SLL
Lighting Handbook and I.S. EN 12464-1.
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Some Important Lighting Definitions

Luminous Efficacy
Luminous efficacy is a measure of how well a light source produces visible light
usually expressed in lumens/watt. Many lamp manufacturers produce efficacy figures
for their lamps. Efficacy is a primary concern when selecting a lamp. In general, if a
range of lamps are all suitable for a particular installation then the most efficient i.e.
highest efficacy, should be selected.
The Luminous Efficacy of a light source is a measure of the efficiency with which the
source provides visible light (Lm) for specified electrical power (W)

Colour Rendering
Colour rendering is the term used to define the ability of a lamp to show colours
effectively. For example, when buying clothing, items can look like one colour in the
shop and then a quite different one at home. This will be due to the difference in colour
rendering properties of the shop and the home lighting (see Figure 1.30).
Some lamps are able to render colours perfectly, exactly as they would be seen in
natural light but others have very poor colour rendering properties. For example, high
pressure sodium lamps are highly efficient light sources but have very poor colour
rendering. The colour rendering properties of lamps are measured using the Colour
Rendering Index CRI also called the ‘Ra Index’. This relatively simple index ranges
from 1 to 100 with the Ra of 100 corresponding to perfect rendering.

Figure 1.30: Illustrates how different lamp technologies can affect the appearance of
colours. Although good colour rendering is not always essential, it is important to
have it above Ra80 in most interior spaces and in retail it is very important. Externally,
it is important for sports lighting but less so for street lighting (Source: SEAI).
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Colour Temperature
Colour temperature defines the colour appearance of a lamp. It is measured on the
Kelvin scale and is based upon the reaction of a black body radiator (see Figure 1.31).
Consider an example of placing a poker into a fire, as the temperature of the poker
increases, it changes colour. As it starts to warm, it glows red, moves through orange
and yellow and eventually appears almost blue-white at a very high temperature.

Figure 1.31: Common lamp colour temperatures on the Kelvin scale (Source: GIL 20,
Energy Saving Trust, 20066)

6

GIL20, Low Energy Domestic Lighting
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Lamp Types

Incandescent Lamps
Tungsten lamps are traditional incandescent lamps used for general lighting or
decorative lighting (i.e. candle-shaped or golf-ball shaped bulbs, see Figure 1.32).
Between 90% and 95% of the electrical power used by tungsten lamps is
converted into heat and the lamps have a very low luminous efficacy (generally
between 8 lm/W and 15 lm/W). Tungsten lamps have a relatively short life
compared with other lamps.
However, advantages include, excellent colour rendering, easy dimming, warm
colour appearance, universal operating position and immediate full lighting level
achieved when switched on. In addition, the use of control gear is not required.

Figure 1.32: Incandescent lamp (GLS) (Reproduced from S.R. 54:2014 with the
permission of NSAI)

In line with the EU regulation No.244/2009, from 1st September 2009 all types of
non-directional incandescent lamps have been gradually removed from the
market. It is worth noting that the regulation applies to non-directional household
lamps sold for household use. For directional lamps or for special applications
(such as oven lamps, infrared lamps, pet-care lamps etc.) the regulation allows
the sales of such bulbs provided the special purpose is clearly stated on the
packaging together with an indication is not suitable for general room lighting.
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Halogen Lamps
This is an improved incandescent lamp technology. The applications of
conventional incandescent lamps are limited by their physical size and luminous
efficiency. Raising the filament temperature to increase the luminous output has
the effect of increasing the rate of blackening of the glass envelope, blackening
which is a result of the evaporation of tungsten from the filament.
By adding a halogen to the gas fill a chemical transport cycle involving the reaction
of tungsten reduces the amount of blackening of the envelope. It is then possible
to reduce the size of lamp, increase the pressure of the filling gas and thereby
limit the loss of the tungsten from the filament.
Tungsten halogen lamps are more compact, efficient and have longer lives
compared with standard tungsten (incandescent) lamps.

Conventional Halogen Lamps
Many standard halogen lamps are low voltage lamps, which are more efficient
than mains voltage (230 V) lamps. Low voltage lamps (12 V) require a transformer
either in the luminaire or integrated into the lamp. These early halogen lamps were
not designed to fit the standard Bayonet Cap (BC) and Edison Screw (ES) type
sockets commonly encountered in dwellings (Figure 1.33).

Figure 1.33: Conventional halogen lamps (Source: europa.eu)
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Halogen Lamps with Xenon Gas Filling (C-Class)
This is a more recent technology. With xenon gas filling, the halogen lamp will use
about 25% less energy for the same light output compared to incandescent, even
at mains voltage. There exist two versions of this halogen lamp:
1. Only the filling gas is replaced, the socket and the dimensions of the lamp are
the same as for conventional halogens above, and therefore can only be used
in luminaires with the special halogen sockets (Halo socket C).
2. The improved halogen capsule is placed in glass bulbs shaped like
incandescent lamps with traditional socket, which makes it compatible with all
luminaires using incandescent lamps (sold as retrofit “energy saver lamps”)
(Halo retro C, see Figure 1.34).

Figure 1.34: C-Class traditional-shaped retrofit halogen lamp.

Compact Fluorescent Lamps (CFLs)
This lamp type consists of fluorescent lamp tubes, with integrated ballast and is a
standalone retrofit solution to incandescent lamps (Figure 1.35). The main
advantage lies in its long lifetime and high efficiency, it uses between 65% and
80% less energy for the same lighting output compared to incandescent. For
decorative reasons, for filtering of UV radiation or for preventing mercury leakage
in case the lamps breaks accidentally, CFLs sometimes come with external
envelopes resembling light bulbs but at decreasing efficiency.
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Figure 1.35: BC Compact Fluorescent Lamp with integrated starting gear
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Light Emitting Diodes (LEDs)
A light emitting diode (LED) is a lamp based on semi-conductor technology (see
example Figure 1.36). Recent improvements in efficacy, colour rendering and
lamp life has made this an effective replacement lamp. White light can be
produced either by combining red, green and blue LED lamps or by using
phosphor coating to convert ultraviolet light (or blue light) to white. The features
of LED lamps include:


The provision of inherently directional light sources, suitable for decorative,
accent and task lighting.



A long life (10 000 to 50 000 hours) and luminous efficacy of between 40 lm/W
and 70 lm/W which is fast improving.



Improved performance at low temperatures whilst requiring an appropriate heat
sink or ventilation.



May be dimmed.

LED lamps vary widely in their performance. LED lamps should be complaint to
I.S. EN 62031 (safety standards for LED used for General Lighting) and other
relevant European Standards where applicable. According to S.R. 54:2014 LED
lamps should not be installed as replacement lamps for enclosed luminaires (due
to issues with heat dissipation).

Figure 1.36: Illustration of an LED spotlight with GU10 base. (Reproduced from
S.R. 54:2014 with the permission of NSAI)
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Summary of Lamp Efficiencies
Different lamp technologies and terms used to describe their characteristics are
summarised in Table 1.3 below.
Table 1.3: Summary of key characteristics for different lamp types. (Reproduced from
S.R. 54:2014 with the permission of NSAI)
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3.3 Energy Use for Pumps
Circulators are a vital component in many of the systems commonly associated with
energy efficient dwellings such as thermal solar energy systems, floor heating
systems, condensing boilers or heat pumps. Currently, it is not unusual to find three
or four circulator pumps per household. From 1st January 2013 the European
Commission Regulation No 641/2009, came into force for standalone circulators and
circulators integrated in products.

Figure 1.37: The old energy efficiency labelling system for circulator pumps

The purpose of the new regulation is to improve circulator pump efficiency levels over
the coming years. Stand-alone circulator pumps for central heating systems will now
have their efficiency rated in terms of an Energy Efficiency Index (EEI). The old
energy efficiency ratings (see Figure 1.37 above) are now being replaced by an EEI
label on the pump (see Figure 1.38). The lower the EEI, the less electrical energy the
pump consumes and the better the energy rating.

Figure 1.38: New energy efficiency index EEI classification system for circulators.
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Notably that the current version of DEAP (V 3.2.1), is still based on the old pump
energy efficiency labelling system. Non-default electrical consumption may be
entered as per Table 1.4 below.
Table 1.4: Table highlights the values used in DEAP analysis for non-default circulator
pump energy efficiency entries (Source: Reproduced from DEAP manual p.122).

Energy Label Category

Annual Electricity Consumption (kWh)
Boiler controlled by Boiler not controlled by
room thermostat

room thermostat

A

52

67.8

B

78

101.4

C

104

135.2

Other/Don’t know

130

169

The default electricity consumption value in the DEAP software for each stand-alone
central heating pump is 130kWh/yr where a room thermostat is installed. Where the
boiler is not controlled by a room thermostat, the default electricity consumption per
central heating pump is 169kWh/yr. When using the default value, the BER Assessor
must specify whether or not the boiler is controlled by a room thermostat.
According to the European Association of Pump Manufacturers (Europump), only
pumps with the old energy efficiency label of ‘A’ are equivalent to the new minimum
EEI energy efficiency value of 0.27 (effective 1st January 2013).
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Power Consumption of Pumps
In general, circulator pumps for domestic central heating systems can be
characterised as pumps with a power input lower than 90 watts. For larger systems
pumps of 90 - 250 watts are used. While some central heating boilers may have
integrated circulator pumps (e.g. combi boiler), in Ireland standalone circulator pumps
are common, see Figure 1.39.

Figure 1.39: Central heating boiler with separate water circulator pump

Circulation pumps are one of the largest electrical energy consumers in European
households7, comparable to the electric consumption of a fridge-freezer or a
household lighting system. There are approximately 90 million circulators within the
EU in the range less than 250 W. Not surprisingly there has been a growing interest
in evaluating the options to improve the energy efficiency of these appliances.

7

EU Save II Project: Promotion of Energy Efficiency in Circulator Pumps, Especially in Domestic
Heating Systems (2001).
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Pump Sizing and Flow Rates
When the required theoretical capacity of a circulation pump is to be calculated, a
marginal capacity figure is commonly added so that the pump selected is not
undersized (i.e. unable to pump the required volume of water). Experience has shown
that just about all existing pumps are oversized in capacity.
Oversized pumps can cause problems in relation to water flow/throttle noise, high
system component pressures (including the pump itself) and higher than necessary
electrical energy consumption. In an attempt to address these problems manually
adjustable multi-speed pump enabled system installers to vary the capacity of the
pump for any given system (see Figure 1.40).

Figure 1.40: Typical domestic heating circulator pump with 3 manually adjustable
speeds

This solution proved adequate for single zone heating systems requiring constant flow
rate. However, building regulations now require multiple zones for heating and hot
water systems (as outlined in sections 1 and 2). Zoned heating systems are now
subject to variable flow depending on the number of zones operating at any given
time. If the system flow rates decrease, a circulator pump set to run at constant speed
will produce high pressures and consume unnecessary electrical power.
Figure 1.41 highlights the percentage of time that circulator pumps run at full speed
and part speed in circuits that have variable flow control. Flow reduction at part load
can be achieved by,

75
Unit 1 Section 3



Throttling using valves e.g. thermostatic radiator valves, (TRV). This produces a
small reduction in pump power consumption but increases pressure on the
pump which can cause system leaks.



Reducing pump speed of rotation, i.e., use of variable speed pumps which
produce a significant reduction in power consumption.

Figure 1.41: Time in % that circulator pumps run full/part time in variable flow heating
circuits (source: Classification of Circulators EU 13, 2013)

Most heating systems only work at full load for a small proportion of the time and for
the remainder a reduced flow of heating water would be sufficient. Therefore, energy
efficient variable speed circulators should be used on variable volume systems.
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Energy Efficient Variable Speed Pumps
A high efficiency domestic circulator looks similar to a standard domestic circulator
and are interchangeable, Figure 1.42. Internally the induction motor is replaced by a
permanent magnet synchronous motor with automatic speed control.

Figure 1.42: Illustrates (A) standard & (B) high efficiency domestic circulators

Automatic speed control enables the circulator to automatically adapt to any changing
flow rate and pressure demands in modern zoned heating systems thereby
contributing to overall improvements in energy efficiency.
DEAP and Pump Assessment
The number of circulator pumps associated with heating systems and their power
consumption must be accounted for in the DEAP analysis. There are a number of
default values applied for circulator pumps depending on the information available on
the pump(s), and whether thermostatic control is employed, see Figure 1.34.
DEAP also provides for user defined data entries for central heating pump power.
This is particularly useful when accounting for low power pumps and/or high efficiency
pumps (Figure 1.43) & (Table 1.4).
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Figure 1.43: DEAP Screenshot highlighting required input fields for circulator pumps

Notably, the “oil boiler pump” (from Figure 1.43 above) is itself not an electrical
component yet is accounted for in terms of its electricity consumption in kWh/year.
This is because an electrical motor is employed to simultaneously run both the oil
pump and fan in an oil boiler system, such as illustrated in Figure 1.44.

Figure 1.44: Domestic Oil Boiler - Image highlights the electric motor that powers the
oil pump and burner fan; DEAP uses a default of 100kWh/year for this motor when boiler
is controlled by a room thermostat (45kWh/year for gas boiler flu fan).
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Energy Use for Fans
Maintaining structural air tightness in (as covered in module 2) is fundamental in
producing energy efficient dwellings. The control of fresh air input and stale
air/moisture extract from such dwellings then requires careful consideration.
Therefore, various ventilation systems are covered in some detail in unit 3 of this
module. It will be shown that there are alternative methods of ventilation over
traditional natural ventilation. However, alternative ventilation methods require
electrically powered fans to operate. This section highlights one of the main
determinants in quantifying electrical power consumption for fans and its relevance in
the DEAP analysis.
Specific Fan Power (SFP)
Mechanical ventilation (MV) systems require electrical power to operate, including
power to the fans, any compressor(s) and transformer(s) and control and safety
devices. The term ‘specific fan power’ is used to compare the electrical energy use
for different ventilation systems as installed.
Specifc Fan Power (SFP) can be defined as:
The power consumption, in Watts (W), of the fan (plus any other electrical system
components) divided by the air flow, in litres (l), through the system divided by time in
seconds (s).
SFP: Expessed in (Watts/litre/second).

A well-designed and installed MV system should aim to minimise SFP energy usage.
For example, during installation it is important to reduce unwanted pressure losses in
the ventilation system. Flexible ducting in MV systems increases flow resistance, so
minimising the length used, pulling it taut and keeping duct runs straight, with as few
bends and kinks as possible, are important factors that impact on overall MV system
efficiency.
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Part L – 1.4.5.2 “Where a mechanical
ventilation system designed for continuous
operation (with or without heat recovery) is
installed for the provision of ventilation to a
dwelling or significant part thereof, the
system should meet the performance levels
specified in GPG 268 and also have specific
fan power and heat recovery efficiency
backstop values”

The ‘backstop values’ referred to above are shown in Table 1.5 below.

Table 1.5: Specific Fan Power (SFP) – backstop values as used in DEAP analysis

Minimum performance levels for
mechanical ventilation systems
System type

Performance

Mechanical extract
ventilation or positive input

0.8W/litre/sec

ventilation from outside.

Balanced whole house
mechanical ventilation, with

2.0 W/litre/sec

or without heat recovery
Heat recovery efficiency

66%
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Alternative values to the back stop values may be used subject to conditions for
acceptance of test data. The accepted mechanical ventilation test values are listed
on http://www.sap-appendixq.org.uk.
Figure 1.45 illustrates how SFP backstop values are applied in DEAP depending on
the ventilation system selected. As stated previously, the backstop values may be
changed in which case DEAP offers additional data fields which must be completed
as illustrated in Figure 1.46.

Figure 1.45: DEAP screen shots illustrating application of different SFP backstop
values

Figure 1.46: DEAP Screenshot illustrating additional data fields required when
changing SFP backstop values
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Summary


Electric lighting consumes a lot of energy and significant energy savings can be
made by the use of efficient electric lighting and maximising the use of daylight.



Luminous efficacy is a measure of how well a light source produces visible light
(ratio of luminous flux to watts) usually expressed in terms of lumens/watt (high
lumens and low watts = efficient light source).



Good lighting design (use of task lighting etc.) is important in reducing overall
lighting energy consumption.



Inefficient incandescent light bulbs were phased out throughout Europe with effect
from the 1st September 2009, and almost completely replaced by more energy
efficient alternatives such as halogen lamps, compact fluorescent lamps (CFLs)
and light emitting diodes (LED’s).



Traditional type domestic circulator pumps consume significant electrical energy
because they are typically oversized and have no automatic variable speed/flow
control.



Non-controlled traditional type circulators with induction motors use up to 4-times
more electrical energy than modern “high efficiency” variable speed/flow
circulators.



Low energy houses typically have more circulator pumps than traditional
dwellings due to renewable technologies such as solar heating panels, heat
pumps underfloor heating etc.
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M3.U1.S3 Progress Check
1. Identify a lighting technology currently available that is most likely to provide a
high luminous efficacy.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
_______________________________________________________________
2. Outline 3 reasons why non directional incandescent lamps have been removed
from the market since September 2009.
1) ____________________________________________________________________
____________________________________________________________________
2) ____________________________________________________________________
____________________________________________________________________
3) ____________________________________________________________________
____________________________________________________________________

3. Identify the minimum energy efficiency index value for circulator pumps as of from
the 1st January 2013.
________________________________________________________________
_____________________________________________________________

4. List 4 heating systems types found in energy efficient dwellings that utilise
circulator pumps.
1) _____________________________________________________________
_____________________________________________________________
2) _____________________________________________________________
_____________________________________________________________
3) _____________________________________________________________
_____________________________________________________________
4) _____________________________________________________________
_____________________________________________________________
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5. Circulator pumps have been shown to consume significant amounts of electrical
energy users across the EU. Describe one technology currently available that
could significantly reduce their energy consumption.
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

6. Define the term Specific Fan Capacity (SFC).
________________________________________________________________
________________________________________________________________
________________________________________________________________
_____________________________________________________________

7. Mechanical ventilation systems require electrical power to operate. Describe how
flexible ducting can increase SFP in mechanical ventilation systems and outline
how this effect could be minimised.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
_____________________________________________________________

84
Unit 1 Section 3

Unit 2

Renewable Energy Systems
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Unit 2: Renewable Energy Systems
As previously covered in Module 1 of this programme, there have been many policies
and directives introduced to stem our use of energy and to promote the use of
renewable energy and energy efficient systems. With buildings accounting for over
40% of energy consumption within the EU, they have been specifically targeted as an
area of high potential for improved efficiency and the deployment of alternative energy
sources.
Renewable energy technologies are clean sources of energy that have little or no
impact on the environment especially when compared to fossil fuels. When deployed
in a sustainable manner, renewable energy has an abundant and infinite supply,
whereas fossil fuels are finite and will eventually run out. Renewable energy
technologies are designed to harvest this unlimited supply of renewable energy and
integrate it into our homes and buildings in the form of heat and electricity.
Renewable energy technologies provide energy security and reduce the amount of
energy that we as a country need to import. The integration of micro generation of
electricity from wind and photovoltaic further reduce the need to import energy

As

per

TGD

Part

L,

“renewable

energy

technologies means technology ,products or
equipment that supply energy derived from
renewable energy sources, e.g. solar thermal
systems, solar photovoltaic systems, biomass
systems, systems using biofuels, heat pumps,
aero

generators

and

other

small

scale

renewable systems”.

At the end of this unit you will be able to:


List and describe the main principles of heating technologies employing
renewable energy sources commonly deployed in buildings



List and describe the main principles of small-scale solar and wind microgeneration technologies deployed in buildings
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1.1 Introduction
A renewable energy is an energy source which can be replenished naturally and
indefinitely and thus is not going to run out. The benefits of such energy sources are
obvious in terms of supply – but another important benefit is that renewable energies
are much better for the environment than conventional fossil fuels such as oil, gas
and coal. This is because burning fossil fuels adds greenhouse gases, which have
been ‘locked up’ within the Earth, back into the atmosphere. This is a major cause of
the phenomenon known as ‘Climate Change’.
Renewable heating sources (solar thermal, geothermal, biomass) have a huge
potential for growth and can replace substantial amounts of fossil fuels and electricity
currently used for heating purposes. Solar thermal, geothermal energy and
biomass offer heating at virtually zero CO2 emissions.
At the end of this section you will be able to:
1. Outline the main principles of solar thermal technology as applied to heating
of water in buildings.
2. List and describe the main types of heat pumps and their operating principles
3. List and describe the main types of biomass fuels available in Ireland
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1.2 Building Regulations
The Building Regulation most relevant to renewable energy in buildings is:
-

Building Regulations Part L – Conservation of Fuel and Energy

The following represents a reasonable minimum level of energy provision from
renewable energy technologies in order to satisfy Part L of the technical guidance
documents

10 kWh/m2/annum contributing to energy
use for domestic hot water heating, space
heating or cooling; or
- 4 kWh/m2/annum of electrical energy; or
- A combination of these which would have
equivalent effect.
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1.3 Solar Thermal Technology
Solar thermal technology deals with the conversion of the energy from the sun directly
into heat, which is usually stored in water. The typical solar heating system consists
of a collector; a heat transfer circuit that includes the fluid and the means to circulate
it; and a storage system including a heat exchanger. Domestic solar thermal systems
comprise a collector (normally on roof), circulation fluid (glycol), circulation pipework
(copper), storage cylinder (stainless steel/copper) and controls (solar controller)
(Figure 2.1). These components operate together to exchange convert solar radiation
to heat water, which can then be utilised for various heating applications. Most
modern systems employ a circulating pump to force circulation. The choice and
orientation can have a significant impact on the overall efficiency of the system.

1

Solar Panel on roof

2

Insulated pipework

3

Hot water storage cylinder

Figure 2.1: Illustration of a Solar Thermal System (source: SEAI, Consumer Guidelines,
Greener Homes Scheme)

Particular attention is needed to ensure that the panels are securely mounted on the
roof while maintaining the integrity of the roof cover. The penetration of the pipe work
from the solar collector through the roof also requires care to maintain air tightness
and insulation continuity. Custom patches and grommets can be used to seal around
the pipes penetrating the building fabric to prevent air infiltration.
Figure 2.2 (a) shows a pipe from a solar panel penetrating the roof felt, this type of
penetration can lead to air infiltration and figure 2.2 (b) shows an example of a pipe
penetration the building fabric in a manner that will not lead to air infiltration.
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Figure 2.2 (a): Pipework from the solar collector penetrating the roof felt on a mock roof
structure; figure 2.2 (b): a pipe penetration the building fabric in a manner that will not
lead to air infiltration



Proper function of a solar thermal system requires its integration with existing
hot water system installations, as daily variations in solar energy availability
will require a top-up from an alternative source to maintain hot water
availability to meet the demand.



The solar thermal system will usually connect to the existing hot water system
as part of a dual coil cylinder, in which the solar thermal supply is connected
to the lower coil (Figure 2.3).
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Figure 2.3: Typical schematic of a solar hot water heating system with connection for
a back-up boiler loss (Reproduced from S.R. 54:2014 with the permission of NSAI)

Solar Collectors
The function of the solar collector is to transfer the heat energy falling on it to the fluid
contained in it. There are many variants of solar collectors, which fall into two general
categories, namely:
– Flat Plate Collectors
– Evacuated Tube collectors
Flat plate collectors can either be fitted in-roof or on-roof, or Figure 2.4 (a) illustrates
the fitting to a tilled roof. Evacuated tube collectors can be further sub-divided into
two sub-categories; heat pipe and direct flow tube. The tube collectors look the same,
the main difference being the connection to their manifold/header. Figure 2.4 (b)
shows a typical evacuated tube array. Figure 2.5 (a) showing a heat pipe evacuated
tube while figure 2.5 (b) shows a direct flow evacuated tube
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Figure 2.4 (a): Flat plate solar collector, Figure 2.4 (b): Evacuated tube solar collector
array

A heat pipe evacuated tube has a dry connection to the manifold/header and heats
the transfer fluid indirectly. The condenser bulb on the heat pipe sits into a pocket in
the manifold/header (Figure 2.5a). Heat pipe evacuated systems does not require
draining, which makes maintenance and repair of the system array easier.
The direct flow evacuated tube has a wet connection to the manifold/header and
heats the heat transfer liquid directly. It consists of a dual concentric pipe arrangement
that allows the heat transfer liquid to flow down the length of the evacuated tube
through the outer pipe and return through the inner pipe. A direct flow evacuated tube
requires draining prior maintenance and system repair (figure 2.5b)
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Figure 2.5 (a): Evacuated tube heat pipe model, Figure 2.5 (b): Evacuated tube direct
flow model

Comparison of flat plate and evacuated tube solar collectors/panels
Evacuated tubes perform better than flat plate systems when the ambient
temperature is low, e.g. in winter season. They are lighter and easier to fit.


A distinct advantage that evacuated tubes have over flat plates is that, the
tubular shape allows for them to passively track the sun. Figure 2.6 illustrates
this feature considering the trajectory of the sun rays to the tubes over the
duration of the day.



Although evacuated tube collectors are more prone to breaking, the tubes can
be replaced individually without having to replace the entire collector.
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Midday

Afternoon

Morning

Figure 2.6: the position of the sun over the collector during the course of the day

Flat plate solar collectors considered to be more aesthetically pleasing. Generally, flat
plate collectors are less expensive to buy and more robust and therefore can
withstand limited abuse. Flat plate collectors very rarely need repairs once installed
correctly. However if something does break (such as glass), replacement of the entire
collector is usually necessary.
Overall, the final choice between the systems generally comes down to personal
preference.

Application of Solar Water Heating
There are many applications of solar hot water along with domestic hot water
applications, below is a list of other applications


Domestic Water Heating



Space Heating



Water Heating for Agricultural and Commercial Purposes



Swimming Pools
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Evaluating a site for solar energy harvesting

Orientation
In the northern hemisphere collectors should ideally face south. However,
orientations between 30º east and 40º west of south are acceptable and will not
result in more than 10% loss in efficiency compared with the ideal south
orientation. A compass is an essential tool for completing a site survey.
Angle of Inclination (azimuth angle and tilt angle)
The energy collected does not vary significantly from the ideal collector surface
facing south and inclined at an angle of 45º. The annual energy collection only
varies by up to a maximum of 10% for surfaces facing anywhere between 30º east
of south and south west and tilt angles of 20º to 45º. This means that a large
proportion of existing buildings may already have roof orientations and angles
suitable for installation of solar energy harvesting systems.

Figure 2.7. Solar collector azimuth example (RETScreen International, 2014)
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Shading
It is important that the collectors are positioned away from encroaching shadows.
The shading can be from the collectors themselves, or from trees, chimneys or
protruding parts of buildings.

Types of solar water heating systems for dwellings
Type of solar heating systems for dwellings include:


Pressurised Indirect Primary Circuit



Indirect Open-Vented (Pumped)



Drain-back Systems



Thermo Siphon Primary Circuit (Natural Circulation)

Pressurised Indirect Primary Circuit
In this system, the collector panels absorb the solar radiation and the heat is
transferred to a hot water storage cylinder by means of an indirect system, which
uses a water/antifreeze solution as the heat transfer fluid. The pump, controlled
by a differential temperature controller, circulates the heat transfer fluid from the
collector panels through the heat exchanger in the hot water cylinder and back to
the collector panels for re-heating.
The temperature sensors for the differential temperature controller are situated at
the collector panel outlet and on the hot water cylinder. These ensure that fluid is
only circulated when the fluid in the collector panels is hotter than in the cylinder.
This type of system is the most predominant system installed. Figure 2.8 shows
the pipework layout of a sealed solar thermal hot water system.
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Figure 2.8 sealed solar thermal hot water system

Indirect open-vented
While solar systems that use indirect open vented primaries are historically
interesting, they are seldom fitted due to restrictions on collector and pump
locations.

However, the emergence of high performance collectors and low

pressure in circuit means that it is easier to boil. Figure 2.9 shows the pipework
layout of an open vented solar thermal hot water system.

Figure 2.9 open vented solar thermal hot water system.
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Drain-back systems
The heated fluid in the collectors is transferred to the pre-heat vessel by a
circulating pump but once the pump switches off the fluid in the collectors drains
back into a receiving vessel (Figure 2.10).
A major advantage of this system is that there is no need for water/glycol mixture
in the primary circuit to prevent freezing because at night time or when there is no
solar thermal energy to collect the primary pipework is empty. To prevent
overheating the collector also drains if the temperature in the storage tank
exceeds 85°C. In case of a power failure the collector will automatically drain and
the system will remain in a safe situation until the power is restored.

Figure 2.10: Drain back solar thermal hot water system (source; SEAI
<http://www.seai.ie/Renewables/REIO/SEAI_REIO_2010_Events/solar_energy_in_i
reland_seminar/Commercial_applications_with_drain_back_systems.pdf>)

Thermo siphon primary circuit systems (Natural Circulation)
Thermo siphon systems rely on the natural convection of warm water to circulate
water through the collectors and to the tank located above the collector (Figure
2.11). As water in the solar collector heats, it becomes lighter and rises naturally
into the tank above. Meanwhile, the tank's cooler water below flows down pipes
to the bottom of the collector, causing circulation throughout the system. This type
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of system is inexpensive since there is no need for a circulation pump or a
circulation control device.

Figure 2.11: Thermo siphon solar thermal hot water system

European Standards
European standard EN 12975 has been developed for the testing factory made
collectors. Testing to the European Solar Keymark standard has become increasing
the adopted norm and all compliant collectors are marked with the logo shown below.
The Solar Key mark is a voluntary third-party certification. As wall as EN 12975,
certification requires additional quality control and factory visits from the European
Solar Thermal Industry Federation. Figure 2.12 shows a solar key mark. The Solar
Keymark was created to certify solar thermal products of high quality. It aims to
reduce trade barriers and promote the use of high quality solar thermal products for
the European market. EN 12975 has two parts;


EN 12975-1:2006, Thermal solar systems and components – Solar
collectors – Part 1: General Requirements



EN 12975-2:2006, Thermal solar systems and components – Solar
collectors – Part 2: Test methods
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Figure 2.12 solar keymark certification symbol

Collector Area
In the interpretation of collector test certificates, manufacturer’s datasheets or the
outputs from system sizing, it is important to understand which collector area to use:
• Aperture Area refers to the total area available for the absorption of solar
radiation.
• Gross Area is the total size of the collector array.
• Absorber area is the actual area of black absorber, which is exposed to the sun

Collector Efficiency
There are several factors, which determine the heat output of a solar heating system.
These include: Intensity of solar radiation; Location and orientation of the collectors;
Aperture area of solar collectors; Efficiency of the solar collectors, and; Type of
system to which it is connected (size of water heater etc.)

Integration of solar water heating into space heating
Solar thermal systems can contribute towards reducing the amount of energy used
for space heating. However, it is worth noting that; solar thermal systems are most
effective during the summer months when there is less need for space heating and
the opposite can be said for the winter months when more space heating is required
the solar thermal system is less effective, thereby resulting in a slight miss-match.
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The integration of solar hot water systems into the domestic hot water and space
heating system of the dwelling requires good communication between the plumber,
electrician and the home owner. Training in the area of integration of a number of
systems is something that needs to be developed. Figure 2.13 shows the integration
of solar hot water into the domestic hot water and underfloor heating system of a
dwelling.

Figure 2.13: Shows the integration of solar hot water, heat pump and a boiler\ stove
into a thermal storage vessel to generate domestic hot water and space heating
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1.4 Heat Pumps
There is a lot of natural energy available in our surroundings which can be harvested
and used elsewhere, a heat pump can facilitate this. A heat pump extracts heat
energy from low temperature sources (e.g., air, water, ground), and upgrades it to a
higher temperature, and releases it where it is required for space and water heating.
Heat pumps can also be operated in a reverse mode to generate or maintain cooling.
There are two sides to a heat pump system; the heat source (e.g., the ground, air or
water) and the heat sink where the heat is consumed. In simple terms the heat pump
is the machine which drives this cycle of heat collection and release.
A heat pump is similar to a fridge in the way it works. In a fridge, the heat is taken
away from the cold storage section of the fridge and released to air. In a heat pump
the process is opposite - the heat is taken from the air, ground, or water and released
into the space to be heated such as rooms in a building.
A heat pump uses an electric compressor which circulates a fluid (refrigerant) in a
closed pipe circuit (Figure 2.14). A heat exchanger takes the heat from the
surroundings, transfers it to the refrigerant circuit passing through the compressor,
where its temperature is raised. The heat then passes through another heat
exchanger, where it is transferred to the dwelling, and the cycle is repeated.
Electrically driven heat pumps are most common, with electricity used to drive the
compressor. A heat pump system is made up of the collector, the heat pump unit, the
heat distribution system and the controls

Figure 2.14: Typical heat pump cycle
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Physical components of a heat pump are displayed in Figure 2.15 for a didactic
model. This model allows the student to physically touch and feel the different
elements representing the different stages of the cycle to gain a fundamental
understanding of the underlying processes. For example, by touching the suction line
with one hand (pipe from the evaporator to the compressor) the student can feel the
low temperature on the suction side of the compressor and with the other hand placed
on the discharge line (the pipe from the compressor to the condenser) the student
can feel a substantial increase in temperature. The corresponding system
temperature and pressure are displayed on gauges shown.

Discharge line, high
temperature
Condenser

Evaporator

Suction line, low temperature

Compressor
Figure 2.15: Heat pump demonstration model
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Types of heat pumps
Heat pumps can be divided into three types depending on their heat source, and
include:
1. Air Source Heat Pump for this, energy is extracted from the external air.
2. Ground Source Heat Pump this type is also referred to as a geothermal
heat pump. Energy in the soil is extracted either by transferring heat from a
horizontal bed of pipes laid flat in the soil, or by transferring heat from pipes
laid in a vertical borehole.
3. Water Source Heat Pump for this, energy in the water is extracted directly,
either from wells or from nearby water sources such as rivers, streams etc.

Air Source Heat Pumps
Air source heat pumps use the same refrigeration cycle as ground source heat
pumps to absorb heat from the ambient air. The ambient air flows directly through
the heat pump evaporator. Air temperatures vary seasonally and moisture content
also fluctuates, therefore performance of an air source heat pump will always
depend on the climate.
Heat pumps efficiency reduces with reduction in ambient temperatures. In colder
climates, when the heat pump is under repair, the system is coupled to an auxiliary
heat source. While these heat pumps, achieve 10-30% lower seasonal
performance factor (SPF) than ground-source heat pumps, on average, they
provide significant installation cost benefits over ground source systems. They are
also cheaper to install as there is no requirements for expensive ground loops8.
The most common type of air source heat pump installed in dwellings is the air to
water heat pump (Figure 2.16). This means that the source of heat is the ambient
air and put across a refrigeration cycle to heat water indirectly by means of a coil
in a cylinder, buffer vessel, or by the use of a plate heat exchanger.

8

http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice_Guide_Heat_Pum
p_technologies.pdf
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Figure 2.16: Air source heat pump (source: SEAI Publications,
<http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice
_Guide_Heat_Pump_technologies.pdf>)

Ground Source Heat Pumps
Ground source heat pumps use the heat energy in the soil as a heat source. The
soil provides a stable temperature all year round with minor fluctuations at depths
of 1 m. The energy available in the soil, often referred to as geothermal energy;
however, at shallow depths, significant portion of the energy available in the soil
for heat pumps is solar heat.
A horizontal collector usually takes the form of a series of plastic pipes buried in
the soil approximately 1m below surface level. Generally, a site space of between
one and two times the heated area of the dwelling is required for this type of
configuration. The soil type has a bearing on the amount of collector area
required. Some soil types have more heat available than others. Figure 2.17
shows a ground source heat pump with a horizontal collector.
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Figure 2.17: Ground source heat pump with a horizontal collector (source: SEAI
Publications,
<http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Technical_he
at_Pump.pdf>)

A vertical collector relies on depth rather than surface area (Figure 2.18). The
collector usually takes the form of one or more boreholes which accommodate a
U-shaped plastic pipe configuration for collecting heat. Specialist drilling
equipment is required to drill to the required depth, as well as special processes
and materials (such as fusion welding and bentonite grouting). For this reason, a
vertical collector system can be considerably more expensive than the horizontal
collector.

Figure 2.18: Ground source heat pump with a horizontal collector (source: SEAI
Publications,
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<http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice
_Guide_Heat_Pump_technologies.pdf>)

Water Source Heat Pumps
Water source heat pumps use water as a heat source and can be Open or Closed
loop. Open Loop (also referred to as water-to-water heat pump. The open loop
configuration (Figure 2.19) means that the water is passed directly through the
heat pump, the heat is extracted, and then the water is dumped back into a
discharge well or other water source.

Figure 2.19: Water source heat pump with an open loop collector (Source SEAI
Publications
http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice_
Guide_Heat_Pump_technologies.pdf )

Closed Loop – in the case of a lake, river or stream collector, often a series of
pipes are laid to extract heat from the water, but instead of taking the water directly
into the heat pump as in an open loop water to water system, a mixture of antifreeze and water in a closed pipe loop is used to extract the heat (similar to a
ground source collector).
In this way the heat is extracted from the stream, river or lake without using the
water. Due to its temperature, ground water is an ideal heat source for heat
pumps. However water must be present in sufficient quantity so that drinking
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water resources are not affected. This needs to be verified using test boreholes
and pumping tests.
When extracting from a well, the water must be re-injected downstream (of the
groundwater flow) no less than 15m away from the extraction well. The water also
passes directly through the heat exchanger of the heat pump in an open-loop
system; therefore the water quality is an important consideration (hardness,
corrosivity etc.)
Surface water, such as a river, lake or the sea, can be used in either a closed or
open loop system, but the former is likely to require much less maintenance.
Figure 2.20 shows a water source heat pump with a closed loop collector.
Protection against debris and physical damage, and authorisation from
Environmental Protection Agency and the necessity for planning permission are
also important considerations for surface water collectors.

Figure 2.20 water source heat pump with a closed loop collector (source: SEAI
Publications,
<http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice
_Guide_Heat_Pump_technologies.pdf>)
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The table 2.1 below presents the advantages and disadvantages of the most common heat
sources:
Table 2.1 types of heat pumps (source: SEAI Publications
http://www.seai.ie/Publications/Your_Home_Publications_/Heating/Best_Practice_Gui
de_Heat_Pump_technologies.pdf )
Heat
Source

Examples

Advantages

Disadvantages

Remarks

Outside air

Ambient air

*Unlimited
availability

*Low Temp. in winter

*Suitable source
for gas
absorption heat
pump as small
source capacity
required

(10 to 15°C)

lower COP

*Low Investment

*Additional heating
required
* No storage effect,
no ‘free’ cooling in
summer
* Noise pollution

Ground

Shallow ground
(0 to 10°C)
Horizontal
Collectors
Vertical
Collectors

* Potentially
unlimited

* Relatively high
investments

availability

due to ground
collector

* Constant
temperature (10 15°C) higher COP
* Possibility ‘free’
cooling in summer
Needs only a small
amount of ground
area

* Output dependent
on thermal
properties of the soil
and collector area
* Available ground
area for horizontal
collectors can be
limitative
* cost of well drilling
prohibitive
* Might need

Surface
water

Pond & Rivers (0
to 10°C0,
Sea (3 to 8°C),
Wastewater(>10)

* Usable
temperature for
circulating or
flowing water
* Unlimited
availability if
source in the
vicinity
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* Low temperature
with dead water in
winter
* Permission of the
water board may be
required
* Water needs to be
filtered

* The ground
collector is
generally closelooped and can
be horizontal or
vertical
* The heat
reserve of the
ground can be
regenerated by
solar collectors or
by heat disposal
during summer.

1.5 Biomass Heating
Biomass is the oldest fuel used by mankind. For example, wood has been used as
domestic fuel for over 500,000 years, but the use had decline in the last century with
increase in the use of fossil fuels. However, negative environmental impacts of fossil
fuel use, coupled with the need for secure, indigenous renewable energy resources
underscores the interest in renewable energy resources such as biomass.
The term biomass encompasses a variety of fuels and technologies used to produce
renewable energy. Biomass refers to land and water-based vegetation, organic
wastes and photosynthetic organisms. These are non-fossil, renewable carbon
resources from which energy can be produced and used as fossil fuel substitutes.
Examples of biomass include: wood, grasses, crops, agricultural and municipal
wastes.
Biomass can be combusted to produce heat that is used to generate steam that can
turn turbines for electricity generation. Liquid biofuels can also be produced from
crops such as oilseed rape. Bioenergy refers to energy from biomass and suitable
organic waste streams. When plant material is converted into energy by combustion
carbon dioxide is also released. However, because plants absorb carbon dioxide
during their life cycle, wood is said to be carbon neutral.9
Plants (including trees) convert sunlight into plant matter (including wood). Therefore,
wood is, in effect, stored solar energy. This energy can be re-released for human use
with the right technology. Using wood as a fuel does produce carbon dioxide (the
main greenhouse gas) but this CO2 contains carbon that was absorbed relatively
recently from the atmosphere by the growing tree.

The combustion of fossil fuels, in contrast, releases carbon that has been locked away
for millennia. Provided that existing forest carbon stocks are not reduced, replacing
fossil fuels with wood fuel from sustainable sources reduces CO2 emissions. Careful
management of these resources is of the utmost importance to avoid depletion of the
stock. Figure 2.21 illustrates the harvesting of willow energy crop.

9

http://www.seai.ie/Archive1/Files_Misc/REIOBiomassFactsheet.pdf
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Figure 2.21: Harvesting of biomass crops (source: SEAI Publication
http://www.seai.ie/Renewables/Bioenergy/Willow_Best_Practice_Guide_2010.pdf )

Solid biomass technology
The energy released during the combustion of solid biomass in modern heating
systems is utilised very efficiently. Wood is the primary energy source, particularly in
the form of split logs, wood chips and pellets. Manual, partially automated or fully
automated boiler, furnaces and stoves with electronically regulated firing systems
have been developed to burn the wood fuel. The firing systems in these modern units
(see illustration in Figure 2.22) achieve a very high degree of efficiency of up to 90 %
and produce low levels of emissions.
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Figure 2.22: Illustration of a domestic wood burning stove (source: SEAI Publication,
<http://www.seai.ie/Renewables/Bioenergy/Domestic_wood_burning_stoves_Consum
er_Guide_2010.pdf>)

Logs
Burning wood logs is becoming very common practice with the easy availability
of this fuel; all you need to do is look in any local shop or garage fore-court. One
disadvantage is that fuel is usually loaded manually meaning daily attention is
required. An advantage, on the other hand, is that, other than keeping the logs
dry and clean, there are no special storage requirements.

Figure 2.23: Cut-to-length log pile awaiting transport
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Wood Pellets
Wood pellets (Figure 2.24) are free-flowing and high density, so are ideal for
automated domestic systems where fuel storage space is limited. Wood pellets
are made from wood shavings and sawdust and are used in highly efficient and
convenient automatic wood boilers. Because they have a low moisture and ash
content wood pellets burn very efficiently. The compactness allow for ease in
handling and storage. Typically pellets come in bags (ideal for stoves or smaller
boiler systems) or are delivered in bulk by truck (ideal for boiler systems with bulk
stores). Because of their size pellets can be blown from the delivery truck to the
storage container, the image below shows typical wood pellets

Figure 2.24 wood pellets

Wood Chips
Wood chips come from cut wood from forestry logging residues, purpose grown
energy willow or as a co-product from industrial wood processing. Chips are small
pieces of wood that are 5-50 mm long (measured in the direction of the fibre).
There may also be some longer twigs and finer material among them. The quality
of the chips depends on the raw material and the chipping process (sharp chipper
blades).
Two main sources for chips are:
1. Sawmill industry: should have a maximum water content of 30% and be
of uniform quality and size.
2. Forest chips: Given their water content of approximately 40% to 60%,
therefore, unless dried, they can only be used in large boilers.
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Figure 2.25 wood chip

Wood pellets versus wood chips as fuels
Pellets and chips have various advantages and disadvantages that have to be
weighed up. Which fuel is used will depend very much on local conditions.
Preferably systems should be installed, that can use both fuels and can therefore
respond flexibly to the future market situation. Table 2.2 shows some of the main
advantages and disadvantages of wood chips and pellets.
Table 2.2: Advantages and disadvantage of wood chips and pellets
Wood Chips

Wood Pellets

Advantages
Local availability

Standard fuel greater reliability

Favourable effect of production on
local job market

Small fuel store

Cheaper than pellets

Less service and maintenance

Disadvantages
Larger store space required

Less favourable
economy

High, uniform fuel quality is
important but possibly difficult to
obtain

Higher fuel costs than for chip

More work required for the system
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for

the

local

Moisture Content
Moisture content of wood has a significant impact on the calorific or energy value
of the fuel. Moisture in wood fuel must be evaporated in the combustion process
and requires energy, therefore, the higher the moisture content the greater the
amount of energy required for evaporation. Domestic firewood (logwood) should
be seasoned for at least one year, and preferably two, before use. The wood used
to produce wood chips should be allowed to dry before being chipped. The
sawdust used to produce wood pellets is dried before pelleting.

Storage for wood pellets
The storage of wood pellets is a major barrier in the uptake of this renewable
energy technology, as already mentioned moisture content of the pellets has a
major impact on the efficiency of the fuel. It is recommended that wood pellet
storage should be a weatherproof, robust fuel store with easy access for delivery
and removal of fuel. A sloped floor such is in a silo depicted in Figure 2.26 allows
for maximum fill and easy emptying, allowing pellets to flow towards removal
hatch.

Sloping base of silo
allows for the removal of
pellets by gravity flow

Figure 2.26: storage of wood pellets
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The storage of wood pellets or any other biomass material is not the only barrier
that has caused a restriction in the uptake of this renewable energy. Energy utility,
i.e., the convenience is also a major factor. It is far more convenient to use oil or
gas as a heating source because there is no daily/weekly cleaning of stoves
(depending on usage). From a cost perspective biomass fuels are very
competitive and one of the cheapest fuels available on the market. A price
comparison of fuels can be seen on the Table 2.3 below.

Table 2.3: Fuel cost comparison
Fuel

Price per unit

kWh per unit

Cents
kWh

Wood
chips
(30% MC)

€140 per tonne

3,500 kWh/t

4.0c/kWh

Wood pellets

€230 per tonne

4,800 kWh/t

4.8c/kWh

Natural gas

6.1c/kWh

1

6.1c/kWh

Heating oil

85c per litre

10 kWh/l

8.5c/kWh

LPG (bulk)

88c per litre

7.1 kWh/l

12.4c/kWh

Electricity

18c/kWh

1

18c/kWh

Coal
(smokeless)

€17 per 40kg
bag

8.8kWh
kg

Peat

€320 per tonne

5,400kWh/t

per

per

4.8c/kWh

5.9c/kWh

Note: Prices based on market comparison at time of publication

Biomass Boilers
Wood pellet/chip boilers can be located in a purpose built boiler house or garage.
They can also be placed outdoors if housed in an insulated weather casing. Boiler
efficiency depends on the burnout rate, on the boiler surface temperatures and the
exhaust gas temperature. Modern boilers achieve efficiencies beyond 90 % at full
load, but decrease at part load. The standard EN 303-5 is already in use for solid
fuel-fired boilers. It gives requirements and instructions for measuring power,
efficiency and emissions.
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Summary


Renewable energy is that which is derived from renewable resources, i.e.,
resources that are naturally replenished on a human timescale. Solar,
biomass, wind, wave and tidal are all forms of renewable energy.



TGD part L gives reference to the contribution of renewable energy
technologies in buildings.



Solar thermal hot water systems can be designed in many different way, the
site restrictions and personal preference of the home owner are critical
factors in deciding what type of system to install.



There are two main types of solar collectors; flat plate collectors and
evacuated tube collectors.



Evacuated tube collectors be divided into two types; heat pipes and direct
flow tubes.



Each type of tube has a number of advantages and disadvantages over
each other



The solar keymark is the standard to which solar products should comply.



A heat pump extracts heat from low temperature sources (air, water, and
ground), upgrades it to a higher temperature and releases it on demand for
space and water heating.



Site characteristics or restriction will determine the type of heat pump that
can be installed.



Biomass resources encompass a variety of fuels derived from land and
water-based vegetation, organic wastes and photosynthetic organisms and
the conversion technologies used to produce renewable energy from them.



Biomass used in domestic dwelling is generally wood pellets, wood chips
and logs



There are a number of advantages and disadvantages between wood chips
and logs



Wood pellets and wood chips are the cheapest fuels to buy but yet they are
not the most common used, convince seems to be the reason.
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M3.U2.S1 Progress Check
1. Describe the different types of solar thermal systems.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

2. Compare and contrast the different types of solar thermal collectors.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

3. Illustrate the heat pump cycle in the space provided below.
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4. Outline the main advantages of using biomass technology.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

5. Recommend any one of the two types of evacuated tube collectors and
briefly explain the reason for your choice.
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
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Unit 2 Section 2
Micro-Generation of
Electricity
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2.1 Introduction
Micro-generation describes the production of electricity using small generators.
Micro-generation is typically associated with installations in domestic or small
business properties. ESB Networks classify ‘micro’ as grid connected electricity
generation up to a maximum rating of 11kW when connected to the three-phase
distribution grid (400V) or 6kW if connected to the single-phase distribution grid
(230V).
Some benefits of micro-generation are outlined below.


The use of renewable and low carbon technologies such as photovoltaic and
small wind power can facilitate compliance with part L of the building
regulations in relation to primary energy use and CO2 emissions.



Lower electricity bills.



It hedges against future electricity price rises.



Less greenhouse gas emissions.



Reduced reliance on fossil fuels.



Reduced electrical losses on the ESB Network.

This section of the manual covers the principles of micro-generation using Solar
Photovoltaic (PV) and small-scale wind energy systems for the micro-generation of
electricity.

At the end of this section you will be able to:
1. Outline the main principles of solar photovoltaic technology as applied to
electricity micro-generation of electricity.
2. Describe the principles of small-scale wind energy systems for microgeneration.
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2.2 Solar Photovoltaic (PV)
Solar PV systems convert solar radiation into electricity. They should not be confused
with the solar thermal panels (covered in section 1.3) which use solar radiation to heat
water (or air) for water and space heating.
Solar Photovoltaic (PV) is a technology that converts solar radiation i.e. sunlight
directly into electricity.

How do photovoltaic work?
The basic component of a PV system is the solar cell. The solar cell is constructed
from a material known as a semiconductor. When the solar cell is exposed to sunlight
the semiconductor material coverts the solar radiation into electricity (Figure 2.27).

Figure 2.27: The image above illustrates the basic principle of converting solar
radiation into electricity using a solar cell.
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PV Cell Types
Solar PV technologies continue to develop worldwide through experimentation and
testing of different materials and combinations/layers of material10. One of the most
utilised PV technologies is the crystalline silicon PV cell.
Crystalline Silicon PV Cells
There are two crystalline silicon cell types available,
1. Monocrystalline
2. Polycrystalline
The monocrystalline silicon cell is slightly more efficient (1-2%) than polycrystalline
types but is also more expensive due to high manufacturing costs. Visually, the
monocrystalline solar cell can be identified by its deep blue colour and has a
plain/uniform surface appearance, see Figure 2.28.

Figure 2.28: Image of monocrystalline PV cells.

Polycrystalline solar cells are slightly less efficient (1-2%) at converting solar
radiation into electricity but are also cheaper due to the lower manufacturing costs.

10

Will we exceed 50% efficiency in photovoltaic’s? (Luque, Antonio 2011)
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The polycrystalline PV cell are also blue in colour and have a distinctive grainy
surface appearance, see figure 2.29.

.
Figure 2.29: Image illustrates the 'grainy' surface feature of polycrystalline PV solar
cells.

In 2007 approximately 90% of PVs produced were of the crystalline silicon type. 11

Crystalline Silicon PV Cell Efficiency
According to the European Photovoltaic Industry Association (EPIA12), the efficiency
of crystalline silicon PV technologies range between 12% and 17%. That is to say,
crystalline PV modules convert approximately 12% to 17% of total solar radiation
exposure directly into electricity.
Note: Maximum solar radiation at the earth’s surface is approximately 1000W/m2

11

SEAI, Best Practice Guide – Photovoltaics (PV)

12

European Photovoltaic Industry Association – Photovoltaic Energy, electricity from the sun
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PV Modules & Arrays
In order for solar cells to generate a useful amount of electricity they are assembled
to form PV modules and modules are connected to form arrays as illustrated in Figure
2.30. Most PV laminates are provided with aluminium frames for extra protection and
to simplify mounting on a roof or support structure. Direct mounting of laminates is
sometimes preferred for aesthetic reasons, e.g., for arrays to be mounted on facades
of buildings where reflections from metal frames is undesirable.

Figure 2.30: Image illustrates that by connecting single solar PV cells together,
modules and ultimately arrays can be formed (Source: RETScreen International)

Standard Test Conditions
For purposes of standardisation and comparison, all PV modules are tested at
Standard Test Conditions (STC). Hence, the maximum power quoted on the module
is based on these conditions (Figure 2.31). However, the actual solar radiation under
service condition will often be less than standard test conditions and will also be
dependent on other factors such as collector temperature, less than optimal
orientation, over-shading and so forth.
The standard test conditions for PV modules are:
1. Power Density Acting on PV Cell (solar radiation) = 1000 W/m2
2. Cell Temp of PV = 250C (± 20c)
3. Air Mass (AM) = 1.5 (relates to how much atmosphere the solar radiation
must travel through based on a latitude of 480)
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Figure 2.31: PV module rating plate with STC’s highlighted

Direct, Diffuse & Albedo Radiation
PVs respond to direct, diffuse and albedo radiation, (see Figure 2.32), and their output
increases with increasing sunshine or, more technically, irradiance, or solar power,
which is measured in Watts per metre squared, (W/m2).

Figure 2.32: Image illustrates possible solar radiation paths to a PV module
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Solar Irradiation
Atmospheric conditions typically reduce solar irradiance by roughly 35% on clear, dry
days and by about 90% on days with thick clouds. Ireland typically receives 900
kWh/m2/year which equates to an average of 100 W/m2(13). Of course, this would be
zero during the night and vary throughout the day. Trends of typical hourly average
solar radiation for representative months of the year for Dublin are highlighted in
Figure 2.33.

Figure 2.33: Hourly Average Solar Radiation in Dublin (W/m²) (Source: SEAI, PV best
practice guide)

PV Panel Orientation & Tilt Angle
Generally roof mounted for domestic applications, the requirement in the orientation
and tilt angles for PV panels are similar to solar thermal technologies (covered in
section 1.3).
PV’s should face due south with a tilt angle of 30°- 45° to the horizontal to ensure
maximum solar radiation exposure and hence maximise electrical output.
Temperature
PV efficiency levels decrease with temperature increase. During the summer, the
power output of a module at high temperatures can be significantly less than under

13

SEAI, Best Practice Guide – Photovoltaics (PV)
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STC. In order to minimize this power loss, the PV modules should be able to dissipate
heat easily i.e. should be installed with sufficient ventilation.
Types of Solar PV Systems
The 3 main types of PV systems are listed below.
1. Grid-Connected Solar PV Systems.
2. Grid-Connected with Battery Back-up Solar PV Systems.
3. Stand-Alone Solar PV Systems.
Grid-Connected PV System
Grid-connected PV systems are those which are interfaced to the electricity grid.
These systems have the advantage of being able to generate power for use in a
premises and to export any surplus PV power generated directly onto the grid, (Figure
2.34).
Intermittently the PV system alone may be unable to meet the electrical demand for
a premises. Therefore a grid-connected PV system is necessary as it can both export
power to, and import power from the grid (dependent on power demand/generation
requirements at a particular time).

Figure 2.34: Image highlighting the main elements of a grid connected PV system
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Stand-alone Systems
Stand-alone PV systems are those that are not connected to the public electricity grid
(Figure 2.35). The three main categories of stand-alone PV systems are listed below:
1. Systems providing DC power only.
2. Systems providing AC power through an inverter.
3. Hybrid systems: PV combined with small scale wind or small scale hydro, backed
up by diesel generator(s).

Figure 2.35: Image highlighting the main elements of a stand-alone PV system

Energy Storage
Energy storage is required in most stand-alone systems, as energy generation and
consumption do generally not coincide. The solar power generated during the day is
very often not required until the evening and therefore has to be temporarily stored.
Longer periods of overcast weather also have to be catered for. Most stand-alone
solar systems use battery storage, an exception being solar water pumping systems:
the water is pumped when sufficient sunlight is available and the water stored.
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Rechargeable lead-acid batteries are most commonly used with stand-alone
systems.
Charge Controllers
In stand-alone systems, the system voltage of the PV array should be matched to that
of the connected batteries; the usual system voltages are 12V, 24V and 48V. The
charge voltage must be higher than the battery voltage, (e.g. a 12V battery can be up
to 14.4V). The fundamental functions of the charge controller are:


Optimisation of the charge to the batteries.



Overcharge protection.



Preventing unwanted discharging.



Deep discharge protection.



Display of information on the state of charge of the batteries.

The Inverter
The inverter is a key item of equipment for converting DC electricity produced by PV
modules into AC suitable for feeding into a fuse board or back onto the power grid.
Figure 2.36 shows an inverter mounted to the rear of a solar PV array.

Figure 2.36: Image illustrates a Sunnyboy
PV array



PV Inverter mounted to the rear of a solar
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Solar PV Costing
Costs and returns will be project specific and will largely depend on the way the
building is used. It is always recommended that a qualified installer is used to carry
out a feasibility assessment of any PV installation.
Approximate cost breakdown of total system component costs is provided in Figure
2.37.

.
Figure 2.37: Approximate Cost Breakdown of Domestic PV System (Source: SEAI)

PV electricity replaces conventionally-generated power and so reduces a buildings
carbon footprint. All new dwelling must conform to CO2 emission’s limitation
requirements (assessed in DEAP).

As a rough guide, a typical domestic installation will cost in the region of €1,000 / m 2
or €10 / W P of PV panel installed including associated equipment, grid connection and
installation. 14

Advantages of Solar Photovoltaic

14



Solar modules have a long life span (25 years).



No moving parts (silent in operation).



Low operation & maintenance costs.



No fuel requirement.

SEAI, Best Practice Guide – Photovoltaics (PV)
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Disadvantages of Solar Photovoltaic




Balance of System (BOS) costs can be expensive, e.g.
o

Interconnection of modules to form arrays.

o

The array support structure.

o

Land and foundations (if the array is not building mounted)

o

The costs of electrical cabling.

o

Battery charge regulators.

o

Electrical switching devices.

o

Inverter(s).

o

Storage batteries.

o

Electrical grid connection costs.

Maintenance of storage batteries (if utilised).
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2.3 Small-Scale Wind Energy Systems
Small-scale wind turbines are those that harness wind energy to generate electrical
power for individual buildings. Since 2006 the Irish government have been running a
scheme called the Renewable Energy Feed in Tariff (REFIT). The scheme enables
those who micro-generate electricity for their home or premises to feedback surplus
energy into the national electricity grid. Most domestic & agricultural connections are
at single phase (230V) with a maximum grid input power of 6kW.
In general, small-scale wind generation is at its most competitive and cost effective in
remote or exposed areas or for charging batteries on boats, caravans and holiday
cabins i.e. where grid connection might be too expensive or impractical15.
How do Wind Turbines Work?
Wind energy is harnessed by converting the rotation of turbine blades into electricity.
The blades of a wind turbine are connected to an electricity generator via a rotary
shaft transmission system (Figure 2.38). Inside the generator the shaft rotates within
a magnetic field to generate electricity. In small-scale wind turbines the blades are
often

connected

directly

to

a

permanent

magnet

generator.

Figure 2.38: Graphic showing the working components of a wind turbine (Source SEAI)

15

http://www.seai.ie/Renewables/Microgeneration/accessed 24/11/2014
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Grid - Connected Small-Scale Wind Systems
Grid-connected small-scale wind systems are those which are interfaced to the
electricity grid. These systems have the advantage of being able to generate power
for use in a premises and to export any surplus power generated directly onto the
grid, (Figure 2.39).

Figure 2.39: Main Components in a Grid-Tied Wind Turbine System

Stand - alone Systems
Small-scale wind turbines are often used in stand-alone power systems that are
designed to charge a battery bank (Figure 2.40). The most common application for
this set up is in cases where a grid connection is not an option due to a prohibitive
cost or remote location.

Figure 2.40: Main Components in a Stand-Alone Wind Turbine System
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Small-scale Wind Electricity Generation Advantages


Once installed they require minimal maintenance and can be integrated into
the electrical distribution system or grid.



Up to 20 years lifespan if installed correctly.



Ireland has a rich wind resource.



Power generation continues at night and in wintertime.



They can be pole mounted or building mounted.



They can be connected to the local electricity grid or used in stand-alone
systems with electricity storage such as batteries.



Replaces conventionally-generated power and so reduces a buildings
carbon footprint. All new dwellings must conform to CO2 emission’s limitation
requirements (assessed in DEAP).

Wind turbines are available in a wide range of sizes. Domestic turbines generally
range from 1 kilowatt (kW) to 15kW. Smaller micro-turbines (less than 100 watts) are
often used to charge 12 volt (V) or 24V batteries for use on off-grid systems, and are
often seen on boats.

Small-scale Wind Electricity Generation Disadvantages


The main disadvantage of electricity generation using wind is the unreliability
of wind, in many locations the wind strength is not sufficient to support the use
of a wind turbine.



For wind turbines to replace a fossil fuelled power station there would need to
be multiple amounts of turbines used.



Noise emitted from wind passing over rotating turbine blades.



Shadow flicker causes annoyance for people that may live near wind turbines,
as the turbine rotates the blades of a wind turbine cast a shadow over a
window in a nearby house and the rotation of the blades causes the shadow
to flick on and off.
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Siting Considerations for Small-scale Wind Turbines
Many residential areas are not suitable for wind turbines as buildings and trees shade
the wind and create turbulence which can reduce the efficiency and lifespan of a
turbine considerably. Generally speaking, the ideal location is on top of a high mast
on a south westerly facing hill with gently sloping sides surrounded by clear
countryside which is free from obstructions such as trees, houses or other buildings.
Figure 2.41 (a) illustrates a desirable location and wind flow approach for a wind
turbine. The wind flow is relatively smooth and steady enabling it to drive wind turbine
with greater efficiency.

Figure 2.41 (a): Good site location for a wind turbine due to smooth approach winds

The predominant and most energetic winds in Ireland typically come from the
southwest and west, so it is especially important that there are few or no obstacles to
the turbine in these directions.

Wind turbines operate less efficiently in areas where obstacles interfere with wind
flows. It is very important to understand and account for these reduced efficiencies
when considering the use and economics of wind turbines in such areas. Figure
2.41 (b) highlights how uneven ground conditions can cause undesirable turbulent
wind flow approaching wind turbines.
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Figure 2.41 (b): Bad site location for a wind turbine due to turbulent approach winds

Ideally, a wind turbine should be 10m above any obstacle within 100m. As a rule of
thumb, a wind generator should be installed no closer to an obstacle than at least ten
times the object's height, and on the down-wind side, see Figure 2.41 (c).

Figure 2.41 (c): Determining a Potential Site for Wind Generation
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Wind Power Density and Wind Power Class
Wind Power Density and Wind Power Class are critical factors when assessing for
suitable wind turbine installation sites. Table 2.4 shows the classes of wind power
density at 10m and 50m (a)

Table 2.4: Wind Power Density and Wind Power Class (Source:

http://rredc.nrel.gov/wind/pubs/atlas/tables/1-1T.html accessed 03/12/2014

(a) Vertical extrapolation of wind speed based on the 1/7 power law
(b) Mean wind speed is based on Rayleigh speed distribution of equivalent mean
wind power density. Wind power is for standard sea level conditions. To
maintain the same power density, speed increases 3% / 1000m elevation
Note: each wind power class should span two power densities. For example, wind
power class 3 represents the wind power density range between 150W/m2 and
200W/m2. The offset cells in the first column attempt to illustrate this concept.
A modern wind turbine produces electricity 90-95% of the time, but it generates
different amounts depending on wind speed. Over the course of a year, it will
generate about 31% of the theoretical maximum output. This is known as its capacity
factor.

By comparison the capacity factor of conventional power stations is on

average 50%.16

16

http://www.iwea.com/index.cfm/page/technicalfaqs?#q25
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As stated previously, the wind at a particular location can be influenced by a number
of factors such as obstruction by buildings or trees, the nature of the terrain and
deflection by nearby mountains or hills. The prevailing wind direction is between south
and west. Average annual wind speeds range from 3m/s in parts of south Leinster to
over 8 m/s in the extreme north. On average there are less than 2 days with gales
each year at some inland places like Carlow, but more than 50 a year at northern
coastal locations such as Malin Head.17. Figure 2.42 highlights wind speed data for
Ireland.

Figure 2.42: Figure illustrates details the mean and likely maximum gust wind speeds
for Ireland (source: SEAI)

Small-scale Wind Turbine Power Output
All wind turbines have power curves which are graphical representations of key
specifications such as:


The wind speed at which the turbine starts to generate (“cut-in”)



The wind speed at which the turbine produces its rated output (“rated wind
speed”)



The wind speed at which the turbine shuts down for safety reasons (“cutout”).

17

http://www.met.ie/climate-ireland/wind.asp
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Figure 2.43 below illustrates a small-scale wind sample power curve. It shows that for
this sample turbine the cut-in wind speed is between 2 m/s and 3 m/s, the rated wind
speed is 10 m/s and the cut-out wind speed is 15 m/s. Between 10 m/s and 15 m/s
control systems are used to prevent the turbine from over speeding while still availing
of high energy winds to produce electricity.

Figure

2.43:

Sample

power

curve

for

micro-scale

wind

turbine

(source:

http://www.seai.ie/Renewables/Microgeneration/Microgeneration_FAQ/#benefits )
If you are making a decision between two turbines based on rated power compare
two power curves of both turbines at 5 m/s and 10 m/s so that a direct comparison
can be made (assuming both power curves are accurate and third party certified). 5
m/s and 10 m/s wind speeds occur more often in Ireland than 15 m/s speeds.

Typical rated wind speeds for small turbines are between 10 m/s and 15 m/s. A typical
cut-in wind speed for a domestic or small scale turbine would be 3m/s. A low cut-in
speed is desirable because the turbine will be producing electricity for longer periods
and in periods of less energetic winds.
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Building Mounted Wind Turbines
Building mounted turbines generally have poor performance. The building itself
affects the flow of air around it causing turbulence. Even if the turbine is fitted in a
position well above the uppermost part of the pitch or flat of the roof the airflow is
still negatively impacted (see Figure 2.44). Thus the output from the turbine is often
very low and the return on the investment non-existent.

Figure 2.44: Image show a Building Mounted Wind Turbine (BMWT) mounted to the
gable end of a dwelling (source: Energy Saving Trust)

While domestic small-scale BMWT can work, it must be emphasised that their
successful performance is highly dependent upon an adequate, unobstructed, wind
resource and appropriate siting of the turbine18.
Ireland’s current planning regulations state that roof or building mounted turbines are
not exempt from the planning requirements. Therefore an application to your local
authority through the normal planning mechanisms is required. Only mast mounted
turbines of a certain size may be exempt from planning requirements under certain
conditions.

18

Energy Savings Trust (2009) – Location, location, location. Domestic small-scale field trial report
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Free Standing Small-scale Wind Turbines
Free standing small-scale wind turbines installed in an appropriate location with an
undisturbed wind resource are more suitable than BMWT for the micro-generation
of electricity. Figure 2.45 shows a pole mounted small-scale wind turbine in a rural
location.

Figure 2.45: Image illustrates a desirable rural location for a pole mounted small-scale
wind turbine (source: Energy Saving Trust)

Subject to certain conditions domestic wind turbines may be exempt from Irish
planning requirements up to a maximum hub height of 10m and total (tip) height of
13m. For commercial installations and the agricultural sector, there is an increase in
the exemption up to a maximum (blade tip) height of 20m. 19

19

SEAI – Micro-generation. Wind power for domestic and small business applications.
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Summary


Solar PV technology converts sunlight directly into electricity.



Domestic solar PVs modules are generally roof mounted and share equivalent
orientation and tilt requirements as solar thermal panels.



Solar cells are connected together are called PV modules. PV modules connected
together are called PV arrays.



PV systems can make a significant contribution to meeting the requirements of
Part L of the building regulations with respect to renewables requirements while
also improving the building energy rating (BER).



Small-scale wind technology converts wind energy into electricity for individual
buildings or premises.



Small-scale wind turbines are generally pole mounted away from the structure
(within planning guidelines).



Building Mounted Wind Turbines (BMWT) are less common due to the
requirement for planning permission and others issues such as noise and
vibrations when mounted directly to a building.



Wind turbulence reduces the operational efficiency of a small-scale wind turbine.



Wind is most dense at sea level and therefore contains the most potential energy
for wind turbines.

Further Reading
SEAI (2014). Best practice guide for Photovoltaic. Available at:
http://www.seai.ie/Publications/Renewables_Publications_/Solar_Power/Best_Practi
ce_Guide_for_PV.pdf [Accessed 9 November 2014].
SEAI (2014). Domestic solar systems for hot water. Available at:
http://www.seai.ie/Renewables/Solar_Energy/Domestic_solar_systems_for_hot_wat
er_Consumer_Guide_2010.pdf [Accessed 15 October 2014].
SEAI (2014). Your guide to renewable energies in the home. Available at:
http://www.seai.ie/Publications/Your_Home_Publications_/Heating/RE_guide_in_th
e_home.pdf [Accessed 25 November 2014].
SEAI (2014). Domestic wood burning stoves: A consumer guide. Available at:
http://www.seai.ie/Renewables/Bioenergy/Domestic_wood_burning_stoves_Consu
mer_Guide_2010.pdf [Accessed 17 November 2014].
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M3.U2.S.2 Progress Check
1. Describe the operating principle of a photovoltaic (PV) solar cell.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
_______________________________________________________________

2. List 2 of the most common PV cell types currently employed for micro-generation
applications.
1) __________________________________________________________
2) _______________________________________________________

3. Sketch a labelled block diagram outlining the main elements of a typical grid connected micro PV system.

4. Describe the basic function of an inverter in solar PV applications.
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

5. Identify the best location for the installation of wind turbines and explain your
answer.
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

6. What is a typical cut-in wind speed for a domestic or small-scale turbine?
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
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7. List 3 benefits of utilising wind generated power
1) __________________________________________________________
2) __________________________________________________________
3) __________________________________________________________

8. List 3 negatives associated with wind generated power
1) __________________________________________________________
2) __________________________________________________________
3) __________________________________________________________
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Unit 3

Ventilation Systems
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Unit 3 Ventilation Systems
Ventilation and energy efficiency measures in buildings have become inexorably
linked. Provision of adequate ventilation is fundamental to maintaining a thermally
comfortable environment in which condensation is controlled and air pollutants are
reduced to permissible healthy levels for building occupants. Recent advances in
construction techniques which have identified the importance of airtight building
envelopes have to be balanced against the absolute need to maintain indoor air
quality and remove moisture levels that are potentially harmful to occupants and to
the integrity of the building fabric.
Up to recent years, ventilation provision in buildings in Ireland has largely been
confined to natural ventilation via external wall vents or integrated window trickle
vents sometimes supplemented with localised mechanical ventilation in kitchens and
wet rooms. In many cases the ventilation was over-designed due to unquantifiable
levels of air infiltration in leaky buildings. Open chimneys or flues were also
responsible for significant and mostly unnecessary air changes accompanied by
extensive heat loss from buildings.
Ventilation is covered under the Technical Guidance Document (TGD) F in the Irish
Building Regulations, but has increasingly been referred to under TGD L,
Conservation of Fuel and Energy.

Requirements for mechanical ventilation are

included in the most recent amendments of 2008 and 2011. This is indicative of a
new direction towards alternative ventilation systems to traditional natural variants.
At the end of this unit you will be able to:
1. Outline the main design principles of ventilation system options for dwellings.
2. List and describe the main features of alternative systems to natural ventilation
that may be deployed in dwellings.
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1.1 Introduction
Ventilation is the intentional movement of air between an indoor space and the
outside. Adequate ventilation levels in a building are essential to maintain indoor air
quality. Failure to provide for the removal of harmful pollutants and moisture can
compromise the health of occupants and the life cycle of the building.
A well designed ventilation system should broadly serve two purposes:
1. Provide fresh air for building occupants while diluting harmful airborne
pollutants, i.e. ensuring adequate indoor air quality.
2. Cool a building when there is a risk of overheating.
Traditional natural ventilation systems provide for air change at the expense of heat
energy loss. The warm air that is lost from the building is replaced by cooler air which,
during cold seasons, needs to be warmed to the desired indoor temperature. With
increasing emphasis on energy efficiency in Irish building standards, there is a need
to closely consider building ventilation design so that energy losses are minimised
while providing adequate air changes.
In Module 2, the focus was on minimising the effect of air infiltration (i.e., uncontrolled
movement of air) on energy consumption in a building and the comfort levels of the
occupants. The more air tight and highly insulated a building is, the greater the
percentage of heat loss associated with ventilation. Ventilation design should be
considered as part of an integrated strategy for maximising both the energy efficiency
of a building and the comfort levels of its occupants.
In the following section, the considerations for developing a ventilation strategy for a
dwelling are explained. This includes reference to guidance documents in the current
building regulations and best practice in ventilation design.
At the end of this section you will be able to:


Outline the principles of ventilation design and the main requirements of
current building regulations.



Describe the main features
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1.2 Ventilation Strategy
Irish Building Regulations Part F – Ventilation defines the requirements for means of
ventilation as follows:

Means of Ventilation - F1
Adequate means of ventilation shall be provided
for people in buildings. This shall be achieved by:
a) Limiting the moisture content of the air within
the building so that it does not contribute to
condensation and mould growth, and
b)

Limiting

the

concentration

of

harmful

pollutants in the air within the building.

TGD F 2009 also acknowledges that the “means of ventilation used can have a
significant effect on building energy use and thus can affect compliance with the
requirements of Part L of the Building Regulations”. There is also the need to avoid
excessive air movement which may affect the thermal comfort of occupants.
Therefore, a desirable ventilation strategy is one which provides sufficient air changes
while minimising energy use and adverse effects on thermal comfort of occupants.
Building Regulations Part F outline the criteria for the means of ventilation, specifying
that it should provide for:


Rapid dilution of pollutants to levels that do not pose a health risk to
occupants.



Removal of excess water vapour from areas where significant quantities are
produced, such as kitchens, bathrooms and utility rooms.



Removal of harmful pollutants from areas where they may be present in high
levels, e.g. room with a combustion appliance where there is a risk of build-up
of carbon monoxide.



Ensure an adequate supply of fresh air for occupied areas of a building



Dispersal of residual pollutants (hazardous substance left behind in the
environment) and water vapour.
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These objectives may be met by natural ventilation, or mechanical extract ventilation,
or through a combination of both. The following terms are used in TGD F 2009 to
describe the principles underpinning the general strategy.
General Ventilation
This refers to the ventilation that provides for continuous air exchange in the
building. General ventilation is sometimes referred to as dilution or fresh air
ventilation.
This air exchange needs to be adequate to provide for supply of fresh air and
removal, dispersal and dilution of water vapour and other airborne pollutants. This
type of ventilation is usually sufficient where levels of hazardous pollutants are
small and constant. It is accepted that the general ventilation rate may be reduced
when a building is unoccupied.

Extract Ventilation
To extract moisture and airborne pollutants from room within a building where
activities lead to significant levels being released, e.g. kitchens, bathrooms, wet
rooms, shower rooms. The objective is to prevent the spread of high
concentrations of airborne pollutants to other rooms in the building. The extract
ventilation may operate continuously or intermittently, depending on the type of
activities taking place.
It should be noted that mechanical extract systems use electrical power, which
contributes to the energy consumption in the dwelling. This consumption is
calculated in DEAP, either through the number of localised mechanical extract
fans or when the ventilation method selected is a mechanical variant

Purge Ventilation
This should be available throughout the building to aid in the removal of high
concentrations of airborne pollutants that may occasionally occur, e.g. spillages,
incident involving smoke build-up, to release fumes from fresh paintwork. This is
indicated in TGD F as an opening (window or door) which is corresponds to
defined percentage of the floor area of a room.

152
Unit 3 Section 1

To simplify the rationale behind developing a ventilation strategy, it is helpful to
understand that varied activities take place in different areas within a building:


In general living spaces, harmful airborne pollutants are usually present in
small and constant quantities and, therefore, a constant low level air exchange
will suffice.



There are also rooms where activities, either constant or intermittent, may lead
to significant build-ups of airborne pollutants.



Correct ventilation design should provide for increased levels of air exchange
to rapidly remove, dilute and disperse these higher level build-ups.

The airborne pollutants that are accounted for in ventilation design can be categorised
as either activity based pollutants or environment based pollutants.

Activity Based Airborne Pollutants


Moisture – steam from cooking/bathrooms, moisture from respiration.



Carbon Dioxide (CO₂) – from occupant’s respiration.



Carbon Monoxide (CO) – from incomplete combustion of fuels.



Smoke – from tobacco smoke, open fires and solid fuel stoves.



Odours – from cooking and body odour.

Environment Based Airborne Pollutants


Volatile Organic Compounds (VOCs) –substances containing carbon that
evaporates at room temperature. Common building and household materials
can be sources of VOCs, e.g. new carpets, wood products that use particular
adhesives, paints and lacquers, etc.



Allergens – substances that cause allergy such as house dust, mould and
dust mites etc.



Radon – a naturally occurring radioactive gas that occurs to some degree in
all soils and rocks. The gas can permeate into a building from the subfloor.



Particulate Matter (PM 10s) – miniscule sooty particles, mainly originating
from motor vehicle traffic often entering buildings through open vents.
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Of all the pollutants, control of moisture (water vapour) requires the highest ventilation
rate. If a sufficient quantity of fresh air is supplied to control water vapour then dilution
of the other pollutants will be catered for. Moisture is also very significant as a result
of the problems associated with condensation and mould growth. Figure 3.1 illustrates
the ventilation rates required to control airborne pollutants in a dwelling.

Figure 3.1: Ventilation rates required to control airborne pollutants (source: GPG268,
Energy Saving Trust, 2006)

As ventilation refers to the movement of air, it is associated with convection currents.
It is important to understand that there are two natural mechanisms that drive these
air movements. These are:
1. Wind pressures – the effect of wind pressures force air to enter on the
windward (toward the wind) side of a building.
2. Stack effect – this results from the tendency of warm air to rise (as it is less
dense) towards the uppermost parts of a building. This effect is greater in
higher buildings with multiple storeys.
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Ventilation Rates
The rate of ventilation refers to the measure of frequency that air in a building is
replaced with fresh air. This rate may be expressed as either:


The number of times the air contained within a space (volume) is replaced in
a time period of one hour, known as air changes per hour (ach).



The rate of air change expressed in volume (litres) and time (per second), i.e.
litres per second (l/s).

TGD F 2009 provides guidance for natural ventilation rates for dwellings. For
dwellings with an air permeability of 5m³/(h.m²) or greater, the stated requirement is:

“The minimum total equivalent area of
background

ventilators

providing

general ventilation should be 30,000 mm²
with an additional 5,000 mm² for each
additional 10 m² floor area above the first
70m² of floor area measured. For single
storey dwellings situated at ground level
or on any storey up to four storeys, an
additional 5,000 mm² per dwelling should
be provided. Where air permeability is
less than 5m³/(h.m²) all equivalent areas
stated above should be increased by
40%”.

To put the scale of area of background ventilators in context, a standard ‘hole-in-thewall’ background ventilator sleeved with a 100mm diameter pipe has an opening area
of approximately 7,850 mm². The area of background ventilators along with extract
and purge ventilation rates required in current building regulations are shown in Table
3.1

155
Unit 3 Section 1

Table 3.1: Basic Ventilation provision using background ventilators and specific
provision for extract and purge ventilation (source: TGD F 2009)

The requirements are further illustrated in Figure 3.2. Note that the guidance also
indicates that passive stack ventilation (PSV) may be used as an alternative to
mechanical extract where an extract fan is specified (a detailed description of PSV is
provided in Unit 3 section 2 later).

Figure 3.2: Natural ventilation of a typical dwelling (source: TGD F 2009)
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1.3 Traditional forms of ventilation
The majority of existing dwellings in Ireland rely on one, or a combimnation of, the
following to provide adequate ventilation levels:


Purge ventilation – from openings such as windows or doors, which may also
be used for cooling the building in summer.



Natural/background ventilation – provided by wall ventilators or trickle
ventilators in windows.



Adventitious ventilation – which is a combination of dedicated wall or trickle
ventilators along with an additional contribution from chimneys and,
significantly unintentional air leakage (air infiltration) due to gaps and cracks
in the building fabric.

Windows and doors
Traditionally, in older dwellings where designed/purpose provided ventilation systems
are not provided, windows or doors are opened to provide for air exchange and
cooling in the summer months. This approach has a number of disadvantages. Open
windows make the building susceptible to noise pollution and raise security issues,
along with rapid heat loss in the winter months.
While a wide open window will provide for rapid air change, this is only for the period
that it is left open. Occupants are unlikely to leave windows open for long periods,
and it is likely that a build-up of airborne pollutants will occur during the extended
periods that they remain shut. This inevitably leads to poor air quality and
condensation, which may result in mould/fungal growth. Figure 3.3 illustrates a
particularly significant level of fungal growth.
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Figure 3.3: Poor moisture management in an old building leading to growth of fungi

Background Ventilation
Traditionally in Irish dwellings, controlled ventilation is provided naturally by means of
background ventilators (hole in the wall/window trickle vents), see Figure 3.4 and 3.5.

Figure 3.4: Through wall ventilation (Reproduced from S.R. 54:2014 with the permission
of NSAI)
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Figure 3.5: Trickle ventilators to windows (Reproduced from S.R. 54:2014 with the
permission of NSAI)

Alternative systems to natural background ventilation are increasingly being deployed
in Irish buildings. In recognition of this, TGD Part F2009 was the first to include
guidance for systems such as passive stack, mechanical ventilation and mechanical
heat recovery ventilation (MVHR). These systems can provide more control over the
amount of air changes then background ventilation alone (see Unit 3 Section 2 later
for a detailed description)

Adventitious Ventilation
As adventitious ventilation is a combination of purpose provided ventilation and air
infiltration, it is not controllable by the buildings occupants. Air infiltration and its effect
on the energy performance of a building have been well documented previously on
this programme.
It is important to understand that permanent ventilation provided for heat producing
appliances are essential to avoid dangerous build-up of hazardous pollutants such as
carbon monoxide. However, in cases such as open fires which are rarely or never
used, air leakage through the chimney is a significant contributor to energy
consumption.
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Implications of insulation improvements for ventilation
Ventilation needs to be carefully considered in building retrofit projects. Where
building fabric is upgraded to address insulation and air tightness levels, there is a
danger that adventitious ventilation rates are then significantly affected as air
infiltration is reduced. Improved thermal insulation will reduce heat loss and potentially
lead to higher internal temperatures. The air within a building has a greater potential
to carry water vapour at higher temperatures.
As a result, improvements to the insulation and air tightness levels needs to carefully
considered in terms of reinstatement or improvement of existing ventilation. Along
with the basic principle of providing fresh air and diluting harmful airborne pollutants,
the risk of interstitial condensation may be significantly increased (see Figure 3.6).
Consideration should be given to mechanical extract in wet rooms and the provision
of background ventilators in existing habitable rooms where none may have been
previously present. This is particularly important in rooms where signs of
condensation and mould growth were apparent before improvements.
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Figure 3.6: Illustration of the potential for interstitial condensation in an internal wall
insulation system with inadequate room ventilation
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Summary


Ventilation in a building should provide for the supply of fresh air and removal
of harmful airborne pollutants. This is for the benefit of air quality which
protects the health and comfort of occupants and the longevity of the building
itself.



General ventilation should provide adequate air change for habitable areas of
a building where airborne pollutants are present in small and constant
quantities.



Extract ventilation is required where activities regularly or intermittently lead
to significant build-up of harmful pollutants in the air. This can be provided by
passive stack ventilation or mechanical extract. Mechanical extract uses
electrical power and therefore contributes to energy consumption.



Purge ventilation refers to openings in a building which may be activated to
disperse occasional build-up of harmful pollutants and to provide cooling in
warm weather.



Adventitious ventilation is a combination of purpose provided ventilation and
uncontrolled air infiltration through the building fabric. Some of this ventilation
may be necessary for designed air change levels. However, air infiltration
leads to heat loss, increased energy consumption and draughts which may
adversely affect occupants thermal comfort levels.



Natural ventilation results in an inevitable level of heat loss leading to
significant energy consumption. In some cases, air change is being provided
when it is unnecessary, e.g. through chimneys of unused open fires or from
bedrooms which are unoccupied for long periods during the day.



There are significant implications for ventilation provision when retrofitting
existing buildings. Improved insulation and air tightness levels often lead to
higher indoor temperatures and consequential increased levels of water
vapour in the air. Ensuring that adequate designed ventilation is provided to
account for reduced air infiltration and improved thermal performance is
imperative.
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M2.U3.S1 Progress Check
1. Describe the five criteria that a means of ventilation should provide for in
occupied areas of a building as per TGD F 2009
1) _______________________________________________________
_______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
_______________________________________________________
3) _______________________________________________________
_______________________________________________________
_______________________________________________________
4) _______________________________________________________
_______________________________________________________
_______________________________________________________
5) _______________________________________________________
_______________________________________________________
_______________________________________________________
2. According to TGD Part F 2009, what proportion of the floor area of a habitable
room should be provided as opening (window or external door) to provide for
purge ventilation?
_____________________________________________________________

3. Describe two options for providing extract ventilation to wet rooms that are
provided for in TGD F 2009
1) _______________________________________________________
_______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
_______________________________________________________
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4. Define the term ‘Adventitious ventilation’
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

5. List and describe two factors relating to ventilation which should be considered
when retrofitting an existing dwelling.
1) _______________________________________________________
_______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
_______________________________________________________

6. List five airborne pollutants that should be considered in ventilation design and
provide one example of each.
1) _______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
3) _______________________________________________________
_______________________________________________________
4) _______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
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Unit 3 Section 2
Types of Ventilation Systems
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2.1 Introduction
TGD Part F 2009 was the first building regulation to provide guidance for alternative
ventilation systems to natural ventilation. Further revisions of building regulations,
which are imminent for dwellings in the next two years, will inevitably lead to
standards that require significantly lower air permeability levels. This means that
building designers need to consider alternatives to natural background ventilation in
order to meet or exceed set standards for energy consumption and carbon emissions.
Many of the alternative ventilation systems require the installation of electrical
equipment and ducting networks to carry air in and out of the building. This will require
careful consideration of air tightness levels and the accommodation of fans (for
localised and centralised systems) and ductwork (for passive stack and some
mechanical systems).
The following section provides a description of the main features of the following
ventilation systems:


Natural ventilation with intermittent extract.



Passive stack ventilation (PSV).



Mechanical extract ventilation (MEV).



Mechanical heat recovery ventilation (MVHR).



Positive input ventilation.

At the end of this section you will be able to:
1. Describe the main features of ventilation systems commonly deployed in
buildings as alternatives to background ventilation.
2. List the advantages and disadvantages of these systems in terms of energy
consumption and ease of installation.
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2.2 Natural Ventilation with Intermittent Mechanical Extract
This system combines the use of background ventilators (hole-in-wall or window
trickle vents) in habitable rooms with local extract fans installed in ‘wet’ rooms (see
Figure 3.7). As per TGD F 2009, these extract fans are for the purpose of “removing
excess water vapour from areas where it is produced in significant quantities, such
as kitchens, utility rooms, bathrooms and shower rooms”.

Localised mechanical
extract fans

Figure 3.7: Natural ventilation with localised mechanical extract illustrating location
and airflow directions of ventilators (source: GPG268, Energy Saving Trust, 2006)

As fans only operate intermittently, the ventilation system needs to be designed with
sufficient background ventilation to provide replacement air for the whole building as
per TGD Part F 2009 (as per Table 3.1 previously). Also, background ventilators
should be positioned so as to avoid potential draughts.
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Installation
Mechanical extraction in kitchen areas is predominantly provided by cooker hoods
which are manually controlled. TGD Part F prescribes that cooker hoods are
positioned 650mm to 750mm above a hob, unless specified otherwise by the
appliance manufacturer. In bathrooms, shower and utility rooms, fans may be
mounted in a ceiling or external wall. The fans should be positioned as high as
practically possible but at a maximum of 400 mm below the ceiling level.


Extractor fans should be sized and selected appropriately to ensure sufficient
flow rate.



Usually wall mounted fans will require minimal ducting. However, some fan
locations will require more significant lengths of ductwork to reach the outside
air.



In general, axial fans are only suitable for short duct runs while centrifugal fans
may be used with flexible ducting up to 3m (as per TGD F 2009).



Where ducting passes through compartment floor/wall or affects protected
stairways, fire safety guidance in building regulations should be followed (TGD
Part B – Fire Safety, 2006)

Control
The intermittent operation of the mechanical extract fans may be occupant controlled
or by automatic control. Simple fan types are available with a manual switch or may
be wired to a light switch so that they operate automatically when a room is in use.
For wet rooms with no independent background ventilator and no open able window
(for purge ventilation), an automatic overrun of 15 minutes should be provided.
More sophisticated automatic control systems are available with humidity or usage
sensors incorporated. Fans fitted with a humidistat can be sited close to the source
of moisture generation in a wet room. They will detect when moisture is present and
operate the fan accordingly to ensure removal. This is an efficient method of control
as the fan is only in operation when extraction is required for moisture removal.
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Table 3.2: Advantages and disadvantages of background ventilation with intermittent
extract
Advantages

Disadvantages

Ease of installation, usually minimal
ducting of fans required

As background ventilators work through
wind pressure, the ventilation rate is
affected by wind direction and strength.
This can lead to significant draughts

Simple to operate for occupants

Manually controlled fans may not be
operated appropriately by occupants

Mechanical extract fans provides rapid
extraction of high levels of airborne
pollutants

Some background ventilators may be
closed by occupants (hit and miss
vents)

Low maintenance

System relies on background ventilation
for air replacement which leads to
significant heat loss and risk of
draughts
Mechanical fans consume electrical
energy to operate
No ability to recover heat from exhaust
air
Fan operation can be noisy

169

2.3 Passive Stack Ventilation (PSV)
The PSV system consists of ventilators located on the ceiling of wet rooms and are
vertically ducted to roof ridge terminals. PSVs are driven by wind and stack effects
to extract air supplied through background ventilation (see Figure 3.8). It is important
to note that background ventilation for PSV falls under the heading of natural
ventilation and, therefore, the calculation of free area requirements is the same
as for natural ventilation and intermittent fans. The doors to the rooms of the
building are undercut to allow air flow even when they are closed. Warm air in the
building rises and flows out through the vertical ducts (stack effect) thereby causing
cool outside air to be drawn into the building through the trickle vents in the lower
areas.
For this system to work effectively it must be properly designed and installed. It is only
suitable for buildings with a high standard of air tightness. Correct sizing, connections,
bends, jointing and layout of ductwork are essential for the system to function
properly.

Figure 3.8: Passive stack ventilation system (source: GPG268, Energy Saving Trust,
2006)
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Installation
The installation of PSV requires particular attention to installation as it relies on low
pressure differences to operate effectively. Ductwork should be vertical wherever
possible with number and sweep of bends kept to minimum. Good practice guidelines
for installation of PSV are available in British Research Establishment (BRE)
Information Paper 13/9420. The following are a number of guidelines for installation of
ducting:


Each ventilator/terminal should have an independent duct provided (Figure
3.9)



There should be no more than two bends in any duct run with offset angles of
less than 45° preferable to ensure that air flow is unimpaired (Figure 3.10)



Ducts require insulation where they pass through unheated spaces to avoid
the risk of condensation



Ductwork should be adequately supported with strong connections at vent
grilles and ridge terminals

Figure 3.9: Suitable layouts for passive stack system (source: GPG268, Energy Saving
Trust, 2006)
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Available at: http://www.passivent.com/downloads/ip13_94.pdf
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Figure 3.10: No part of the ductwork should be greater than 45° from the vertical
(Reproduced from S.R. 54:2014 with the permission of NSAI)

Control
As the system is based on a continuous operation of extract affected by pressure
differences, there are limited options from control. A humidistat (humidity sensitive
control) may be fitted to inlets that will increase the air flow when high levels of
moisture is present. This type of control also reduces heat loss as the air exchange
is reduced when there is are lower moisture levels to be extracted.
Table 3.3: Advantages and disadvantages of passive stack ventilation systems
Advantages

Disadvantages

Virtually silent in operation

The accommodation of vertical ducting
makes it a limited option for existing
dwellings

Consumes no electrical energy

Susceptible to draughts as background
ventilators are required for air intake

Operates continuous extraction
ventilation for wet rooms

The system is somewhat weather
dependent for operation, requiring
additional ventilation in summer months

Low maintenance, occasional cleaning
of ventilator grilles

Careful installation is required to ensure
that system operates as intended

Easy to operate for occupant

No ability to recover heat from exhaust
air

Recognised by Irish building regulations
as means of extract ventilation
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2.4 Mechanical Extract Ventilation (MEV)
Mechanical extract systems, similar to passive stack, are ducted from vents in wet
rooms and cool outside air is once again drawn into the building through trickle vents
(see Figure 3.11). The draw is created in this case by a centrally located fan (usually
in the roof space) with dual speed for continuous trickle and boost ventilation taking
stale air out into the atmosphere. This continually extracts air from wet rooms. This
system takes away the need for multiple intermittent mechanical vents throughout the
building and can be a more cost effective and quieter option. This system requires
attention to ductwork standards and balancing of the extract to ensure its
effectiveness.

Figure 3.11: Whole- house mechanical extract ventilation (source: GPG268, Energy
Saving Trust, 2006)
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Installation


The ducting should be installed to minimise resistance of air flow



Ducting should be insulated where it passes through unheated spaces to
avoid risk of condensation



Ducting should be adequately supported with strong connections at inlets and
terminals to avoid leakage

Control
Control of boost setting may be provided by manual switch or automatically triggered
by humidistat sensor when moisture levels are high in an area.

Table 3.4: Advantages and disadvantages of mechanical extract ventilation (MEV)
Advantages

Disadvantages

Virtually silent in operation due to low
volumes of air being extracted

Not recognised in Irish building
regulations as a ventilation system

Operates continuous extraction
ventilation for wet rooms

Susceptible to draughts as background
ventilators are required for air intake
Consumes electrical energy for
operation of fan
Commissioning of the system is
required
No ability to recover heat from exhaust
air
Requires regular maintenance to keep
grilles free of obstruction and to replace
filters
The accommodation of ducting can be
problematic for existing dwellings
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2.5 Mechanical Heat Recovery Ventilation (MVHR)
This system is suitable only for significantly air tight buildings and offers the highest
level of energy efficiency with a high level of heat recovery. It combines supply and
extract ventilation in one system. A mechanical ventilation unit is typically located in
the roof space which recovers heat from warm extract air to preheat incoming fresh
air (see Figures 3.12 and 3.13). Stale air is extracted from wet rooms and fresh air
(preheated) supply is directed to habitable rooms. The systems incorporate a dual
speed feature, i.e., normal continuous trickle ventilation and high speed boost extract.
The mechanical heat recovery unit operates on a low specific fan power (SFP) and
efficiency usually greater than 85%. Energy savings are only realised if air
permeability of the building is less than 5 m³/ (h.m²), with levels below 3m³/ (h.m²)
recommended, i.e. buildings that significantly exceed the minimum air tightness
levels as prescribed in current building regulations.

Figure 3.12: Whole- house mechanical heat recovery ventilation (source: GPG268,
Energy Saving Trust, 2006)
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Figure 3.13: Typical MVHR layout

Installation
 Ducting should be installed to minimise resistance of air flow
 Correct balancing of the system at installation is key successful operation.
 The supply and extract volumetric flow rates must be calculated at design stage to
meet national standards.
 Supply and extract fans must be commissioned to deliver the design flow rates.
Fans should be AC variable speed and should maintain design flow rates as filters
become clogged between maintenance periods.
 An appropriate maintenance schedule should be adhered to, particularly for the
replacement of filters as air quality may be adversely affected. The importance of
this maintenance should be communicated to the client and the schedule
explained.

Control
Control of boost setting may be provided by manual switch or automatically triggered
by humidistat sensor when moisture levels are high in an area.
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Table 3.5: Advantages and disadvantages of mechanical heat recovery ventilation
(MVHR)
Advantages

Disadvantages

Virtually silent in operation

The accommodation of ducting can be
problematic for existing dwellings

Preheated fresh air provided to rooms
through heat recovery which reduces
energy bills for space heating

Requires careful installation and setting
of volumetric flow rates

Incoming fresh air is filtered

Commissioning of the system is
required

Draughts are no longer a risk as
background ventilators are not required
and building air tightness levels are
high

Requires regular maintenance to keep
grilles free of obstruction, to replace
filters and to clean heat exchanger

Recognised in Irish building regulations
for positive impact on energy
consumption
Reduced risk of condensation due to air
tightness of building and controlled
ventilation rates

2.6 Demand Controlled Ventilation (DCV)
Demand Controlled Ventilation (DCV) is a system that provides automatic regulation
of the ventilation system by sensing the Indoor Air Quality (IAQ) and determining the
required air change rate. It does this without user intervention, in other words it is
“automatic”.
DCV is a ventilation methodology that can be applied to all of the advanced ventilation
techniques mentioned previously (PSV, MEV and MVHR) but would be most
commonly used with MEV systems. In a domestic building, humidity is typically a good
measure of IAQ except in W.C.s where presence is a better measure. Other ways of
measuring IAQ might include for example CO₂.
Fundamental to all DCV systems is the inherent energy saving and IAQ security
derivable from a system that takes control away from human beings who are as
equally poor at sensing humidity as they are CO₂ and other pollutants. It is important
to note that DCV is not recognised in Irish building regulations as a ventilation
system.
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2.7 Positive Input Ventilation (PIV)
Positive Input ventilation (PIV) employs a mechanical unit located in the roof space
centrally over a landing or hall space which draws fresh filtered air from outside
(through background ventilation) into the building gently dispersing it around the
building diluting and displacing moisture laden air through positive pressurisation (see
Figure 3.14).
Some heat recovery is possible as during the heating season the roof space air
temperature is affected by solar gain, convection and conduction heat losses from
the building. The fan unit is housed at ceiling level above a landing or hallway. The
unit has very low power consumption and can be set to go on standby when loft
temperatures rise above certain levels in summertime. Maintenance is low, involving
replacement of filters on a set schedule. PIV systems claim significant success in the
reduction of condensation and mould growth within buildings but there has been
limited research into their performance
It should be noted that best practice would require PIV to be installed in conjunction
with an already compliant system, for example natural ventilation with intermittent
fans. PIV is not recognised in Irish building regulations as a ventilation system.

Figure 3.14: positive Input ventilation (source: GPG268, Energy Saving Trust, 2006)
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Installation


Care must be taken on installation to avoid draughts being created.



Correct sizing and location of the mechanical unit is essential for the system
to function effectively.



The system depressurises the roof space somewhat which can lead to
increased air leakage. Air tightness measures are therefore required to
minimise heat loss to the unheated loft space.



It is important to provide adequate ventilation levels to the roof space to
provide both air for circulation to the building and normal levels of ventilation
for the roof.

Control
Fan speed can be increased by manual or automatic switching.

Table 3.6: Advantages and disadvantages of positive input ventilation
Advantages

Disadvantages

Virtually silent in operation

Not recognised in Irish building
regulations as a ventilation system

Potential to recover some heat from loft
space

Requires air tightness measures at
ceiling below roof space

Suitable for retrofit due to ease of
installation, no ductwork required

Fan consumes electrical energy

Ease of operation for occupants

Requires maintenance to keep grilles
free of obstruction and to replace filters
Requires a relatively simple building
layout to ensure adequate air circulation
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Summary


Natural/background ventilation with intermittent extract contributes to heat
loss levels in buildings due to the level of continuous air change. Fans used
for local extraction also contribute to energy consumption.



Passive stack ventilation (PSV) provides an option for extract ventilation which
does not consume energy in its operation. However, the nature of the ducting
required for the system means it has limited applications in retrofit projects.



Mechanical extract ventilation (MEV) consumes electrical energy and relies
on background ventilators to provide replacement fresh air. Ducting is also
required for centralised (whole-house) systems.



Mechanical heat recovery ventilation (MVHR) offers an opportunity to recover
heat energy from extract air. The system has potential to meet part of the
heating load of a dwelling and is effective for providing even distribution of
heat. However, the installation and commissioning, is relatively complex
making it largely unsuitable for average retrofit applications.



Positive input ventilation is a relatively simple concept and easy to install, even
in retrofit projects. However, it is difficult to quantify the benefit of heat
recovery from loft spaces and the potential offset against running costs of the
fan.
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M1.U3.S2 Progress Check
1. List four ventilation systems which may be considered as an alternative to
traditional natural/background ventilation
1) _______________________________________________________
_______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
_______________________________________________________
3) _______________________________________________________
_______________________________________________________
_______________________________________________________
4) _______________________________________________________
_______________________________________________________
_______________________________________________________

2. What guidance is provided in TGD Part F 2009 for the positioning of cooker
hoods for extraction in kitchens?
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

3. Describe the basic principles of a MVHR system that make it suitable for an
energy efficient dwelling
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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4. List three control options for intermittent local extract ventilation.
1) _______________________________________________________
2) _______________________________________________________
3) _______________________________________________________

5. List and describe two types of localised mechanical extract fans that are
included in TGD Part F 2009.
1) _______________________________________________________
_______________________________________________________
_______________________________________________________
2) _______________________________________________________
_______________________________________________________
_______________________________________________________

6. Using line drawings and the section through a typical dwelling provided below,
complete a schematic layout for a passive stack ventilation system.
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