woodknowledge
WALES

Sustainable construction
with timber in Wales

Sustainable construction
with timber in Wales
Dr Dennis Jones, Woodknowledge Wales,
Nick Tune, BRE Wales
Timber in construction is increasing in popularity,
especially through the use of timber frame. Timber
frame now accounts for approximately 25% of all
housing construction across the UK (though it is 75%
of new build in Scotland). Interestingly, the choice of
timber in construction has suffered less in the recent
economic downturn than other materials.
As well as offering shorter construction times, the
sustainability advantages gained have become more
apparent.

The purpose of this publication
There have been considerable advances in
sustainable construction over the past few years,
based around The Code for Sustainable Homes,
the introduction of PassivHaus, and a better
understanding of thermal mass and thermal
efficiency. This document, aimed at the professional
sector wishing to utilise timber in construction
projects, provides an outline on many of these topics
as well as showcasing some of the innovative timber
designs being considered in Wales.

“There is no more sustainable a building material
than wood. It locks away large amounts of carbon.
It is a light-weight, attractive and flexible material
with high insulation properties that will help to
drive down the carbon footprint of our construction
industry and it can be grown, processed and used
locally – so reducing ‘timber miles’.”
Jane Davidson,

Minister for the Environment, Sustainability and Housing, Welsh
Assembly Government
October 2007.

What is sustainable construction?
The construction of buildings that meet the needs
of the present without compromising the ability
of future generations to meet their own needs
(Bruntland 1987). In short, these are buildings that
use renewable energy and are made from renewable
materials. Therefore, timber is the perfect building
material for sustainable buildings.

The Margam Discovery Centre, winner of the CLAW 2009 Building of the Year
Award – an example of innovative, sustainable construction.

All images courtesy of Design Research Unit Wales/Welsh School of
Architecture.
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What makes timber
the ideal sustainable
construction material?
Carbon storage
As trees grow they absorb carbon dioxide from the
atmosphere and use it to build their woody tissue.
When these trees are subsequently felled and
processed into timber, the carbon is stored until
the wood product eventually decays or is burnt.
Providing that new trees are planted as replacements
for those felled, the use of timber does not increase
the amount of atmospheric carbon.

Low carbon in use
Timber frame buildings provide a great solution for
the construction of an energy efficient fabric. Via
timber frame you can deliver buildings with large
quantities of insulation, improved air tightness and
minimised thermal bridging.

Help in meeting the Code for
Sustainable Homes
The use of timber in construction can help in
achieving many of the performance requirements
within the Code, including credits for ENE 1 and
2, as well as gaining credits within MAT 1, 2 and 3.
Typically the use of timber in a low energy building
can provide 10% of the total weighted score.

Conformity with the Green Guide
The Green Guide has become the most recognised
procurement guide for materials and systems. Nearly
all timber products are rated as A or A+ within the
Guide.

Help in achieving thermal efficiency
Timber has a low thermal conductivity compared
to other building materials, so its use will help
achieve construction units with low U values.
Innovative construction methods allow for the use
of thicker timber wall profiles, allowing for greater
levels of insulation capable of meeting PassivHaus
requirements. The use of timber can also minimise
the risk of thermal bridging.

Welsh Assembly Government
sustainable construction aspirations
The Welsh Assembly Government has an aspiration to
deliver Zero Carbon Buildings across Wales by 2012.
Already there is a demand that all new buildings on
Government owned land must be built to BREEAM
Excellent standard, whilst housing associations
are now expected to build to levels meeting a 31%
improvement to the 2006 Part L regulations. Further
improvements are likely to be recommended in
the Part L revisions in 2013 when the Building
Regulations are devolved to Wales. The Minister,
Jane Davidson, recently announced that the first
consultation on the Building Regulations in Wales in
2012 would be regarding a 55% improvement to the
2006 Part L regulations for housing. An additional
statement will be released for the non domestic
sector as soon as practicable.
As part of their guidance towards the construction
sector, the Welsh Assembly Government has recently
brought in:
● Technical Advisory Note TAN 22 – Planning for
Sustainable Buildings (launched in June 2010)
● MIPPS 01/09 – Planning for Sustainable Buildings
(launched in September 2009)
These will help ensure new buildings meet high levels
of sustainability, by introducing the following:
● Applications for one or more dwellings after
September 2010 to meet the Code for Sustainable
Homes, level 3 and obtain 6 credits under ENE1
– DER/TER (Determined Energy Ratings /
Theoretical Energy Ratings) improvement. Issues
relating to ENE1 are covered in the Section
“Timber and the Code”.
● 		Applications for non-residential buildings
of floorspace 1000 m² or more, or on a site
		of 1 hectare or more, after September 2009
		to meet BREEAM “Very Good” whilst also having
		the energy performance of an “Excellent “ rated
		building under ENE 1 which equates to 6 credits.
The construction of more energy efficient housing
across Wales will also help the Assembly Government
in its long term aim of reducing the number of
families in fuel poverty (where more than 10% of
disposable household monthly income is spent on fuel
and energy) across Wales.

Image courtesy of Eddie Byrnes.
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Code for Sustainable
Homes
In 2007, the UK government indicated a desire
to make certain aspects of the environmental
performance of housing mandatory, taking away
some of the flexible nature exhibited within
Ecohomes, the standard at that time. Based on
recommendations from the Sustainable Buildings Task
Group, the Code for Sustainable Homes (referred
to as the Code) was established, its drive being to
encourage fixed aspects of improved building design
and regulation, by bringing about a step change
in sustainable building practice for new homes,
providing a route map to Zero Carbon dwellings,
encouraging home builders to construct more
sustainable homes and signalling the direction of
construction for future regulations. The content
of the Code, drawn up by the Department of
Communities and Local Government (the owners
of the Code) with technical consultancy by BRE, is
based around 7 Category Issues.

In order to get any level of rating, it is necessary to
achieve the minimum standards in the energy and
internal potable water sections for the standard
required, and then the mandatory standards in
materials, surface water run off and waste as
without these, it is not possible to get a Code
rating of any description. Having established the
mandatory and minimum ratings required, the final
overall rating is then determined by the number of
additional points achieved through tradable credits;
the greater the number of tradable credits gained,
the higher the final score of the building.
It is anticipated that social housing will have to
comply with Code Level 4 by 2011.
When the building regulations are devolved to Wales,
The Welsh Assembly Government is planning to set a
minimum 55% reduction of CO² from Part L 2006.

The 7 Category Issues in the Code for
Sustainable Homes are:
● Energy efficiency /CO²
● Water efficiency
● Surface water management
● Site waste management
● Household waste
management
● Use of materials

}

➜

Waste

➜

Materials

➜

Surface Water Run off

➜

Energy

➜

Potable Water
Consumption

➜

Energy

➜

➜

➜

Potable Water
Consumption

➜

➜

➜

Waste

➜

➜

Materials

➜

➜

Surface Water Run off

➜

➜

Pollution

➜

➜

Health & Wellbeing

➜

➜

Management

➜

➜

Ecology

➜

Issue Category Scores

Tradable Credits

Mandatory
Standards

● Lifetime homes (Code 6
developments only)

➜
➜
➜
➜
➜

}

Level 1
Level 2
Overall Level 3
Score Level 4
Level 5
Level 6

➜
➜

The Kingspan Lighthouse, an example of a Code 6 building.
Image courtesy of Peter White, BRE.
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Timber and the Code
In order to meet the various levels of the Code, it
is necessary to collect as many points as possible.
So how many points may be gained from the use of
timber? Wood as a material can play a significant role
in meeting the Code and the requirements laid out in
the TAN 22 document:
ENE 1. In order to meet the 6 credits required by
Planning Policy Wales, you must reduce the CO²
emissions by 31% against Part L 2006. The most
practical way of achieving this is by building an
energy efficient fabric. A typical house that meets
the 31% reduction in CO² should have the following
elements:
● U value in Wall 0.18 – 0.2 W/m²K
●    U value in roof and floor -  0.15 W/m²K
●    Airtightness - 3-5 m³/hr/m²
● Thermal Bridging psi value - 0.04
However, you can meet the requirements of ENE 1
without the need for any renewable energy systems
by building a house with the following elements:
●    U value in wall, floor and roof - 0.15 W/m²K
●    Air tightness 1-3 m³/hr/m²
●

MAT 1. At least 3 of the 5 key elements (roof,
external walls, upper and ground floors, internal
walls and windows) specified to achieve at least a
D rating in the 2007 Green Guide for specification.
Nearly all timber products are A or A+ rated. MAT 1
has 15 credits available (4.5% of total weighting).
MAT 2 & 3. Further Credits are available here – the
use of responsibly sourced timber, as typified with
local timbers, can help deliver another 2.7%.
Management 2. The use of reclaimed, reused, and
responsibly sourced material (timber) can contribute
another 2.2%.
Thus the use of timber can contribute 19.4%
towards the 57% required to meet the
requirements in the TAN 22 document.
The remaining credits would need to be collected on
a wide range of categories across the Code. Meeting
Level 4 is relatively easy to achieve, and Levels 5
and 6 are made easier through the use of timber.
However additional aspects (such as renewable
energy, rainwater harvesting etc) also need to be
used to achieve the highest Levels of the Code.
Advice on how to achieve the Code is available
from BRE Wales.

Thermal Bridging psi value of 0.02

ENE 2. By delivering the aforementioned standards in
ENE 1 you will achieve a Heat Loss Parameter figure
of less than 1.1. Building with timber frame can
easily achieve these standards, as has been shown at
the Welsh Future Homes project in Ebbw Vale. Using
timber frames to deliver a low energy building fabric
can provide 10% of the total weighting within the
Code.
Correct detailing can prevent
thermal bridging. Image courtesy
of BRE.

The use of timber in construction can help meet the Code for Sustainable
Homes. Image courtesy of Holbrook Timber Frame.
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Green Guide for
Specification
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In addition, the Green Guide also makes allowances
for the production of a component. Data has
been derived for the manufacture of a tonne of
each material, and covers the entire process from
‘cradle to gate’: that is all the environmental
impacts associated with the extraction, processing
and transport of raw materials, and the production
and manufacturing processes undertaken until the
product leaves the factory gate. Thus material that
is energy intensive to extract and process will have a
much poorer rating on its ‘cradle to gate’ value than
naturally occurring material (such as timber).
The Green Guide summary ratings are created by the
aggregation of thirteen individual impacts for each
specification to determine an Ecopoint score, with
each impact normalised. The summary Ecopoints
are then assigned A+ to E ratings from their position
within the range of summary results for each building
elemental group. This is done in exactly the same
way as the individual environmental impact ratings
are calculated. The Ecopoints are calculated for each
specification in the elemental group.
Across the group of specifications there is a lowest
and highest Ecopoint score as determined at the
end of the defined 60 year study period. These two
Ecopoint scores denote the environmental range
of the assessment. Six equal segments are created
across this range and the Ecopoint scores for the
remaining specifications determine where they land
within this segmented range and, therefore, the A+
to E rating they receive. Each elemental group is
commonly made up of an assessment of between 15
and 400 different specifications.
Nearly all timber products are rated as A or A+, the
exceptions being where wood has been used in
combination with another material whose rating is
very low, such as some composite windows.

e
c
o
p
o
i
n
t

Rating from 1-100

1kg CO² equivalent (100 year)
= 0.0029 Ecopoints
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Benefits versus other
materials
Other than its aesthetic appeal, timber is recognised
as the construction material closest to being
carbon neutral. This means that the use of timber
in construction represents a method of entrapping
carbon within a building.
A typical 100 square metre two-storey detached
timber frame home contains 5-6 cubic metres more
wood than the equivalent masonry house.
Adding timber cladding will use approximately a
further 1m³.
Each m³ of timber equates to 2 tonnes of CO²
entrapped (0.9 tonnes due to the carbon in the
wood itself and 1.1 tonnes from the reduced carbon
demand from the replaced construction materials).
0.9 tonnes of CO² is equivalent to driving 4,500
miles. Based on 3,000 kg CO² being the equivalent of driving
14,000 miles in an average car (National Trust statistics).

If all houses in the UK built since 1945 had been
timber frame, over 300 million tonnes of CO² would
have been saved. Based on information on :

Studies have demonstrated the energy benefits gained
through the use of timber. Steel and concrete suffer
from highly energy intensive processing methods.
Timber is only affected by primary (harvesting and
initial lumber conversion) and secondary processing
(into required products), drying and transport. Issues
of transportation may be limited through the use
of local materials (so minimising the overall carbon
footprint of a product).

Timber also offers the additional
benefits of:
●   Design for Demountability – providing a means of           
secondary use carbon savings
●   Design in flexibility – providing the opportunity
to modify the structure to the changing needs of
the client
●   Use sustainably sourced timber from local sources    
– building supply chains and adding value to
locally grown timbers
●   Timber frame houses create significantly less     
construction waste than brick and block 		
construction

www.tailormade-frames.co.uk/ timberframe.html

The appearance of a property may be enhanced through the use of timber.
Image courtesy of Hughes Architects.

CO² emissions from the
manufacture of different
material.
kg of carbon dioxide per
square metre of building
area. Source: Swedish
Forest Industries
Federation, 2003

Steel
(Ore-based)
19.3

Steel
(Scrap-based)
5.2

Glulam
1.5
Welsh larch cladding on ‘The Treehouse’, a project between SEED
Homes and Fforest Timber Engineering. Image courtesy of WKW.
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Timber
1.4

Concrete
11.3

Achieving low carbon
buildings from timber
Timber is capable of achieving many of the
targets outlined in legislative aims for sustainable
construction; including:
Achieving low U values approaching 0.1 W/m²K – this
is possible with a range of systems (open or closed
panel). Timber frame is very adaptable in its nature,
allowing for a range of wall unit thicknesses and
insulation levels.

The low U values of timber compared to other
materials commonly used in window manufacture
have led to a growth in demand for timber windows.
The use of triple glazed systems, with low E glass,
as well as incorporating “Warm Edge” spacers has
allowed for overall U values for windows to drop
from 2.6 W/m²K (for traditionally manufactured,
single glazed windows) to around 1.0 W/m²K, and
even lower than 0.8 W/m²K (meeting PassivHaus
requirements). These values can be determined using
thermal modelling software.

Encouraging the use of locally sourced materials
– timber frame is capable of using C16 graded
softwoods (typical of the forest stock in Wales/UK).
There is still a tendency to over specify timber,
whereas locally sourced timber has been shown to
be more than suitable for domestic construction
projects.
By paying attention to detail, it is possible to achieve
airtightness requirements lower than 3 m³/hr/m²
and avoid issues such as cold bridging and interstitial
condensation. Interstitial condensation can lead to
premature failure of building elements due to the
onset of rot.

The use of modelling software can help in determining the thermal
performance of timber windows. Image courtesy of bere: architects.

Examples of ‘best practice guidance’ are available
via documents (e.g. from BRE and TRADA), or from
the internet. One such site is Data Holz (www.
dataholz.com).

The use of panels where insulation has already been added (above), or
where insulation is added after the construction phase (right) both offer
opportunities for timber in construction.
Images courtesy of Holbrook Timber Frame (above) and SEED Homes (right).
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Thermal efficiency
Recent years have seen a dramatic change in
requirements over the thermal efficiency of housing.
As the construction sector gears up to higher levels
of the Code for Sustainable Homes, greater emphasis
will be placed on the thermal performance of the
property. Current U values as listed in part L of
the Building Regulations (in place until late 2010)
represent easier targets than those being promoted
under newer schemes, such as PassivHaus standards.
Under part L, there still exists opportunities to
“trade off” building envelope elements and heating
systems. Thus the construction of walls and windows
of U Value 0.25 W/m²K and 3 W/m²K respectively
may be offset with the use of renewable energy
heating systems. However a low energy building
fabric delivers greater carbon savings per pound than
expensive renewable energy systems.
The use of timber in constructing wall sections can
significantly help in reducing the U values of building
elements, as can be seen in the adjacent table. As
the U values drop down to the lower levels, they
meet the requirements for PassivHaus construction
(which is described later).

U-values
(W/m²K)

Description

0.35			
			

Minimum Building 			
regulations (national building)

0.30			
			

Standard 140mm stud+ 		
basic insulation

0.27			
			

Standard 140mm stud+ 		
better insulation

0.25			
			
			
			
			

Standard 140mm stud+ 		
better insulation+ reflective 		
breather membrane+ 			
reflective vcl+ service void 		
(generic)

0-15-0.14		
			
			
			
			

Proprietary versions of 		
stud+ better insulation+ 		
reflective breather 			
membrane+ reflective vcl+ 		
service void

0.11			
			
			
			

Proprietary versions of 		
high performance SIPS (or 		
equivalent performance 		
masonry systems)

Correct detailing with timber frame is essential,
not only in preventing thermal bridging, an easier
path of thermal transmission across a construction
element, but in achieving air tightness (to prevent
direct loss of heat to the outside).
Proposed changes to Part L regulations will make
it a requirement to demonstrate thermal bridging
performance.
It is also expected that under the 2010 revision to
Part L, window manufacturers will have to undertake
Window Energy Ratings to demonstrate the thermal
performance of the whole window, not just the
glazing element.

Building Regulations Part L:
U-values (W/m²K)
Element
Maximum area-		
		
weighted U value
					
					

Maximum Uvalue for
any part of
any element

Roof		

0.20			

0.35

Glazed
Openings

2.20			

3.30

Doors		

2.20			

3.30

Walls		

0.35			

0.70

Floor		

0.25			

0.70
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Some examples of thermally efficient roofing systems.
Image courtesy of bere: architects.

PassivHaus designs
The desire to develop highly energy efficient
dwellings has led to the creation of the “PassivHaus
concept”. Established by Professor Wolfgang Feist
at the PassivHaus Institut, Darmstadt, Germany in
1990, it has become a key construction standard in
Germany and Austria in the past 20 years. Now the
concepts are beginning to be implemented in the UK.
It is one possible method capable of helping achieve
aspirations towards zero-carbon buildings.
By building a house to the PassivHaus standard you
will achieve approximately a 50% reduction in CO²
without the need for renewable energy systems.
The main theme of PassivHaus is the limited need
for a traditional heating system, based on the high
energy efficiency of the design of the building. Key
to the principle is the heating of incoming air. The
overall heating requirement for a building to be
classed as PassivHaus must not exceed 15 kWh/m²/yr
(compared to normal housing heating requirements
of 68 kWh/m²/yr).

Achieving such a low level of heating
requires:
●

U-values for wall, floor and roof insulation lower
than 0.15 W/m²K

●

U-values for windows and doors of 0.8 W/m²K or
less (for both the frame and glazing)

●

Thermal bridging minimised, and ideally
eliminated

●

Airtightness values of 1 m³/(hr.m²) @ 50 Pa or
less and

●

A whole-house mechanical ventilation system to
be specified, which can recover over 75% of the
extracted heat. It is also important that the use
of electricity is low (a specific fan power of 1
watt/litre/second)

As noted previously timber frame buildings are ideal
for the delivery of low energy building fabrics and
the majority of PassivHauses built in Austria are
constructed from timber.

Image courtesy of PassivHaus Institut Darmstadt, Germany.

Thermal imaging of a PassivHaus building (above
right) clearly shows the limited heat loss compared
to a conventional building (above left). This
reduction in heat loss mean less heating is required
within the building itself.
Solar thermal coil (optional)
Super insulation
Triple pane double
low-e glazing

Supply air

Extract air

Supply air

Extract air

Ventilation system with
heat recovery

Ground heat exchanger

PassivHaus depends on controlled air flow and heat exchange.
Image courtesy of bere: architects.

A UK PassivHaus group has also been formed, details
of which may be found at www.passivhaus.org.uk.
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Thermal Mass
The ability of a property to maintain a constant
habitable temperature is seen as essential, and
depends not only on the ability of a building to
keep its heat through correct insulation, but also
its ability not to absorb heat from, or lose it to, the
environment. This is mainly linked to the ability of
a material to absorb and then slowly release heat,
and this property is known as the thermal mass of a
material.
The temperature variation is more exaggerated in
the summer. High thermal mass materials will take
longer to warm but will then retain that heat for
longer. It has been argued that this delay time to
reach ambient conditions favours masonry build over
timber build during hot summers and will do so more
in the future when warmer summers are predicted
due to climate change.

Both timber and standard new build masonry
construction were reasonable in providing
summertime comfort up to the mid-point of the
century without optimising the ventilation strategy.
Source: Comfort and Cost (Wood for Good and UK
Timber Frame Association).
All materials that have mass will have some thermal
mass. A common misconception is that only concrete
or earth soil has thermal mass; even air has thermal
mass (although very little). So the belief that
“timber frame has no thermal mass” is not strictly
true, it has less thermal mass than traditional
masonry build.

Timber frame with tiled ground
floor and double plasterboard
to walls
A
B

D

Plasterboard Party Wall
Staggered Timber
Stud Framing

However studies now show that all forms of housing
in the UK (whether masonry or timber based) will not
need air conditioning until at least 2080.
The difference in thermal mass between standard
new build masonry and lightweight timber frame
construction is not a significant factor affecting
either thermal comfort or energy consumption, now
or within the lifetime of the building.

C

C Double Layer

E
F

- Details identical on all models
- Details varied on models

Double Layer
of Plaster

F Tiled Ground Floor
15mm
Screed

10mm
Stone Tiles

150mm
Concrete Slab
Insulation

E Double Layer

Plasterboard External Wall
Insulation

200mm
Sub-Base

Timber Stud

Buildings experience daily fluctuations in
temperature. What is required is minimal
fluctuation in living conditions (21ºC for the
living room, 18ºC for the rest of house)

Double Layer of
Plasterboard
External
102mm Brick
or Timber
Boarding

30ºC

Solutions exist for
increasing the thermal mass
within lightweight buildings
such as timber frame
constructions.
Image courtesy of UKTFA.

“Damping Ratio”
‘Comfort zone’
Internal temp
External temp

15ºC

Day		
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Night		
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Example low carbon housing specifications, made from indigenous timber from
“Design Housing with Scottish Timber: 2009 Edition.”
SAP 2005		
Environmental		
DER			
TER			
% Reduction CO²

58 D		
72 C		
31.58		
32.5		
3%

70 C
80 C
22.9		
32.5		
30%		

		

Basic Building Regs
Enhanced
							
Wall Construction		
89x44 Timber kit
145x44 Timber kit

71 C
84 B
19.03
35.36
46%

73 C
93 A		
8.83		
35.36
75%		

84 B
100 A
6.7
35.36
81%

Enhanced
(High Thermal Mass)

Timber High
Insulation

Low emissions

145x44 Timber kit

194x44 stud

300 web stud

Wall insulation		
Sheathing ply
Panelvent
35mm Isolair wood
60mm Pavatherm
			
90mm glass fibre
145mm cellulose
fibre board		
wood-fibre board
			
Service zone
(Warmcell)
145mm sheep’s wool
194mm sheep’s wool
			
25mm Crown
OSB internal Service
Paneline Service zone
Paneline Service zone
			
Polyfoam Linerboard
zone Plasterboard
Plasterboard		
Plasterboard		
												

Panelvent 300mm
cellulose (Warmcell)
OSB internal
Service zone
Plasterboard

Wall U value		

0.25		

0.24		

0.2		

0.14			

0.12

Roof construction		
			
			
			
			
			

Internal plasterboard
200mm rafters with
Rockfall Underlay
between 70mm
Rockfall Overlay
sarking board

Internal plasterboard
250mm rafters with
cellulose (Warmcell)
insulation between
33mm wood fibre
Isolair board

Internal plasterboard
300mm timber
composite beams with
cellulose (Warmcell)
insulation between
33mm wood fibre
Isolair board

Internal plasterboard
300mm timber
composite beams with
cellulose (Warmcell)
insulation between
33mm wood fibre
Isolair board

Internal plasterboard
300mm timber
composite beams with
cellulose (Warmcell)
insulation between
52mm wood fibre
Isolair board

0.16		

0.14

0.12

0.12

0.11

Solid floor – OSB
flooring on battens on
screed on 70mm Dow
Floormate 200x on
concrete slab

Solid floor – OSB
flooring on battens on
screed on 100mm
extruded polystyrene
200x on concrete slab

Solid floor – PFA
levelling on battens on
screed on 100mm
extruded polystyrene
200x on concrete slab

Suspended floor –
OSB flooring on
250x45mm joists with
200mm sheep’s wool
between

Solid floor – PFA
levelling on concrete
slab on 100mm
extruded polystyrene
200x on concrete slab

Roof U value		
Floor construction

Floor U value		

0.21

0.17

0.18

0.16

0.11

Windows

Timber double glazed
4:12:4

Timber double glazed
4:12:4

Timber double glazed
4:15:4 low E (As Nordan)

Timber double glazed
4:15:4 low E
(As Nordan)

Timber triple glazed
Nordan n-tec Low E
glass internal, argon
filled

Window U value		

1.8

1.8

1.6

1.6

0.7

Roof window

Timber double glazed
4:16:4 low E with
Argon (as Velux)

Timber double glazed
4:16:4 low E with
Argon (as Velux)

Timber double glazed
4:16:4 low E with
Argon (as Velux)

Roof window U value					

1.2

1.2

1.2

External doors

Timber with
draughtseal

Timber with draughtseal
with buffer space and
secondary door front and
back

Insulated timber with
draughtseal with buffer
space and secondary
door front and back

Insulated timber with
draughtseal with buffer
space and secondary
door front and back

Insulated timber with
draughtseal with buffer
space and secondary
door front and back

Door U value		

1.8

1.8

1.5

1.5

1.5

10 Air changes per
hour @ 50Pa

10 Air changes per
hour @ 50Pa

5 Air changes per
hour @ 50Pa

5 Air changes per
hour @ 50Pa

3 Air changes per
hour @ 50Pa

Passive Solar		

South facing

South facing,
buffer space

South facing

South facing solar sunspace
with solid timber and
pavatherm and clay plaster
for thermal capacity

South facing solar
sunspace with clay
brick for increased
thermal capacity

Ventilation

Individual mechanical
extract fans.
Ten air changes per
hour

Passive stack
ventilation system.
Ten air changes per
hour

Passive stack
ventilation system with
solar roof ventilation.
Five air changes /hour

Passive stack
ventilation system with
solar roof ventilation.
Five air changes /hour

Mechanical ventilation
system with heat
recovery using solar
panel e.g. Sunwarm

Primary heating system

Air to water heat
pump with thermostat.
Electric radiators
Electric immerser
boost with off-peak
load

Air to water heat pump
with time and
temp.zone control.
Closed wood log stove
Electric immerser
boost with off-peak
load, green electricity
tariff

Manual feed log stove
Electric storage
radiators on Eco 2000
tariff, green supplier
Electric immerser
boost with off-peak
load, green electricity
tariff

Log stove with direct
feed to HWC and
hallway radiator with TRV

Pellet stove providing
back up, with direct
feed to HWC and
Hallway radiator with
TRV

Secondary heating system

Electric radiators

Closed wood log stove

Electric storage radiators
on Eco 2000 tariff.

Electric storage radiators
on Eco 2000 tariff.

0.75 kW electric panel
heaters

Hot water supply

Electric immerser
boost with off peak load

Electric immerser
boost with offpeak
load, green supplier

Electric immerser
boost with offpeak
load, green supplier

Solartwin panels linked
to HWC, linked to
wood stove

Sunwarm solar panels
heating 200 litre tank
(80mm insulation) with
off peak and boost
electrical immerser

CO² (tonnes per year)		

2.94		

2.10

1.72

0.75

0.42

Build Cost Index		

100

104

106

122

132

Air tightness

SAP2005 has been superceded by SAP2009. The values within this table are solely to demonstrate the benefits from timber-based systems.
For more information on the changes between SAP2005 and SAP2009, contact WoodKnowledge Wales.

Using indigenous timber in construction
As noted previously, timber is ideal for the delivery
of low energy/carbon buildings. However, often the
timber used is imported. This is because we do not have
sufficient quantity of home-grown material but there is
scope for increasing the use of UK timber in construction
providing it is correctly specified. However UK timber

can be used in sustainable construction provided it is
specified and sourced correctly. For instance it is possible
to make timber frames using UK C16 graded spruce.
Below are tables produced by Ivor Davies of Napier
University that show typical product ranges where UK
timbers may be used.

Product				
Structural timber

Availability

Machine graded structural timber

Spruce (predominantly Sitka) is available off the shelf graded to C16; other
softwoods not normally machine graded. Occasionally larch, Douglas fir and 			
Scots pine produced ‘to order’. Hardwood timber not normally machine graded.

Visually graded structural timber
					
					
					

The main softwood species (Scots pine, spruces, larch and Douglas fir may be 			
visually graded to GS (General Structural) or SS (Special Structural grade.)
Most hardwood species can be visually graded, with oak and sweet chestnut the 		
most common.

Carcassing

Spruces available off the shelf for uses such as non-loadbearing internal partitions.

					
					

Non structural timber

			

Sarking, slating laths and battens

Spruces and other softwoods commonly available. Where there is a risk of wetting, 		
preservative treatment is recommended.

Decking

			

Range of preservative treated softwoods used for decking. Softwoods that have 		
been heat treated instead of preservative treated becoming more popular. 			
Occasionally oak and sweet chestnut used for decking.

Windows				

Oak or sweet chestnut windows occasionally available. Whilst majority of			
softwood timbers come from abroad, several smaller companies are now looking 		
at selected home-grown material (e.g. heat treated larch).

Flooring				

The main species used are oak, sweet chestnut, larch and Douglas fir. Other species 		
available ‘to order’. Work by groups such as Coed Cymru has led to an increase 			
in availability of end-grain floor tiles.

External cladding and shingles		

Larch is the most commonly used of the home-grown timbers in the UK (though less 		
common in Wales), whilst oak and sweet chestnut are more durable options. Douglas fir 		
and western red cedar are acceptable alternatives. Other species may be used, 		
though their lower durability means they should be preservative treated (or 			
chemically/thermally modified) before use. Shingles are available from a few suppliers.

Specials e.g. doors and stairs		

A wide variety of joinery products are available, often in species of the customer’s 		
choice including ash, sycamore and beech.

					
					
					
					
					

					
					

					
					
					
					
					

Panel products

MDF (medium density fibreboard)

There are 3 UK manufacturers producing a range of non-structural boards for use in 		
kitchen, shop fittings, floors etc.

OSB (oriented strand board)		
					

There is 1 UK manufacturer, providing structural OSB for use in construction as well as
a range of non-structural OSB for other uses.

Particleboard				

Currently 4 UK manufacturers serving the non-structural market.

					

Engineered wood products
I joists		

			

Currently 1 UK manufacturer, using OSB for central core and imported C24 softwood for 		
the flanges. Recent work in Wales has focused on the manufacture of ladder 			
beams using local C16 Sitka spruce.

Glulam (glued laminated timber)		

					

No commercial activity in this sector at present, though some smaller companies will 		
manufacture ‘specials’ to order, typically from oak or sweet chestnut.

Pole rounded timber			
					

Several companies produce pole rounded timbers for both structural and non-			
structural uses.

Log buildings

Range of companies producing log cabins/buildings to order.

					
					

Other products

			

Landscaping and Fencing			
					
					

Several companies producing bollards, acoustic barriers, fences and gates, mainly from 		
preservative treated softwoods. Additional protection may be afforded by envelope 		
treatments (e.g. Postsaver).

Bridges 				
					

Preservative treated larch, Douglas fir and Scots pine occasionally used for pedestrian 		
and light vehicular bridges. Oak may also be used.

Civil / marine uses			
					

Large section timber sometimes used in dock structures, canal gates etc. Often require 		
higher durability species (e.g. oak).
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Case Study– The Works,
Ebbw Vale
The Works, Ebbw Vale represents a major
regeneration programme within the Heads of the
Valleys region. Development of some 200 acres of the
former steel works site has been primarily for the
2010 National Eisteddfod, though the long term use
of the site will be to provide a vibrant and distinctive
development that will produce long term benefits for
the area, creating an exciting place to live, learn,
work and play.

The Larch House
The Larch House, built by Holbrook Timber Frame, was
a super-insulated closed panel timber frame system
using Welsh Sitka spruce. Attention to detail removed all
thermal bridging, resulting in walls with a U value of 0.09
W/m²K. The building achieved a remarkable airtightness
value of 0.19 m³/hr/m², way below the 0.6 requirement
for PassivHaus standards. This, combined with the closed
panel timber frame system being made from Welsh Sitka
spruce with a U value of 0.09 W/m²K, removed all risks
of thermal bridging. The house was clad in larch, sourced
in Wales through the help of Woodknowledge Wales.

A competition was run by BRE Wales in association
with the Heads of the Valleys for innovative designs
for social housing capable of meeting high levels of
the Code for Sustainable Homes. Entitled the ‘Future
Homes Project,’ this competition provided 3 houses
showcasing innovative methods and best practices
in sustainable construction. After a period of several
months as exemplar buildings, their suitability
as social homes will be determined with United
Welsh Housing Association placing tenants in these
properties, whilst the overall performance will be
monitored by Cardiff University.

The three houses built as a result of
this competition were:

Planned design of the Larch House.
Image courtesy of bere: architects.

●    The Larch house (a three bedroom house)
●    The Lime house (a two bedroom house)
●    The Ty Unnos house
Both the Larch and the Lime houses were built by
Holbrook Timber Frame, based on designs by
bere:architects, whilst the Ty Unnos system was
designed by the Welsh School of Architecture.
Woodknowledge Wales has worked in collaboration
with BRE Wales in providing assistance to the
companies working on these houses in sourcing
timbers as well as technical advice. One of the
key requirements in this project was to use locally
sourced materials.
The winning designs use a range of local Welsh products
and are exemplars of low carbon energy efficiency. The
innovative measures for energy efficiency used in these
designs can be replicated in building developments
throughout Wales and should cost no more than a
standard home when economies of scale are taken into
consideration.

The Larch House. Image courtesy of Peter White, BRE.

“The new technologies together with the use of local products
manufactured from recycled materials, open up a range of business,
training and job opportunities for local people which supports our
sustainable agenda”.

Former Deputy Minister for Regeneration, Leighton Andrews
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The Lime House
This home is similar to the three bedroom PassivHaus
but is clad in Welsh lime render. Whereas The
Larch House used passive windows imported from
Germany, the Lime House incorporated The Vale
Passive Window, developed by WKW and several
joinery manufacturers in Wales. The timber used
in the window production was local larch that had
undergone heat treatment using facilities located
in Wales. The benefits to be gained from heat
treatment include:
●   Greater stability (less prone to shrinking and
swelling, so less strain on applied coatings)
●   Greater durability (less prone to biological
decay)
●   Better machining and finishing (resulting in a  
better quality product)

The Lime House nearing completion. Image courtesy of Mike Over,
Forestry Commission Wales.

The use of heat treatment further reduced the U
value of the timber, making it more insulative in its
nature. The airtightness of the building was found to
be 0.32 m³/hr/m².
The Vale Passive Window (triple glazed windows
containing low E glass and warm edge technology)
has achieved a U value of 0.79 W/m²K and has been
certified by the PassivHaus Institut in Darmstadt,
Germany as being suitable for incorporation into
PassivHaus designs. This development will allow
Welsh joinery manufacturers to produce high
performance windows capable of competing with
imported windows.

The Vale Passive Window. Image courtesy of Guy Pargeter.

Certificate

Passivhaus
Institut
Dr. Wolfgang
Feist
Rheinstraße
44/46
D-64283 Darm
stadt

valid until 31.12
.2010

Ty Unnos
The design is a modern re-interpretation of the
traditional Welsh Longhouse. The Ty Unnos system
is an innovative timber post and beam system
developed by the Welsh School of Architecture,
Woodknowledge Wales, Coed Cymru and partners,
using Welsh grown Sitka spruce to create a high
quality, sustainable build system suitable for rural
homes.
This low energy building (approx 18 kWh/m²/yr)
with a very low airtightness (0.3 m³/hr/m²) featured
Welsh sycamore flooring, super-insulated walls, roof
and floors and triple glazed Welsh timber windows
developed by Vintage Windows.

Connector plates and rods can be used with Ty Unnos beams.
Image courtesy of Design Research Unit Wales/Welsh School of Architecture.
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Planned design of the Ty Unnos house
at Ebbw Vale. Image courtesy of Design
Research Unit Wales/Welsh School of
Architecture.

Case Study– Ty Unnos
Ty Unnos is a new concept for timber construction,
allowing for affordable, sustainable construction
from local resources, based on a historical
precedent.
In the 17th Century it is said that if someone could
build a house on common land in a night then it
belonged to them freehold. Whilst owning the land
is no longer possible, the idea of rapid build projects
appeal.

A prototype of the Ty Unnos building unit. Image courtesy of Guy Pargeter.

The Ty Unnos project - initially developed by
Coed Cymru, the Welsh School of Architecture and
University of Wales Bangor - is a new building system
which should make erecting modular buildings almost
as fast.

Financed by Woodknowledge Wales, CCW and the
Forestry Commission Wales Robinwood project, scale
module buildings have been already proven successful,
and generated serious interest in the building trade.
The Ty Unnos concept has been taken up by Elements
Europe, Pontrilas Timber and several independent timber
companies. This allows both the large scale manufacture
of the modular components and bespoke manufacture to
individual clients’ specifications.
Ty Unnos is not only limited to housing, its flexible design
makes it suitable for a range of applications. This is being
shown through the construction of an education centre
at The Works, Ebbw Vale, as well as the Environmental
Resource Centre (Canfod) for the Gwent Wildlife Trust.

Constructing a Ty Unnos frame.
Image courtesy of Guy Pargeter.

Based on simplified beams and standardised kits
the system uses locally sourced timber in standard,
readily available lengths - adding to the value of
Welsh timber as well as reducing the environmental
impact of imports. The concept allows for a range of
units to be designed and linked together to produce
a range of different construction styles.
A completed Ty Unnos property at the Royal Welsh Show.
Image courtesy Elements Europe.

Possible components used
in Ty Unnos construction.
Image courtesy of Coed
Cymru and Design Research
Unit Wales/Welsh School of
Architecture.

Canfod-built using the Ty Unnos system.
Image courtesy of Design Research Unit Wales/Welsh School of Architecture.
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Case Study – SEED Homes
SEED Homes is a venture in collaboration with Fforest
Timber Engineering, looking at ways of providing
practical sustainable housing solutions in rural
communities.

The aim of SEED Homes is to enable:
● People to set up homes in their local communities
● Parish councils to be comfortable with the
development and design approach
● Would-be home owners to finance their homes
● Local authorities to release land for development
● Communities to revive, develop and thrive with
schools, businesses and services
● Implementation of the Code for Sustainable
Housing (CSH) at Code Level 4
● Homes to be built which are both healthy and
environmentally sustainable
● Homes to be built using local raw materials and
stimulate local business and training
● Government to reach targets on energy
consumption and reduction in carbon emissions
A recent development in Ludlow has seen the
construction of a property, solely using Welsh
materials (load bearing timber, cladding, recycled
cellulose insulation, wool insulation and steel used in
rafters).
The SEED Homes system uses native softwood to
produce a super-insulated panel system which can
achieve a U-value of 0.13 W/m²K (suitable for
Level 4 construction under the Code for Sustainable
Homes). Lower values may be achieved by
altering the design. The high levels of timber also
significantly contribute to the overall rating of the
building under the Code.
There are no composite materials used within the
construction. This increases the opportunities
at the end of life, such as recycling, re-using,
composting or use as a fuel.
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The Treehouse built by SEED Homes in Ludlow.
All images courtesy of SEED Homes.

Case Study– Ty Elwy
Using local material represents the best way of
achieving sustainable construction. Elwy Working
Woods, a woodland co-operative near St Asaph in
North Wales, has been looking at ways of using
locally sourced Douglas fir for manufacturing timber
frame systems.
The Elwy Working Woods Cooperative vision for
future timber frame construction sees similar
small sawmills throughout Wales, serving the
local population using the nearest available
wood resource. As well as creating skilled rural
employment, these sawmills will re-establish the link
between production of timber and local need and
encourage improved management of the local forest
resource.
Whilst traditional timber frame buildings historically
had far lower embodied energy than modern
buildings, they were not as energy efficient to run.
Modern building regulations, as outlined within the
Code for Sustainable Homes and SAP assessments,
set increasingly high standards for energy efficiency.
These regulations can be met in timber frame
construction by appropriate choices of cladding and
insulation materials.

Timber Frame Suppliers
in Wales
There are many companies specialising in supplying
timber frame construction across Wales. A comprehensive
list may be found on the Woodsource Wales website.
Should you require further information, it is
recommended you contact Woodsource Wales.
Woodsource Wales details
Address: Unit 6, Dyfi Eco Park,
Machynlleth,
Powys
SY20 8AX
Telephone: 0845 4560342
Fax: 01654 700 050
Email:info@woodsourcewales.co.uk
www.woodsourcewales.co.uk

woodsource
WALES

Ty Elwy has partnered Ty Mawr to allow the
incorporation of a wide range of their products
within the wall units being developed. Among the
products evaluated are Thermafleece, lime render,
lime plaster, Glaster and Pavatherm. The use of some
or all of these can help achieve wall units with low U
values.

A typical wall unit would comprise:
●    vertical larch boarding outside
●    sheep’s wool insulation
●    wood-fibre board and lime plaster
●    using “Glaster” - a recycled glass and lime
product from “Ty Mawr”
The concept and design of a 2-bedroomed property
is being finalised, with the aim of the co-operative to
build locally. The idea could then be rolled out to a
wider audience.

All images courtesy of Elwy Working Woods.
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Some important documents from BRE:
DG12
		 		 Structural design in architecture 1969
DG108		
		
Standard U Values 1991
DG355
		
Energy efficiency in dwellings 1990
DG369
		
Interstitial condensation and fabric degradation 1992
DG407
		
Timber for joinery 1995
DG416
		
Specifying structural timber 1996
DG417
		
Hardwoods for construction and joinery: current and future sources of supply 1996
DG423
		
The structural use of wood-based panels 1997
DG431
		
Hardwoods for joinery and construction 1998
Part		 1.
Technical assessment methods
Part		 2.
Test results and recommendations
Part		 3.
Test results and recommendations
DG445
		
Advances in timber grading 2000
DG446
		 				
Assessing environmental impacts of construction Industry consensus, BREEAM and UK Ecopoints 2000
DG452
		
Whole life costing and life-cycle assessment for sustainable building design 2000
DG470
		 				
Life cycle impacts of timber: a review of the environmental impacts of wood products in
		
DG479
		
DG496
		
SD2		
		
SD6				
SD7		
IP1/00
		
IP13/00
		
Part		 1.
Part		 2.
IP19/00
		
IP16/01
		
Part		 1.
Part		 2.
Part		 3.
IP13/03
		
Part		 1.
Part		 2.
Part		 3.
Part		 4.
IP4/05
		 		
IP1/06
		 		
IP4/07
		 		
IP 2/08
		
IP 9/08
		
Part		 1.
Part		 2.
Part		 3.
Part		 4.
IP12/08
		
IP4/09
		 		
IP6/09
		 		
IP7/09
		 		
IP10/10
		

construction 2002
Timber piles and foundations 2004
Timber frame buildings. A guide to the construction process 2005
Timber frame dwellings. Conservation of fuel and power: AD L1A guidelines Second edition 2006
Timber-frame dwellings section six of the Domestic Technical Handbook (Scotland): Energy 2008
Insulation of timber-frame construction: U-values and regulations for the UK, Republic of Ireland and Isle
of Man 2008
Airtightness in UK dwellings
Green buildings revisited
Small projects
Large projects
Five-storey timber-frame hall of residence: a reconstruction case study
Prefabricated housing in the UK
A case study – Murray Grove, Hackney
A case study – CASPAR II, Leeds
A summary paper
Sustainable buildings
Benefits for occupiers
Benefits for designers
Benefits for investors and developers
Benefits for constructors
Costing sustainability: how much does it cost to achieve BREEAM and EcoHomes ratings?
Assessing the effects of thermal bridging at junctions and around openings
Environmental weightings: their use in the environmental assessment of construction products
New build and refurbishment in the Sustainable Communities Plan
Applying the code for sustainable homes on the BRE Innovation Park
Lessons learnt about building fabric
Lessons learnt about energy sources, overheating and ventilation
Lessons learnt about water use, harvesting, recycling and drainage
Lessons learnt about architecture, construction and material sourcing
An introduction to PassivHaus
Delivering sustainable development in the built environment
Responsible sourcing of construction products
Carbon reduction commitment
SAP for beginners – An introductory guide for building professionals

From TRADA:
Timber Frame Construction. 4th Edition (2008). ISBN 978-1-900510-56-1
GD2 How to calculate the design values of loads using Eurocodes. Guidance Document Rev. 2006.
GD3 Timber materials - Properties & associated design procedures with Eurocodes (2008). ISBN 978-1-900510-53-0
GD5 How to calculate deformations in timber structures using Eurocodes. Guidance Document
Hardwoods in construction. Mettem, C. J. and Richens, A. D.. TBL 62, 1991.
Green oak in construction. Ross, P., Mettem, C. J. and Holloway, A., 2007.
External timber cladding. 2nd edition. Hislop Patrick, J. ISBN 19781900510554. 2007.
Timber frame housing: UK Structural recommendations. Third edition. ISBN 1900510502. 2006.
Timber frame walls and floors: Fire resistance of service penetrations. Report 1/2001. ISBN 1900510286. 2001.
Span tables for solid timber members in floors, ceilings and roofs (excluding trussed rafter roofs) for dwellings.
Design Aid DA 1/2004. ISBN 1900510464.2004
Manual for the design of timber building structures to Eurocode 5 (in association with The Institution of Structural
Engineers). ISBN 978 0 901297 44 0
Timber and the sustainable home: eight architects debate the challenges ahead. ISBN 978-1-900510-57-8.

British Standards
BS 4978:
Specification for visual strength grading of softwood. BSI London, 2007.
BS 5756:
Specification for visual strength grading of hardwood. BSI London, 2007.
BS DD ENV
Eurocode 5: Design of timber structures – Part 1.1 General rules and rules for buildings. BSI 		
1995-1-1:
London, 1994.
BS EN 336:
Structural timber – Sizes, permitted deviations. BSI London, 2003.
BS EN 338:
Structural timber – Strength classes., BSI London, 2003.
BS EN 350-2: Durability of wood and wood-based products – Natural durability of solid wood. Part 2: Guide to natural
		
durability and treatability of selected wood species of importance in Europe. BSI London, 1994.
BS 373:
Methods of testing small clear specimens of timber. BSI London, 1957.
BS EN 384:
Structural timber – Determination of characteristic values of mechanical properties and density. BSI
		
London, 2004.
BS EN 385:
Finger jointed structural timber. Performance requirements and minimum production requirements. BSI
		
London, 2001.
BS EN 386:
Glued laminated timber – performance requirements and minimum production requirements. BSI
		
London, 2001.
BS EN 387:
Glued laminated timber – Production requirements for large finger joints. Performance requirements
		
and minimum production requirements. BSI London, 1999.
BS EN 390:
Glued laminated timber – sizes – permissible deviations. BSI London, 1995.
BS EN 408:
Timber structures – Structural timber and glued laminated timber – Determination of some physical and
		
mechanical properties. BSI London, 2003.
BS EN 1194:
Glued laminated timber - strength classes and determination of characteristic values. BSI London,
		
1999.
BS EN 1912:
Structural timber – Strength classes – Assignment of visual grades and species. BSI London, 2004.
BS EN 14080: Timber structures – Glued laminated timber – Requirements. BSI London, 2005.
BS EN 14081-1:Timber structures – Strength graded structural timber with rectangular cross-section – Part 1, general
		
requirements., BSI London, 2005.
BS 14081-2:
Timber structures – Strength graded structural timber with rectangular cross-section – Part 2: Machine
		
grading; additional requirements for initial type testing. BSI London, 2005.

BS EN 14081-1:Timber structures – Strength graded structural timber with rectangular cross-section – Part 1, general
		
requirements., BSI London, 2005.
BS 14081-2:
Timber structures – Strength graded structural timber with rectangular cross-section – Part 2: Machine
		
grading; additional requirements for initial type testing. BSI London, 2005.
BS 14081-3:
Timber structures – Strength graded structural timber with rectangular cross-section – Part 3: Machine
		
grading; additional requirements for factory production control. BSI London, 2005.
BS 14081-4:
Timber structures – Strength graded structural timber with rectangular cross-section – Part 4: Machine
		
grading; grading machine settings for machine controlled systems. BSI London, 2005.
BS EN 14279: Laminated veneer lumber (LVL) – Specifications, definitions, classification and requirements. BSI
		
London, 2005.
BS EN 14358: Timber structures. Calculation of characteristic 5-percentile values and acceptance criteria for a
		
sample, BSI, London, 2006.
BS EN 14374: Timber structures – Structural laminated veneer lumber – Requirements. BSI London, 2005.

From other sources:
Bruntland D (1987)
Our Common Future, Oxford: Oxford University Press. ISBN 0-19-282080-X
M.Y.H. Bangash (2009)
Structural Detailing in Timber: A comparative study of international codes and practices. Whittles Publishing. ISBN-13
978-1870325-53-0
Code for Sustainable Homes.
This may be downloaded from:
http://www.planningportal.gov.uk/uploads/code_for_sust_homes.pdf
Data Holz.
Information on designs and performance of various timber elements can be found at www.dataholz.com
azEnergy Saving Trust (2008). CE 292. Energy Efficiency and the Code for Sustainable Homes. Levels 5 and 6.
Forestry Commission Scotland (2009):
Design Housing with Scottish Timber: 2009 Edition. Prepared by John Gilbert Architects
H.M. Government and the Strategic Forum for Construction (2008).
Strategy for Sustainable Construction. Pub 8731/2k/6/08/NP URN 08/973
National Trust statistics on carbon equivalent may be found at: http://www.nationaltrust.org.uk/main/w-chl/wcountryside_environment/w-climate_change/w-green_living/w-green_my_house/w-green_my_house-trust/wgreen_my_house-trust-case.htm
Strategy for Sustainable Construction.
Available from: http://www.greenspec.co.uk/documents/drivers/strateg_sust_const_08.pdf
Wales Low/Zero Carbon Hub.
Information may be found at: http://www.sd-commission.org.uk/news.php/298/wales/laying-the-foundations-for-lowcarbon-buildings-the-lowzero-carbon-hub
Welsh Assembly Government (2010): TAN 22.
This may be downloaded from: http://wales.gov.uk/docs/desh/consultation/090507tan22consultationen.pdf
Welsh Assembly Government (2009): The Ministerial Interim Planning Policy Statement (MIPPS) 01/2009
– Planning for Sustainable Building. This may be downloaded from:
http://wales.gov.uk/topics/planning/policy/mipps/mipps012009/?lang=en

Woodknowledge Wales details
Address: Unit 6, Dyfi Eco Park,
Machynlleth, Powys SY20 8AX
Telephone: 0845 4560342
Fax: 01654 700 050
Email:info@woodknowledgewales.co.uk
www.woodknowledgewales.co.uk

