	
  

	
  

TRAINING FOR
REBUILDING EUROPE
Retrofitting buildings, training and improved skills, and
financing energy efficiency in buildings.

Guidance Notes
The sole responsibility for the content of this publication etc. lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the EACI nor the European Commission
are responsible for any use that may be made of the information contained therein.
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FOREWORD
The homes we own play an important role in
our life. Our buildings also represent significant
physical, economic and cultural capital of Europe.
Therefore, we have a long term responsibility to
protect and maintain them for the generations to
come.
By improving the energy efficiency of our
homes and generating our own energy, we can
reduce our contribution to climate change and
improve our collective environmental impact.
Furthermore, these actions could save billions
for consumers and public budgets, create new
skilled jobs, improve security of energy supply and
improve European companies’ competitiveness.
Indeed, many retrofit success stories are
demonstrating the opportunities to foster
innovation, improve home comfort and reduce
energy bills. We need innovative ways of
partnering between property owners, local
authorities, technology providers, building
professionals and financial institutions.

In this sense, TRAINREBUILD is a genuine bottom
up engagement tool with the sole objective to
provide homeowners and tenants with more
information to empower them to make informed
choices on cost effective interventions in their
buildings and to save money on their energy bills.
The training package made available to property
owners’ associations and local authorities is
supported by an on-line Build-Up Training
Community. The training sessions to be hosted
in 11 Member States will be an opportunity for a
mutual learning experience.
TRAINREBUILD has also initiated the European
Training Forum, co-chaired by the EU
Commission and private sector representatives,
offering a platform for those working in energy
efficiency retrofit to share experiences and good
practice.
Let us work together towards cleaner and more
energy intelligent buildings for the future.

TRAINREBUILD is the first EU supported project
which has property owners and local authorities
at the core of its consortium with the aim to train
civil servants and homeowners and to promote
breakthrough strategies and practices to enhance
the energy consumption of existing buildings.
It is not just governments and industry that will
move Europe towards a clean energy future,
homeowners will also have an important impact
simply by making choices about how they use
energy around their home. Often people do not
have access to the information they need to
reduce their energy consumption in a way that
does not sacrifice lifestyle.
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INTRODUCTION
The TRAINREBUILD EU supported project
represents a significant opportunity for property
owners across Europe to make cost effective
interventions in their buildings and to deliver a
contribution to the overall carbon reductions in
existing buildings.
TRAINREBUILD is a partnership of a highly
representative group of networks and
organisations addressing the whole value chain of
the building sector. We are focused on the energy
renovation of existing housing, either individual
residential buildings, groups of housing belonging
to real estate companies, or blocks of flats in
co-ownership. The project is based on an analysis
of the training initiatives and toolkits already
existing at European and national level in this field
and aims at their practical deployment of these at
pan European level.
The present toolkit offers a broad background
reading in a narrative form about energy
efficiency improvements for homeowners. The
document includes a comprehensive list of energy
efficiency and renewable energies measures
that households could implement with detailed
accounts on average costs, savings, payback
times and disruption/maintenance issues.

WHAT’S IN THIS PACK?
This document has been developed by the project
partners based on extensive research of the
EU’s housing stock, including aspects such as
age, type, typical construction details and energy
use. The findings have been analysed during a
laboratory bringing together building professional
which then informed the content of the toolkit
and determined the technically and economically
appropriate energy efficiency measures to be
included in this document.
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1.1

TRAINREBUILD

The objective of the TRAINREBUILD project is
to design a comprehensive value chain strategy
to generate a change in the thinking of public
and private building owners regarding the link
between energy efficiency and value.
The project aims to encourage retrofitting in a
wide range of residential buildings, spanning from
individual to multi-family houses and from private
to social housing.
There are two core groups targeted by the
TRAINREBUILD project:Associations of Property Owners
Civil servants of local authorities members
of the Covenant of Mayors (CoM) and who
are responsible for the energy efficiency
improvements of buildings
The project aims to create a “value chain
partnership” with property owners at the core of
such collaboration. The training programme is
targeted specifically at private and public property
owners interested in “buying” retrofits for their
buildings as well as providers of energy efficiency
solutions such as the industry and building
professionals.
TRAINREBUILD promotes an integrated
approach based on a cross-professional dialogue
including actors involved with the design,
selection, approval, installation, operation,
maintenance, sales and marketing of sustainable
building systems.
The long term purpose is to create a significant
European dimension to foster market
transformation in the building sector and develop
a scale effect to reach a 20% reduction in energy
use and CO2 emissions in the built environment
by 2020, as well as a 20% share of renewable
energy production by 2020.
A final training and service package will also
be available customised for the local context to
ensure the widest possible usability to property
owners throughout Europe
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1.3

WHAT THE EU HAS BEEN DOING

Buildings and construction works have the
largest single share in global resource use and
pollution emission. The use of energy efficient
technologies, changing peoples’ behaviour and an
increased use of renewable energies are some of
the tools available to encourage lower energy use.
The key challenge is to encourage consumers,
businesses, industry and governments to require
and to opt for efficiency.

SECTION 2.0
MEASURES YOU CAN TAKE

The disproportionate role of buildings as
contributors to climate change is largely a
legacy of the way homes and offices have been
constructed over the last few decades. With
buildings accounting for more than 40 % of all
CO2 emissions, the EU has an important role
to play in ensuring energy efficiency in the built
environment.
Energy performance of buildings is key to
achieving the EU Climate & Energy objectives,
namely the reduction of a 20% of the Greenhouse
gases emissions by 2020 and a 20% energy
savings by 2020. Improving the energy
performance of buildings is a cost-effective
way of fighting against climate change and
improving energy security, while also creating job
opportunities, particularly in the building sector.
The EU has four important laws in place to
address the energy use in buildings. The Energy
Performance of Buildings Directive and its 2010
recast require Member States to set minimum
energy efficiency standards for new buildings and
increase the renovation rate of existing buildings;
the recently approved Energy Efficiency Directive
which provides requirements to establish energy
efficiency obligations schemes and policy
measures to drive energy efficiency improvements
in households, industries and transport sectors;
the Eco-design Directive establishes minimum
energy efficiency requirements for products
including heating and cooling equipment; and the
Energy labelling Directive help consumers choose
environmental friendly products.
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The residential sector across Europe represents a great opportunity to demonstrate the energy
efficiency measures that can be retrofitted across all property types. The following sections identify
the intervention measures that can be carried out either as individual activities or as part of a larger
retrofitting project and details the technologies, costs and benefits and provides details of where further
information can be obtained.

2.1

IMPROVING THE BUILDING FABRIC

Significant cost savings can be made by taking actions and introducing measures that improve the
fabric of a building. These measures are extremely cost effective and should be considered as one of
the first actions to be taken. Insulation alone can reduce heating losses by up to 35% (Carbon Trust,
2011). Some key actions are set out in Table 1 below.

TRAINING FOR REBUILDING EUROPE

2.1.1

DRAUGHT-PROOFING

Draught-proofing is a cost effective intervention that can be undertaken by semi skilled labour. By
installing suitable draught-proofing heat losses can be reduced resulting in savings on heating bills.
Average Cost				

€200

Average Saving			

€25

Average Payback			

8 years

Installation disruption		

Low

Ranking				

8

Issue

Draughtproofing

Benefit

Top Tip

Payback

Ranking

€25,
improved
comfort

Avoid sealing a room/
buildings with inadequate
ventilation as condensation
and health problems can
result

8 years
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Sealing Windows and Doors
Sealing gaps in doors and windows can be very
effective. Self adhesive foam strips are low cost
but deteriorate over time and will need replacing.
Metal and plastic strips with brushes and wipers
whilst having a higher capital cost are more cost
effective and will last longer. The size of strip
must be appropriate for the size of the opening
and the gaps.
Regular maintenance and inspection of draught
proofing and door closers will ensure that they
continue to work properly and provide savings.
Check all seals, draught stripping and door
closers for signs of damage and replace them
if required. Draught stripping comes in a variety
of sizes to seal any gap and is easy to install.
(Carbon Trust, CTV014)
Table 1. Fabric actions
Source EST CE 309
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Gaps around the edges of doors can have strips
fitted similar to those recommended for the
windows and other holes that could cause cold
air to enter the dwelling should be addressed
including keyholes and letterboxes.

	
  Source: Carbon Trust, CTV014

Open Fires and Chimneys
If the dwelling has an open fireplace that is
not used there could be considerable draughts
and heat losses and these can addressed by
capping the top of the chimney or by installing an
inflatable cushion called a chimney balloon which
will block the chimney.

Flooring
Timber floors can have gaps between the boards
and between the boards and the skirting boards
and these gaps can increase and decrease as
temperatures change. Consequently, any filler
used to address the gaps needs to be flexible and
these will include silicon-based sealants.
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Loft Hatches
For dwellings with lofts, the loft hatch can be
draught proofed using strip insulation similar to
those used on windows and doors.

Other holes
Pipe penetrations through walls, floors and
ceilings need to be filled with flexible sealants or,
for larger gaps, expanding foam.
Other gaps and cracks can be filled with concrete,
mortar, or other sealants however crack may
indicate other underlying problems that would
need surveying by a professional. (EST, 2011)

2.1.2

The options available to introduce insulation into
a dwelling and many and various although most
will be extremely effective, cost efficient, and will
likely be one of the highest prioritised actions and
interventions to undertake.
It is possible to insulate walls, lofts, ceilings,
floors and pipework as a separate activity or as
part of improvements and maintenance activities.
When installing insulation it is important to get
professional advice as placing certain insulation
in certain locations can create condensation with
may lead to rot and fungal infection.
During improvement and maintenance activities
carry out an inspection of the areas for damp and
mould and take the necessary action to eliminate
the cause. (Carbon Trust, CTV 014)

INSULATION

There are a number of insulation interventions that can be made on an existing building with varying
levels of cost, payback and disruption. Some installations do not need skilled labour whilst other will
require specialist installers.
Average Cost				

€10 - €12,500

Average Saving			

€10 - €400

Average Payback			

1 - 32 years

Installation disruption		

Low - High

Ranking				

2 - 13

Issue

Annual Saving

Loft

Top Tip

2.1.2.1

Loft

Dwellings with pitched roof and a loft space can
have insulation installed between the existing
ceiling joists or between the rafters depending on
whether there is, or is likely to be, a room within
the loft. Insulation quilt or rigid boards can be
used as can the newer foils insulation which, if
installed correctly and meets the appropriate
thermal codes and standards, can minimise the
amount of space taken.

	
  

If there are water tanks and pipework within the
loft space these need to be adequately insulated
and this normally involves keeping the area
beneath the tank clear. Where cabling and other
services run through the insulation advice should
be sought regarding their protection, particularly
their positioning to avoid overheating. (EST, CE83)
Where a pitched roof creates the loft, the roof
can be either a cold roof or a warm roof. A cold
roof is created where insulation is laid between
and across the roof joists and the space above is
ventilated.

	
  

Figure 4b Insulation at rafter level
(Source Carbon Trust CTV 014)

»» Insulation to prevent outside air entering
heated space
»» Rigid insulation
2.1.2.2

Payback

Ranking

€150

3

4

Cavity Wall

€115

4

6

Solid Wall - Internal

€380

15

11

Solid Wall - External

€400

32

13

Floor

€50

4

5

»» Second layer above joists.

Heating Systems

€45

1

2

»» First layer between joists

Flat roof

	
  

Figure 4a Insulation at ceiling level
(Source Carbon Trust CTV 014)

»» Ventilation of loft space.

»» Insulation taken over external wall.
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Insulating a loft at rafter level using rigid boards,
fibre wool slabs or foil insulation creates a warm
roof and the space created into another functional
room. (Carbon Trust, CTV 014)

Flat Roof

For dwellings with flat roofs, it is more common
and more cost effective to install the insulation
above the roof deck. The insulation can either
be placed below the weatherproof membrane
in a warm roof deck construction, or above the
waterproof membrane in an inverted warm deck.
It is most economical to add insulation when
replacing the roof covering.
A vapour barrier should always be placed on the
warm side of any insulation to prevent moisture
condensing on the cold surface above insulation
and causing problems. (Carbon Trust, CTV014)
A tapered insulation system is also available that
can be used to introduce a fall into a flat roof to
avoid water puddles forming.
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Other options for roof insulation include:

TRAINING FOR REBUILDING EUROPE

Solid walls are harder to insulate and the cost
and disruption to occupants usually restricts this
option to refurbishment projects only. (Carbon
Trust CTV014)
Unfilled cavity walls can be filled at any time,
with heat loss through the walls being reduced
by up to 60 per cent. The typical installed cost of
cavity wall insulation is around £350, with payback
usually occurring in around two years. (EST,
CE83)

	
  2.1.2.3

For dwellings with external cavity walls the
introduction of cavity wall insulation can reduce
heat loss by up to 35%. (Carbon Trust, 2011)
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Solid walls can be insulated internally or
externally. A conventional 220mm solid brick
wall with internal plaster will have a U-value of
2.1W/m2K. In th UK, insulating a solid wall to best
practice will save around £300 a year on heating
costs. (EST, CE83). This particular solution may
not be cost effective as a stand alone project
but when included within a major repair or
replacement project can contribute to relatively
short payback periods.

Both options offer advantages and disadvantages
and the final decision often depends upon the
scope of the work being planned. For example, if
walls are to be re-rendered it clearly makes sense
to add external insulation while this is being
done. And the work can be carried out while the
dwellings are occupied, although it may cause
some disruption. On the other hand, if major work
is being carried out inside the dwelling (which
has to be vacant for this process) then internal
insulation may be the better choice. (EST CE309)

The process for installing cavity wall insulation is
carried out by specialist contractors, is relatively
simple to undertake and with minimal disruption
to the occupants. Grants and subsidies are
often available to meet some or all of the cost
of installation. The dwelling should be surveyed
prior to the works to assess the wall’s suitability.
Any defects or dampness problems should be put
right before work begins.

Filling cavities provides a more comfortable
environment for occupants, reduces draughts
as well as the risk of condensation. In buildings
where rain penetration is already a problem,
cavity insulation should be avoided.

Solid Wall with External Insulation

Whilst the heat loss through an uninsulated
wall can be typically over 50% more than an
uninsulated cavity call there are issues to be
considered when evaluating insulation options to
insulate internally or externally.

Cavity Wall

The work involves drilling injection holes through
the mortar joints according to the approved
drilling pattern. In the UK this will be as specified
in the BBA certificate, which is typically at 1m
intervals. Cavity barriers are installed to prevent
the fill entering the cavities of adjacent properties.
Air ventilators that cross the cavity are sleeved (or
sealed, if obsolete). Air bricks and balanced flues
should be sleeved. The insulation is injected into
the wall cavity. Quality checks are carried out on
the fill material prior to making good the injection
holes. Injection holes are filled with colourmatched mortar or render. (EST CE 309)

2.1.2.4

External insulated rendered systems

Source: Energy Savings Trust CE83

Unfilled cavity walls can be filled at any time,
with heat loss through the walls being reduced
significantly, by up to 60% in most instances. After
loft insulation, providing cavity wall insulation is
the most cost-effective insulation measure.
If the internal surface is being replaced, a thermal
laminate plasterboard can further improve the
thermal performance.

One of the most common approachs to the
insulation to the outside of an external wall is the
use of insulation boards with specialist render.
The use of external insulation and render reduces
condensation and can buffer the building from
movement, reducing and potentially eliminating
the requirement for expansion joints.
The choice of systems will be affected by a
number of factors including appearance,
local authority code and standards, planning
requirements and the suitability of particular
manufacturers’ products and solutions.

sense and the payback period is greatly improved.
The design and installation of external wall
insulation systems is a specialist job. Use
an insulation system with current approvals
certificates for all components.

Suitability of external wall insulation
»» Can be applied while occupants remain in
residence.
»» Thermal bridging is avoided, except in the
case of projections such as balconies.
»» Can change external appearance
dramatically.
»» Can be used to revitalise and modernise a
property and extend its life.
»» Can be cost effective where the external
walls require remediation.
»» May be vulnerable to impact damage.
»» Vulnerable areas need protection.
»» Rainwater goods and sills usually require
work.
External wall insulation is generally a more
expensive way to insulate solid-walled dwellings.
In addition to external insulation and rendering
other systems involving dry cladding are also
available.

Dry-cladding systems
Dry cladding is particularly suitable where
fixings can only be used on particular areas of
the building. In addition, these systems permit
access for periodic checks or maintenance work,
as is often required with high-rise buildings. Dry
cladding is rarely used on low-rise dwellings as
the cost is prohibitive. (EST, CE83)

When undertaken as a separate activity, external
insulation is not generally cost effective but when
it is incorporated within other necessary activities
such as the replacement of render or other wall
finishes then the additional marginal cost of the
insulation works makes greater commercial
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The use of dry-cladding systems allows for
greater flexibility of external appearance and
could allow for the design to meet local planning
requirements using, for example:

»» Timber panels.
»» Stone or clay tiles.
»» Brick slips.

TRAINING FOR REBUILDING EUROPE

When applying internal insulation, consideration
should be given to heavy items such as radiators
which may require additional support. When
putting in services such as electric sockets and
pipework, penetration of the insulating layer
should be minimised in order to maintain the
insulating properties of the material. (Carbon
Trust, CTV014)

»» Aluminium panels.

16

»» External wall appearance is maintained.
»» Internal wall surface warms up more
quickly.
»» Easier to install and maintain than external
cladding.

»» Skirting boards, cornices, door frames and
electrical fittings need repositioning.

Installing external wall insulation does have
some advantages over using internal insulation.
Occupants can remain in the dwelling during the
work – there is less thermal bridging because
the insulation layer is continuous, and it can both
improve the dwelling’s appearance and extend its
lifespan.

Insulation can be fixed to battens and covered
with plasterboard, or incorporated in a single
‘composite’ board (consisting of insulation
and plasterboard together). It is important to
incorporate a vapour control layer on the warm
side of the insulation to avoid condensation
between the wall and the insulation.

Thermal laminate plasterboard consists
of plasterboard with a backing of various
thicknesses of insulation. Thermal laminate
plasterboard can be fixed using plaster or
adhesive, plus additional mechanical fixings, or
onto softwood battens. The joins between the
boards should be taped and sealed to help prevent
air leakage and interstitial condensation. Most
types of thermal laminate plasterboard provide
better insulation than comparable thicknesses
of fibre-based insulation. It is therefore possible
to achieve the same thermal performance using
thinner insulation and can therefore be cost
effective on small dwellings.

»» Reduced room size can be critical in small
dwellings

Internally insulated external walls

The addition of insulation to the internal face of
solid external walls is a less expensive option, but
disruption to building occupants can restrict this
to times of major internal refurbishment projects.

»» Cheaper than external insulation.

»» Fixing of heavy items can be difficult.

Solid Wall with Internal Insulation

External wall systems are made up of an
insulation layer fixed to the existing wall (using
adhesives and mechanical fixings depending on
the type of insulation to be used) and a protective
render or cladding finish. The system chosen
should be approved by a suitable independent
authority.

Thermal laminate plasterboard

»» Can leave thermal bridges.

The improvement in thermal performance
mainly depends upon the thickness of insulation
provided. (EST CE 309)

2.1.2.5

Suitability of internal insulation (EST, CE83)

»» Can be disruptive to occupants.
Internal insulation typically consists of either
a built up system with insulation between and
across a studwork frame, or dry lining in the form
of laminated insulating plasterboard (known as
rigid insulation board).
Source: Carbon Trust CTV014

It is most cost effective to include internal
wall insulation in a full refurbishment or
modernisation scheme. It is a false economy to
install new plumbing, wiring and a central heating
system without insulating the dwelling at the
same time.
The main types of internal insulation system are:

»» Directly applied insulation.
»» Internal insulation with studwork.
In both approaches, the number of penetrations
through the insulation layer should be kept to a
minimum to reduce air leakage. (EST, CE83)

Insulated studwork
The insulation is held between a metal (or
preferably timber) framing system and finished
with a vapour control layer and plasterboard or
thermal laminate plasterboard. This approach
allows for a variety of insulation thicknesses.
For small dwellings where internal space cannot
readily be sacrificed, a high-performance rigid
insulation board or an in-situ applied closed-cell
PUR/PIR insulation may be preferable, either in
addition to internal studwork, or as a single-layer
installation.
In-situ applied closed-cell insulation can be
applied directly to the plaster, or if plaster is to
be removed, directly onto the brickwork. This
provides insulation and greatly reduced air
leakage, in a single application.

Preparation of the surface of the internal face of
the external wall is important. For walls where
existing plaster or plasterboard is being removed
and the brick surface is uneven a thin parge coat
of plaster will create a relatively even surface and
can also greatly reduce air leakage.
Table 5 shows how well a solid wall can be
insulated. It also shows how thicker insulation
(or insulation with lower thermal conductivity)
can achieve a really high level of thermal
performance. The only extra cost of 100mm
thickness compared to 25mm is the cost of the
insulation. The labour and preparation costs and
the time involved are about the same. But using
100mm of insulation instead of 25mm reduces
heat loss through the wall by about two-thirds,
and produces a finished wall with a U-value that
is generally better than most current new build
dwellings.
One disadvantage of internal insulation is that
it can introduce numerous thermal bridges, for
example at junctions where internal walls or
floors meet the external wall. We are investigating
the effects of these heat loss paths in existing
dwellings, and plan to publish specific guidance
on how to reduce the effects of thermal bridging
shortly. (EST CE 309)
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Suspended timber floors
Insulation should fully fill the space between the
joists and be the full depth of the joist. If there
is a cellar or basement, insulation can easily be
installed from below (see Figure 3.12). Building
control should be consulted to ensure correct fire
performance is achieved. Mineral wool or rigid
insulating boards can be used. The insulation
should be placed tight up to the underside of the
floor but not be over-compressed.

Source EST CE 309

2.1.2.6

Floor Insulation

Solid concrete floors
Where the floor is being retained the only simple
option is to install insulation and a new deck on
top. However care needs to be taken, particularly
at stairs and door thresholds. A 60mm layer of
phenolic, polyisocyanurate or polyurethane foam
insulants can achieve best practice.
Where the screed or ground floor slab is being
replaced there is an opportunity to incorporate
insulation. The finished floor level should coincide
with the previous level if possible in order to avoid
unequal or excessive step heights at doors or
staircases.
Insulation can be added above or below the slab.
(EST CE83)

REFURBISHMENT OPPORTUNITIES:
Suspended timber floors
Adding insulation between joists, where there
is access to the underside of suspended timber
floors, is a cost-effective measure at any time.
In areas where there is no access, insulating
between the joists can only be carried out from
above. To do this, the flooring must be lifted so it
is only worthwhile if floor renovation is part of a
planned refurbishment. Either mineral wool or
rigid foam insulation can be used.

18

Where there is no access from below, the only
practical way to insulate the floor is by taking
up the floorboards (see Figure 3.13). Timber
suspended floors can suffer with draughts – from
between the floorboards, around radiator pipes
and under the skirting boards. These need to be
sealed. Membranes, expanding foam and mastic
all have a role to play here. All timbers should be
inspected for damp, rot or infestation prior to the
addition of insulation.

»» To ensure optimal insulation, the following
should be noted:
»» Seal gaps at the skirting to avoid air
infiltration
»» Maintain ventilation below the subfloor
»» Place electrical cables sheathed in PVC in
conduit, or protect from direct contact with
expanded polystyrene insulation
»» Avoid placing heating pipes below
insulation. If this cannot be avoided, ensure
pipes are insulated. (Carbon Trust, CTV014)
Heat loss through exposed floors depends on:
the size and shape; the type of floor; and the
conductivity of the ground below it. Heat loss is
greatest around the edges of the floor, so shape
is important. Losses would differ between, say,
a mid-terrace and an end terrace dwelling.
Specifying a common U-value for both would
result in different insulation thicknesses and
finished floor levels. This is not practical. It is
easier to specify an R-value than a U-value. (EST,
CE83)

Source: EST CE83
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2.1.2.7

TRAINING FOR REBUILDING EUROPE

Heating System Insulation

Services pipework carrying hot and cold water should be suitably insulated using the appropriate
pipework insulation and this reduces heat loss and thereby reduces energy and cost.
For dwellings with domestic hot water storage tanks these should be insulated using the correctly sized
insulation ‘jacket’.

2.1.3

WINDOWS AND DOORS

Retrofitting opportunities can involve replacement
of the heating source (with more efficient
technologies), control mechanisms and fuel
switching. Larger scale system replacements
may create opportunities for the introduction of
underfloor heating.

2.2.1

HEATING

There are two types of condensing boiler: ‘System’
or ‘Open Vent’ and ‘Combination’ (or combi).
Both boilers provide hot water to the heating
systems and whereas the System or Open Vent
condensing boilers require a hot water tank where
hot water is heated and stored, the Combination
or Combi condensing boilers do not.

Energy loss through doors and windows can be as high as 20% although the cost of installation can
be high and disruptive. Window replacements in condominiums require significant external access
which can be costly and to be cost effective requires agreement from all occupiers.

The types of heating and cooling systems installed in a building and the fuels they use will affect
the overall building energy bill. Reducing energy bills can be achieved through replacement of
technologies and fuel switching.

Average Cost				

€8,000

Average Cost				

€2,500

Average Saving			

€135

Average Saving			

€235

Average Payback			

60 years

Average Payback			

15 years

Installation disruption		

Medium

Installation disruption		

Low/Medium

Ranking				

16

Ranking				

10

Issue

Annual Saving

Top Tip

Payback

Ranking

Double Glazing

€135

Double glazing has other non
financial benefits and value to
be considered

60

16

The replacement of windows and doors can have
a significant impact on heat loss from a dwelling.
The greatest impact comes through the reduction
of infiltration heat losses from minimising
draughts.
Replacement windows should always be fitted
by a reputable installer and sealed around the
frame (to reduce draughts and air leakage at the
wall-to-frame junction). In England and Wales, a
FENSA registered installer should be used (please
see ‘Relevant organisations and websites’).
Replacement of windows in historically sensitive
buildings should only be undertaken after
consultation with the local authority’s building
conservation officer. Secondary glazing is a good
option where thermal performance needs to
be improved and the existing character of the
dwelling needs to be maintained.
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Draught-stripping of existing badly fitting windows
and doors is inexpensive and simple to install. It
can greatly improve comfort as well as reducing
heat loss.

2.2

HEATING, VENTILATION
AND COOLING

In domestic dwellings the types of heating,
ventilation and cooling technologies can be many
and varied. For properties with ‘central heating’
the system usually involves a central heating
source, a boiler or district heating main, which
heats water which in turn is circulated through
pipework to radiant panels, radiators, which
radiate the heat into the room. The boilers can be
powered by fossil fuels, gas, oil, electricity, coal,
or renewable sources, solar, biomass.

Issue

Annual Saving

Top Tip

Payback

Ranking

Replace existing
old boiler with
condensing boiler

€135

Check efficiency of existing boiler
before considering any boiler
replacement

15

10

Boiler controls/TRVs

€30

Consider installation during
regular maintenance to keep costs
lower

5

9

2.2.1.1

Condensing Boilers

Condensing boilers are boilers that enter a
“condensing mode" stage at regular intervals and
start to extract heat from the exhaust gases that
would otherwise escape through the flue thereby
turning water vapour from the gas back into liquid
water or condensate.
A condensing boiler is typically 12% more efficient
than a non-condensing boiler as it captures much
more usable heat from its fuel. It utilises the
“latent heat” that is released from the burned
fuel as it changes from vapour into water. The
heat exchanger makes sure that as much heat as
possible is transferred from the boiler's burner and as little as possible lost in gases through the
flue.

System or Open Vent condensing boiler:

»» Can store hot water in a separate tank, so
large amounts of hot water are available if
multiple points/taps are in use at one time.
»» Ideal if you like to use an airing cupboard.
»» Boiler replacement could be simpler if
replacing a like for like system.
»» Not all home heating systems will be
compatible with a combination boiler.
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Combination/Combi condensing boiler:

»» Heats water for the taps when you turn the
tap on, so you don’t need to set a timer to
warm water before it can be used.
»» No need to have a separate hot water tank,
so can be space saving.
»» No heat loss from a hot water tank as it only
heats water on demand.
»» This is ideal if you don’t use much hot water
each day.

TRAINING FOR REBUILDING EUROPE

Many Member State have introduced legislation
that allows any electricity generated and not used
in the home can be exported back to the grid.
Micro-CHP systems are comparable in size and
shape to an ordinary, modern, domestic boiler
and can be wall hung like most boilers, or floor
standing. Servicing costs and maintenance are
estimated to be similar to a standard boiler –
although a specialist will be required.

2.2.1.3

Heating Controls

»» The house has multiple bathrooms or
shower (that aren’t electric).

Heating controls will allow occupants to maintain
a comfortable temperature appropriate to
their needs, taking account of external factors
including occupancy and seasonal temperatures.
Controls will enable heating and cooling systems
to come on and off when they are needed and are
essential to keep fuel bills and CO2 emissions
down.

See professional advice and consult a qualified
installer to determine the most appropriate boiler
for the dwelling.

When selecting the type of controls for the
heating of the dwelling there are a number of
issues to be considered.

Replacing an inefficient (e.g. a 15 year old
G-rated) boiler with a new A- rated condensing
boiler, and a full set of heating controls, can save
up to a quarter on your heating bills and up to
1,200kg of CO2 year. If your boiler is less than 15
years old then it is likely to be more efficient, so
will save you less if you replace it. (ETS, 2011-1)

The system should incorporate a thermostat
which allows the occupants to set a comfortable
temperature and switch the heating off when
that temperature is reached. A time control will
enable the heating to be switched off when the
dwelling is not occupied or when it is not required.
A programmable room thermostat will combine
time and temperature control and allows you to
set different temperatures for different times of
the day.

A combi condensing boiler may not be
suitable when:

»» The house has low mains pressure.

2.2.1.2

Gas Fired Combined Heat
and Power (CHP)

This technology produces both heat and power
from a single piece of equipment and can be
considered a means to generate your own power.

Micro combined heat and power
Micro CHP is the term given to domestic and
very small scale equipment. The systems are
generally fuelled by gas although some systems
can use LPG, oils or biofuels. They are not as
efficient as the larger items of plant, with the
main output of a micro-CHP system being heat
with some electricity generation, at a typical ratio
of about 6:1 for domestic appliances.
The electrical output could typically be 1kW per
hour which would be enough to power the lighting
and appliances in a typical dwelling (EST, 2011-2).
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A zone control if set correctly will ensure that
overheating does not occur in parts of the house
that are unoccupied or need lower temperatures.
Separate zones are usually set to provide lower
temperatures in bedrooms but can also be used
to take advantage of ‘passive solar gains’ in rooms
with lots of glazing, or to flexibly accommodate
specific usage patterns such as a home office or
granny flat. Zones are often provided through the
application of thermostatic radiator valves, but
can also be done with separate heating circuits
each with their own programmer and room
thermostat (or programmable room thermostat.)

If the dwelling’s hot water comes from a storage
cylinder then a cylinder thermostat will allow
occupants to set a maximum temperature for the
stored hot water and will then automatically stop
the water being heated once this temperature is
reached.

lower water temperatures because the overall
radiating surface area, the floor, is greater than
that of radiators.

There are two further elements of the controls
system that should be considered, a boiler
interlock and boiler thermostat.

»» Mean water temperature

A boiler interlock whilst not a control device in its
own right but through appropriate wiring between
the boiler and room and cylinder thermostat
which allows the boiler to turn off when heat is
not required.

»» Spacing and diameter of pipework

A boiler thermostat sets the temperature of
the water from the boiler which is circulated
around the system. The higher this is set, the
quicker and more effectively the system will heat
the dwelling. If the temperature is not set high
enough when the outside temperature is very cold
then the dwelling may never reach the desired
temperature.
If the dwelling has room thermostats and a boiler
interlock then the boiler thermostat can be set
to a high level and the efficient control of room
temperatures are controlled by local controls. It
is important to note that safety limits must be met
with regard to acceptable temperatures.

Hot Water controls
It is important to ensure that the hot water
heating is not on all the time as this will require
additional energy to keep the water warm. A
controlled heating of hot water based on forecast
demand e.g. first thing in the morning and again
in the evening is the most effective solution. (EST
2011-2).

2.2.1.4

Underfloor Heating

Underfloor heating can be retrofitted into
residential buildings but to be cost effective
these need to be incorporated as part of a larger
refurbishment project. The current underfloor
heating systems can be electrical or utilise hot
water flowing through pipes below the floor.

The rate of heat output from a wet system is
affected by:

»» Temperature of the space

»» Thermal resistance of covering layers
(BSRIA)
Wet underfloor heating systems use low
temperature water which flows through pipework
embedded in the floor structure with insulation
below to reduce downward losses. In electric
underfloor heating systems the heating pipes are
replaced with an electric heating cable of heating
mat.
The less costly installation would avoid casting
heating elements or pipework into concrete floor
slabs. They can however be placed under floor
coverings or above raised floor insulation between
or above floor joists.
Controls of underfloor heating can be difficult
and expensive to install requiring a significant
manifold and thermostatic valves for wet systems
and timer controls for electrical systems.

2.2.1.5

Heat Recovery Systems

In addition to Condensing boilers which capture
the latent heat from flue gasses other heat
recovery systems are available to deliver an
energy efficient building. For those dwellings
with a loft space they are likely to be capable
of installing a system to recover heat from the
air that might otherwise escape. This is linked
closely to ventilation and is often incorporate as
either a Single Room Heat Recovery Ventilators
(SRHRV) or whole house mechanical ventilation
and heat recovery (MVHR). See Section 2.2.2
below on ventilation systems.

Underfloor heating will allow the same
temperatures to be achieved in a room with much
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2.2.1.6

Flue Gas recovery

In most domestic situations Flue Gas recovery
is incorporated into condensing boilers although
for boiler installations that service larger blocks
of dwellings a flue gas recovery system may be
retrofitted to the existing systems.

2.2.2
2.2.2.1

VENTILATION
Whole House Ventilation Systems

Passive heat recovery has improved greatly in
recent years, and promises much better solution
for ventilation and damp problems. They now can
recover 90% of the heat from exhaust air simply
using 2 small low-power DC fans. These fans can
consume as little as 50watts which is only the
power of a light bulb. It is very hard to beat the
simplicity and energy efficiency of such passive
(non-heat pump) systems.
Very low energy 'Passive house' designs use a
combination of passive heat recovery and a heat
pump. This is appropriate where heat demand is
very low.
If any ventilation recovery system is used, then the
house needs to be air-tight, otherwise too much
air is lost through natural ventilation to make
these systems very energy efficient.
Exhaust air heat-recovery heat pumps take their
heat from within a building. Such systems can
help in buildings with damp problems. However,
the electricity consumption of such heat pumps
can be considerable. Such systems are common
in countries like Sweden where electrical heating
is more common, in-part due to their cleaner
electricity generating network which has a large
hydro-power input. In new-build houses, such
systems can work well if designed well, but
there is always a danger that badly installed
systems increase the demand on the houses
heating system. i.e. ventilation is in excess of
requirements, and the boiler load goes up.
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2.2.3

COOLING

2.2.3.1

Solar Shading

2.3

Lighting lamps can be changed by the landlord or occupier at any time. Changing fittings will
require a suitably qualified electrician and may be better carried out during regular maintenance.

Provide external shading
External shading is the most effective means of
reducing glare and heat from the sun through
exposed windows.
Installing shades to the outside of a building can
prevent direct summer sun entering the space,
reducing uncomfortable heat and glare. Shading
can be angled to allow winter sun to enter the
space, maximising use of natural daylight and
solar heat gain at this time of year.
Another option, where appropriate, is to plant
deciduous trees and shrubs nearby. This can
be particularly effective as foliage can provide
shading during the summer, whilst bare branches
let maximum heat and sunlight through in winter.
(Carbon Trust, CTV014).
The retrofitting of a solar reflective window
film can reflect high levels of solar infra red
heat which can improve the indoor climate and
occupant comfort. Consideration should be given
to the colour and appearance of the film from an
aesthetic perspective and also to the light the film
will block out as this could increase the need for
internal artificial lighting.

LIGHTING

Average Cost				

€40

Average Saving			

€60

Average Payback			

1.5 years

Installation disruption		

Low

Ranking				

1

Issue
Replace CFL lamps with
compact fluorescent
lamps or LEDs

Annual Saving

Top Tip

Payback

Ranking

€60

Consider the lighting output
of fittings as light from a lamp
can be lost if surfaces are not
highly reflective

1.5

1

Lighting consumes 20% of all electricity
generated and tungsten filament lamps remain
the most common type of lighting despite of them
being the least efficient. (BSRIA, BG3 2005).
Energy efficient lighting can reduce energy
consumption without loss of facilities and should
maximise natural daylight, avoid unnecessarily
high illuminance, and incorporate the most
efficient fittings, controls and lamps (bulbs).
(CIBSE, 2004). When considering lighting
retrofitting options consider each in turn as the
energy savings will accumulate as the various
features are introduced.

2.3.1

LIGHT FITTINGS

The most appropriate type of fitting that
contributes to reduced energy consumption are
those that only allow for dedicated energy efficient
lamps to be used. This avoids subsequent
occupiers reinstalling less efficient lamps without
the need to change the fitting.

2.3.2

LIGHTING CONTROLS

Effective control of electric lighting is the key
to realising the potential energy saving from
daylight, minimising the use of artificial lighting
when daylighting levels are adequate and when
the space is unoccupied. CIBSE, 2004.
Domestic room lighting controls can include for
permanently wired fittings, simple on/off switches
and dimmer switches, and for feature lighting
that is plugged in the mains, daylight (photocell)
controls and timer controls.
In flats and the communal areas of
condominiums a variety of occupancy controls
can be introduced whether infra-red or microwave
presence detectors or manually operated timer
push switches.
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2.3.3

EFFICIENT LAMPS (BULBS)

Trademen and professionals will often refer to
light bulbs by their more correct term – lamps.
Lamps convert electricity into light and are
rated by the power they use, in watts, although
the power rating does not always correspond
to the level of light output. This is measured
in lumens and is affected by the efficacy of the
lamp. For example 13 Watt compact fluorescent
lamp will produce as much light as a 60W
incandescent light bulb. Reductions of over
75% in power consumption are possible when
replacing incandescent light bulbs with compact
fluorescent lamps.
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2.4

WATER USE

Whilst water costs a relatively low and paybacks on water saving measures are long it is still possible
to make cost effective interventions. Flow restrictors on taps and showers and dual flush cisterns
on WCs can be considered. Existing large flush volume WC cisterns have the opportunity to install
devices which reduce the flush volumes.
Average Cost				

€5

Average Saving			

€20

Average Payback			

3 Months

Installation disruption		

Low

Ranking				

N/A

Issue

Annual Saving

Install Water
saving devices

2.4.1

Source EST EC352

The level of reduction increases when LED
lighting is introduced.
The development of Light Emitting Diode (LED)
lighting has dramatically reduced the energy
consumed in lighting, and are increasingly being
used as feature lighting.

€20

Top Tip
Consider fitting ‘Water Hippo’ devices in
existing large flush volume WC Cisterns

WATER HEATING

The hot water in most homes will be produced
by either a boiler whilst some will be provided by
solar hot water systems or electric instantaneous
heaters.
Where hot water is produced using heat from a
district heating scheme the property will have a
heat exchange unit which transfers the heat from
the district heating to the domestic supply.
Where properties have hot water storage tanks
these need to be adequately insulated.
The use of instantaneous electric hot water
heaters can significantly increase the electricity
use of a dwelling and should only be considered if
there are no other possibilities for producing hot
water.

2.4.2

WATER SAVING DEVICES

There are a number of ways to reduce the water
use within a home but the selection of the most
optimum solution will depend on the house,
occupant numbers, occupancy patterns etc.
WCs account for approximately 30% of all potable
water use in dwellings (EST, 2011). Opportunities
exist to replace the existing WCs with those with
either a low volume or dual flush cistern. A dual
flush flushing mechanism may be able to be
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Payback
3 months

Ranking
N/A

retrofitted to existing cisterns without the need to
completely replace the WC unit. Water use can be
also be reduced by installing delayed action inlet
valves which prevents the cistern refilling until
it has completely emptied. It is also possible to
install an interruptible flush device to an existing
WC. If this is not possible, proprietary devices
exist which when installed in a cistern will reduce
its capacity and therefore its flushing volume.
Basins and kitchen sinks can be fitted with low
flow taps although careful consideration should
be given to the use of the particular tap and the
consequences of changing it to a low flow type.
One option may be to install a dual action tap
which have a point up to which the flow is reduced
but full flow is allowed beyond that point. These
taps are sometimes called click point taps. The
installation of these types of taps can be affected
by the overall water flow rate.
Many occupants are reluctant to have showers
with low flow rates. The selection of shower
fittings is important as improvements in
technologies have resulted in showers that deliver
less water without the perception of low flow.
Showerheads may offer similar opportunities but
with greater ease of retrofitting.
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Both taps and showers can be fitted with flow
restrictors which reduce the volume of water
passing through them. They can be added without
replacing the taps, basins or showers being
replaced.
Many manufacturers make reduced capacity
baths which offer considerable reductions in
water use when compared with a standard
bath. A standard bath typically has a capacity
to its overflow of about 225 litres whereas a low
capacity bath can be 140 litres to the overflow, a
saving of over 35%.
Opportunities exist, when undertaking major
refurbishment, of installing technologies to
capture rainwater or greywater (waste water
from showers/baths and bathroom wash basins
to flush toilets. Captured rainwater can also be
used for external use.

TRAINING FOR REBUILDING EUROPE

Measuring water consumption is important to
understand usage, costs and inform occupants to
help with behavioural change.

SECTION 3.0

Installing water maters can be expensive although
these costs may be borne by the utility company
and, in the UK, are legally obliged to install
meters if customers ask for them. Electronic
Digital ‘Smart’ meters are measured remotely
and can provide very accurate information on
usage patterns. (EST CE 309)

WHAT CAN BE DONE TO...
1

Generate your own heat and electricity

2

Change People’s Behaviour

3

Measure what you use/generate

For landlords and condominiums the installation
of meters will provide transparency of
consumption and is considered the fairest method
of paying for water use.

Rainwater is diverted from the disposal systems
and collected in a tank, either in the loft, if space
and structure allows or below ground. The water
is then fed by gravity or pumped for use in the
appliances. Water captured from showers/baths
and bathroom wash basins can be collected,
treated and stored for re-use in place of mains
water for WC flushing although this will require
electricity to treat and pump the water to either a
tank or direct to a cistern. (EST CE 309)
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3.1
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GENERATE YOUR OWN HEAT AND
ELECTRICITY

3.1.1

3.1.1.1

FROM THE SUN

Technologies that generate heat and electricity from the sun are sometimes considered ‘Fit and
Forget’ technologies as they require minimum maintenance once they have been installed, although
regular maintenance will optimize efficiency. Check the availability of Government incentives and
grants.
Solar Thermal
Average Cost				

€4000

Average Saving			

€50

Average Payback			

80 years

Installation disruption		

Low/Medium

Ranking				

17

Photovoltaics
Average Cost				

€10000

Average Saving			

€200

Average Payback			

50 years

Installation disruption		

Low/Medium

Ranking				

15

Annual Saving

Top Tip

Payback

Ranking

Solar Thermal

€50

Most efficient in southern latitudes on
south facing roofs where panels can be
mounted at the optimum angle

80

17

Photovoltaics

€200

Most efficient in southern latitudes on
south facing roofs where panels can be
mounted at the optimum angle

50

15

STATISTICS EU

What is it?

Background

Photovoltaics (PV) are solar cells/panels that are
renewable electricity-generating systems. They
can be retrofitted to most residential buildings
although to maximise performance and maximise
payback they should be installed at an optimal
angle on a supporting roof or wall. Each solar
cell is made from one or two layers of semiconducting material, such as silicon. When solar
energy (photons) reaches each cell, it creates
an electric field across the layers. The stronger
the sunlight the more electricity is produced, but
solar PV can also generate energy in overcast
conditions. The strength of a PV cell is measured
in kilowatt peak (kWp), which is the amount
of energy the cell generates in direct sunlight
(DECC, 2011).

Work has been undertaken over a number of
years to establish the total installed capacity
of PVs (EPVI, 2011). The increase in the total
generating capacity has in part been down to the
actions of some countries, some of which are not
normally see as in favour of renewables. Certain
countries have introduced support schemes to
encourage market creation and industry growth.

	
  

Issue

Photovoltaics

Germany was the first country to introduce a
Feed in Tariff (FiT) and has the greatest installed
PV capacity in Europe. Through its actions it
has demonstrated how countries can achieve
environmental and industrial development at the
same time.
In Japan, more than 2.6 GW of solar power were
installed in 2009, almost 99% of which were
gridconnected thanks to incentives administered
by the Ministry of Economy, Trade and Industry.
Italy uses a FiT with higher rates for building
integrated systems (guaranteed for 20 years)
accompanied with net metering to encourage
solar power.
USA allows a tax credit of 30% for commercial
and residential PV systems that can be used
by utilities. Several States offer very attractive
schemes and incentives.
China is the world’s largest PV manufacturer. It
is discussing FiT to meet a goal of 20 GW of solar
power installed by 2020, 5 GW of this by 2015
which is of course negligible considering its huge
potential.

The above excludes Government financial
incentives, for example, Feed in Tariffs, which
need to be considered and factored into
calculations, which will reduce the payback
period.
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Intervention opportunities/Technologies
Within the sphere of retrofitting the installation of
Photo-Voltaics for electricity generation provide
a good opportunity to reduce reliance on fossil
fuel based energy. Consideration needs to be
given to the energy requirement, area available,
location, orientation, costs when determining
the technology options, particularly as installing
solar water heating may deliver a more efficient
option of renewable energy generation per m2 of
available area.

Types of Product (if applicable)
PV panels are available in a variety of types with
varying levels of efficiency and cost. There are
PV cells that go to make up a panel, whilst others
have been developed as a thin film.

Typically in the UK the average energy
consumption is 4000kWhs/annum. Of this 82%
is for space heating and hot water and 18% is for
lighting and small power. (BRE, 2008).

How it works
A PV panel generally consists of layers of positive
and negative type semi-conductors (Boyle, 2004),
usually made of silicon although other materials
are available. Through a process known as
doping the negative layer possesses a surplus of
free electrons whilst the positive layer possesses
a deficit of free electrons and it is by placing the
layers together that a junction, known as the p-n
junction, is created which creates an electric field.

Source EPI

Statistics
In the EU, the potential maximum power available
from PV installations is dependent upon the
amount of the sun’s radiation the PV panels can
capture and this is determined by latitude and
orientation, and in part altitude, the further south
in Europe you go the greater amount of solar is
received.

	
  

Source: Mackay

In the UK, the average amount of solar radiation
falling on a flat surface is 2.64 kWhs/m2 (NASA,
2011). For the UK the total energy generated,
based on a south facing panel of 10% efficiency
would range from 3.11 kWhs/m2/day in Cornwall
to 2.36 kWhs/m2/day in Aberdeen.
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When sunlight strikes the p-n junction, the
photons transfer their energy to the electrons and
cause them to move to the negative region in a
flow that creates an electric current which can be
released by introducing a circuit through which
the current can flow.
A PV cell must generate voltage as well as
current to produce power, which is created by the
electrical field that occurs at the junction of the
positive (p) and negative (n) layers. The power
output of PV panels can vary depending on the
voltage and current but the more light the cell
receives the more electricity it can generate.
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How efficient it is
The efficiency of a solar panel is defined as the
percentage of the solar energy falling on its
surface that is converted into electrical energy.
The efficiency of panels vary by type with few
exceeding 20% and the average is approximately
10% (MacKay 2010). The theoretical maximum
efficiency is 31% (Shockley and Queisser, 1961).
Average efficiencies of solar modules have
improved a couple percentage points per year.
The most efficient crystalline silicon modules,
achieved an efficiency level of 19.5% in 2010
and there is a target of 23% efficiency by 2020,
which will lower prices further. That increase in
efficiencies is seen in all PV technologies (EPIA,
2011).

Systems are often measured according to their
peak output, i.e. the maximum available output.
The likely or average annual power generation is
then calculated using this figure together with the
total area of the panels.
The annual amount of energy produced by a PV
system will depend on a variety of conditions
(Boyle, 2004) including:

»» The annual total amount of radiation at the
location;
»» Orientation and elevation of the panels;
»» The peak power rating of the array
»» The efficiency of the panels
»» The effect of temperature on the efficiency
of the panels
»» The efficiency of the inverter used to
convert the DC power from the PV arrays
into AC, and any losses that occur in the
wiring between the PV systems and the
final consumer.
At certain times the PV panels may produce more
electricity that can be used by the occupant of the
dwelling, for example when the occupant is not at
home, in which case opportunities exist for that
excess electricity to be used by someone else.
The excess electricity can be exported by a private
wire or to the grid although this will require an
Export Meter.

34

How much it costs
In calculating the total capital costs of an
installation it is important to recognise the
importance of economies of scale. The costs
will increase as the total generation increases
but the cost per kWp may reduce. All costs
incurred in the installation must be included in
the calculation of capital costs. This can include
but not limited to, panels, erection, scaffolding,
fixing, wiring, inverters, meters (consumption and
export), framing, strengthening of the building
structure.
The use of solar roof tiles can cost more than
conventional panels and panels built into a roof
are more expensive than those that sit on top but,
reduced costs of major roof repairs need to be
allowed for.
In the UK the cost for installing a 2.7kWp
system (assuming average efficiencies) costs
approximately £12,000 (including VAT at 5%). Solar
electricity systems can cost in the region of £4,000
to £5,000 per kWp installed, but costs per kWp
should reduce as system size increases. Costs,
savings and maintenance (EST, 2011)
For more information see Section 4.0 below.
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Payback (defined from above information)
When calculating payback it is important to
include all costs associated with the installation
and ongoing maintenance and repairs of the PV
panels as well as the income generated.
Costs that need to be considered relating to
installation, in order to obtain comprehensive
payback calculation, include, panels, erection,
scaffolding, fixing, wiring, inverters, meters
(consumption and export), framing, strengthening
of the building structure

Ongoing/running costs include cleaning,
repairs
Income generation costs can include the
opportunity cost of not purchasing electricity
generated from fossil fuel sources, the income
received from the Government/Electricity provider
for exporting electricity back to the grid, grants
and incentives such as [the UK Government’s
Feed in Tariff initiative].
Savings can be considerable (EST, 2011) - around
1.2 tonnes of CO2 a year. A 2.7 kWp system can
generate around 50% of a household's yearly
electricity needs. If the system is eligible to
receive additional income through export tariffs
and/or incentives available in the Member State,
greater financial savings will be achieved.
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would result. Passive trackers use a system
whereby a liquid moves as it is heated by the sun
and is used to move the panel, automatically
returning to the correct position for the morning.
This type is likely to be the cheapest, doesn't
have much to go wrong, and is reported to give
satisfactory results (Solar Facts, 2011).
Active trackers will usually use electric servo
motors to angle the panels and these may be
controlled by a light sensor sensing the position
of the sun or may be controlled by a time moving
the panels to predetermined positions.

Overshadowing
It is important to establish whether the position
where the PV panels are proposed to be installed
is likely to be overshadowed at any point during
the day as this will affect the overall output.

Framing
Most panels used in Retro-fitting will require
framing whether they are installed on a flat or
sloping roof. Seek advice on the most appropriate
framing size and type to address issues such as
additional loadings on the roof/structure, earth
bonding, differential materials.

Other benefits
In addition to achieving a Return on Investment,
the installation of PV panels will lower carbon
emissions when compared to electricity produced
through the burning of fossil fuels.
Source: Viridian Solar

INSTALLATION
Orientation
The greatest solar radiation, in Europe, is
obtained from the south and decreases the
further from south the PV panels are orientated.
Depending on the latitude the panels should
be angled to maximise the amount of solar
radiation falling on them. It is possible to install
mechanisms which move the panels to track the
sun and maximise exposure, however the costs
of these need to be considered and compared
against the increased output of the panels that
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Roof Penetrations
Some methods of fixing PV panels may require
alterations to the buildings’ structure and
penetrations through the roof surface on which it
is mounted.
It is important to understand the work involved
to ensure that any penetrations are kept to a
minimum and remain watertight.

Electrical Requirements

Suppliers/Skills

The electrical requirements are relatively simple
and can be designed and installed by most
reputable installation companies. The extent of
the electrical requirements will vary depending
on whether the building is stand alone, with
the potential use of batteries for the storage of
electricity, or connected to the grid. With a few
exceptions, electricity required to power most
systems and appliances must be alternating
current (AC).

The skills required to install pv panels are similar
to those required for other electrical systems
although consideration need to be given to
the controls etc and the work required to the
structure to accept the panels. Ensure that the
installed is suitably qualified and registered with
an appropriate certification scheme.

To convert the DC power from the PV panels into
AC power at a voltage and frequency that can
be accepted by the grid the system requires a
synchronous converter. This inverter allows the
buildings systems and appliances to accept the
power from the PV arrays and for any surplus to
be exported.
An Export meter, capable of measuring the flow
of energy both into and from the building will be
required if the landlord wishes to take advantage
of selling any surplus energy back to the grid.
This can be an important consideration in the
business case.

Operation
A PV system has been described (Source
Solar, 2011) as ‘Fit and Forget’ technologies.
Once installed there is very little in the way of
maintenance. There are no moving parts within
the system so potential problems are minimal. A
number of PV panels are fitted with self-cleaning
glass, so that rainwater helps them to remain
clean and operating efficiently. It will be necessary
however; as with any electrical installation to
periodically inspect and test the component parts
to ensure that electrical safety is maintained.

Maintenance
Maintenance is generally small - you'll need to
keep the panels relatively clean and make sure
trees don't begin to overshadow them.
One procedure (PASolar, 2011) provides step by
step guidance on the appropriate maintenance
procedures for PV panels. Always ensure that
maintenance is undertaken by an engineer
qualified to carry out the work.

Certification
In Europe there is a scheme (QUALICERT)
being developed to provide a common quality
certification and accreditation for installers of
small-scale renewable energy systems (EPIA,
2011). QualiCert aims at contributing to the
development of a European set of common “key
success criteria” for certification or equivalent
qualification schemes for installers of buildingintegrated biomass stoves and boilers, shallow
geothermal energy systems, heat pumps,
photovoltaics and solar thermal systems so that
they can be mutually recognisable. (QualiCert,
2011)

	
  

	
  

In the UK, the installation of PV panels is
governed by the Microgeneration Certification
Scheme (MCS).
The MCS certificates microgeneration
technologies used to produce electricity and heat
from renewable sources and is also linked to
financial incentives which include Feed in Tariffs
(MCS, 2011)
Regarding PV panels, at a micro-level, i.e. less
than 50kW, there are MCS standards for solar
PV installer companies and products. MCS
installers and products are mandatory for Feed In
Tariffs and installer companies must belong to a
consumer code of practice. There are also routes
for any complaints through MCS. At the moment
there is no other certification scheme considered
‘equivalent’ to MCS and any new scheme would
also need to have access to FITs. (DECC, 2011)
http://www.microgenerationcertification.org
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Statistics – Country Specific
Other issues
Local Government legislation and regulation can
affect the ability of landlords to install PV panels
on a property.
Planning regulations may permit or prevent
installations based on visibility, size, location, etc.
[In the UK, changes to Permitted Development
Rights in England and Scotland were introduced
on 6th April 2008 and 12th March 2009 meaning
that most PV installations at a domestic level
became eligible for permitted planning].
[The General Permitted Development Order
(GPDO), or the Town and Country Planning
(General Permitted Development) (Domestic
Microgeneration) (Scotland) Amendment Order
2009 grant rights to carry out certain limited
forms of development on the home, without the
need to apply for planning permission. Further
information regarding the regulations can be
found at:
http://www.planningportal.gov.uk/permission/
responsibilities/planningpermission/permitted

	
  

3.1.1.2

SOLAR THERMAL

Annual

What is it?

In Operation(2)

Solar thermal is a renewable energy system for
generating domestic hot water which generates
renewable heated water using solar panels
(known as “collectors”) fitted at an optimal angle
on a roof. (DECC).

of the
Market

2010
Total Glazed

Statistics – EU

2008

2009

2010

2010/2009

Total

Total

Total

Total

Total

Total

Total

Glazed

Glazed

Glazed

Glazed

Glazed

Glazed

Glazed

M2

kW(th)

M2

M2

M2

M2

M2

kW(th)

%

Austria

3,836,509

2,685,556

347,703

356,166

279,898

268,093

11,805

195,929

-21.4%

In Europe the predominant type of solar collector
is the flat plate, which accounts for approximately
85% of the market (ESTTP) although a number
of different collector technologies and system
approaches have been developed.

Belgium

328,148

229,703

62,200

50,700

38,301

31,306

6,995

28,811

-24.5%

Bulgaira*

105,300

72,710

25,500

8,000

8,400

7,750

650

5,880

-

Cyprus

715,022

500,515

60,000

34,709

30,713

28,931

1,782

21,499

-11.5%

Czech Rep

308,376

215,863

35,000

51,669

86,000

70,000

16,000

60,200

66.4%

Vacuum tube collectors make up roughly 10-15%
of the European solar thermal market, varying
from country to country (ESTTP) and are generally
more efficient that flat plate systems especially
for higher temperature applications

Denmark

525,146

367,602

33,000

54,500

58,100

57,700

400

40,670

6.6%

Estonia*

2,920

2,055

500

450

500

100

400

350

-

Finland*

32,923

23,046

4,100

4,000

6,000

4,000

2,000

4,200

-

France*

1,573,900

1,101,730

313,000

265,000

256,000

247,000

9,000

179,2090

-3.4%

Germany

13,824,000

9,676,800

2,100,000

1,615,000

1,150,000

1,035,000

115,000

805,000

-28.8%

Greece

4,083,200

2,858,940

298,000

206,000

214,000

212,500

1,500

149,800

3.9%

Hungary

149,814

104,870

32,000

22,000

21,000

14,709

6,300

14,700

-4.5%

Ireland

131,489

92,042

43,610

32,221

24,918

14,525

10,393

17,443

-22.7%

Italy

2,671,730

1,870,211

500,000

475,000

490,000

427,500

62,500

343,000

3.2%

Latvia*

1,940

1,358

210

180

200

100

100

140

-

Lithuania*

2,400

1,680

300

200

200

50

150

140

-

Luxembourg*

31,600

22,120

3,600

4,700

4,500

3,500

1,000

3,150

-

Malta*

45,860

21,102

6,000

5,500

5,000

5,000

0

3,500

-

Netherlands

447,595

313,317

25,000

45,260

40,834

40,834

0

28,584

-9.8%

Poland

655,890

459,123

129,632

144,308

145,906

110,480

35,426

102,134

1.1%

Portugal

672,697

470,888

86,820

173,762

182,271

182,018

253

127,590

4.9%

Romania*

104,700

73,290

8,000

14,900

15,500

8,500

7,000

10,850

-

Slovakia

121,750

85,225

13,500

13,500

15,000

12,800

2,200

10,500

11.1%

Slovenia

175,300

122,710

16,000

22,000

19,000

15,000

4,000

13,300

-13.6%

Spain

2,106,866

1,474,806

433,000

391,000

336,800

315,300

21,500

235,760

-13.9%

Sweden

323,735

226,615

26,813

21,309

20,699

13,567

7,132

14,489

-2.9%

Switzerland

895,492

626,844

112,833

145,640

140,000

130,000

10,0-00

98,000

-3.9%

UK

573,220

401,254

81,000

89,100

105,200

75,600

29,600

73,640

18.1%

34,448,521

24,113,964

4,797,321

4,246,774

3,694,950

-

-

2,586,458

-13.0%

Germany has by far the largest share of the solar
thermal market with 31%.

EU27 +
Switzerland
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Evolution

Market (= Newly Installed)
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Notes:

A forced circulation system uses a pump to
circulate the heating medium meaning the tank
does not have to be sited on the roof and the
system can be more easily integrated with other
heating systems.

Data usually provided by solar thermal
associations or other national sources.
Countries marked with an * are ESTIF estimations
and are therefore not sufficient to set a
percentage variation in the market.
1

The relation between collector area and capacity is
2m2 = 0.7kWth (kilowatt-thermal).

2

Capacity “in operation” refers to the solar thermal
capacity built in the past and deemed to be still in
use. ESTIF assumes a product life of 20 years for
all systems installed since 1990. Most products
today would last considerably longer, but they often
cease to be used earlier, e.g. because the building
is demolished, or the use of the building has
changed.

3

The figures presented are the latest available
information at the end of May 2011. In some cases
these may be updated later, which means that the
figures for one given year may be subsequently
revised.

4

The figures shown here relate to Metropolitan
France (mainland). In previous years this
information has also included an estimate for the
overseas departments, which were not taken into
account in this year’s statistics. As a reference,
in 2009 it was considered that the overseas
departments amounted to 49 MWth (70,000 m2).

Available at http://www.estif.org/statistics/
st_markets_in_europe_2010/

Intervention opportunities/Technologies
Within the sphere of retrofitting the installation
of solar technologies for hot water production
provide a good opportunity to reduce energy use.
Consideration needs to be given to the energy
requirement, area available, location, orientation,
costs when determining the technology options.

These systems can be more expensive and the
introduction of the pump, other sensors and a
controller can make the system more complex.

How it works
The two main solar domestic hot water systems
are known as Thermosiphonic and Forced
Circulation and they are differ by how the water is
circulated between the collector and the tank.
Thermosiphonic systems use gravity to circulate
the heating medium around the system. The
medium is heated in the collector which then
rises to the top of the tanks and cools down and
flows to the bottom of the collector. The domestic
hot water is then taken either directly from the
tank or indirectly through a heat exchanger in
the tank. This system does not use pumps which
makes the system simple robust and very cost
effective. (ESTIF).
The installation of this type of system will
require the tank to be located above or beside
the collector and this is normally situated on the
roof. This option is common in frost free areas
of southern Europe but is areas where frost is a
possibility the tanks is installed in the rook space,
pipework insulated and the fluid medium will
normally contain an anti-freeze agent.

Types of Product (if applicable)
Domestic Solar hot water panels are available in
a variety of types with varying levels of efficiency
and cost. The two most common are flat plat and
evacuated tube.

	
  

Thermosiphon system

A typical domestic system will have a 2-5m2
collector area and a 100-200 litre tank.

A typical domestic hot water forced circulation
system for one dwelling has 3-6 m2 of collector
area and a 150-400 litre tank.

How efficient is it
Evacuated tube collectors are more efficient
than flat plate collectors, especially in overcast
conditions, and are ideal in situations where the
available unshaded south-facing roof is limited.
Where suitable roof area or orientation is not a
constraint, the additional expense of evacuated
tubes puts both types of collectors roughly on a
par in terms of cost effectiveness.
The yield depends on the collector size and type,
angle of incidence, shading, size of tank and the
geographic location (see figure below).

	
  

1

Collector

2

Tank

3

Heat exchanger

4

Control unit

5

Expansion Tank

6

Back-up heater

7

Consumer

An evacuated tube system is capable of
generating more energy, even when it might be
below freezing. The specially coated glass tubes
allow the sun’s energy in, but the vacuum tubes
work just like a thermos flask, preventing the heat
from escaping. This means they can be up to 20%
more efficient than a flat plate system. (SEGEN)

During the summer months, solar thermal
systems will typically provide over 80% of
domestic hot water demand, and on average the
householder can expect an annual reduction
of about a third in the energy required for hot
water heating. An auxiliary heat source will be
required to ensure that the water is heated to a
sufficient temperature in order to eliminate the
risk of legionella (please refer to Approved Code
of Practice L8: Legionnaires’ disease for further
information). Therefore, solar thermal hot water
systems need to be used in combination with a
suitable heat producing appliance. (EST CE 309)
There are technologies available that can heat
water to temperatures in excess of 250ºC,
although these are generally of a large scale and
are used for electricity production.
Further developments are improving efficiencies
by around 5%.
Collectors can be mounted on roofs, or facades,
of residential properties in single or multiple
panels. The total output will be determined by the
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area available, its orientation, type of technology,
and any likely overshading. Energy output of solar
thermal relates to latitude and levels of direct
sunlight. Solar thermal might provide up to 70
percent of the average house’s hot water needs,
depending on the amount of hot water used and
levels of energy efficiency in place. (DECC, 2011)
For solar thermal systems to be efficient they
need to be combined with a facility of heat storage
which allows the hot water to be used when it
is needed. Well insulated systems will allow
water to be stored for up to two weeks (ESTTP)
although issues may exist regarding addressing
the potential for Legionnaires’ disease.
Whilst solar thermal can be retrofitted to a
number of residential properties consideration
needs to be given to location, orientation, capital
costs, size of system, space for the heat store,
building structure, pipework and penetrations,
access and maintenance.
For example, in order for solar energy to cover the
full space heating and hot tap water needs of a
well-insulated house in Central Europe, a typical
water heat storage of about 30m3 at 85 °C would
be required, equivalent to 10% of a typical house’s
usable space. (ESTTP). The ratio of store size
to building size is better in larger buildings with
many residential units.

How much it costs – Country Specific
Installation costs can vary for a number of
reasons: the size and type of your solar collector,
the type of roof and conventional heating system
you have already and where you are in the country.
But typically, a solar hot water system in the
UK will cost from around £3,000 to £6,500. (EST,
CE316, 2010).
In calculating the total capital costs of an
installation it is important to recognise the
importance of economies of scale. The costs will
increase as the total generation increases but the
cost per kW may reduce. All costs incurred in the
installation must be included in the calculation
of capital costs. This can include but not limited
to, panels, erection, scaffolding, fixing, wiring,
pumps and controls, framing, strengthening of
the building structure.
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Ongoing/running costs include cleaning, repairs

Framing

Suppliers/Skills

Income generation costs can include the
opportunity cost of not purchasing electricity
generated from fossil fuel sources, the income
received from the Government/Electricity provider
for exporting electricity back to the grid, grants
and incentives such as [the UK Government’s
proposed Renewable Heat Incentive].

Most panels used in Retro-fitting will require
framing whether they are installed on a flat or
sloping roof. Seek advice on the most appropriate
framing size and type to address issues such as
additional loadings on the roof/structure, earth
bonding, differential materials.

The skills required to install solar water are
similar to those required for other hot water
systems although consideration need to be given
to the electrical requirements of pumps, controls
etc and the work required to the structure
to accept the panels/tubes. Ensure that the
installed is suitably qualified and registered with
an appropriate certification scheme.

Savings of around 0.2 tonnes of CO2 and €50 per
year can be expected when replacing gas fuelled
hot water heating. (EST, 2011)

Certification/Standards

Benefits
The system operates all year round (note an
additional boiler / immersion heater will be
required during the winter months).
Reduced bills - after the capital cost of
installation, hot water / heating costs will be
reduced.
Solar collectors can be an integral part of the
building fabric
Provides heat that can be stored when not needed

Source: Viridian Solar

Roof Penetrations
Some methods of fixing solar panels may require
alterations to the buildings’ structure and
penetrations through the roof surface on which it
is mounted.

Solar thermal can be eligible for grants e.g. the
renewable heat incentive

It is important to understand the work involved
to ensure that any penetrations are kept to a
minimum and remain watertight.

Relatively easier and cheaper to install

Electrical Requirements

INSTALLATION

Forced systems will require a pump to be installed
and this will require wiring along with controls.

Orientation

Operation

The greatest solar radiation in Europe is obtained
from the south and decreases the further from
south the panels are orientated. The panels
should be angled to maximise the amount of solar
radiation falling on them.

Once a solar hot water system has been installed
there is very little in the way of maintenance.
There are no moving parts within the system so
potential problems are minimal.

Overshadowing

Issues of vandalism need to be considered as
the glass plate and tubes can damage easily.
The collectors may require occasional cleaning
and any electrical installation will need to be
periodically inspected and tested to ensure that
electrical safety is maintained.

It is important to establish whether the position
where the solar panels are proposed to be
installed is likely to be overshadowed at any
point during the day as this will affect the overall
output.

Maintenance

European Standards were published in 2000 for
solar thermal collectors (EN 12975) and factorymanufactured systems (EN 12976). A draft
standard exists for custom built systems (ENV
12977). These standards specify how a product
should be tested to assess its durability, safety
and performance. Test results from an accredited
test laboratory are often required by financial
incentive schemes to ensure good quality
products. (ESTIF, 2011)
The European Solar Thermal Industry
Federation have, with CEN, developed
the Solar Keymark certification
scheme which aims to ensure that
solar thermal products available in the
market place complies with the
appropriate standards.

	
  

At micro-level (<45kW), there are
MCS standards for solar thermal for installer
companies and products. MCS installers and
products are likely to be mandatory for RHI and
Premium Payments and MCS installer companies
must belong to a consumer code of practice.
At the moment there is only one, the REAL
Assurance Code. At the moment there is one
other certification scheme considered ‘equivalent’
to MCS for solar thermal, Solar Keymark (see
further details on the MCS website). Solar
Keymark products are considered equivalent
to MCS products for all UK support. They must
be installed by MCS installers, to be eligible for
incentives.
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FROM THE GROUND/AIR/WATER

Technologies that generate heat and electricity from the ground/air/water can be quite effective
although most involve heat pumps which are powered by electricity. The design of the system should
be undertaken by professional design engineers. Reversible heat pumps can provide cooling during
the summer. Check the availability of Government incentives and grants.
Air Source Heat Pump
Average Cost

€7000

Average Saving			

€50

Average Payback

140 years

Installation disruption		

Medium

Ranking		

N/A

Issue

Annual Saving

Top Tip

Payback

Ranking

Air Source
Heat Pump

€50

Check Co-efficient of Performance
(CoP) of products, the higher the
better.

140

N/A

3.1.2.1

Heat Pumps

What are they?
Heat pumps act like a refrigerator in reverse,
taking energy from a ‘source’, normally air or
ground, and sometimes water, and through a
compression and evaporation cycle produce
heating and/or cooling.
Heat pumps are not a true renewable as they
require an energy input, this seldom comes from
a truly renewable source since it is usually from
the mains electricity supply. However, the total
heat energy output is several times that of the
power input, so a large proportion of the available
heat is derived from the renewable source
outside. Even when the inefficiencies of power
stations are considered, the overall picture can be
advantageous. Therefore they are often referred to
as renewable and have become a major player in
the quest to reduce CO2 emissions.
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  Picture 3: Heating only heat pumps sold in 8 European
countries 2007

Statistics
According to a recently funded EU report
(GroundReach, 2009), Sweden is the most
developed heat pump market in Europe.
Other markets like Germany, France, Finland,
Switzerland, Austria and Norway are increasing
the number of sales and there are significant
signs of a growing interest for the technology
from large European companies.
The official market statistics for countries
in Europe below have been compiled by the
European Heat Pump Association (EHPA).
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The graph below compares the carbon dioxide emissions from common heating systems (gas, oil and
electricity) to that of heat pump systems. The COP (efficiency) for a typical Ground Source heat pump
with radiators is around 3, but if well designed underfloor is used the efficiency can be 4. It could
however be as low as 2.5 for a poorly designed system.

may be better suited to air source heat pumps.
Properties close to water could benefit from a
water source heat pump.
Issues of suitability need to be considered
together with the aesthetics relating to the siting
of the condenser unit.

Types of Product
The main heat pump products available are
primarily differentiated by the heat source i.e.
ground, air or water.

	
  Notes and assumptions.

Gas condensing boiler efficiency 90%
Oil boiler efficiency 87%
LPG condensing boiler efficiency 89%
Wood varies from 0 to 0.06 depending on
processing, transportation and burner efficiency.
Electricity 100% efficient at point of use
Note: Electricity is most polluting during peak
times when older coal generators are brought
on-stream.

The carbon dioxide contribution from a good heat
pump system can be 1/2 that of oil or LPG for the
same amount of delivered heat. Direct electric
heating, for example storage heaters, have a high
emission of CO2 per kWh and biomass is the
lowest although this depends on how it is burnt,
and where the wood is sourced from. Locally
collected logs are carbon neutral, but processed
pellets and chips require energy to make although
on a large scale wood fuels may need to be
imported.

Intervention opportunities/technologies
The potential for the retrofitting of heating
and cooling generating technologies varies
significantly within the residential sector.
Dwellings with large outdoor spaces may be
better suited to ground source heat pumps
whereas vertical properties and condominiums

Ground source is considered best to deliver
the best year-round energy-efficiency. This
technology primarily makes use of the solar
energy which is stored as heat in the ground.
Due to its high thermal mass, the ground under
the first metre below the surface maintains a
constant temperature of about 11-12°C all year
round. . The most practical way of extracting this
energy is to bury a large amount of pipe in the
ground. This is usually laid in horizontal trenches
at 1.5 – 2m depth, but vertical bore-holes are
an alternative method giving similar results.
A ground source heat pump uses this stored
solar heat by using electricity to move it from
the ground to a dwelling. Ground source heat
pumps can be used to extract heat from deeper
that the top meter below the surface involving a
vertical pipework system. This can sometimes be
referred to as Geothermal.
The principles of heat pumps remain the same
with air source except the heat is extracted from
the surrounding external air. A back-up heater
in the form of a conventional electric heater is
usually included within the heat pump package.
This is far more necessary for air source than
ground source systems and these are usually
controlled automatically.
Water source heat pumps will extract heat from
rivers, ponds, canals etc, and should ideally be
sited close to the property to reduce the pumping
requirements.
Permission should be sought from the relevant
authorities as an abstraction licence may be
needed.

How they work
A ground source heat pump (GSHP) system
generally consists of a heat exchanger, heat
pump, distribution system and controls.
The ground heat exchanger contains a water/
antifreeze mixture which circulates in a vertical
or horizontal ground loop and absorbs low-grade
heat from the ground.
The heat pump takes the heat from the transfer
medium and boosts the temperature the
temperature by means of a compression and
evaporation cycle in a similar way to a domestic
refrigerator.
The heat distribution system transfers the heat
from the heat pumps to where it is needed in
the property. The heat can be provided to the
appropriate rooms by either under floor heating
system, or via conventional radiators, or a
combination of both.
The system will require an electrical input,
three-phase being preferred, but single phase
is perfectly adequate for most systems. A
specialised controller will be incorporated to
provide temperature and timing functions of the
system.
Many underfloor systems use zone valves. As they
close, they reduce the flow-rate. To maintain the
correct flow-rate through the heat pump a buffer
tank is suggested. If sufficient areas of floor are
always-on, then a buffer cylinder may not be
required.
If the building is well insulated and mostly openplan, then separate zones may not be needed.
If the property is poorly insulated then careful
consideration needs to be given to the underfloor
or radiator design. Poorly insulated properties
may not be suitable for full-heating using
underfloor heating. These should ideally have
tiled surface (no wood and no carpets).
Whilst this type of heat pump installation could
provide all the heating needs, it is common
practice, and often economic sense, to have a
back-up boiler linked to the system to cope with
the very cold periods.
Electric back-up is not ideal. This is putting a
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high load on the mains supply at a time of peak
demand. At this time the power station's net fuel
efficiency is lower.
The ground pipe system must be planned
carefully, especially since it will be there for well
over 50 years. Any mistakes may be too difficult or
costly to rectify later. The highest energy efficiency
will result from systems that do not go below
freezing point, therefore, the bigger the pipe
system/ground area, the better, however, this is
costly and a compromise must be sought.
A large cylinder will allow the water to be stored
at a slightly lower temperature although they
usually require temperatures higher than heat
pumps can efficiently provide.
When using radiators to supply heat, or when
using a ground source heat pump to supply
domestic hot water, a secondary heating source
will be required to ensure the water is heated
sufficiently to meet the required temperature and
address issues such as Legionnaires Disease.
This often takes the form of an electric heater
that is controlled to come on via a time clock.
Radiators must be large enough to radiate
sufficient heat and tt least double the normal
sizing (as used with a boiler) is a good starting
point. However the efficiency is not as good as
underfloor heating. The pipework for radiators
should be considered carefully such that the flow
is not restricted as high flow-rates are desirable.
Controls need careful thought as TRV's are often
considered a hindrance.
Where the installation of a GSHP is not
practical, air source heat pumps (ASHP) – which
concentrate the heat of the outside air, rather
than the ground – offer an alternative. These can
be air-to-air, or airto- water and some units can
also provide cooling in summer. Overall, ASHPs
are not as efficient as ground source systems,
and they do not perform as well as highly efficient
gas boilers in terms of CO2 emissions. However,
as for GSHPs, an air source system that is in part
powered by solar PV will provide a further overall
reduction in CO2 emissions. (EST CE 309).
Noise could be a problem if not considered
properly. Be cautious at the design stage and this
problem should be eliminated.
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Domestic hot water (DHW)

Disadvantages

It is possible for Heat Pumps to supply domestic
Hot Water (DHW) and, with the increase in
insulation levels of buildings, the demand for
hot water represents a higher proportion of the
overall heat requirements. For space heating to
be efficient the temperatures need to be kept as
low as possible but with issues of legionnella,
DHW temperatures needs to be considerably
higher it is important to get expert advice on how
this challenge can be addressed.

»» The water temperature to tap may be flowrate dependant.

To address these issues consideration needs to
be given to the hot water storage cylinders. There
are two main types of cylinders.
The conventional hot water cylinder. This has a
heat-exchanger coil to transfer heat from the heat
pump. The cylinder holds the actual water that
comes out of the taps. The installation needs to
meet appropriate legislation as there could be
safety issues associated with poor installation.
The heat-exchanger coil within the cylinder needs
to be far bigger than that designed for a boiler.
Ideally with only a 5°C difference between the
heated water from the heat pump, and the water
available to the taps. This is achievable is a big
enough coil is used.
The 'Thermal Store' type cylinder is the traditional
method used in Sweden. With this system the
cylinder contains the water that circulates within
in the heat pump. It is pumped direct from heat
pump to cylinder. A large heat-exchanger coil
inside the cylinder takes cold mains water, and
heats it up instantaneously as it passes through.
This system has advantages and disadvantages.
Advantages

»» Legionella risk is minimal due to low water
content within the heat-exchanger coil.
Legionella regulations do not apply.
»» The hot water can be produced at high
pressure (same as cold-tap pressure)

»» Storage temperatures may need to be
higher than the conventional system.
The conventional cylinder is easier to configure
and has advantages of stratification and easier
control. The thermal store will often have inferior
performance unless designed well, and is more
prone to dropping in temperature quicker.

Batch heating
If the cylinder is large enough, then a
considerable delay can be arranged before the
heating is re-triggered, by which time the bottom
half of the cylinder is likely to become cold as
water is used. The heat pump can then heat the
lower section from cold right up to the required
temperature. The average water temperature
is therefore considerably lower, and the energy
efficiency is significantly improved. Two coils
within the cylinder are required for this to be done
properly, however, his method of control can be
partly achieved with a conventional cylinder if the
sensor is repositioned further up the cylinder.
Careful use of a time clock could also assist
by making the bottom of the cylinder colder at
certain times. The total volume of available hot
water will be reduced, but this may not be a
problem for much of the time.

How efficient are they?
The term "coefficient of performance" (COP) is
usually used to describe a heat pump's efficiency.
A COP of 3.5 is typical i.e. 1 kilowatt (kW) of
power input will provide 3.5 kW of useful output.
This is equivalent to 350% efficiency. Efficiency
(COP) will depend to a large extent on the type of
application. In general, the closer the difference in
temperature between the source and the sink, the
higher the efficiency will be. e.g. a COP of 5 can
be attained with a good heat pump with a spring
source feeding well designed underfloor heating
in an ECO-insulated house. However, COP as low
as 2 may result if you heat bath water from an air
source system in winter.

The efficiency of a heat pump system is typically
between 300 and 400% (i.e. three to four times
more heat energy is output than the electrical
energy used to drive the system).
However, efficiencies can be up to 500% on
more modern units – these efficiencies are
in comparison to direct electric heating. The
improvement compared to a highly efficient
gas boiler will not be this high, because grid
electricity is more carbon-intensive than gas. If
the heat pump’s power source is topped up by a
low-carbon source like solar PV, then a further
reduction in CO2 emissions can be achieved.
The difference in temperature between heat
source and distribution system is key factor for
efficiency. The smaller the difference, the higher
the efficiency – so under-floor heating is better
suited, as its lower distribution temperature
maximises efficiency. As for micro-CHP, its
essential to ensure that heat pump systems are
correctly designed/sized using a suitable method.
In this way, they will be able to perform to their
optimum potential. (EST CE 309)
The energy efficiency will be significantly better
from underfloor heating utilising solid screed
(tiled etc) finishes. The running costs will be
higher if timber finish, and/or carpets are used.
The efficiency of any system will be greatly
improved if the heated water is kept as low as
possible. For this reason, underfloor heating is
highly recommended. It is vital to ensure that the
underfloor layout is designed to use low water
temperatures. i.e. plenty of pipe and high flowrates since heat pumps have a different design
emphasis to boiler systems. A mixing valve to
drop the temperature for the floor pipes should
not be used.
Weather-compensation will significantly improve
the annual energy efficiency by reducing the
heated water temperature down to the minimum
required, dependent on outside temperature.
Most heat pumps incorporate this in the
controller, however if it is not then this should be
incorporated into the system controls.
Keep energy efficiency high requires the heated
water temperature to be kept as low as possible.
Temperatures can be controlled through the
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adjustment of the weather compensation
controller and allowing zone controls to remain
open.
Systems without weather compensation can
be operated efficiently by keeping the water
temperature as low as possible so that adequate
heating is attained. The setting can be changed
throughout the year.
Heat pump compressors like to run for long
periods. Stop-starts should be minimised. The
use of buffer tanks, correctly set thermostat
differentials and correctly positioned cylinder
sensors will all help to maximise run periods.
Non-reversible air source types for heating-only
are usually much more energy-efficient, but the
build quality and efficiency will vary greatly
The air source system will be less effective for
heating in winter since the air temperature
fluctuates and can become very cold.
Furthermore, at low air temperatures, ice
will form on the heat-exchanger requiring a
mechanism of reverse-heating to melt the ice.
This process is not as wasteful as maybe first
thought, but it still contributes to a reduction in
efficiency. Air source units are being improved all
the time, and are a simpler and cheaper option to
install.
Water source heat pumps whilst delivering very
high-efficiencies for much of the time, will fail
to operate in the middle of winter during lower
temperatures- just when the most heat is needed,
so a back-up heat source will be needed. Oxygen
and contaminants in the river water may also be
a concern in some circumstances, causing pump
failure and possibly a system refrigerant leak.
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Cooling
Heat pumps can be used in reverse to provide
cooling. In summer, buildings can overheat. The
main cause is often sunlight (solar gain). One
square metre of sunlight through a window can
contribute almost 1kW of heat to the room. This is
the same as the heat from a small electric room
heater. The solar heat often falls on the floor,
and therefore heats the room. Air-to-air systems
(air-conditioners) are used throughout the world
for air cooling. Their energy consumption is
significant, so they are to be avoided if possible.
It is far more energy-responsible to reduce the
solar gain in the first place by shading the sun.
There are many ways to minimise heat build-up
in houses including limiting the heat sources and
good ventilation. Older buildings that have a high
thermal mass tend to have less problems. It is
perfectly possible to design modern buildings that
keep sufficiently cool without the need for airconditioning.
If air-conditioning is deemed to be necessary,
then a water or ground-coupled heat pump
system will be the most energy efficient. This type
rejects the heat to the ground coil or borehole.

How Viable is it?
The viability of heat pumps is determined by
calculating the efficiency of the system, its
capital and life cycle costs and comparing it to
the running costs of heating with other fuels.
See Section 4 for more details on calculating the
viability of systems. Viability will be affected by
issues such as the changes in energy prices, and
possibly the introduction of carbon taxes.
A heat pump's working lifetime should
significantly exceed that of a boiler, this is due to
its inherent internal cleanliness, and low working
temperatures.

The above graph shows how important it is to
keep the heated water temperature as low as
possible. To attain a COP of 4, it is necessary to
keep the heated water down to 35°C. This is only
possible with a good underfloor heating system. If
radiators are used, then they must be significantly
oversized (e.g. doubled) to keep the temperature
down as far as possible. The red line shows how
much the efficiency improves if spring water
is used. Unfortunately, this is not commonly
available. The difference between the two lines
demonstrates how important it is to have a large
ground collector area that will keep the source
water as high as possible. If you happen to have
ground that has a lot of ground-water, especially
if it is moving, then a heat pump system is likely
to be very viable for you.

Ongoing/running costs, cleaning and repair
Nearly all heat pumps use electricity to drive
them. This is a relatively expensive fuel. Currently,
in the UK, you will need an overall COP of 3.5
to break even on fuel costs using day-rate
electricity compared to a very good gas heating
system. Using a percentage of cheaper "offpeak" electricity can make the figures more
attractive for the heat pump. The recent rise in
oil prices has meant that a heat pump is a viable
replacement for an oil boiler.
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Benefits
This type of installation offers many advantages.

»» The water-water (or antifreeze-water) heat
pump unit is a sealed and reliable self
contained unit.
»» There are no corrosion or degradation
issues with buried plastic pipes.
»» Consistent output even during extremely
cold spells.
»» The installation is fairly invisible. i.e. no
tanks or outside unit to see.
»» There is very little regular maintenance
required.
»» Fuel deliveries are not required
»» Space heating and hot water can be
provided
»» Improved efficiency results in lower fuel
bills

	
  

Notes and assumptions
Big volatility of energy prices
Oil was 55p/ litre. ( 2008), now 40p/lit. LPG, 39p/
lit. Electricity 12.5p/unit
Gas condensing boiler efficiency 90%
Oil boiler efficiency 87%
LPG condensing boiler efficiency 89%
Electricity 100% efficient at point of use. Offpeak storage heaters often 85%, but electricity
pollution figures are often better at night, so
these two factors tend to cancel each other out.
Boiler efficiencies are probably a little optimistic
for real-life conditions.
The COP (coefficient of performance) of a heat
pump is the ratio of input to output.
The SPF (seasonal performance factor) is the
yearly average COP. i.e. its the total useful
heat delivered divided by the annual electricity
consumption.
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Heat pumps contain refrigerant which is
unlikely to require replacement as it operates
within a closed circulation loop. Refrigerant
leakage will have an environmental impact but
can be minimised by the choice of refrigerant.
Refrigerants are measured according to their
Global Warming Potential (GWP) and the table
below lists the (GWP) of various gases. This gives
a figure of how damaging the gas is, as compared
to CO2.
Refrigerant

Global
Warming
Potential

Carbon Dioxide, CO2

1

Hydrocarbon, HC

7

HFC R407C, R410A, R134A

1,900

Inside a typical 8kW heat pump there is
approximately 2kg of HFC refrigerant. This should
stay intact within the unit for its whole life. It is
a legal requirement to recover the refrigerant
charge at the end of the heat pumps life. This can
then be used in another heat pump, or destroyed.

»» Classed as a “fit and forget” technology,
requiring little maintenance
»» Proven technology.
Certification
In Europe there is a scheme (QUALICERT)
being developed to provide a common quality
certification and accreditation for installers of
small-scale renewable energy systems (EPIA,
2011). QualiCert aims at contributing to the
development of a European set of common “key
success criteria” for certification or equivalent
qualification schemes for installers of heat
pumps, so that they can be mutually recognisable.
(QualiCert, 2011)

	
  

The MCS certificates microgeneration
technologies used to produce electricity and heat
from renewable sources and is also linked to
financial incentives which include Feed in Tariffs
(MCS, 2011)
Regarding PV panels, at a micro-level, i.e. less
than 50kW, there are MCS standards for solar
PV installer companies and products. MCS
installers and products are mandatory for Feed In
Tariffs and installer companies must belong to a
consumer code of practice. There are also routes
for any complaints through MCS. At the moment
there is no other certification scheme considered
‘equivalent’ to MCS and any new scheme would
also need to have access to FITs. (DECC, 2011)

3.1.2.2

Water Turbines

Turbines that extract power from the movement
of water are known as Hydroelectricity. They
can be installed in rivers and stream to generate
electricity where the flow of water causes a
turbine to spin which is connected to a generator.
They have little storage capacity and are
dependent upon the prevailing flow.
The potential for retrofitting hydroelectricity
generation to residential properties in Europe
is very limited and property owners who have
identified an opportunity should seek specialist
advice on the suitability of the installation.
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FROM THE WIND

Types of Product

Technologies that generate electricity from the wind are most effective on a larger scale and those
systems designed for installation in existing buildings can be expensive. Any consideration of this
technology needs to involve professional design engineers. Check for Government incentives and
grants.
Wind Turbine
Average Cost				

€2000

Average Saving			

€30

Average Payback			

67 years

Installation disruption		

Medium

There are two main types of wind turbines
that can generally be considered for domestic
purpose, Horizontal axis and Vertical Axis.
Most turbines for homes have a horizontal axis
with the generator at the top of the mast. They
can be mounted directly on a building but turbines
mounted on free-standing towers or poles can
be more effective at capturing the winds energy.
The rotor shaft is horizontal and the blades face
the prevailing wind. In high winds some turbines
are designs to face away from the wind to avoid
damage.

to alternating current. For systems that are not
connected to the mains consideration should be
given to some form of back up storage.

How efficient is it
Wind turbines operate most efficiently when
they can capture undisturbed wind. This is
because the power increases by eight times if the
windspeed doubles and windspeed increases with
height. If the rotor diameter doubles the power
increase by four times.

Issue

Annual
Saving

Top Tip

Payback

Ranking

Air Source
Heat Pump

€30

Check Co-efficient of Performance (CoP) of
products, the higher the better.

67

12

The efficiency of the wind turbine will be
determined primarily by the wind speed. It is
therefore important to establish the local wind
speed, at the height at which the turbine is to
be located. In the UK the Energy Saving Trust
recommends that a wind turbine is only installed
if the annual average wind speed is 5 metres per
second.

Intervention opportunities/technologies

The windspeed itself is dependent on a number
of factors, such as location, nearby obstructions
such as buildings and trees, and also the height
of the turbine above ground level or on top of the
roof.

3.1.3.1

Vertical axis turbines have the main rotor shaft
running vertically with the generator located at
the bottom.

Micro Wind turbines

What is it?
Wind turbines harness the power of the wind and
use it to generate electricity.

Statistics
Since 2000, around one third of all installed
electricity generating capacity in the EU has been
wind power. The share of wind power in total
electricity production in Europe was 3.7% in 2007,
but with huge differences among the Member
States: Germany and Spain together account for
more than half of the total installed capacity in
Europe. In Denmark, wind energy contributes
more than 20% of the total electricity production
of the country. (EU, 2011a) Wind energy is
one of the priorities of the current Framework
Programme (FP7).

Domestic wind power is limited by the potential
size of the turbines and their location in an urban
setting. Wind turbines operate most efficiently
when they can capture undisturbed wind. This is
because the power increases by eight times if the
windspeed doubles and windspeed increases with
height. If the rotor diameter doubles the power
increase by four times.
Turbines attached to buildings tend to be smaller
as there are issues such as aesthetics and
structure to be considered.
Opportunities may therefore be best if they can be
at a community scale.
A typical 5kW system can generate between
10,000-12,000 kWh per year, and reduce carbon
emissions by 5-6 tonnes over the same period.
(EST, 2011b)

	
  Fixing these turbines directly to a building avoids

the need for the mast and associated foundations
although the structural integrity of the building
needs to be checked to ensure the turbine can be
fitted without causing problems.

How it works
The movement of the wind make contact with the
blades of the turbine and the rotation of these
blades is converted into electricity.
The blades of a wind turbine are connected to
a rotating shaft which passes into an electricity
generator. Inside the generator the shaft rotates
within a magnetic field to create electricity.
In smaller wind turbines the blades are often
connected directly to a permanent magnet
generator. In larger machines a gearbox is often
used to increase the rotational speed. (EST,
2011b).
The turbine is generally connected to the property
and has the facility to export excess electricity
to the grid, where a connection is available. The
system needs an inverter to convert DC power
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How much it costs
The cost installing wind turbine on a domestic
property can vary significantly when all the costs
of installation are considered. In addition to the
cost of turbine the overall business case needs to
consider the turbine, tower, generator, inverter,
wiring, export meter. Tower and pole mounted
turbines will incur significant installation costs
but could hold a bigger turbine than if bolting to
an existing building and generate more electricity.
Other considerations need to be given to vibration,
the ability of the building to take the turbine, roof
space, turbulence from surrounding buildings,
intermittent operation.

Ongoing/running costs including cleaning/
repairs
There are very little running costs associated with
domestic wind turbines with most cost incurred
being annual maintenance. Occasional repairs
may be required if the turbine is exposed to
excessive wind forces.

55

	
  

	
  

Other benefits
Savings will depend on the turbine type size,
local wind conditions, economies of scale and
the cost of the electricity being replaced by using
the wind turbine. Rural or coastal dwellings can
benefit more easily from wind energy as local
wind conditions are often good. A well sited 6kW
turbine could earn and save you around £3,200
(€3,800) per year including generation tariff,
export payments and savings on electricity bills.
(EST, 2011c). This is based on 75% of generation
exported, and the financial incentives available.
Where Feed in Tariffs are available these need
to be factored into the business case for the
installation of the wind turbine.
In the UK, wind turbine installations are eligible
for support under the Feed in Tariff scheme. To
be eligible both the system and installer must be
certified under the Microgeneration Certification
Scheme (MCS). An eligible installation will
receive an annual payment for all the electricity
generated, no matter how it is used (the
Generation Tariff). Any electricity exported will
receive a set Export Tariff. And any electricity used
in the property will directly reduce the energy cost
as electricity is not drawn from the grid.

TRAINING FOR REBUILDING EUROPE

strengthening to take the additional load exerted
by the turbine, mast and wind loading.

Maintenance
Although wind turbines require regular scheduled
maintenance, you can expect the system to
operate for 20 years or more. Your installer should
provide written details of any maintenance checks
you should undertake from time to time to make
sure everything is working properly. Turbine
systems generally come with a long warranty
period. A yearly check by a professional installer
is recommended. Always consult your system
supplier for exact maintenance requirements
before you commit to installing the turbine. For
battery storage systems, a typical battery life is
around 6 to 10 years depending on the battery
type. So batteries may have to be replaced at
some point in the systems life. (EST, 2011c)

Wind turbines can be installed on masts or
directly to a building. Stand alone masts will
require foundations and electrical connections to
the property and to the electricity grid. Turbines
fitted to buildings may require structural
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Biomass can be used as a fuel source for boilers, whether new or existing, and whilst this can be
effective in reducing CO2 emissions there are local air quality issues. A number of boilers can
be converted to produce heat from biomass. Check the availability of Government incentives and
grants.
Biomass Boiler
Average Cost				

€9000

Average Saving			

€0

Average Payback			

N/A years

Installation disruption		

Medium

Ranking				

14

Issue

Annual
Saving

Top Tip

Payback

Ranking

The market sector for wind turbines is considered
to be mature, although this applies primarily to
the larger installations. There are varying levels
of skills and knowledge within the market and
any retrofitting project should seek professional
advice before proceeding with any design and
installation.

Biomass
Boiler

€0

Consider issues of fuel supply and
costs before making a decision

N/A

14

The MCS certificates microgeneration
technologies used to produce electricity and heat
from renewable sources and it is also linked to
financial incentives which include Feed in Tariffs
(MCS, 2011)

Installation (and issues)

FROM PLANTS

Suppliers/Skills

Certification/Standards

Source EST

3.1.4

Regarding PV panels, at a micro-level, i.e. less
than 50kW, there are MCS standards for wind
turbine installer companies and products. MCS
installers and products are mandatory for Feed In
Tariffs and installer companies must belong to a
consumer code of practice. There are also routes
for any complaints through MCS. At the moment
there is no other certification scheme considered
‘equivalent’ to MCS and any new scheme would
also need to have access to FITs. (DECC, 2011)

3.1.4.1

Biomass (including Combined Heat
and Power)

What is it?
Biomass refers to the fuel that is used to create
the heating for a property. There are three main
types of biomass fuel used for domestic heating –
logs, woodchip and pellets.

Statistics
In the EU-27, bioenergy contributes only to 3.7%
of the total primary energy supply; however, it
plays a considerable role in several European
countries such as Finland and Sweden for
instance, where its contribution amounts
respectively 20% and 16% of the gross inland
consumption. (EUIBA, 2011)

Burning biomass releases CO2, however this is
balanced by the CO2 that was absorbed during
the plant or tree’s growth. So the process is close
to being carbon neutral, with the only additional
CO2 emissions involved associated with planting/
harvesting, processing and transportation. Even
with these, the resulting emissions represent
about a 90% reduction in emissions compared to
the burning of fossil fuels. (EST CE 309)
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Intervention opportunities/technologies

How efficient is it?

Opportunities exist to introduce a biomass fuelled
heating system when the existing boilers are
due to be replaced. There are issues around the
additional space required for the storage of the
wood chips or wood pellets and their moisture
content and calorific value.

The combustion process in a biomass boiler
can be very inefficient if not properly controlled.
Indeed the burning of logs in an open fire will
result in around 85% of the heat generated being
lost to the atmosphere. Controlling the air supply,
selecting properly dried fuel and using an efficient
appliance are the critical factors in achieving an
efficient burn. Modern stoves and boilers have
efficiencies in the range of 80–90%. (EST CE 309)

A biomass boiler can easily be connected into the
property’s existing heating distribution pipework.

Types of products (if available)
There are two main types of heating systems
available for introduction into residential
properties.
A wood burning stove can be installed in an
individual room, or a boiler that connects to the
central heating and hot water systems.
Individual stoves can produce between 5 and 11
kW of heat and are generally fuelled by logs or
pellets. Biomass boilers connected to a central
heating system will normally generate 15kW or
more, with heating for blocks, condominiums and
communities being significantly larger.

How it works
Unlike gas or oil fired boilers, biomass boilers
operate most efficiently and effectively when
operating for a prolonged period rather than
switching on and off. Specialist advice should
be sought when selecting a biomass boiler and
designing the system. A fuel is introduced into
the boiler which is ignited and the heat generated
is either allowed to transfer into the room or it is
captured and circulated around a central heating
system. Storage is required for logs, chips and
pellets. For pellets and chips the system can
include an automatic feed which delivers the
fuel for combustion as needed. Pellet boilers
are ideal for a domestic sized system whereas
chip boilers are better suited to larger buildings
and for heating groups of properties through a
community heating network.
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How much does it cost?
Research by Oxford University’s Environmental
Change Institute found that the average price of
a wood fuelled boiler system installed in the first
two years (April 2006 – 2008) of the Low Carbon
Buildings Programme (grant scheme) was £8,900
(€10,600) with a high variability in price, and no
correlation between price and the thermal output
of the boiler.

Indicative Costs (February 2012):
Automated wood pellet stoves 5-7kW range from
€2,000 - €4,000 (including installation).
Wood pellet Boilers range from €5,000 - €11,000
(including installation, flue and commissioning).
Wood burning boilers typically cost €7,000 €12,500 depending upon the type of installation.
Some Member States have introduced fiscal
incentives for certain types of biomass boilers and
in the UK they are eligible for the Renewable Heat
Incentive.
The cost of the system depends on its type and
size. The cost of installation of a stand alone stove
is approximately €3,000. A general domestic sized
wood pellet boiler can cost between €10,000 and
€15,000 including installation costs, fuel store and
flue. The overall viability of the system can be
calculated by taking all costs into consideration,
particularly when comparing with an alternative
as fuel costs will be affected by economies of
scale.

Ongoing/running costs including cleaning/
repair
The market for wood fuels in the UK is currently
relatively immature which, combined with its
unsuitability for long distance transport, supports
considerable variation in prices from place to
place.
In terms of ongoing costs, (according to the
Biomass Energy Centre as of February 2012)1
wood chips are the cheapest form of heating
fuel at 2.9p per kWh generated. Wood pellets are
4.2p per kWh, with natural gas at 4.8p, heating
oil 6.0p, LPG at 7.6p and electricity at 14.5p
per kWh. Prices are around £200 per tonne for
wood pellets and £100 per tonne for wood chips.
These figures are dependant upon geographical
location as prices for wood pellets and chips vary
considerably.

Installation (and issues)
A biomass boiler can be installed as a direct
replacement of an existing boiler as part of a
retrofit project and connected to the existing
central heating pipework. However there are
disadvantages, particularly regarding the storage
space required for the fuel, the removal and
disposal of the ash residue and the potential
impact on local air quality as the NOx emissions
are greater than for that of gas.
Consideration should be given to the storage
space required for the fuel, the removal/disposal
of the ash residue, and the particulate and NOx
emissions particularly in urban areas.
Other issues to consider are whether the property
is in an area with specific codes and practices
relating to air quality as this may preclude the
installation of biomass boilers unless expensive
flue gas cleaning technologies are included. If an
existing chimney is being used as the flue a new
flue may be required and planning permission
may be required.

Benefits
Burning wood generates carbon-neutral
renewable heat. Although burning wood or other
biomass releases greenhouse gases, it amounts
to no more carbon than replacement vegetation
will absorb. For wood, as long as a new tree is
planted for each one burnt as part of sustainable
forestry, there are no added carbon emissions
in total. It is important fuels should come from a
certified producer of sustainable biomass.
Automated pellet feed biomass boilers, unlike
the already popular standalone wood stoves,
will be eligible for financial support in some
Member States as part of their financial incentive
packages.
Other benefits include:

»» Can be installed into existing systems
»» Uses waste produce
»» Can be used across a range of sizes
»» It is ‘carbon lean’ producing a fraction of the
carbon emissions of fossil fuels;
»» It can potentially be locally sourced, on an
infinite basis;
»» UK sourced biomass can offer local
businesses opportunities and support the
rural economy;
»» If local networks are established the costs
of transportation can be minimised;
»» It provides an economic incentive to
manage woodland, which improves
biodiversity.
Maintenance
Maintenance requirements for biomass boiler
systems are greater than that of traditional gas
appliances but are not onerous. Most modern
boilers are self cleaning, however some periodic
maintenance may be required such as emptying
the ash tray and it is recommended that the flue
is swept annually. Another essential consideration
is management of the fuel supply. (Gleeds, 2011)
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For pellet stoves, the burner should be checked
daily, and any residue removed; it is important to
prevent ash from being pushed into the burner
as this could lead to blockages. (Biomass Energy
Centre, 2011a)1.
Pellet stoves require regular cleaning and it is
advisable to allow the stove to cool down after
every 50 kg of fuel has been burned to permit a
more thorough check and cleaning.
Pellet stoves also require an annual
manufacturer’s service to ensure good
continuing function of their mechanical
components.
When carrying out internal inspections or indepth cleaning it is important to isolate the stove
from the electricity supply and to release the
tension in any sprung components. As with wood
stoves, it is also important that the fuel is of the
highest quality and meets the manufacturer’s
specification; damp or badly broken pellets
should be discarded. (Biomass Energy Centre,
2011a)1.
© Crown copyright 2011. Reproduced courtesy of the Biomass Energy
Centre under the Open Government Licence.

Suppliers/Skills
As with other technologies it is important to use
qualified, competent and certified installers and
products that meet the appropriate national
standards. There is very little difference between
gas boilers and biomass boilers but the skills and
competencies of the installers should be checked.

TRAINING FOR REBUILDING EUROPE

Keep doors closed
All external doors should be kept closed when
heating or cooling systems are in operation.
Consider fitting automatic closers to external
doors and to internal doors that separate areas
with different heating or cooling requirements.
This is a relatively inexpensive measure which can
often be carried out by on-site maintenance staff.
(Carbon Trust, CTV014)
Inside doors need draught proofing if they lead to
a room that isn’t normally heat, such as a spare
room or kitchen. Doors to unheated rooms should
be kept closed as much as possible to stop the
cold air from moving into the rest of the house. If
there is a big gap at the bottom of the door then
a draught excluder can be installed. Inside doors
between two heated rooms don’t need draught
proofing – it’s ok to let warm air circulate between
different rooms. (EST, 2011)

Reading meters
Reading energy meters and comparing
performance when energy efficient measures are
undertaken help inform occupant what works and
what the consequences of their actions can be.

3.3

MEASURE WHAT YOU USE/
GENERATE

Measurement of energy consumption allows
energy management to be undertaken. The
introduction of smart meters for gas and
electricity and the inclusion of export meters
on renewable energy generation technologies
will allow performance to be tracked and the
consequences of energy reduction actions to be
measured and quantified.
Measuring water consumption is also important
to understand usage, costs and measure
behaviour.
Installing water maters can be expensive although
these costs may be borne by the utility company
and, in the UK, are legally obliged to install
meters if customers ask for them. Electronic
Digital ‘Smart’ meters are measured remotely
and can provide very accurate information on
usage patterns. (EST CE 309)
For landlords and condominiums the installation
of meters will provide transparency of
consumption and is considered the fairest method
of paying for water use.

Curtains
Drawing curtains will reduce the heat loss from
rooms and thereby reduces cost.

Certification/Standards
Products and installers need to meet the Member
State certification requirements if financial
incentives are sought.

3.2

CHANGE PEOPLE’S ATTITUDES

The way people think about heating and cooling
their homes can have a significant effect on
energy use, cost, comfort and environmental
impact. It is important to consider a number of
issues that will improve performance and reduce
costs regardless of whether any retrofitting
activities have been undertaken.
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»» Energy costs

The overall cost/tonne CO2e is calculated by
dividing the total net cost of the technology/
intervention (after revenue is taken into account)
by the total amount of CO2 saved through the
introduction of that technology/intervention.

The payback period is the length of time required
for an investment to pay for itself; determined by
dividing the initial investment by energy savings/
income.

10

10

60

1

Low

Very Low

0.17

2

Insulate Hot Water Tank

35

35

190

1.0

Negligible

None

0.18

3

Lighting

40

60

250

0.7

Negligible

Very Low

0.01

1

The table below identifies, for a UK 3 bedroom
semi-detached house, the indicative cost, annual
energy saving, kgCO2/year, payback and the cost/
kgCO2.

Floor Insulation1

100

50

270

4

High

Low

0.37

5

Boiler Controls/ TRVs

150

30

90

5

Low

Low

1.66

9

Draught proofing

200

25

130

8

Low

Low

1.54

8

Measures

Installation disruption

Rank by cost per kg/ CO2
saved

Operation Costs can include:

Cost per kg CO2

»» Project Management

On going disruption Factor

»» Installation and, where applicable,
commissioning

Pipe Insulation

This calculation involves identifying the CO2
emissions created from the generation of one
kWh of comparable energy being replaced.

»» Design and engineering advice
»» Temporary works

Payback Years

Construction costs can include:

MEASURES1

CO2 Saving Kg/year

When calculating the viability of any intervention
during retrofitting works it is important to
consider all the costs and the benefits to allow
a thorough comparison to take place. These
will include costs for construction, operation,
maintenance, replacement and disposal and
income from sources such as Feed in Tariffs,
export tariffs and ‘roof rentals’.

Increasingly there is a requirement to calculate
the potential carbon emission reductions as a
consequence of efficiencies and technologies.

Annual Energy Saving £

CALCULATING VIABILITY
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Insulate Loft

250

150

800

3

Low

None

0.32

4

»» Cleaning

Increase loft insulation

250

45

230

7

Low

None

1.09

7

Maintenance Costs can include:

Cavity Wall Insulation2

500

115

610

4

Low

None

0.82

6

»» Repairs, routine component replacement
and minor refurbishment

Wind Turbine3

2000

30

500

675

Medium

Medium/
High

4

12

Replacement costs include

Change boiler
(Condensing)5

2500

235

1300

157

Low/
Medium

Low

1.92

10

Solar Thermal7

4000

50

260

80

Low/
Medium

Low

15.38

17

Air source heat pump

7000

50

0

140

Medium

Medium

N/A

No
saving

Solid wall insulation
(internal)8

7000

380

2000

15

Very High

None

3.5

11

Double Glazing9

8000

135

720

60

Medium

Low

11.11

16

Bio Mass (Wood chip/
pellet)10

900012

0

1000

N/A

Medium

High

9.0

14

Ground Source Heat
Pump

10000

19013

0

55

Medium

Low

N/A

No
saving

Photo voltaic

10000

200

1000

50

Low/
Medium

Low

10

15

Solid Wall Insulation
(External)

12500

400

2100

32

High

None

5.95

13

»» Restoration (or replacement) of the main
elements or systems to their original
aesthetic and functional performance at
various stages of the life of the facility
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1

Most cost and CO2 figures from the EST which are
based on 3 bedroom semi-detached house

2

Seek advice when installing floor insulation with
suspended timber floors as incorrect installation
can cause problems with rot

3

Actual cost shown, grants can save up to half of this
reducing the payback to 2 years

4

Small scale wind turbine savings only if there is
sufficient wind at the property and it is correctly
located and enough energy is produced to enable
grid feed in tariffs to apply

5

Regular maintenance and replacement after 20
years increases payback period

6

Savings will depend upon how efficient your old
boiler was in comparison to the new condensing
boiler

7

Payback is longer as annual maintenance required
in addition to initial cost

8

Solar Thermal and Photo Voltaic require a south
facing roof, a strong roof structure and planning
permission (in some cases)

9

Costs do not include redecorating. Internal
insulation loses the use of the buildings mass for
heat storage

TRAINING FOR REBUILDING EUROPE

SECTION 5.0
WHAT MONEY CAN YOU GET TO HELP?

10 A minimum of double glazing is required by
legislation for new or replacement. There are other
benefits of double glazing such as sound reduction
11 CO2 from required regular deliveries of fuel not
included
12 Costs may double if there is no existing chimney or
radiators available
13 Saving over gas, higher savings if the GSHP
replaces electric or solid fuel heating
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A large number of financial support schemes
are available to encourage the uptake of energy
efficient products and renewable energy
technologies and make the business cases more
viable.

TRAINING FOR REBUILDING EUROPE

the installer were certificated under the
Microgeneration Certification scheme.
A typical domestic solar electricity system
with an installation size of 2.9kWp could earn
approximately:

gas, solid fuel or electricity i.e. only those who do
not currently use gas as their main heating fuel
can apply for these technologies.

Requirements

FEED IN TARIFFS

»» €1,000 a year from the Generation Tariff

The Feed in Tariff (FiT) scheme has been widely
used throughout Europe, notably Germany, for
a number of years and has proved successful.
The UK Government introduced a scheme in
2010. The scheme is designed to pay for the
generation and/or export of renewable energy
to the grid through, through the installation
of certain qualifying renewable technologies.
These technologies include photo-voltaics,
wind turbines, hydroelectricity, micro CHP and
anaerobic digestion. FiTs work alongside the
Renewables Obligation which will remain the
primary mechanism to incentivise deployment of
large scale renewable energy selection.

»» €50 a year from the Export Tariff

The property must be owned by you or if you are
a tenant you must be purchasing the system
yourself and have permission from the owner of
the property

»» €100 a year reduction of current electricity
bills

Property must have loft insulation to 250mm and
cavity wall insulation (where practical)

with a total saving of around €1,400 per year

You should have all necessary planning and
environmental permissions in place

The scheme allows many people to invest in
small scale low carbon electricity in return for
guaranteed payment for both the electricity they
generate and export back to the grid. Anyone who
installs a renewable energy system producing
electricity is eligible to claim, as long as they
produce less than 5MW of power.
The tariffs are calculated based upon the
electricity generated by a renewable energy
system used in a property (domestic and nondomestic). Although the Government has
introduced FITs as part of legislation, the tariffs
are paid for by the energy supplier. FITs provide
the energy user with three main benefits:
1
2

3

A generation tariff payment – based upon total
electricity generated against electricity type
An export payment tariff - for energy exports made
when generating more electricity than is used in the
property.
Lower bills from the energy supplier for the
electricity imported from them.

The tariffs available and the process for
getting them depend on when the technology
was installed, and whether the system and

68

To measure the amount of electricity that is being
generated the system will require an additional
electricity meter called a Total Generation Meter.
This measures the electricity the system is
generating and should be installed as part of the
whole installation by the MCS certified installer.

Renewable Heat Incentive
In 2011 the UK government announced details of
a Renewable Heat Incentive (RHI) policy designed
to revolutionise the way heat is generated and
used. The RHI provides a financial incentive to
install renewable heating in place of fossil fuels.
The RHI will support a range of technologies and
fuel uses including solid and gaseous biomass,
solar thermal, ground and water source heat
pumps, onsite biogas, geothermal, energy from
waste and injection of biomethane into the grid.

The product and installer must be certified
under the Microgeneration Certification Scheme
(MCS), Solar Keymark (or equivalent).
Feedback is required about how the technology
installed is performing in its environment and
the property might be selected to have some
monitoring equipment installed at the same time
as the technology.

The amount received as part of the Renewable
Heat Premium Payment scheme depends on
which technology you are applying for. The
voucher values for each of the technologies are
listed below:
Solar Thermal Hot Water			

£300

Air Source Heat Pump			

£850

Ground Source or Water Source Heat Pump

£1250

Biomass boiler				£950

For those who live in England, Scotland or Wales,
there are opportunities to apply for the Renewable
Heat Premium Payment.
Anyone can apply for the solar thermal panel
funding. The eligibility for support for air, ground
- or water - source heat pumps and biomass
boilers is only for properties that rely oil, liquid

69

	
  

	
  

TRAINING FOR REBUILDING EUROPE

SECTION 6.0
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FREQUENTLY ASKED QUESTIONS:
1

Can the heat pump heat the whole house?

2

How do I ensure that the system is energy efficient?

3

There is a big variation in efficiency claims; who do
I believe?

4

What is the environmental benefit?

5

Can I power a heat pump from a renewable source
like a windmill, hydro or solar panels?

6

What is the best system?

7

Why is the size of the heat pump that I have been
quoted for so much small than my existing boiler?

8

I have an average town house, with a small garden.
Can I install a heat pump?

9

Why is underfloor heating coupled with a heat pump
so highly rated?

10 Can I fit a system that blows warm air into the
house?
11 Is a vertical borehole better than a horizontal pipe
trench system?
12 How much ground do I need?
13 Is an air source system a viable option?
14 Can my plumber install a system?
15 How long will a heat pump last?
16 Do I need a buffer tank?
17 Can a heat pump also heat the domestic hot water?
18 What is “Weather Compensation”?
19 What is the 3-phase electric supply issue:
20 I have heard of heat pump systems providing heat
for under £50/year. How can this be achieved?
Source: Groundheat Installations 2008
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Q. Can the heat pump heat the whole house?
A. Yes it can. Newly built or well-insulated
buildings can be easily heated with a heat pump.
Old, badly insulated buildings can however be
a problem in cold weather, with heat pumps
struggling to satisfy them. In these buildings,
the temperature of the radiators or underfloor
heating may have to exceed the efficient working
temperature levels for the heat pump. Fires or
boilers are often necessary to ensure adequate
heating in the winter. Even in very well insulated
houses, it is not uncommon to retain a fire or
stove for extra comfort in cold weather. Air source
systems require more back-up heat then ground
source systems.
Q. How do I ensure that the system is energy
efficient?
A. A heat pump can heat water up to around
55°C (depending on model type). It is vital to
understand that the hotter the water, the lower
the energy efficiency, so running at a lower
temperature will save a lot of energy. The
following chart illustrates this. Figures for a
typical ground source heat pump system.
Water heated to 55° COP = 2.4
Water heated to 45° COP = 3.2
Water heated to 35° COP = 4
(COP is the energy efficiency ratio. COP of 4
means you get 4 kW of heat for 1kW of electricity
consumed. See (Glossary) for better description.
Q. There is a big variation in efficiency claims.
Who do I believe?
A. There are a great variety of heat pump
applications and uses, resulting in a wide range
of efficiencies. Just be mindful that there is
sometimes a tendency to quote best-case
figures. The average annual efficiency could
be significantly less than first expected due to
many reasons. The IMPORTANT chart above
demonstrates how dramatically the efficiency
varies with heated water temperature. Attention
to design details is the key to achieving high
energy efficiency.

Q. What is the environmental benefit?
A. A heat pump with a COP of 2 (efficiency ratio)
has a similar polluting effect as a gas boiler. We
believe that systems should have a COP's of 3.5
and above to give a significantly large enough
environmental benefit over gas. Oil and coal are,
however, not as clean, so heat pumps generally
compete well here. If comparing with electric
heating, then even a poor heat pump would be an
improvement since electric heating is not good
for the environment. Wood-burning is usually the
best environmental heating solution.
Q. Can I power a heat pump from a renewable
energy source like a windmill, hydro or solar
panels?
A. Yes you can. A hydro-powered heat pump is
probably the most viable renewable power-source
since it is fairly constant. Solar or wind inputs
would be difficult, especially on a small scale.
The outputs are variable and dependent on the
weather, so there can be problems matching
the input power requirements. The very large
number of photo-electric cells required to power
a heat pump would probably make this option
impractical.
Powering a heat pump from grid electricity
derived from a renewable source (e.g. wind-farm
or hydro) is a good option for the environment.
However, there is some debate about the actual
worthiness of these schemes.
Q. What is the best system?
A. A spring water sourced system heating a wellinsulated building through underfloor heating.
Since springs are uncommon then ground source
would be the next best option. If using a back-up
to support the heat pump then wood is the best
option, but it is labour intensive. An oil or gas
boiler would be a good back-up, but this adds
considerable cost. A direct electric back-up is
cheap to install, but not ideal environmentally.

Q. Why is the size of the heat pump that I have
been quoted for so much smaller than my
existing boiler?
A. Boilers are usually larger than they need to
be, and are often used with time switches to
quickly heat a building. It makes sense for a
plumber to play safe and fit a large boiler so as
to avoid any complaints that the house is not
warm enough. However, it is too expensive to
install an oversize heat pump system, therefore,
the heat output is more accurately matched to
heat demand. Furthermore, heat pumps are
happy running continuously without a rest, hence
smaller sizes can be beneficial. However, if you
go too small, then a backup will be needed. This
could be undesirable. Modern houses are well
insulated, and it is surprising how small the heat
requirements can be.
Q. I have an average town house, with a small
garden. Can I install a heat pump?
A. Installing ground-source is often very difficult
in this situation. You can probably do better things
with your money to save energy and fuel costs.
Don't neglect the obvious draught-stripping etc.
Consider investment in some serious insulation
in the form of either internal or external walls
cladding. This is not as interesting as a heat pump
but it will save you energy for the lifetime of the
building. If you have dealt with heat loss then
you could fit an air-source system. Unfortunately
it may not be cheaper to run than a very wellcontrolled condensing natural-gas system at
present. However, if your only fuel option is oil,
then a well optimised air-source system could
save you a significant amount of money and
benefit the environment. Be mindful that these
units can be a little noisy, will not last as long as
a ground source system, and are not very efficient
in mid-Winter.
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Q. Why is underfloor heating coupled with a heat
pump so highly rated?
A. The lower the temperature of the heated
water, the better the heat pump's efficiency.
Since standard radiators can reach as high
as 80 deg.C (175 deg.F), far hotter than a heat
pump can achieve, you will have to significantly
increase the area of the radiators to be able to
utilise the working temperature of 50 deg.C (122
deg.F), from a heat pump. However, if the water
temperature can be further reduced to around
35 deg.C or less, then there is a considerable
energy benefit. Underfloor heating pipes can give
sufficient heat at these low temperatures and
are therefore a good match with a heat pump.
This system works best in insulated homes
where the heat required is less than 50watts/
sq.m. of floor area. For the average older house,
the floor would have to be too warm to provide
full heating. It is important to realise that heat
pumps like lower temperatures and higher water
flow within the uderfloor pipes. This means more
pipe and a lower pressure drop than average.
MAKE SURE THAT THE UNDERFLOOR COMPANY
ARE HAPPY TO ACCOMMODATE THE SPECIAL
REQUIREMENTS OF A HEAT PUMP. Also, make
sure that there is enough insulation below the
floor to minimise heat-loss into the ground, which
can be significant. Concrete screed systems with
tiled surfaces are by far the best, far better than
wood. Be mindful of floor coverings. Carpets can
reduce the system efficiency significantly when a
heat pump is used.
Q. Can I fit a system that blows warm air into the
house?
A. Air-movement is very good for cooling
applications but not so good for heating, we feel
more comfortable in minimal draughts and with
the most heat-radiation. Radiation is emitted
from an underfloor system and from conventional
radiators. Blown air systems may be acceptable in
exceptionally well insulated houses, but it is hard
to match the comfort of good underfloor heating.
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Q Is a vertical borehole better than a horizontal
pipe trench system?
A. The heat from either if these systems is
mostly stored solar heat in the mass of earth
near the surface. Either system will produce
similar results. It is usually a matter of cost and
practicality. e.g. if land is available the horizontal
trench system will usually be cheaper to install
than a borehole.
If summer cooling is required, then the borehole
may prove to be better
The use of the term "geothermal" is commonly
used in conjunction with heat-pumps, but it is not
strictly correct. You have to drill a long way down
before you experience any worthwhile rise above
mean ground temperature due to heat from the
earth's core.
Q. How much ground do I need?
A. The more the better, but this strategy is
expensive. The average garden is often too small
to get sufficient heat output. However, as houses
become better insulated, then ground collectors
don't need to be so big. Do not underestimate
the upheaval of digging trenches, but when the
grass and plants have grown back it will all
seem worthwhile. This component of the system
should last well over 50 years, extra pipe will
eventually pay for itself since the efficiency of the
system will be better. Ground conditions will also
have an effect on performance for example, wet
conditions assist the heat transfer process. Dry,
sandy ground is inferior, so would require more
pipework and a larger area. As a rough guide, you
may need 150m of narrow trench, or 400 sq. m.
of land for a 10kW (output) heat-pump. Bigger if
dry sandy soil, smaller if very wet. There is some
debate about the depth, but 2m deep is ideal.
Excessive cost and health & safety regulations
usually mean that shallower trenches are used.
It would be during long cold-spells in mid winter
where deeper trenches would be beneficial. In
recent years, such conditions seem infrequent.
The pipework length, diameter and manifolding
is calculated carefully so as to minimise required
pumping power to circulate the fluid.

Q. Is an air-source system a viable option?

radiators can act as a buffer.

A. Air-source is much easier and cheaper to
install. But it does not promise very high energy
efficiencies for year-round heating in the UK,
particularly in the North. The main reason being
that the efficiency drops when you need most
heat. A back-up from a boiler at such times is
usually required. Ground source, by contrast,
maintains a constant heat output unaffected by
the daily temperature changes above. Smaller
air systems may give reasonable overall results if
used alongside a boiler, but only if used when air
temperatures are not too cold. Air source units
usually have a shorter life since they have to work
out in the elements.

In summary; having a buffer tank is playing-safe,
and recommended if the radiator or underfloor
system is unknown, or un-matched. With well
designed house and emitter circuits, you might be
better off without one.

Q Can my plumber install a system?
A. Yes, but there are some potential pitfalls to
avoid. Pipe connections are usually larger in
diameter than rule-of-thumb sizing. A heat pump
cannot simply be fitted in place of a boiler as
there are some fundamental differences in the
operation. But the actual handy work is exactly
the same.

Q. Can a heat pump also heat the domestic hot
water?
A. It certainly can, but whilst heating to the high
temperatures required, the efficiency reduces.
However, even low efficiencies are far better than
an electric immersion heater. Most of the latest
heat pump units have the hot water function
built in, so it is usual to use this facility. As the
insulation levels in buildings increases, the roomheating demand drops, but the hot water demand
is, if anything, increasing. It is therefore becoming
more important to optimise the hot water facility.
i.e. the size and design of the hot water cylinder is
very important.
Q. What is 'Weather Compensation'?

A. Most good water-to-water type heat pumps
will far outlast even the best quality boiler.
They should operate for over 20 years, and with
minimal maintenance. Air source systems are
usually exposed to the elements and have a
slightly harder life, so may have a similar life to a
boiler.

A. As you now know, it is important to keep
the heated water as low as possible if high
efficiencies are to be attained. It is sensible, if
not vital, to have the water temperature vary
dependent on outside conditions. i.e. if you require
water for the floor to be at 40°C when at -5°C
outside, you may require only 32°C when it is
+5°C outside. Weather Compensation does this
automatically, and is an integral part of most
ground source heat pumps.

Q. Do I need a buffer tank?

Q. What is the 3-phase electric supply issue?

A. The manufacturers do not all agree on this
point, but it is suggested that you go with their
specific recommendations.

A. Heat pumps are driven by fairly large electric
motors. Such motors work best with a 3-phase
electrical supply. Unfortunately this supply is
not common for houses in the UK. Having said
that, small heat pumps (say up to 8kW output)
work just as well on single phase. Multiple
compressor systems are available. A 3-phase unit
will debatably last longer, or may be a little more
reliable and efficient than a single phase unit so
we favour that type. It may be worthwhile asking
your electricity supplier the cost of installing a
3-phase supply. Most people however have no
option other than single phase.

Q. How long will a heat pump last?

A buffer tank is simply a quantity of water that
can help to reduce the number of times the
heat-pump has to 'cycle' (times it has to stop
and start). It is particularly necessary in a larger
property where many heating zones are involved.
In well-insulated and open-plan houses a buffer
tank may not be needed, in these cases, the floor
itself can act as the buffer. However, the floor
must have plenty of pipe in it with good thermal
contact within a thick screed. High water-content
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GLOSSARY OF TERMS
The meanings of some of the words we use
Air source heat pump
A heat pump/exchanger that uses the air as a
heat source for heating a building.
Antifreeze
This is simply an additive that gives water a lower
freezing point. Ethylene or Propylene Glycol is
most commonly used in heat pump systems.
Borehole
This is simply a vertical hole drilled in the ground.
A ground source collector pipe can be installed in
this.
Brine
Brine is normally defined as ‘salt water’. However,
this term seems to be have adopted to describe
any antifreeze mixture. A brine-water heat pump
usually means one having glycol antifreeze on the
‘cold’ side and water on the ‘hot' side.
Buffer tank
This is simply a large water cylinder that is
used to improve the efficiency and durability of
a system. It reduces the number of stop/starts
that the compressor makes, and ensures a high
flowrate through the heat pump.
Building envelope
Another term for building fabric

TRAINING FOR REBUILDING EUROPE

CHP

DX system

A process technology used to generate both
heat and electricity for use in a large building,
group of buildings or for district heat schemes.
CHP is a fuel-efficient energy technology that,
unlike conventional forms of power generation,
puts to use the heat generated during electricity
production that is normally wasted. CHP can
increase the overall efficiency of fuel use to
more than 75%, compared with around 50% from
conventional electricity generation. Furthermore,
because it often supplies electricity locally, CHP
can also avoid transmission and distribution
losses. (Source: Defra) See also Tri-Generation.

Abbreviation for ‘direct expansion’. This is where
the refrigerant flows directly within the ground
pipes. This system is less common, and may have
some disadvantages, however, it can promise
higher efficiencies since there is one less pump
and one less heat-exchanger.

Climate Change Levy
One of the measures introduced by the UK
Government in response to its Kyoto targets
was the Climate Change Levy. It was introduced
in 2001 and is a tax on the use of energy in
industry, commerce and the public sector.
Businesses affected by this can benefit from cuts
in employers’ National Insurance Contributions
so that the scheme was intended to be fiscally
neutral. Funds from this Levy have gone to create
The Carbon Trust and other bodies providing
energy efficiency advice and fund the Enhanced
Capital Allowances Scheme
Closed loop
This is where a sealed plastic ground pipes are
used which usually contains a glycol antifreeze. i.e
the most common trench or borehole system.
COP
The COP or 'Coefficient of performance' is found
by dividing the useful heat output by the energy
input. e.g. a heat pump that produces 4 kWatts
of heat for 1 kWatt of input power has a COP of 4.
The open fireplace example with 50% efficiency
would have a COP of 0.5. (1/2)

Efficiency
The word "Efficiency" is defined as the ratio of
useful heat output to energy input. e.g. if an open
fireplace loses half its energy up the chimney it is
said to be 50% efficient. Efficiency is commonly
used to describe how effective something is.
On this website the term ‘efficiency’ relates to
‘energy efficiency’.

Ground source heat pump
A heat pump that uses the Earth as a heat source.
It is a method of extracting Geothermal Energy
from shallow and deep pipes into the ground
which can also include a surface or underground
water source (e.g. a lake, river or well) as a heat
source and sink.
Horizontal collector
This can be either coiled 'Slinky' or straight pipes
that are buried up to 2m deep in open ground
(your garden). The pipe is usually plastic and
contains a Glycol antifreeze solution.
Heat Exchanger

Emitters
Another term used to describe radiators or
underfloor heating. This is the component that
‘emits’ the heat into the building.
Energy Performance of Buildings Directive
(EPBD)
A legal requirement for all EU countries to
ensure, amongst other things, minimum energy
standards for buildings and that, when any
building is constructed, sold or rented out, a valid
energy performance certificate, prepared by a
suitably qualified and/or accredited independent
expert, is made available to the prospective buyer
or tenant
Geothermal Energy
Energy extracted from below the surface of the
earth. Generally used to refer to systems that go a
significant depth to extract latent heat rather than
shallow systems that extract solar energy stored
just below the surface.
Geothermal
This is defined as ‘heat from the ground’.
Proper geothermal is heat from the earth’s core
extracted from very deep in the ground, as in the
steam that powers the whole of Iceland. The term
seems to have been adopted to describe heat
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pumps. We prefer the use of the term ‘Ground
source heat pump’.

This is a simple component that transfers heat
from one fluid to another. It could be liquid to
liquid, liquid to air, air to air. Two heat exchangers
are housed within the heat pump, one for the hot
side (the condenser), one for the cold side (the
evaporator).
Heat Pump Rating.
A heat pump is given a kW heat output rating.
This value will vary depending on the working
temperatures. The electrical power input will be
between a 1/2 and a 1/4 of the heat output.
Micro-Combined Heat and Power (CHP)
A process that produces both heat and power
from a single fuel source, usually in homes
or small buildings. CHPs are normally sized
according to the heat demand with electricity
being considered almost as a by product. It is
important with CHP design to ensure optimum
balance between heat and electricity.
Micro-Generation
Small scale production of heat or electricity from
a low carbon source. See also:- Air source heat
pump, Ground source heat pump, Fuel cells,
Micro-Combined Heat and Power (CHP), Microhydro, Micro-wind, Bio-energy, Solar.
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Micro-hydro

Renewable Energy

Slinky

Small hydroelectric power installations that
typically produce low levels of power from e.g. run
of river and wave sources.

“Renewable energy can be defined as energy
obtained from the continuous or repetitive current
of energy recurring in the natural environment”
(source Twidell and Weir, 1986). Various
technologies are available both for a large and
small scale production. The natural elements
used to create energy are:

The name sometimes used to describe the type
of ground collector pipes which are coiled before
burying in a trench.

Micro-wind
Small wind turbine generator used for generating
small quantities of electrical power. Not
usually cost effective, it is often used to achieve
renewable energy targets as part of a wider
energy strategy e.g. those required under the
Merton Rule. These schemes are more often
viable where a grid connection is not available.
Open Loop
This is the type of source where river or ground
water is pumped through a heat pump then
expelled to the environment a few degrees colder.
Passive Cooling
Passive cooling is where the ground water is
simply pumped around underfloor heating. This
gives limited amount of ‘free’ cooling. It will only
work with boreholes or large trenches in very wet
ground. We repeat:- a limited effect, but its free!
Passive heat recovery ventilation
This is where the out-going exhaust air passes its
heat to the incoming fresh air with only the use of
a simple heat-exchanger. It uses no heat pump.
Refrigerant
This is the working fluid within the heat pump. It
evaporates in one part and condenses in another.
By doing so, heat is transferred from cold to hot.
This fluid is sealed in and will not degrade within
the life of the heat pump.

»» Wind (wind turbines)
»» Solar radiation (solar thermal and
photovoltaic panels)
»» Water (hydro and marine/tidal technologies)
»» Ground (geothermal)
»» Biological matter (biomass)
Solar Energy

U-value
The U-value of a building element (wall, window,
roof, etc) is an expression of the rate of energy
flow (in Watts) for a given surface area (in m2) and
a given temperature difference between one side
of the element and the other (usually inside and
outside). U-values are expressed on the Kelvin
scake (K), but practically measured in degrees
Celsius. The measurement for U-values is
expressed as W/m2K. A lower U-value indicates
better thermal insulating properties
Vapour control layer or vapour barrier

Energy derived from the sun. This can be used to
produce electricity using photovoltaic panels or as
heating in the form of solar thermal panels.

A protective barrier designed to prevent the
passage of moisture through a structure thereby
eliminating its condensation on cooler surfaces
behind

Seasonal Performance Factor (SPF)

Warm roof or warm deck roof

Seasonal Performance Factor is similar to COP,
but is an average figure taken over the year. It is
usually lower than quoted COP figures, especially
if back-up electric heaters are used.

A type of flat roof where insulation is placed
between the roof deck and the water proof
covering of a flat roof so that the deck is on the
'warm' side of the insulation

Source
This is wherever the heat is being extracted from.
eg. the outside air, river or ground. Sometimes
referred to as an ‘ambient source’.
Spring
This is where water comes directly from the
ground.
Stream
A small river.
Sink
This is the name given to the part where the heat
is usefully dissipated, such as radiators in the
room, underfloor heating etc.
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WHERE TO GO FOR MORE INFORMATION:
Opportunity Checklist
Intervention/Opportunity
Implement housekeeping measures
Draughtproofing – Doors and Windows
Loft Insulation
Wall Insulation – Cavity Wall
Wall Insulation – External Wall
Floor Insulation
Roof Insulation
Lighting
Solar shading
Efficient Boilers
Boiler controls
Heating Controls
Renewables – Solar Thermal
Renewables – photo voltaics
Renewables –Biomass Boilers
Renewables –Heat pumps
Renewables –Wind
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