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Abstract  
 

 
In order to combat climate change and cut CO2 emissions, the French government has instigated an 
ambitious renovation programme aimed at the thermal insulation of the existing housing stock. This 
will have a considerable effect on the renovation of period timber-frame houses, a fragile 
architectural heritage that in certain regions of France forms a considerable part of historic villages 
and town centres.  

This study focuses on vernacular timber-frame buildings with brick or daub infill in SW France, 
and assesses the environmental impact of thermal renovation of exterior timber-frame walls. For the 
building assessment the French Excel-based tool, Cocon (2009) is used, which is linked to two French 
databases for life cycle analysis of building materials, Inies (2009) and Grecau (2009). Besides the 
environmental impact assessment, which is reflected by the scores for embodied energy, embodied 
carbon and resource depletion, Cocon also assesses the thermal performance by including  
parameters for thermal resistance, decrement delay and thermal inertia. For each of the 20 wall 
types in this study Cocon calculates an overall score based on these six parameters. The selection of 
wall types and insulation techniques discussed here is based on the outcome of interviews with 
builders, architects and building experts. 

The impact assessment of the thermal insulation of 20 exterior timber-frame walls shows that the 
ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ǿŀƭƭ ǘȅǇŜǎ ǿƛǘƘ ƛƴǘŜǊƛƻǊ ƛƴǎǳƭŀǘƛƻƴ όƻŦǘŜƴ ƳƛƴŜǊŀƭ ǿƻƻƭ ŀƴŘ ǇƭŀǎǘŜǊōƻŀǊŘύ ƎŜƴŜǊŀƭƭȅ 
have the worst overall scores. The highest scores are amongst the wall types with exterior insulation, 
because these make better use of thermal mass, which is an important parameter in the 
assessment. The wall with exterior woodfibre board insulation has the best overall score, due to its 
low embodied energy and good use of thermal mass. However, in most cases exterior insulation is 
not appropriate for conservation reasons, and interviewees say that keeping the exterior timbers 
and bricks (or rendered daub) exposed is an absolute priority. 

Several wŀƭƭ ǘȅǇŜǎ ǿƛǘƘ ƛƴǎǳƭŀǘƛƻƴ ōȅ ΨǇƭŀƴǘ ŦƛōǊŜ ŀƴŘ ōƛƴŘŜǊΩ όŜΦƎΦ ŜŀǊǘƘϧ ǎǘǊŀǿύ ŀƭǎƻ ǎƘƻǿ ƎƻƻŘ 
results. These natural materials are very compatible with the vernacular timber-frame walls and are 
an appropriate solution when exterior insulation is not desired for aesthetic reasons. Several so-
called ecological solutions that do not perform well in the assessment are hempcrete, cellulose and 
insulation clay blocks.  

An important conclusion from the study is that most builders are not specialised in restoration of 
historic buildings and therefore lack the necessary skills and knowledge about appropriate insulation 
materials and techniques. Furthermore there is lack of technical information on ecological building 
materials, reflected by a lack of official recognition. However, there is growing scientific evidence 
that natural and breathable materials are better for the environment, the building and the occupant. 
Further case studies and surveys are needed to demonstrate that current insulation techniques are 
not appropriate for the restoration of historic timber-frame buildings and can put these at risk. 
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Chapter 1  Introduction  
 

 
1.1 Timber-frame heritage 
 
The Southwest of France, and especially the area around Toulouse, has a tradition of earth building 
and brick architecture due to the abundance of clay in the region. The regional capital Toulouse is 
called la ville rose, named after its light red fired bricks that are characteristic of the architecture. 
Many of these Toulousian style buildings in the towns and villages of Midi-Pyrenees are timber-
frame houses with brick infill (Fig.1). Besides the typical timber-frame facades with brick infill, one 
still can find all forms of earth building in the area, from daub, to cob, to adobe and rammed earth 
(Marcom, 2009). And many vernacular timber-frame buildings do not have the fancy brick work of 
the Toulousian or Albigensian town houses.They were built by peasants and craftsman from cheap 
materials such as timber and wattle and daub. Although a lot of these buildings were demolished in 
the 20th century, they still represent a considerable part of the building stock in many town centres 
in the region (Béa, 2009).  
 
 

Fig. 1 Typical timber-frame with brick infill in Albi (H.Valkhoff) 
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This architectural heritage of vernacular timber-frame is very fragile and hardly protected in France 
(Béa, 2009). After the war, with the introduction of modern building materials, a lot of damage was 
done to these buildings, e.g. in the sixties and seventies through the use of cement renders 
όaŀǊŎƘŀƭΣ нллфύΦ ¢ƻŘŀȅ ǘƘŜǎŜ ŀǊŜ ƭŀǊƎŜƭȅ ǊŜǇƭŀŎŜŘ ōȅ ΨōǊŜŀǘƘŀōƭŜΩ ƭƛƳŜ ǊŜƴŘŜǊǎΦ IƻǿŜǾŜǊΣ ŀƴƻǘƘŜǊ  
threat seems to come from thermal insulation, which in the vast majority of cases is achieved by 
interior insulation with glasswool and plasterboard. Often insulation does more damage than good 
to timber-frame houses (Cuquel, 2009). Ψ!Ǝŀƛƴ ǿŜ ŀǊŜ ǊǳƛƴƛƴƎ ǘƘŜǎŜ ōǳƛƭŘƛƴƎǎΩΣ ǎŀȅǎ /ƻƭƭŀǊǘ όнллфύΦ 
 
The French government has recently announced that it will combat climate change by a new 
refurbishment programme, whereby the number of energy-saving renovations will increase rapidly 
(JO, 2009). The French housing sector has to cut its greenhouse gas (GHG) emissions by 38% in 2020 
(JO, 2009). More than 20 million dwellings will have to be renovated and insulated by 2050 (FFB, 
2009-a). The ambitious Plan Bâtiment will be explained in the Literature Review, chapter 2. 

 
1.2 Research question 
 
In this context it is interesting to find out what the current renovation and insulation techniques for 
timber-frame buildings are. Is it true that a lot of renovations are badly done, with inappropriate 
materials, such as plasterboard and mineral wool? And do modern insulation techniques cancel out 
the vernacular qualities of these historic buildings, e.g. thermal mass and breathability? And do 
these insulation materials put timber-frame buildings at risk, e.g. through interstitial condensation? 
If so,  are there more appropriate ways of insulating timber-frame houses in an environmental and 
energy-efficient way, without compromising the building fabric?  
 
The research question is: How to renovate historic timber-frame buildings in SW France up to modern 
insulation standards, while preserving the environment and the vernacular qualities of the building, 
and reducing the embodied energy and embodied carbon? 
 
The main objective of the French refurbishment task is to rapidly upgrade the thermal performance 
of the existing housing stock to better insulations standards (RT, 2007)1. Section 2.2 tries to assess 
what this ambitious energy saving policy means for historic buildings, and for timber-frame houses 
in particular. To be able to sketch a general diagnostic and show the urgency of the present situation 
several interviews were held with builders, architects and conservation experts. Firstly, to find out 
what the main problems are with period timber-frame buildings, e.g. humidity, decay, dry lining and 
energy-efficiency, and secondly to find out which renovation and insulation techniques and 
materials are currently used. Chapter 3 (Methods) will explain how the questionnaires were 
designed and how a group of ten interviewees was selected.  
 

1.3 Assessment of different wall types 
 
To assess the environmental impact of different renovation techniques the French building 
assessment tool Cocon (2009)2 is used. This Excel-based software is linked to two major French 
databases with data for building products based on life cycle analysis (LCA). LCA calculates the 
environmental impact of all the energy and material flows in a production process  Several LCA 
methods and their limitations will be explained in chapter 2. Different LCA databases can give 
different data for the same materials, depending on weighting methods, system boundaries and 

                                                           
1
 La Réglementation Thermique des bâtiments existants (2007)  

2
 CO2CON, Comparaison de solutions Constructives, de Confort et d'émissions de CO2 
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production processes. Transparency is therefore crucial and should allow for continuous checking of 
calculation methods.  
 Chapter 3 (Methods) explains why Cocon (2009) was chosen for this study. One of the reasons is 
that Cocon gives a transparent overall score for building elements based on six parameters (see 
3.2.2). Besides this overall score Cocon gives the scores and values for the most important impact 
categories for our study : embodied energy and embodied carbon.  
 Like most building assessment tools Cocon is designed to look at the building as a whole, 
including operational energy use. However, assessing an entire building would require precise 
information from several case studies, which to my knowledge is not available. The focus of the 
study is on different renovation techniques for exterior timber-frame walls, and instead of looking at 
a whole building the assessment will compare a relevant number of wall types that show a good 
range of insulation materials and techniques. The aim of the assessment is not to compare case 
studies or pilot projects, but to present a more generally applicable model that helps to define the 
most appropriate insulation techniques for period timber-frame walls. Therefore the focus of the 
ǎǘǳŘȅ ƛǎ ƻƴ ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŜƳōƻŘƛŜŘ ŜƴŜǊƎȅ ŀƴŘ ƴƻǘ ƻƴ ΨƻǇŜǊŀǘƛƻƴŀƭΩ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 
 

1.4 Growing importance of embodied energy 
 
Today most of the energy use and related GHG emissions in buildings are operational, and mostly 
due to heating (Ademe, 2006)3. At present roughly 10% of the energy used in buildings is associated 
with the embodied energy (EE) in materials (Gielen, 1997; Harris and Borer, 2005; Berge, 2009). The 
99 ƛǎ ǘƘŜ ǘƻǘŀƭ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜŘ ƛƴ ŀ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜ ŎȅŎƭŜ όIŀƳƳƻƴŘ ŀƴŘ WƻƴŜǎΣ нллуύΦ 
However, as we move towards highly insulated buildings, embodied energy and embodied carbon 
(EC) of building materials will become a major parǘ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ DID ŜƳƛǎǎƛƻƴǎ 
(Harris and Borer, 2005). In more energy-efficient buildings the proportion of EE in the total energy 
consumption could well exceed 50% (Gielen, 1997).  
 Chapter 2.3 will explain the different calculation methods for EE and EC, and shows there is no 
scientific consensus on how to include renewable energy and the benefits of carbon storage. 
 Lƴ ǊŜƴƻǾŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ǘƘŜ ΨŀŘŘŜŘΩ 99 ƛǎ ƎŜƴŜǊŀƭƭȅ ƴƻǘ ŀǎ ƘƛƎƘ ŀǎ ƛƴ ƴŜǿ ōǳƛƭŘΣ ōŜŎŀǳǎŜ ǘƘŜ 
majority of materials are already there and can be repaired or re-used, to a certain extent. However, 
demolition, building waste and use of new materials in renovation can have a considerable impact 
on the environment. Especially as the renovation market is rapidly growing and already represents 
45% of the French construction market (Céquami, 2009).  
 
Besides the environmental impact parameters used in Cocon, chapter 2 (Literature Review) will 
outline several other indicators. The most important building physics parameters, thermal resistance  
and thermal mass, are included in the assessment. Other parameters, e.g. airtightness, thermal 
bridging and vapour control, require simulation software and are therefore not included in the 
assessment. However, they are discussed in the context of existing literature and brought back into 
the Discussion in chapter 5.  
 Chapter 4 (Results) shows the outcome of the assessment per parameter, and the results per wall 
type are in Appendix IV.ii, including the exact cross-section of the 20 wall sections. Chapter 5 
(Discussion) will analyse the results and put them in the wider context of existing literature. 
Important aspects that are more difficult to quantify and therefore left out of the assessment, e.g. 
health and indoor air quality, are also included in the Discussion. The Conclusion, (chapter 6) will 
examine the wider implications of the study for the construction industry. It will also discuss the 
limitations of building assessment tools, as well as areas for further research. 

                                                           
3
 In 2003: heating 70 %, l'USE (electricity and appliances) 13 %, hot water 10,5 %. 
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1.5 Appropriate materials 
 
Aspects that are hard to quantify, but crucial to the assessment, are the architectural beauty and the 
vernacular qualities of timber-frame buildings. Besides their aesthetic qualities these buildings, 
which are characterised by their natural hygroscopȅ ŀƴŘ ΨōǊŜŀǘƘŀōƛƭƛǘȅΩ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜǊƳŀƭ ƳŀǎǎΣ 
teach us about traditional techniques and materials. The study will clarify whether the use of natural 
ŀƴŘ ΨōǊŜŀǘƘŀōƭŜΩ ƳŀǘŜǊƛŀƭǎ ƛǎ ŀǇǇǊƻǇǊƛŀǘŜ ŀƴŘ ƛƳǇǊƻǾŜǎ ǘƘŜ energy-efficiency of these buildings 
(May, 2006).  
 Interviews and existing literature in chapter 5 (Discussion) will point out how important the 
conservation issue is, not only from an aesthetic point of view, but also from a building physics 
angle. The assessment and study of traditional building techniques and materials teaches us about 
the use and compatibility of contemporary materials, both conventional and ecological.  
 ¢Ƙƛǎ ƛǎ ŀƭǎƻ ǘƘŜ ǊŜŀǎƻƴ ǿƘȅ ǘƘŜ ǿƻǊŘ ΨǊŜƴƻǾŀǘƛƻƴΩ is used ƛƴǎǘŜŀŘ ƻŦ ΨǊŜǎǘƻǊŀǘƛƻƴΩΦ ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ 
does not only focus on vernacular materials which bring the building back into its original state, it 
also introduces innovative materials such as woodfibre board and insulation clay blocks that are 
ΨƳƻǊŜΩ ƻǊ ΨƭŜǎǎΩ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ƘƛǎǘƻǊƛŎ ōǳƛƭŘƛƴƎǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛǘ ƛǎ ƴƻǘ certain that ecological 
materials will necessarily score well in the assessment, or that conventional materials will score 
badly. The assessment looks at a whole spectrum of qualities that make materials and techniques 
appropriate or not. 
 
 

Fig. 2 Renovated timber-frame house in Puylaurens (H.Valkhoff) 
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Chapter 2  Literature review  
 

2.1 Introduction 
 
In the past few years a vast amount of literature has become available on the environmental impact 
of building materials. Many books ŦƻŎǳǎ ƻƴ Ψƭƻǿ ƛƳǇŀŎǘΩ ōǳƛƭŘƛƴƎΣ ŜΦƎΦ ²ƻƻƭƭŜȅ Ŝǘ ŀƭΦ ό1997), Berge 
(2009) and Oliva (2008). Scientific articles by Thormark (2006), Miller (2001) and Morel (2001) look 
at the embodied energy (EE) of materials and conclude that this is of growing importance with 
buildings become more energy-efficient. Thormark (2006) looks at the EE of materials with a 
different recycling potential. Morel (2001) shows the positive effect on the EE by using local bulk 
materials, such as earth, and Miller (2001) looks at the contribution of transport to the EE of building 
materials.  
 Van Dam (2005) and Cornillier and Vial (2008) analyse the environmental performance of 
renewable, plant-based materials. Borjesson and Gustavsson (2000) and Upton et al. (2008) analyse 
the GHG mitigation potential of timber products through carbon sequestration. Renewable materials 
can store carbon through carbon dioxide that plants absorb during photosynthesis. Carbon storage 
in buildings can make a significant contribution to the reduction of GHG emissions from the 
construction industry (Valkhoff, 2009). However, section 2.3.3 shows that there is no scientific 
consensus on what to include in calculations of embodied carbon (EC).  
 
Most of the literature and assessment tools focus on new buildings. Current studies of rehabilitation 
ǘŜƴŘ ǘƻ ŦƻŎǳǎ ƻƴ ΨƻǇŜǊŀǘƛƻƴŀƭΩ ŜƴŜǊƎȅ ǎŀǾƛƴƎ ŀƴŘ do not include embodied energy (MP, 2004). 
Studies of refurbishments with ecological materials, e.g. RAPPE (Floissac et al., 2008)4, are under-
represented, and most publications on period timber-frame are in the realm of building 
conservation. The articles of the Building Conservation Directory discuss restoration techniques - 
such as repair of wattle and daub by Pritchett (2001), or the repair of earth buildings by Bouwens 
(1997) - but rarely study the environmental aspects. There are few publications on the 
environmental impact of renovation techniques used for timber-frame houses. Organisations like 
CAUE5 are waiting for studies like the current assessment (Cuquel, 2009). 
 
It is therefore hard to present an extensive literature review on the subject of this assessment. The 
main text book literature used in the study, e.g. Berge (2009), Courgey and Oliva (2007) and Oliva 
(2008), focuses on the impact of building materials in general. However, many of the findings are 
also applicable to the renovation of  timber-frame walls. Oliva (2008) gives several examples of 
appropriate and inappropriate renovation techniques and Bevan and Woolley (2008) mention 
hempcrete as an appropriate material for restoration.  
 Furthermore there is a vast amount of literature on lifecycle analysis (LCA) and the impact of 
building materials on climate change. Several European databases, e.g. Ecoinvent (2009), 
Oekobilanzdaten (KBOB Ecobau, 2009), ICE (Hammond and Jones, 2008), INIES (2009), provide data 
on lifecycle inventories, based on the international norm ISO 14040-44 (2006). However, figures for 
EE and EC from different sources tend to vary a lot (Harris and Borer, 2005). Even studies that 
comply with the international ISO standard show significant differences in methodology, with 
different weighting and system boundaries, leading to different results (Hammond and Jones, 2008).  

                                                           
4
 The RAPPE report assesses the refurbishment of an old Toulouse style house (not timber-frame) and 

compares exterior insulation with polystyrene and with woodfibre board. 
5
 /!¦9Σ /ƻƴǎŜƛƭ ŘΩ!ǊŎƘƛǘŜŎǘǳǊŜΣ ¦ǊōŀƴƛǎƳŜ Ŝǘ 9ƴǾƛǊƻƴƴŜƳŜƴǘΦ 
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Because this study uses two databases for building products, INIES (2009) and Grecau (2009), section 
2.3 will outline the possibilities and limitations of LCA. Section 2.4 will briefly explain the importance 
of several building physics parameters. But first it is necessary to outline the current French building 
and renovation context. Section 2.2 will give an overview of the national refurbishment task and 
tries to assess the consequences for the stock of historic timber-frame buildings in SW France.  
 
 
 
     Fig. 3 Unrecognisable timber-frame building in Mirepoix (H.Valkhoff)  
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2.2 The French refurbishment task  
 
In 2009 the French parliament voted through a vast package of new environmental legislation, 
known as Grenelle 1 (JO, 2009)6. The government wants to cut the French GHG emissions by a factor 
4 by 2050. One of the major plans in the package is the Plan Bâtiment, that sets the new targets and 
legislation for the construction industry. It contains a large section devoted to the refurbishment of 
the existing housing stock (JO, 2009). The housing sector in France is responsible for 43% of the 
primary energy consumption and 25% of the CO2 emissions (Bourru, 2009). It will have to cut its GHG 
emissions by almost 40% in 2020 (JO, 2009). More than 20 million dwellings will have to be 
renovated and insulated by 2050, the cost of which is estimated to be more than 10 billion euros 
(FFB, 2009-a). The state has set a yearly target from 2013 of 400.000 renovations per year (JO, 
2009). Targets for maximum energy consumption in existing buildings are set at 90 kWh/m²/year 
(Ademe, 2009), though the BBC Rénovation standard sets the target at 80 kWh/m²/year (Effinergie, 
2009)7.  
 In 2007 the economic activity in the renovation sector was estimated at 60.5 billion euros and 
represented 45% of the French construction market (Céquami, 2009). According to Céquami  (2009) 
40% of the renovation market concerns individual houses which are mostly renovated by small 
businesses with less than 10 employees8. But for a total number of 9 million renovations per year 
only 200.000 (4.5%) are satisfactory from  an energy saving point of view (Inforénovateur, 2009).  
 
To help individual house owners, the Plan Bâtiment provides several financial incentives, e.g. the 
ΨŜŎƻ ƭƻŀƴΩ ŀǘ л҈ ƛƴǘŜǊŜǎǘ ŦƻǊ ƳŀƧƻǊ ǊŜƴƻǾŀǘƛƻƴǎΣ ŀƴŘ ǘŀȄ ōǊŜŀƪǎ for thermal insulation and renewable 
energy technologies. The national confederation of craftsmen and small building companies, CAPEB 
(2009)9, published a guide for builders to help them and their clients choose the right renovation 
techniques and insulation materials. According to CAPEB (2009) and Ademe (2009) 20-25% of the 
heat loss in new build is through the walls (Fig.4). Though one cannot simply extrapolate these 
proportions to renovation projects, this gives an indication of the importance of wall insulation. 

 
   Fig. 4 Proportion of heat loss through different parts of the building fabric (CAPEB, 2009) 

                                                           
6
 ¢ƘŜ DǊŜƴŜƭƭŜ ŘŜ ƭΩ9ƴǾƛronnement was a national debate on climate change and the environment that 

president Sarkozy and the ministry of Ecology and Sustainable Development organised in 2008 (JO, 2009). 
7
 BBC, Bâtiment Basse Consommation. 

8
 60% of the renovations of individual houses are done by artisans (crafsmen), of which 70% have small 

businesses with less than 10 employees (Inforenovateur, 2009). 
9
 CAPEB, [ŀ /ƻƴŦŞŘŜǊŀǘƛƻƴ ŘŜ ƭΩ!Ǌǘƛǎŀƴŀǘ Ŝǘ ŘŜǎ tŜǘƛǘŜǎ 9ƴǘǊŜǇǊƛǎŜǎ ŘŜ .ŃǘƛƳŜƴǘ. 
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A large part of the rehabilitation task is coordinated by Cerqual10, which supervises the renovation 
and energy certification of the existing housing stock built after 1948 (Cateret, 2009). The main 
focus, however, is on the blocks of flats built in the 1960s and 1970s. For the more dispersed stock of 
individual houses built before 1948, the national renovation programme NF Maison Rénovée starts 
in 2010 (Céquami, 2009)11. This programme aims at providing a national certification for the quality 
ƻŦ ǊŜƴƻǾŀǘƛƻƴΣ ǿƛǘƘ ǘƘǊŜŜ ƭŜǾŜƭǎ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŦƻǊƳŀƴŎŜΥ ΨōŀǎƛŎΣ ŜŦŦŜŎǘƛǾŜ ŀƴŘ ǾŜǊȅ ŜŦŦŜŎǘƛǾŜΩΣ 
with the latter being equivalent to the HQE12 and the BBC Renovation label. However, Céquami 
(2009) does not seem to make any distinction between architectural characteristics and building 
periods, and despite the huge refurbishment task nobody seems to know exactly what this implies 
for the large stock of historic buildings (Gironnet, 2009).  
 LΩƘŀōƛǘŀǘ ancien  - Ψold housingΩ ōŜŦƻǊŜ м948 - represents roughly 10 million dwellings, which is 
one third of the existing housing stock (MP, 2004).The architectural qualities of this old stock are 
largely unknown (Marchal, 2009). To address these issues the national conservation organisation, 
ANVPAH13, organised a workshop and a conference on sustainable development and energy saving 
in historic buildings (ANVPAH, 2009). And to fill the gap the government has commissioned a 
national survey of the energy consumption in houses built before 1948 (CETE, 2009)14.  
 
An earlier study showed a considerable discrepancy between the real energy consumption in old 
houses, which is relatively modest with an average of 168 kWh/m2/year, and the outcome from 
computer simulations (MP, 2004). Case studies of 10 buildings showed the inadequacy of computer 
models in representing the heterogeneity and thermal qualities of the old housing stock (Marchal, 
2009). Furthermore, the building physics of old houses built with traditional materials are very 
different from those built after 1948, and not as well understood (MP, 2004).  
 A study on architectural heritage (patrimoine) by CAPEB (2007) shows that 80% of the restoration 
projects in France are for non-listed buildings, for which in only 25% of the cases an architect gets 
involved. More than two thirds (67%) of the restoration projects concern individual houses, and 
despite the fact that there are no specific regulations for these non-listed buildings, their renovation 
requires a specific know-how (CAPEB, 2007). The craftsmen with the necessary restoration skills are 
generally much older, which makes the transfer of this know-how an important and urgent issue 
ό/!t9.Σ нллтύΦ aŀƛǎƻƴǎ tŀȅǎŀƴƴŜǎ όatΣ нллфύ Ƙŀǎ ŎǊŜŀǘŜŘ ŀ Ψǎƪƛƭƭǎ ǊŜǎƻǳǊŎŜ ŎŜƴǘǊŜΩ ǘƻ ŎƻƭƭŜŎǘ ŀƴŘ 
transfer this knowledge before it completely disappears. 

 
At present it is impossible to get reliable data on the number and characteristics of historic timber-
frame houses in SW France. Although period timber-frame is an important part of the old housing 
stock in Midi-Pyrenees and elsewhere in France15, there is no regional of national inventory 
(Gironnet, 2009). However, from a small inventory in 12 towns and villages in the Tarn, Béa (2009) 

                                                           
10

 Certification Qualité Logement (Cerqual), like Céquami is part of the CSTB and the certifying association 
Qualitel. 
11

 Certification Qualité en Maisons Individuelles (Céquami), like Cerqual is part of the CSTB and the certifying 
association Qualitel. 
12

 HQE Haute Qualité Environnementale ς a national labŜƭ ŦƻǊ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭΩ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ǊŜƴƻǾŀǘƛƻƴ 
that assesses buildings according to 14 environmental criteria (Association HQE, 2009).   
13

 ANVPAH, Association Nationale Villes et Pays d´Art et d´Histoire. 
14

 BATAN, Opération Bâtiment Ancien. 
15

 Departments of the region of Midi-Pyrenees, except for Les Landes which is in the Aquitaine region. 
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estimates that a third of the buildings in the town centres are historic timber-frame, though it is 
difficult to extrapolate. This heritage, which is typical for the Tarn and other departments of SW 
France, has suffered a lot of damage (Béa, 2006). Only very few timber-frame buildings in the region 
are listed as historical monuments, e.g. in Albi there are only two (Béa, 2009). Furthermore, Béa 
(2006) has not analysed the thermal performance of these houses, which was not the aim of the 
inventory. 
 
 

 
 Fig. 5 Timber-frame with render onto daub in Mirepoix (H.Valkhoff) 
 

 
 

 
 



19 Hans Valkhoff, Thesis MSc Architecture: AEES, January 2010 

 

2.3 Life cycle analysis, embodied energy and embodied carbon 
 

 
2.3.1 LCA: different methods and weighting 
 
Life cycle analysis (LCA) identifies the total material and energy flows used to produce, transport and 
dispose of ŀ ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭ ƻǊ ŜƭŜƳŜƴǘΣ ŦǊƻƳ ΨŎǊŀŘƭŜ ǘƻ graveΩΣ ƛΦŜΦ ŦǊƻƳ ǘƘŜ ŜȄǘǊŀŎǘƛƻƴ ǇƘŀǎŜΣ 
ǘƘǊƻǳƎƘ ŀƭƭ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ǎǘŀƎŜǎ ǘƻ ǘƘŜ Ψend-of-lifeΩ ƻǊ ǿŀǎǘŜ ŘƛǎǇƻǎŀƭ (Floissac, 2009-c). Haas (2002) 
believes LCA should consider the whole cycle, i.e. from cradle to grave and back to cradle again. To 
analyse the impact of a product mƻǎǘ [/! ǎǘǳŘƛŜǎ ǳǎŜ ǘƘŜ ΨƳƛŘǇƻƛƴǘΩ ƳŜǘƘƻŘΣ ǿƘƛŎƘ ǉǳŀƴǘƛŦƛŜǎ ǘƘŜ 
impact of material and energy flows for several impact categories, as defined by e.g. CML-2, one of 
the most widely used methods for characterisation16. Table 2.1 (next page) shows the LCA impact 
categories for the French Environmental Product Declarations (EPDs)17 used in INIES (2009).  
 ¢ƘŜ ΨŜƴŘ ǇƻƛƴǘΩ ƳŜǘƘƻŘ is less common and looks at the damage energy and material flows do to 
ecosystems and human beings, by also taking qualitative parameters, such as biodiversity and 
human health into account (Ademe, 2008).  
 For each functional unit (FU) the LCA defines the life time of the product(s) and the quantities of 
materials (in kg) and primary energy (in MJ) needed to produce 1m2 of building element. The system 
boundaries define what exactly is included in the inventory: additional materials and accessories 
(e.g. wrapping, nails, mortar, etc.); product waste and losses; maintenance, repairs and 
replacements during ŀ ǇǊƻŘǳŎǘΩǎ life time; and final ǿŀǎǘŜ ŎŀǳǎŜŘ ŀǘ ǘƘŜ Ψend-of-lifeΩ ǎǘŀƎŜ (INIES, 
2009). System boundaries also define if all transport stages from ΨŎǊŀŘƭŜ ǘƻ ƎǊŀǾŜΩ ŀǊŜ included, i.e. 
from the place of extraction to the factory gate, to the building site, and finally to the landfill, 
recycling centre or incinerator. ¢ƘŜ CǊŜƴŎƘ 9t5ǎ ƛƴŎƭǳŘŜ ŀƭƭ ǘǊŀƴǎǇƻǊǘ ǎǘŀƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ΨƎŀǘŜ ǘƻ ǎƛǘŜΩ 
(INIES, 2009).  
 Generally capital goods and labour are not included in LCA (Haas, 2002). These include buildings, 
machines, offices, vehicles, tools, human resources, cleaning and other logistics. When capital goods 
are not included this may result in missing 30% of the environmental impacts (PRé Consultants, 
2008). Therefore in the bigger databases, like Ecoinvent and USA Input Output, capital goods now 
are included (PRé Consultants, 2008). 
 
The problem with all LCA is that the weighting method is rather arbitrary (Haas, 2002). Most 
databases, such as the Green Guide to specification (BRE, 2009-a) and INIES (2009) ǳǎŜ ǘƘŜ ΨǇŀƴŜƭ 
ƳŜǘƘƻŘΩΣ by which a panel of experts is asked to give an ΨimpartialΩ weighting of the impact 
categories. A BRE study ǎƘƻǿǎ ǘƘŀǘ ŀ Ψƴƻƴ-ŜȄǇŜǊǘΩ ǿŜƛƎhting by a cross-section of the population 
gives a totally different outcome (Hamilton et al., 2007).However, this did not stop BRE (2009) from 
only using the outcome of the expert panel as the official weighting for the Green Guide. 
 hǘƘŜǊ ǿŜƛƎƘǘƛƴƎ ƳŜǘƘƻŘǎ ŀǊŜ ǘƘŜ ΨŘƛǎǘŀƴŎŜ ǘƻ ǘŀǊƎŜǘ ƳŜǘƘƻŘΩ ǿƘƛŎƘ ǿŜƛƎƘǎ ǘƘŜ ƛƳǇŀŎǘ ŎŀǘŜƎƻǊƛŜǎ 
for set targets, e.g. for emission reduction. The Dutch assessment tool Milieuclassificatie 
.ƻǳǿǇǊƻŘǳŎǘŜƴ όbL.9Σ нллуύ ǳǎŜǎ ǘƘŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻǎǘΩ ƳŜǘƘƻŘΣ ǿƘƛŎƘ ŎƻƴǾŜǊǘǎ ǘƘŜ 
environmental impact of different categories into external costs. NIBE (2008) also includes veto 
scores for undesired products such as tropical hardwood or PVC. 

                                                           
16

 CML, Centrum voor Milieuwetenschappen Leiden, University of Leiden. 
17

 FDES, Fiche de Déclaration Environnementale et Sanitaire. 
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  Table 2.1 Environmental impact per category for 1m2(80mm) of glasswool (INIES, 2009) 
 

Environmental  

impact  

Total value life 

cycle /  FU           
per year  

Total value life 

cycle /  FU per      
life time  

Unit  

Resour ce depletion    0,000169  0,00845  
kg 

antimony 
equivalent   

Total primary 
energy use  

0,713  35,65  MJ  

Energy use 
renewable  

0,043  2,15  MJ  

Energy use non -
renewable  

0,67  33,5  MJ  

Water c ons ump tion  0,334  16,7  L  

Solid waste  (energy 
re -used)  

0,00229  0,1145  kg   

Hazardous  waste    0,000339  0,01695  kg   

Non -hazardous 
waste   

0,0193  0,965  kg   

I nert  waste    0,00105  0,0525  kg   

Radioactive  waste    0,00000482  0,000241  kg   

Climate change  0,0228  1,14  
kg CO2 

eq.   

Atmosphe ri c 
acidification   

0,000139  0,00695  kg SO 2 eq  

Air p ollution    3,4  170  m 3  

Water p ollution  0,00469  0,2345  m 3  

Destruction of  
stratospheric  ozone  

          Zero  

Photoch emical 
ozone creation   

0,0000101  0,000505  
kg 

ethyle ne  
eq  

 
 
 

 
2.3.2 Embodied energy data  
 
The Introduction already pointed out that at present most of the energy use in buildings is 
ΨƻǇŜǊŀǘƛƻƴŀƭΩ ŀƴŘ ŘǳŜ ǘƻ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎΦ IƻǿŜǾŜǊΣ as buildings become more energy-efficient, 
EE ǿƛƭƭ ōŜŎƻƳŜ ǘƘŜ ƳŀƧƻǊ ǇŀǊǘ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ όIŀǊǊƛǎ ŀƴŘ .ƻǊŜǊΣ нллр; Gielen, 
1997). Therefore the choice of materials with a low EE and a high potential for carbon storage is 
becoming increasingly important (Berge 2009). 
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The ecobuilding sector started to focus on EE in the 1970s, but since the growing importance of 
climate change, EE has become a concern for the whole construction industry. Woolley et al. (1997) 
ŘŜŦƛƴŜŘ ǘƘŜ ŦƻǳǊ ƭŜŀŘƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ΨƎǊŜŜƴΩ ōǳƛƭŘƛƴƎ ŀǎ ŦƻƭƭƻǿǎΥ 
 

1. reducing energy use; 

2. minimising external pollution and environmental damage; 

3. reducing embodied energy and resource depletion; 

4. minimising interior pollution and health damage. 

 
To minimise the EE of a building one uses low impact and renewable materials that are locally 
sourced, and recycled or re-used (Woolley et al., 1997). Renovation and refurbishment, instead of 
new-build, also reduces the EE.  
 

 Fig. 6 EE for three wall types in new build in kWh/m2 (Marcom, 2008) 

  
Fig 6. It is interesting that the so-called ΨŜcologicalΩ ƳƻƴƻƳǳǊ (insulation clay bricks) has a higher EE 
than the traditional breeze block with mineral wool (299 vs. 76kWh). The earth&straw wall has by far 
the lowest EE. In this example the earth&straw wall is 40cm thick (300kg/m3 density), giving a R-
value of 3.6 m2K/W; the standard breeze block wall is insulated with 12cm glasswool (R=3.1), and the 
monomur is 37.5cm thick (R=2.7).  
 
 
Calculations of EE are complex and despite the international norm, ISO 14040-44, there is no 
political or scientific consensus on what should be included in the figures. The INIES database (2009) 
follows the French norm (NF P01-010) for EPDs. This defines an overall primary energy calculation 
divided into process energy (energy used during production), and ΨmaterialΩ or Ψfeed stockΩ energy 
(the combustion energy stored in the material). These are again divided into renewable and non-
renewable energy (Table 2.2).  
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Table 2.2 Types of energy in French EPDs (INIES, 2009) 

Total Primary Energy (Ep)  
   in MJ/m2 

Process Energy Feedstock Energy 

Renewable Non-renewable Renewable Non-renewable 

 
Cornillier and  Vial (2008) argue that it does not make sense to take the sum of these four types of 
energy to calculate the total primary energy (Ep), because the environmental impacts of different 
types of energy are not the same. The feedstock energy in wood is renewable and has not the same 
impact as the feedstock energy in plastics or other petrol derivatives such as PVC or insulation 
foams, which are non-renewable. However, in INIES (2009) they are calculated in the same way. 
Materials from mining and excavation (metals and minerals) do not contain combustion energy 
(except radioactive elements) and are therefore not allocated feedstock energy.    
  Cornillier and Vial (2008), Réseaux Ecobâtir (2009) and Floissac (2009-b) believe that the primary 
energy calculations in INIES are biased against plant-based materials. They think it is more realistic to 
use primary energy figures without feedstock energy, as is the case in the draft text for the European 
norm. According to Cornillier and Vial (2008) this only takes process energy into account, leaving out 
the feedstock energy which is already accounted for in other impact categories.  
 

2.3.3 Embodied carbon, recarbonation, carbon storage 
 
Embodied carbon (EC) of materials is measured in kg of CO2 equivalent, reflecting how much CO2 
gives an equivalent global warming effect over 100 years. It is based on a GWP-100 (Global Warming 
Potential), defined by the Intergovernmental Panel on Climate Change (IPCC, 2007). For the 
calculation of EC of building materials there is often uncertainty about data because GHG emissions 
largely depend on the fuel mix used by the factory (Hammond and Jones, 2008). Because of the 
different fuel mix it is problematical to compare product data from different countries. In France, 
where 75% of electricity is of nuclear origin, energy-intensive industries (e.g. aluminium) would 
cause less CO2 emissions than in countries where electricity is generated from coal or gas (Cornillier 
and Vial, 2008). However, a proper comparison should take the whole life cycle of nuclear energy 
and electricity into account, including construction, reprocessing, transport, storage of waste, and 
decommissioning. 
 Furthermore many LCAs do not fully take recarbonation of lime binders into account. 
Recarbonation of hydraulic binders (lime and cement) happens during the drying process, when CO2 

is re-ŀōǎƻǊōŜŘ ŦǊƻƳ ǘƘŜ ŀƛǊ όIƻƭƳŜǎΣ нллфύΦ Lƴ ǘƘŜƻǊȅ ǇǳǊŜ ƭƛƳŜǎΣ ƻǊ ΨŀƛǊ ƭƛƳŜǎΩΣ ŀǊŜ ŎŀǊōƻƴ ƴŜǳǘǊŀƭΣ 
meaning that in the full lime cycle they reabsorb up to a 100% of CO2 emitted during the burning of 
the calcium carbonate, though it is hard to find reliable figures on recarbonation. Bevan and Woolley 
(2008) say that all the CO2 emissions from burning limestone can be reabsorbed. The industry gives 
figures of 90% recarbonation for hydraulic lime renders and mortars (St Astier, 2006). Berge (2009) 
estimates recarbonation is 25% for concrete, 50% for cement renders and 80% for hydraulic lime 
renders (measured over 50 years).  
 
Another aspect of measuring embodied carbon is that renewable materials fix CO2 and store carbon. 
One kilogram of dry plant matter contains about 0.5 kg of carbon, which corresponds with 1.8 kg of 
CO2Σ ǎŜǉǳŜǎǘŜǊŜŘ ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘƘǊƻǳƎƘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ό.ŜǊƎŜ нллфύΦ {ǘƻǊƛƴƎ ŎŀǊōƻƴ Ψōǳȅǎ 
ǘƛƳŜΩ ŦƻǊ ŎƻƳōŀǘǘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǎƛƴce the carbon locked in the buildings will not be released 
back into the atmosphere before the building decays (Berge, 2009). Assuming that the plant matter 
extracted is again replanted this will increase the overall stock of plant-based materials in the 
eŎƻƴƻƳȅ ό.ŜǊƎŜΣ нллфύΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜ ǊŜƴŜǿŀōƭŜ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ǊŜǳǎŜŘ ƻǊ ŀǊŜ 
still available as an energy source (Harris, 2009).  
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Nowadays one reads many claims for renewable materials storing x number of tonnes of carbon or 
CO2 in a building. According to Harris (2009) an average timber-frame house can store around 4 t 
CO2. Berge (2009) believes a 120 m2 house can store 32 t CO2, using a relatively low timber ratio of 
150kg/m2. Boutin et al. (2006) find the net carbon sequestration of a 26cm hempcrete wall is 35 kg 
CO2eq per m2  (GWP-100). Marcom (2008) shows a earth&straw wall stores 52 kg CO2eq per m2. 
 
In many LCAs carbon sequestration is not fully included because at present there is no scientific 
consensus (Cornillier and Vial, 2008). Because of the complexity of the argument the ICE database 
does not include carbon storage (Hammond and Jones, 2008). The authors quote Amato (1996) 
ǎŀȅƛƴƎ ǘƘŀǘ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƻƴƭȅ ƳŀƪŜǎ ǎŜƴǎŜ ƛƴ ŀ ǿƘƻƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ΨǎǘŜŀŘȅ 
statŜΩ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ŀƭƭ ǘƛƳōŜǊ ŀƴŘ Ǉƭŀƴǘ ŦƛōǊŜ ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ƛƴ 
building are also replanted, which may not be the case.  
 Numerous studies show how difficult it is to assess the mitigation effects of carbon sinks and 
carbon storage. Borjesson and Gustavson (2000) conclude that the mitigation efficiency of carbon 
storage depend on the length of forest rotations, and will be higher for the first rotation and 
decrease with following rotations. Upton et al. (2008) found remarkable differences in carbon 
sequestration rates for different forests in the US. Therefore, the net carbon balance of renewable 
materials is part of a complicated ecology, depending on whether they are produced in sustainable 
forestry and agriculture (Valkhoff, 2009).  
 
The main controversy regards carbon storage ƛǎ ŀōƻǳǘ ǿƘŀǘ ƘŀǇǇŜƴǎ ŀǘ ǘƘŜ Ψend-of-lifeΩ ǎǘŀƎŜ18 : 
 

1. incineration, releasing CO2, with or without energy use and  carbon capture;  

2. landfill or decomposition, releasing methane with or without capture and energy use; 

3. recycling, causing fewer emissions, depending on the recycling process; 

4. reuse, no emissions yet, a possibility of stocking carbon for some time again. 

 
Some LCA specialists argue that the ISO-14040 ƴƻǊƳ ǎƘƻǳƭŘ Ŧƻƭƭƻǿ ǘƘŜ ΨŎŀǊōƻƴ ƴŜǳǘǊŀƭΩ ƳŜǘhod, 
which means carbon storage is not taken into account because the carbon stored in a plant is 
released later in its life cycle, either as carbon dioxide when incinerated, or as methane when 
decomposed (Cornillier and Vial, 2008). Despite the controversy carbon storage is becoming rapidly 
recognised as an important issue. The French timber federation, FCBA, systematically includes 
carbon storage in its product declarations for INIES (FFB, 2009-b). Databases like Ecoinvent (2009) 
and Grecau (2009) take carbon storage into account. And the British Standards Institute has 
developed a common standard for carbon footprints, PAS-2050, which includes carbon 
sequestration (BSI, 2008).  
 
 

2.3.4 LCA: review and comparison 
 
Though INIES has its standards committee19, the product declarations are rarely peer reviewed or 
analysed by an independent expert (Floissac, 2009-b). Because of the high cost of LCA, industries 
often choose to combine several products and make ΨgenerƛŎΩ EPDs (Réseaux Ecobâtir, 2009). And 
because mƻǎǘ ǇǊƻŘǳŎŜǊǎ ƻŦ ΨŜŎƻƭƻƎƛŎŀƭΩ ƳŀǘŜǊƛŀƭǎ Ŏŀƴƴƻǘ ŀŦŦƻǊŘ [/! ǘƘŜǊŜ ƛǎ ŀ ƭŀŎƪ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

                                                           
18

 This list is based on several sources, e.g. EST (2009). 
19

 Conseil de Surveillance, part of the Direction Générale de l'Urbanisme de l'Habitat et de la Construction 

(DGUHC)  of the  Ministry for Ecology, Energy, Sustainable Development and the Sea. 
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information for these products (Réseaux Ecobâtir, 2009). Hempcrete was, besides timber, one of the 
first ecological building materials for which a full LCA was completed (Boutin et al., 2006). And 
Grecau (2009) and Areso (2009)20 are working on a LCA for unfired earth bricks. There is also a LCA 
on hemp batts and sheepswool insulation (Murphy and Norton, 2008). An interpretation of the data 
from this study by May and Newman (2008) shows that Isonat hemp batts have a much better 
carbon balance than Rockwool  (EC = 0.35 kg CO2eq/m2, compared to 1.2 kg CO2eq/m2)21.  
 
Despite the limitations of LCA and different methodologies, it can be interesting to compare data 
from different sources and databases. A comparison of INIES data for insulation materials with the 
Swiss database Oekobilanzdaten gives striking differences (Table 2.3). Oekobilanzdaten (KBOB 
Ecobau, 2009) figures for EE are on average 1.5 times higher (Réseaux Ecobâtir, 2009). Another 
example is the comparison of industry data for mineral insulation with the internationally renowned 
database Ecoinvest (2009), see Fig.7, p.25.  
 When comparing LCA data from different sources one should always be aware of the different 
methodologies, system boundaries and weightings. Therefore, for each building assessment tool, 
based on LCA data, one has to carefully analyse these calculations. The product data in Grecau and 
INIES are a lot more transparent than those in the Green Guide (BRE, 2009-a), and therefore easier 
to verify. Appendix III.ii gives a further comparison of data from different sources, explaining the 
limitations of data used in the assessment tool Cocon (2009). 
  
 

                                                           
20

 ARESO, Association Régionale d´Ecoconstruction du Sud-Ouest. 
21

 Note that the EC of Isonat is particularly high in this case, because of its high density (35kg/m2) and the fact 
it is imported from France (Murphy and Norton, 2008). 
 



25 Hans Valkhoff, Thesis MSc Architecture: AEES, January 2010 

 

Table 2.3  Comparison of glasswool data from INIES (2009) with Oekobilanzdaten (2009) 

Glasswool 

batts 

Width  

mm 

Density 

kg/m
3
 

Thermal 

conductivity   

W/mK 

Total 

Primary 

Energy  

MJ/m
2
 

INIES 

  

Total Primary 

Energy  

(extrapolation) 

MJ/m
2
 

OEKOBILANZ  

Ratio 

OEKOBILANZ  :  

INIES  

 

TP 216 revêtu 
kraft 

100 19 0,037 51,5 92 

 

1.79 

TP 238 revêtu 

kraft 

100  30 0,032 96,5 145,2 

 

1.50  

TI 212 revêtu kraft 100  12 0,04 38,5 58,1 1.50 

Isoconfort 32 100  11 0,04 82,5 53,24 0.65 

Isoconfort 38 100  11 0,04 49,7 53,24 1.07 

Classic 040 100  11 0,04 31,3  53,24 1.70  

GR 32 Nu 100  26 0,032 95,3 125,84 1.32 

Glasswool  P1052 100  30 0,032 96,2 145,2 1.51 

Monospace 35 
contact 

100  18 0,035 72,5 87,1 1.20  

Glasswool 

20/M00021  

100 11 0,04 19,5 53,24 2.73 

(source : Réseaux Ecobâtir, 2009) 
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Fig. 7 Comparison of glasswool data from Knauf and from Ecoinvest for LCA impact categories          

 
  
Fig. 7 shows that for the same functional unit and LCA impact categories industrydata (red) can differ 
considerably from independent data (green). Only for abiotic resource depletion are the Knauf data 
(red) much higher; for all the other impacts the Knauf data are 50% or more lower than those of 
Ecoinvest (2009). The Ecoinvest data are based on a European study of 12 glasswool factories 
(Murphy and Norton, 2008). 
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2.4 Building physics parameters 
 
The use of R-values alone, as indicators for thermal performance, is inadequate (May and Newman, 
2008). An assessment of thermal performance should also include other indicators, such as 
airtightness, thermal bridging, thermal mass, and hygroscopy or breathability. R-values are 
measured in a research lab, in a dry and steady state, which in real buildings rarely exists (Bevan and 
Woolley, 2008). Research by Evrard and Herde (2005) shows how dynamic thermal performance can 
be very different from steady state situations, where hemp walls perform better than one may 
expect from simple R-values, due to thermal mass, hygroscopy and lack of thermal bridging (Bevan 
and Woolley, 2008).    

 
 
2.4.1 Thermal mass and inertia 
 
The use of thermal mass is one of the main design principles of bioclimatic architecture (Courgey and 
Oliva, 2007). Traditionally daub and brick-filled timber-frame buildings have a reasonably high 
thermal mass, not only in the walls but also in the earth floors for all storeys of the house. However, 
with modern renovation techniques, aimed at insulation and building with light-weight materials, 
timber-frame buildings lose all their thermal and hygroscopic qualities (Interviews, 2009). Insulation 
is mostly aimed at increasing thermal comfort in winter, but often reduces thermal comfort in 
summer through diminishing thermal mass (MP, 2004). Given the hot dry summers in SW France, 
and the high diurnal temperature changes, thermal mass is an important factor in energy-efficient 
renovation. Thermal mass will be more effective with exterior insulation which increases both the 
ŘŜŎǊŜƳŜƴǘ ŘŜƭŀȅ όΨǎǳƳƳŜǊ ŎƻƳŦƻǊǘΩύ ŀƴŘ ǘƘŜǊƳŀƭ ƛƴŜǊǘƛŀ όCƭƻƛǎǎŀŎΣ нллфύΦ  
 
Thermal admittance or inertia (Wh/m2.K) is the ability of a material or building element to exchange 
heat when subject to variations in temperature, e.g. over a 24-h period (McMullan, 2007). Courgey 
and Oliva (2007) define thermal inertia as the product of thermal capacity and thickness (S.d). 
Thermal capacity (S) is the product of density (p) and specific heat capacity (C) (S= p.C, in Wh/m2.K). 
Heavy weight materials such as stone and concrete have a high specific heat capacity and therefore 
a high thermal mass or inertia (Table 2.4). The greater the thermal  inertia, the smaller the 
temperature swing in the building (McMullan, 2007).  
 However, there often is confusion regards what is meant by thermal inertia and decrement delay. 
The latter indicates the thermal response, i.e. the number of hours between the highest outdoor and 
the highest indoor temperatureΣ ŀƴŘ ƛǎ ƻŦǘŜƴ ŎŀƭƭŜŘ ΨǎǳƳƳŜǊ ŎƻƳŦƻǊǘΩ.  A light-weight roof will 
typically have a decrement delay of 2 hours, whereas a more heavy-weight roof using insulation 
materials with a higher density can have a decrement delay of 10 hours or more (May and Newman, 
2008). 
 Thermal inertia, also called sequential inertia, is a more long-term effect of thermal mass which is 
harder to achieve (Floissac, 2009-a). The French Réglementation Thermique (RT, 2005) defines three 
classes of inertia: hourly (1 hour), daily (24 hours) and sequential (12 days). The daily inertia 
corresponds with decrement delay. To achieve sequential thermal inertia requires a lot more 
thermal mass, which also allows a building to stock solar energy in the winter for several days 
(Courgey and Oliva, 2007). See Appendix III.i for the calculation of thermal inertia in Cocon. 
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Table 2.4 Thermal inertia of different walls (Courgey and Oliva, 2007) 

Wall section Thermal inertia (Wh/m2.K) 

35 cm Earth or daub wall (1900 kg/m3) 275 

25 cm Brick wall (2300 kg/m3) 163 

20 cm Concrete wall 128 

20cm Timber wall (pine) 60/44 

OSB wall with 10 cm woodwool (250kg/m3) 30/20 

Plasterboard wall with 10 cm glasswool 8 

 
 
2.4.2. Thermal bridges and airtightness 
 
In a period timber-frame house all exterior sections of studs, joists, floors and wall plates are 
potential thermal bridges. Measuring thermal bridging for separate building elements, e.g. in the 
case of this assessment, does not make much sense, as most thermal bridging occurs between 
elements (wall, roof, floors, windows). Whereas u-ǾŀƭǳŜǎ ƳŜŀǎǳǊŜ ǘƘŜ ΨǊŜǇŜŀǘƛƴƎΩ ƘŜŀǘ ƭƻǎǎ ǘƘǊƻǳƎƘ 
thermal bridges, y-ǾŀƭǳŜǎ ƎƛǾŜ ǘƘŜ ƘŜŀǘ ƭƻǎǎ ƻŦ ŀƭƭ Ψƴƻƴ-ǊŜǇŜŀǘƛƴƎΩ ǘƘŜǊƳŀƭ ōǊƛŘƎŜǎΣ ǿƘƛŎƘ ƛǎ ǘȅǇƛŎŀƭƭȅ 
much higher (May and Newman, 2008). For example a new timber-frame house can have a 
repeating thermal bridge of 8%, whereas when all non-repeating thermal bridges (corner studs, wall 
plates, openings, floors) are included the total thermal bridging will be 30% (May and Newman, 
2008). Better insulation often increases non-repeating thermal bridging, because of concentrating 
the heat loss. The same problem arises for achieving airtightness in period timber-frame buildings. 
Without a degree of airtightness insulation is pointless (May, 2005)22. However, Gironnet (2009) 
wonderǎ ƛŦ ƻƴŜ ǎƘƻǳƭŘ ŜǾŜƴ ǘǊȅ ǘƻ ŀŎƘƛŜǾŜ ŀƛǊǘƛƎƘǘƴŜǎǎ ƛƴ ōǳƛƭŘƛƴƎǎ ǘƘŀǘ ŀǊŜ ƳŜŀƴǘ ǘƻ ΨōǊŜŀǘƘŜΩΦ  
This shows there is much confusion on the subject, and therefore the next section will discuss the 
ŎƻƳǇƭƛŎŀǘŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŀƛǊǘƛƎƘǘƴŜǎǎ ŀƴŘ ΨōǊŜŀǘƘŀōƛƭƛǘȅΩ. As we try to improve airtightness 
and  thermal performance, breathability has become a critical issue (May, 2005). 
 
 

2.4.3 ΨBreathabilityΩ  
 
Whether to use vapour barriers or vapour control layers (VCLs) to avoid interstitial condensation is a 
big debate in the ecobuilding industry (Collart, 2009). Oliva (2008) maintains that most VCLs are 
badly applied and therefore increase the problem of condensation. The condensation is 
concentrated in the areas where the VCL is not airtight and where the damage is worse than if it was 
spread out over the whole wall or envelope. Thermal bridges act as catalysts and also become 
ΨǾŀǇƻǳǊ ōǊƛŘƎŜǎΩ όhƭƛǾŀΣ нллуύΦ !ƴƻǘƘŜǊ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ±/[ ƛǎ ǘƘŀǘ ƛǘ ƻōƭƛƎŜǎ ǘƘŜ ōǳƛƭŘŜǊ ǘƻ ƛƴǎǘŀƭƭ 
a mechanical ventilation system to get rid of humidity (Oliva, 2008). Furthermore the VCL stops the 
wall from breathing and acts as a barrier to the capillary action in the wall, by which the wall 
seasonally dries out through evaporation of excess humidity on the warmer side (Oliva, 2008). In 
winter this is normally the inside, in summer the outside.  
 

                                                           
22

 May refers to the CIBSE Guide to building services for historic buildings (2002), costs 84£ for non-members. 
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Lǘ Ƙŀǎ ōŜŜƴ ƭƻƴƎ ǳƴŘŜǊǎǘƻƻŘ ōȅ ōǳƛƭŘƛƴƎ ŎƻƴǎŜǊǾŀǘƛƻƴƛǎǘǎ Ƙƻǿ ƛƳǇƻǊǘŀƴǘ ƛǘ ƛǎ ǘƻ ƘŀǾŜ ΨōǊŜŀǘƘŀōƭŜΩ 
materials in historic buildings (May, 2006). Breathability is the result of three important physical 
qualities : vapour permeability, hygroscopicity and capillarity (May, 2005). Ecobuilders and 
ŎƻƴǎŜǊǾŀǘƛƻƴƛǎǘǎ ǘŜƴŘ ǘƻ ƭƻƻƪ ŦƻǊ ƻǘƘŜǊ ƳŜŀƴǎ ƻŦ ƳƻƛǎǘǳǊŜ ŎƻƴǘǊƻƭΣ ŜΦƎΦ ΨƘȅƎǊƻǎŎƻǇƛŎ ōǳŦŦŜǊƛƴƎΩ, which 
is traditionally used in timber-frame and earth buildings. This buffering effect is particularly useful in 
kitchens and bathrooms where intermittent production of steam is absorbed to be released later 
(Padfield, 1998). ¢ƘŜǊŜŦƻǊŜ ŀ ΨōǊŜŀǘƘƛƴƎΩ ǿŀƭƭ ƛǎ ƳŀŘŜ ƻŦ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ŀǊŜ ƘȅƎǊƻǎŎƻǇƛŎΣ ΨŎŀǇƛƭƭŀǊȅΩ 
and vapour-open, with an increasing permeability towards the exterior so water vapour can easily 
migrate (Oliva, 2008).  
 As a rule of thumb the breathing wall has 5 times the vapour resistance (µ=g/m2s.P)23 on the 
warm (in)side than the cold (out)side (Harris and Borer, 2005). In the UK this 1:5 rule has been 
included into the code of practice BS 5250 (2002). In order to achieve this it is important that the 
exterior (lime) renders have a very low vapour resistance, which is generally the case for air limes 
(CL), but not for all hydraulic limes (NHL), especially when they are made waterproof with a 
hydrofuge (Oliva, 2008). Consequently the interior layer should have a much higher vapour 
resistance, e.g. cork, or plasterboard with cellulose coating. Although Cocon does not quantify 
breathability, the issue is discussed in chapter 5.  
 
 
     

 

                                                           
23

 In the UK vapour resistance (r) is measured in MNs/gm. On the continent vapour resistivity is measured as a 
ratio of still air (µ=1). To get the European unit µ one has to divide the UK unit r by 5 (May, 2005).  
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Chapter 3  Methods 

 

This chapter will explain why the French building assessment tool Cocon(2009) was used to compare 
the environmental impact of different renovation techniques for period timber-frame. Section 3.1 
explains the working of Cocon and compares it to other assessment tools. The following section on 
data gathering (3.2) first explains how the interviews were held (3.2.1), and then points out the 
limitations of the LCA data used in Cocon (section 3.2.2 and 3.2.3).  

 

Note that due to the word limit a large part of the data comparison in section 3.3.3 ΨLack of data and 
extrapolationΩ is in Appendix III.ii.  

 

 

 

 
3.1 Cocon: assessment of timber-frame walls 
 
3.1.1 Building assessment tools 
 
Cocon is an Excel-based software package for the environmental impact and energy assessment of 
buildings and building materials. It was developed by Grecau24, the combined research lab for the 
School of Architecture of Toulouse and Bordeaux (Floissac, 2009-a). Like other building assessment 
tools, such as Envest-2, Elodie, Bilan Produit or NIBE Milieuclassificaties Bouwproducten25, it 
assesses the impact of building materials for several environmental impact categories, e.g. 

                                                           
24 GRECAU Groupe de Recherche Environnement Conception en Architecture et Urbanisme, Laboratoire de 

ƭΩ9ŎƻƭŜ bŀǘƛƻƴŀƭŜ {ǳǇŞǊƛŜǳǊŜ Řϥ!ǊŎƘƛǘŜŎǘǳǊŜ ŘŜ ¢ƻǳƭƻǳǎŜ Ŝǘ ŘŜ .ƻǊŘŜŀǳȄΦ 
25

 Envest2 (BRE, 2004), Bilan Produit (Ademe, 2008), Milieuclassificaties Bouwproducten (NIBE, 2009); Elodie 
(CSTB, 2008). 
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embodied energy, climate change, and resource depletion. The data for these impact categories 
come from LCA databases.  
 The main databases Cocon uses are INIES (2009) and Grecau (2009). INIES (2009) contains the 
CǊŜƴŎƘ ƛƴŘǳǎǘǊȅΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻŘǳŎǘ 5ŜŎƭŀǊŀǘƛƻƴǎ ό9t5ǎύ26. Grecau (2009) has its own database 
which, besides the INIES data, contains data for ecological materials from various European sources, 
e.g. Oekobilanzdaten im Baubereich (KBOB Ecobau, 2009). 
 
The main reasons for using Cocon are that it uses French databases and insulation standards, and 
that besides the environmental impact parameters it includes two thermal performance parameters 
assessing the short and long-term effects of thermal mass. The fact that Cocon has been developed 
by Grecau, which is based in Toulouse (the area of the survey), made it possible to make this study 
part of the continuous updating and refining process of the assessment tool.  
 Comparable French tools, e.g. Elodie (CSTB, 2008) and Bilan produit (Ademe, 2008) are less 
appropriate for this study for several reasons. Bilan Produit is Excel based and uses the Swiss 
Ecoinvest (2009) database, but is not only for building products. Elodie is designed for the 
construction industry and uses data from INIES (2009), but does not contain additional information 
on ecological materials, which Grecau (2009) does. In Elodie one can only compare products and 
building elements, not a whole building. Furthermore the interface of Elodie is not very user friendly, 
whereas Cocon is Excel based, which makes it easier to present data in translated format, i.e. English 
(note that the main three French tools are solely in French). 
 The British counterpart, Envest-2 (BRE, 2009-b) uses data from the Green Guide to Specification, 
which to date remain fully untransparent (May 2008). The Green Guide only gives summary ratings 
for building elements, based on Ecopoints, and does not show the individual impacts of the 
materials (BRE, 2009-a). The impact assessment is only useful and transparent when LCA data are 
presented with their true values and units, which is the case in INIES (2009) that besides the full LCA 
study puts a summary sheet with the impact categories on-line (see Table 2.1). Cocon is largely 
based on INIES and is therefore a lot more reliable and transparent than its BRE counterpart.  
 

3.1.2 Parameters and impact categories 

 
Building performance parameters  
 
Cocon takes three building physics parameters into account:  thermal resistance, decrement delay 
and thermal inertia. The R-value of building elements and materials is compared with French 
insulation standards, such as the Réglementation Thermique (RT, 2005)27 and the label for low 
energy buildings, BBC Rénovation (Effinergie, 2009). One can also choose other energy standards, 
e.g. Passive House, but these are not appropriate for renovation.  
 The other two parameters give an indication of the thermal mass, which will have a positive 
effect on evening-out temperature peaks in summer and allow ΨstorageΩ ƻŦ passive Ψsolar gainΩ in 
winter. The decrement delay parameter is also ŎŀƭƭŜŘ ΨǎǳƳƳŜǊ ŎƻƳŦƻǊǘΩΣ ŀƴŘ ƛƴŘƛŎŀǘŜǎ the time lag 
(in number of hours) between the highest outdoor and the highest indoor temperature. The thermal 
inertia parameter measures ΨǎŜǉǳŜƴǘƛŀƭ ƛƴŜǊǘƛŀΩ (in kJ/m2K), a more long-term storage effect of 
thermal mass, for which it is harder to achieve a good score (see 2.4.2).  
 Cocon also allows one to calculate the overall inertia for an area or a room (ȊƻƴŜ ŘΩƛƴŜǊǘƛe) which, 
however, is not in the scope of the assessment. Soon there will be Cocon compatible software 

                                                           
26

 FDES, Fiche de declaration environnementale et sanitaire. 
27

 RT-2005 is used in Cocon, though there is a special insulation standard for existing buildings, RT-2007. 
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available, Parois Respirantes, that measures the risk of condensation in different parts of the 
building envelope (Floissac, 2009-d). A parameter that Cocon does not take into account is thermal 
bridging, which requires simulation software.  
 
Most builders interviewed for this study leave a cavity of 4cm or 5cm between the outside wall and 
the insulation material, which should be fully ventilated to allow humidity to escape, but often is 
not. When fully ventilated the cavity will have a negative effect on the thermal performance. When 
not ventilated at all a cavity this wide, even when completely airtight, (which often is not the case), 
hardly increases the insulation value of the wall. In the assessment of the conventional wall types 
(M1-M6) we considered a non-ventilated air gap of 4 cm (˂ = 0.23) a reasonable average.  
 
Environmental impact parameters  
 
Although Cocon shows the values for impact categories commonly used in LCA, it only uses three 
environmental parameters. The most interesting for this study are embodied energy (EE), measured 
in kWh/m2, and embodied carbon (EC) or climate change, measured in kg CO2eq/m2. Though 
resource depletion is an important category. It is measured in kg equivalent of antimony (kea), but 
harder to quantify and therefore is more difficult to interpret its score (see Appendix III.i).  
 The functional unit in LCA is usually one square metre of building element for a certain life time 
(50-100 years). To be able to compare the environmental impact of wall sections made from 
different materials it is better to compare functional units with a similar thermal resistance. In this 
study an average R-value of approximately 2.7 (m2K/W) was chosen, based on the RT (2007) and the 
average of 8cm of mineral wool that builders said they used (Fig. 8).  

 
Fig. 8 Thermal Resistance for walls M1-M20 
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To achieve a similar R-value to other insulation materials than glasswool sometimes requires adding 
an extra cm of material. Cocon allows for any thickness, although not all sizes are available on the 
market. E.g. 9 cm of woodwool is not common, it is sold in 8 or 10cm, and some builders use 7.5cm 
of glasswool instead of 8cm. The main argument, however, was to be able to compare wall sections 
with similar insulation values for the same functional unit. The exceptions are M5, the uninsulated 
daub wall, with a very low R-value, and M6, the Monomur (insulation clay bricks) which comes in 
blocks 30cm thick, with a high R-value.  
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Life time 
 
In most LCAs the life time of the building materials for the functional unit, given by the industry, is 
between 50-100 years. In the option sheet in Cocon one can choose between the ΨlinearΩ and the 
ΨroundedΩ calculation method, which defines the number of replacements of certain elements which 
have a life time that is shorter than the life time of the whole building. In this study the linear 
method is used, which is more precise (see Appendix III.i). When one considers a given life time for a 
material which is too long one can change this in Cocon, and when there is no official LCA for a 
material the life time is estimated by Grecau (2009). Obviously the life time plays a major role in the 
overall environmental impact of a building element. Another important factor ƛǎ ǘƘŜ Ψend-of-lifeΩ ƻŦ ŀ 
product, which defines what will happen with the material once it has to be replaced. Will it be 
reused, recycled, incinerated or sent to landfill? (see §2.2). 
 
Comparison of wall types  
 
This study does not look at a building as a whole, but compares the impact of different exterior wall 
types used in renovation of period timber-frame. Therefore the comparison of the wall types was 
ƪŜǇǘ ŀǎ ǳƴƛŦƻǊƳ ŀƴŘ ΨǎƛƳǇƭŜΩ ŀǎ ǇƻǎǎƛōƭŜΣ ŀƴŘ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘǎ Řƻ ƴƻǘ ƛƴŎƭǳŘŜ ǿƛƴŘƻǿǎΣ ŘƻƻǊǎΣ ƻǊ 
other openings. The selection of the materials in the cross-section of the 20 different wall types is 
partly based on the outcome of the interviews. They are divided into four categories (Table 3.1).  
 
Table 3.1 Four categories of wall types in the survey 

Wall types Number 

I. Conventional wall types with interior wall insulation : 
ǳǎƛƴƎ ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ǊŜƴƻǾŀǘƛƻƴ ŀƴŘ ƛƴǎǳƭŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎΣ 
generally ΨŘƻǳōƭƛƴƎΩ with mineral wool and plasterboard or clay blocks. 

M1  -   M5 

II. Ecological wall types with interior wall insulation :  
ǳǎƛƴƎ ΨŜŎƻƭƻƎƛŎŀƭΩ ǊŜƴƻǾŀǘƛƻƴ ŀƴŘ ƛƴǎǳƭŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎΤ   
ŜΦƎΦ ΨŘƻǳōƭƛƴƎΩ with woodwool, cork or cellulose, and fermacell or clay blocks. 

M6  ς  M10 

III. Ecological wall types with plant fibre and binder : 
ǳǎƛƴƎ ΨŜŎƻƭƻƎƛŎŀƭΩ ǊŜnovation and insulation techniques and materials;  
ƳŀƪƛƴƎ ΨǎƻƭƛŘΩ walls with an added interior layer of plant fibre and mineral 
binder, e.g. hempcrete and earth&straw. 

M11 ς M15 

 IV.  Wall types with exterior wall insulation :  
       using both conventional and ecological insulation techniques and materials; 
       insulating from the outside, e.g. cladding. 

M16 -  M20 

 
Based on the calculations for the six parameters Cocon calculates an overall score for the wall types 
(Table 3.2). The same can be done for other sections of the envelope, i.e. interior walls, floors, roof, 
etc. The overall score for a building element is based on the individual scores for each of the six 
parameters (see Appendix III.i. for thresholds). The weighting coefficient for each category is 1.0, but 
can be altered by the user to put extra weight on one or two of the parameters. 
 
The summary tables give the overall score for the wall section, and the values and scores for the six 
parameters. An example is shown in Table 3.2. (for all the summary tables see Appendix IV.ii). It also 
ƎƛǾŜǎ ǘƘŜ ǾƻƭǳƳŜ ŀƴŘ ǘƘŜ ǿŜƛƎƘǘ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎ ŜƭŜƳŜƴǘ ŀƴŘ ǎƘƻǿǎ ǘƘŜ ǇŀǊǘ ǘƘŀǘ ƛǎ ΨōƛƻǎƻǳǊŎŜŘΩΣ ƛΦŜΦ 
made of renewable materials derived from plant-based sources. The carbon tax is based on the 
ǾŀƭǳŜ ŦƻǊ 9/Σ ǳǎƛƴƎ ŀ ǇǊƛŎŜ ƻŦ мтϵ ǇŜǊ ǘƻƴ ƻŦ /h2 set as a target in the draft carbon tax bill by the 
French government (Floissac, 2009-a).  
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Table 3.2 Scores and values for six parameters, wall type M1 (brick, glasswool, plasterboard) 

Summary 

Table M 1

Weight 

'bio sourced'
Weight

Weight 'bio 

sourced'

Overall Score kWh /m² Score
kg eq 

CO2/m²
Score kea Score kg/m² kg/m² %

8.5 177.5 8.2 39.7 7.4 0.0281 10.3 47.4 207.6 23

Carbon tax
Volume 'bio 

sourced'
Volume

Volume 'bio 

sourced'

ú / mĮ (m²K/ W) Score h Score (kJ/ m²K) Score m
3
/m² m

3
/m² %

0.67 ú 2.65 13.6 5.7 9.5 24 1.9 0.030 0.355 8

Embodied Carbon

Thermal resistance Decrement delay Thermal Inertia

Resource DepletionEmbodied Energy 

 
 
Table 3.3 Wall section with layers of materials 

M1 Brick, glasswool, plasterboard Source Width State

Layers from outside to inside (for 1 m²) INIES/GRECAU cm / unit (u) new / existing

Bricks (1450 -1500 kg/m
3
) ɚ=0,550 GRECAU 10

Lime render (1550 kg/m
3
) ɚ=0,700 GRECAU 3

Cavity 40 mm ɚ=0,230 GRECAU 4

Glasswool batt IBR NU 80 mm (11 kg/m
3
) ɚ=0,040 INIES 8

Plasterboard Placodur BA13 (990 kg/m
3
) ɚ=0,250 INIES 1.3

Wall paint AQUARYL SATIN (1360 kg/m
3
) ɚ=1,600 INIES 1 u

Accessories not included in thermal calculations (for 1 m²) INIES/GRECAU m / unit (u) new / existing

Studs 100 x 100 mm  (474 kg/m
3
) ɚ=0,130 GRECAU 3 existing

Metal frame for plaster board (19 kg/m
3
) ɚ=0,141 GRECAU 1 u

  
Each building element or wall type contains different layers of materials (in cm or as units), and is 
always calculated from exterior to interior. The table with the wall sections also shows which 
database is used for each specific material (Table 3.3). 
 
For an overview of all the individual summary tables and wall sections, see Appendix IV.ii. 
 
Accessories  
 
The timber-frame itself (studs, plates, joists and other beams) is not accounted for in the assessment 
and therefore added as ΨŀŎŎŜǎǎƻǊƛŜǎΩ. This means the timber is not included in the calculations for 
thermal performance. In most cases the original timbers are kept or reused, and not replaced, which 
means they are considered ΨŜȄƛǎǘingΩ ŀƴŘ therefore not included in the environmental impact 
assessment either. When bricks or daub are reused or left in place as infill one considers them 
ΨŜȄƛǎǘingΩ as well. Again this means they are not included in the environmental impact assessment, 
though they are included in the thermal calculations because they are not considered accessory. 
Other accessories, e.g. metal or wood frames for boards and infill are excluded from the thermal 
calculations, though they are included in the environmental impact assessment because they are 
ŎƻƴǎƛŘŜǊŜŘ ΨƴŜǿΩ. Note that in column State ƻƴƭȅ ΨŜȄƛǎǘƛƴƎΩ ǿƛƭƭ ōŜ ƛƴŘƛŎŀǘŜŘΣ thus all other materials 
are considered by default as new (Table 3.3). Small items and accessories, e.g. screws, nails, hooks, 
straps, glues, silicon, mortars, etc. are only accounted for when they are included in the EPDs in 
INIES (2009), but are not accounted for in Grecau (2009). A general rule is that they are only included 
in LCA when their weight represents more than 1% of the functional unit (Haas, 2002). 
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Renewable energy  
 
There is a possibiliǘȅ ƛƴ /ƻŎƻƴ ǘƻ ŎƘƻƻǎŜ ōŜǘǿŜŜƴ ΨwithΩ or ΨwithoutΩ renewable energy (RNE). The 
reason for including RNE in this assessment is that most data are based on EPDs in INIES (2009) 
which include renewable energy, despite the fact this is controversial (see 2.3.2). The problem with 
the primary energy data in Grecau (2009) is that often there are no specific data available on 
renewable or non-renewable energy. This can lead to zero scores on embodied energy (EE), simply 
because Cocon uses 0.00 when there are no data. 
 
 
 

3.2 Data gathering 
 

3.2.1 Interviews 
 
A series of ten interviews was held with professionals in the regional building trade to find out what 
the current renovation and insulation techniques are for period timber-frame, which helped to 
define the different wall types in the assessment. Recorded interviews of 25 minutes were held 
amongst a pre-selected group of 5 builders, 2 architects, 1 building expert, 1 conservation expert 
and 1 sǳǇǇƭƛŜǊ ƻŦ ΨŜŎƻƭƻƎƛŎŀƭΩ ƳŀǘŜǊƛŀƭǎ (see next chapter, Table 4.1). The aim of this small sample 
was to get a feel for the regional context and make sure the research question is pertinent and 
relevant to what is happening in the field. To find out what the main problems are ς humidity, decay, 
problems with dry lining, energy-efficiency ς and to find out which techniques and materials are 
currently used. The stratified sample was large enough to answer the specific questions, without it 
being statistically representative. 
 
Appointments were made, and all interviewees were visited to avoid sending out questionnaires and 
obtaining a limited response. For practical (and environmental) reasons the interviews were held in a 
radius of 50km around Puylaurens, in the departments of the Tarn and Haute-Garonne (Midi-
Pyrénées). All builders interviewed are specialised in renovation - not restoration - and mostly work 
for their own small companies of between 1 and 10 employees. As seen in section 2.2 the majority 
of renovations of individual houses are done by artisans (craftsmen) in very small companies 
(Céquami, 2009). 
 
Based on the guidelines set by Gillham (2005) a semi-structured list of questions was developed, 
with a mix of 25 closed and open questions (Appendix IV.i). The questionnaire was divided into three 
main categories: 1.renovation techniques 2.insulation techniques 3.ecobuilding and materials. The 
questions in the first two categories were designed to select the different wall types for the 
assessment. The third category of questions was formulated to find out about possible barriers to 
ΨŜŎƻ ǊŜƴƻǾŀǘƛƻƴΩΦ ¢ƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŦƻǊ ǘƘŜ ǘǿƻ /!¦9 Ŏƻƴǎǳƭǘŀƴǘǎ ǿŀǎ ŘƛŦŦŜǊŜƴǘΣ ŀƴŘ ǘƘŜƛǊ ŀƴǎǿŜǊǎ 
were not coded but used as citations in the text. All the other answers to the questionnaires were 
coded following the guidelines by Gillham (2005). The tables with the coding are in chapter 4.2 and 
Appendix IV.i. 
 Appendix IV.i also contains an example of the questionnaire and an extensive written account of 
the interviews, based on the transcriptions translated from French to English. A summary of this 
account is given in chapter 5.2. The majority of the interviews were recorded and are available (in 
French) in WAVE format on the CD that is included. This CD also contains the transcripts in French 
and the two Excel workbooks of Cocon used for the assessment. 
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3.2.2 Databases and data checking  
 
Both the database of Grecau (2009) and the building assessment software, Cocon (2009), are largely 
based on LCA data from the official French database for building materials and products, INIES 
(2009). INIES was developed in 2004 by the Direction of Urbanism, Housing and Construction 
(DGUHC), Ademe, AFNOR and CSTB28. It is comparable with the Green Guide to Specification (BRE, 
2009-a), although INIES does not provide overall scores or ratings for building elements. Also INIES 
(2009) puts all the available EPDs on-line, including the whole LCA studies. It also provides a 
summary of the environmental impacts categories (see 2.3).  
 Most French LCA studies use the software TEAM (Ecobilan, 2009). This is accredited by the 
Association HQE (2009). Like most LCA-based databases, INIES (2009) largely provides information 
on conventional industrial materials, such as concrete, cement, mineral wool, PVC, polystyrene and 
KƛƴƎǎǇŀƴΣ ŀƴŘ ƘŀǊŘƭȅ Ŏƻƴǘŀƛƴǎ ΨŜŎƻ ǇǊƻŘǳŎǘǎΩΦ This is one of the reasons why ecobuilding 
organisations in France, e.g. Réseaux Ecobâtir (2009), are very critical of INIES. And though the INIES 
data are a vast source of information, one has to read the EPDs very carefully for each product to 
know which steps in the production processes are included, i.e. which system boundaries are applied 
and which weighting methodology is used.  
 
For the time being Grecau (2009) and Cocon have to rely on more general sources for most eco 
products for which there simply are no LCAs. These sources give an estimation of embodied energy 
(EE) and embodied carbon (EC), e.g. Oekobilanzdaten (KBOB Ecobau, 2009) and Oliva (2008). Or they 
consist of industry data from producers, e.g. Claytech, Pavatex, Warmcel, Fermacell, etc. In this 
study other notable European sources on EE and EC were used for comparison, e.g. Berge (2009), 
Oekobilanzdaten (KBOB Ecobau, 2009) and the British database ICE (Hammond and Jones, 2008),  
see Appendix III.ii. Unfortunately BRE does not give the raw LCA data on which the overall scores in 
the Green Guide (BRE, 2009-a) are based. For an example of why it impossible to use the Green 
Guide for cross-referencing, see Appendix III.ii. 
 Despite its limitations, INIES is a good starting point and at present probably the most reliable 
French database for building products. However, for all the wall types in the assessment it was 
necessary to have a close look at the data and references for the chosen materials, to check whether 
the Grecau and INIES data in Cocon were correct, up to date, and apt for use in this assessment. In 
cooperation with Floissac (2009-a) this led to some refinements in Cocon and some modifications 
and updates in the Grecau database.  
 For example ǘƘŜ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛǾƛǘȅ ό˂ύ ŦƻǊ ƘŜƳǇ ƛƴ DǊŜŎŀǳ ǿŀǎ ōŀǎŜŘ ƻƴ ƻƭŘ ǎƻǳǊŎŜǎΦ aƻǊŜ 
recent sources, e.g. Bevan and Woolley (2008) and Oliva (2009) ƎƛǾŜ ŀ ƭƻǿŜǊ ˂ ƻŦ ŀǊƻǳƴŘ лΦмл 
(W/m.K), now used in Cocon. This puts up the thermal resistance and therefore the overall score of 
hemp and lime in the assessment. Furthermore, the weighting of thermal inertia seemed rather high 
in Cocon, leading to very low scores, even for walls with exterior insulation. To adjust this small 
imbalance the upper limit of the inertia parameter was lowered from 300 to 250 (Floissac, 2009-a). 
Another refinement considered the data for timber, based on new EPDs, which now take carbon 
sequestration fully into account (FFB, 2009-b).  
 Inevitably, the databases are constantly refined and updated, and every new EPD is immediately 
integrated into Grecau (2009). It is crucial that the LCA data as well as the extrapolation from other 
sources are accessible and fully transparent, which is not always the case (see 2.3 and Appendix 
III.ii). 

                                                           
28

DGUHC La Direction Générale de l'UrbanismŜΣ ŘŜ ƭϥIŀōƛǘŀǘ Ŝǘ ŘŜ ƭŀ /ƻƴǎǘǊǳŎǘƛƻƴ όaƛƴƛǎǘŝǊŜ ŘŜ ƭΩ9ŎƻƭƻƎƛŜΣ ŘŜ 
ƭΩ9ƴŜǊƎƛŜΣ Řǳ 5ŞǾŜƭƻǇǇŜƳŜƴǘ ŘǳǊŀōƭŜ Ŝǘ ŘŜ ƭŀ aŜǊύ Τ !59a9 !ƎŜƴŎŜ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ Ŝǘ ŘŜ ƭŀ aŀƞǘǊƛǎŜ ŘŜ 
ƭΩ9ƴŜǊƎƛŜΤ !Cbhw !ǎǎƻŎƛŀǘƛƻƴ CǊŀƴœŀƛǎŜ ŘŜ ƭŀ bƻǊƳŀƭƛǎŀǘƛƻƴΤ/{¢. /ŜƴǘǊŜ {ŎƛŜƴǘifique et Technique du Bâtiment 
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3.2.3 Lack of data and extrapolation 
 
LCA studies are expensive and according to Floissac (2009-a) cost around 10.000 euro, so it is 
difficult for smaller producers to provide such data. Even bigger industries work together with their 
competitors on ΨƎŜƴŜǊƛŎΩ LCAs for INIES (2009). In many combined EPDs, therefore, the industry uses 
averages for a number of similar products made in slightly different shapes, weights and dimensions. 
In these cases, e.g. for fired bricks, it is hard to get a clear picture of the energy mix used in a specific 
factory or to get a clear idea of real transport costs. 
 At present INIES (2009) barely covers very common building materials, such as fired bricks, lime 
mortars, wood cladding, etc. Simply because the industry has not provided EPDs on these products 
yet. So far there are only two types of fired clay bricks in the database, both hollow bricks (clay 
blocks), which are most common in France. There are no data on plain fired bricks, which have to be 
calculated by extrapolation (see Appendix III.ii).  
 The main problem with data for lime renders and mineral mortars in Grecau and INIES is that 
they do not take recarbonation into account (see 2.3.4). This explains the relatively high share of the 
renders in the total EC for most wall types in the assessment (see Ch. 4 and 5).  
 As mentioned earlier, for sawn timber and wood cladding the extrapolation in Grecau has 
recently been updated (Floissac, 2009-a). Due to the controversial LCA methodology in INIES, which 
includes feedstock energy, the wood and timber figures show a rather high EE, though they do take 
carbon storage into account (see 2.3.2). The cork data in Grecau (2009), for which there is as yet no 
EPD, are still not satisfactory and show huge differences for products with similar densities (see 
Appendix III.ii).  

 
For a more detailed account of choices and extrapolations in the assessment, see Appendix III.ii. 
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Chapter 4  Results  

 

4.1 Introduction 

 
The interviews clearly demonstrated the current techniques for renovation of period timber-frame 
buildings in Midi-Pyrénées. The outcome was used to select the 20 wall sections included in the 
assessment (see Table 4.4). The wall types are divided into 4 categories : conventional , ecological   
plant fibre and binder and exterior insulation . The comparison is between the same functional units 
of 1m2 of wall with similar R-values (see 3.2). 
 
¢ƘŜ ǘŜǊƳǎ ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ŀƴŘ ΨŜŎƻƭƻƎƛŎŀƭΩ ŀǊŜ ƛƴŘƛŎŀǘƛǾŜΦ ΨConventionalΩ refers current industrial 
building techniques which are also common in renovation. ΨEcologicalΩ implies the use materials and 
techniques that have a low impact on the environment. This does not mean that conventional 
materials and techniques always have a much higher environmental impact. They can even have a 
low embodied energy (EE), e.g. glasswool, while providing good thermal insulation which both are 
beneficial for the environment, though there may be negative impacts such as pollution, toxicity and 
health risks (see 5.2.6). On the other hand, ecological materials and techniques, such as the 
ΨƳƻƴƻƳǳǊΩ ƻǊ ƘŜƳǇŎǊŜǘŜ, can have a high EE (and EC) and therefore do not perform well in the 
assessment. 
 
The assessment is largely based on quantitative criteria, reflected by the scores and values of the six 
parameters (Table 4.4). Section 5.3.6 will discuss the more qualitative criteria of which the impact is 
more difficult to quantify, e.g. health, indoor air quality, re-use, availability of skills, labour intensity, 
and heritage.  
 
For an overview of all the scores, see Table 4.4. For the individual summary tables and wall sections, 
see Appendix IV.ii.  
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4.2 Interviews and coding  
 
 
A series of ten interviews with builders and building experts was held to find out what the main 
renovation techniques are (see 3.2.1). The response was very satisfactory, all people contacted were  
eager to participate in the survey. The builders are all specialised in renovation - not restoration - 
and mostly work for their own small companies of between 1 and 10 employees (Table 4.1).  
 
 
Table 4.1 List of interviewees 

Name Trade Town (department) 

A.  Mr.Alexandrov General builder (renovation) En Bonhoure (81) 

B.  Mr.Bonnet General builder (renovation) Puylaurens (81) 

C.  Mr.Parro General builder (renovation) Saint Germain (81) 

D.  Mr.Douze Eco builder (carpenter) Sorèze (81) 

E.  Mr.Drouilleau Supplier eco building materials Dourgne (81) 

F.  Mr.Floissac Researcher (Grecau) Toulouse (31) 

G.  Mr.Collart Architect Verfeil (31) 

H.  Mr.Marcom Eco builder (mason) Lanta (31) 

I.  Mme. Cuquel  Architect (CAUE) Albi (81) 

J.  Mme. Béa Conservation expert (CAUE) Gaillac (81) 

 
 
The questionnaire was divided into three main sections: 1.renovation techniques 2.insulation 
techniques 3.ecobuilding and materials. Most respondents were able to answer the majority of 
questions, though some builders were more at ease with section 1. and 2. When answering section 2 
some builders mentioned they do not always apply the insulation materials themselves, because this 
is often done by a plaquiste (plasterboard installer). 
 The answers were coded following the guidelines by Gillham (2005) (see Table 4.2). More open 
questions that were hard to code are left out of the coding table. The rest of the coding tables, 
including an example of the questionnaire and a written account of the interview results (in English), 
are in Appendix IV.i. The interview with the building experts from CAUE (81) is not coded, because it 
was based on a different set of questions (see Appendix IV.i  for the French version). 
 
The interviews made it clear that the research question was relevant: all builders understand that 
the renovation and insulation of period timber-frame houses is a delicate job, not always done 
according to the best available techniques.  A summary of the interviews is given in chapter 5.2. 
where their outcome is discussed in relation to existing literature and the results of the assessment. 
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Interview coding tables 

Explanation of the coding (method Gillham, 2005): The respondents are coded by capital letters, in 
alphabetical order (see Table 4.1). The numbers are the question numbers (see Table 4.2). The lower 
case letters indicate the different answers to a question. The questionnaire is in Appendix IV.i. 

 

Table 4.2 Coding of interview questions 1-4 

1. Problems and 
diagnostic 

3Ω Techniques  
Infill 

оΩΩ Techniques  
Insulation 

4. Type of insulation 

Humidity  
A1a,B1a,C1a,E1a,F1a,G1a 

Bricks (exposed)  
!оΩŀΣ .оΩŀΣ /оΩŀΣ DоΩŀΣ 
IоΩŀ 

Interior: plaster board 
and insulation  
 !оΩΩŀΣ .оΩΩŀΣ  /оΩΩŀΣ 
5оΩΩŀΣ IоΩΩŀ 

Glasswool  
A4a, B4a, C4a, H4a 

Structural (modifications)  
G1b, D1b, H1b 

Hollow bricks (render) 
!оōΣ .оΩōΣ /оΩōΣ 5оΩōΣ 
DоΩō 

Interior: hollow brick 
and insulation 
!оΩΩōΣ /оΩΩō 

Rockwool  
A4b, B4b, C4a, D4b 

Daub in bad shape  
A3c, G1c, D1c  

Take out daub  
!оŎΣ .оΩŎΣ /оΩŎΣ 5оΩŎ 

Interior: hempcrete 
9оΩΩŎΣ DоΩΩŎ 

Hempcrete 
G4c  

Cement renders  
D1d 

Render old daub  
.оΩŘΣ /оΩŀΣ  5оΩŎ 

Interior : earth and 
wood shavings 
 DоΩΩŘ   

Sheepswool 
G4d 

Termites  
B1e 

Remake daub(cob)  
DоΩŜΣ IоΩŜ  

Exterior: wood 
cladding 
9оΩΩŜΣ CоΩΩŜ 

Woodwool  
D4e, H4e 

 Reuse old floortiles  
.оΩŦ 

Monomur 
A8f, B24f 

Cork (pallets)  
G4f, F4f 

 Unfired Bricks  
DоΩƎΣ IΩоƎ 

 Wood shavings  
F4f 

 Hempcrete (lime) 
DоΩƘ 

 Straw (bale)  
F4f 

 Earth and straw  
DоΩƛΣ IоΩƛ 

  

 Earth and shavings 
CоΩƧΣ  DоΩƧ   

  

 Strawbale  
CоΩƧ 
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Table 4.3 Coding of interview questions 4-8 

5. Timber exposed 6. Type of exterior 
render 

8. Preferred technique  9. Most difficult 

YES, aesthetics     
A5a, C5a, D5a, G5a, 
H5a 

Lime (NHL) 
 A6a, D6a, F6a, H6a 

Timber and bricks 
exposed  
 A8a, B8a, C8a, G8a     

Humidity 
 F9a, G9a 

YES, let the timber 
continue to work    
B5b 

Lime (CL)       
A6a, B6b, E6*b, G6b, 
H6b 

Earth& straw 

H8b 

Restore the old timber 
structure 
A9b, B9b C9b, D9b, 
H9b 

  Rammed earth   
E8c 

Choice of insulation  
E9c 

NO, infiltration of 
water and air 
F5c 

Ready Mix (CL-NHL)  
C6c 

Monomur                 
A8d 

 

 Earth F6d, H6d Hempcrete 
 D8e, G8e 

 

  Strawbale   
F8f 
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Table 4.4 Overall results of assessment of 20 wall types in Cocon  

Overall 

score
Width

Carbon

 tax
Volume Weight

Volume 

Bio

sourced

Weight 

Bio

sourced

1 to 20 cm
kWh 

per m
2 Score

kg 

CO2eq 

per m²

Score
kea per 

m²
Score

m² K/w 

per m²
Score h / m² Score

kJ/m²K 

per m²
Score ú / mĮm

3 kg % %

 Brick, glasswool, plasterboard M1 8.5 26.5 177 8.2 40 7.4 0.02814 10.3 2.65 13.6 5.7 9.5 24 1.9 0.67 0.355 207.6 8 23

 Clay block, glasswool, plasterboard M2 9.7 27.5 144 10.4 36 7.6 0.00528 15.2 2.72 14.0 5.6 9.3 24 1.9 0.61 0.365 165.2 8 29

 Old daub, glasswool, plasterboard M3 11.2 29.5 100 13.4 32 7.9 0.00124 19.4 2.67 13.7 6.5 10.9 24 1.9 0.54 0.385 269.1 10 22

 Brick, glasswool, clay block M4 9.4 32.0 201 6.6 50 6.7 0.02960 10.2 2.75 14.2 7.9 13.2 71 5.7 0.85 0.350 267.0 9 18

 Old daub, no insulation M5 10.2 13.0 30 18.0 13 9.1 0.00000 20.0 0.40 1.1 4.6 7.6 70 5.6 0.22 0.160 206.5 23 28

 Brick and monomur M6 8.1 49.0 355 0.0 135 1.0 0.10341 6.6 3.13 16.3 22.5 20.0 61 4.9 2.29 0.520 444.6 6 11

 New daub, woodwool, clay block M7 13.9 32.0 72 15.2 -3 10.2 0.00203 18.0 2.70 13.9 12.4 20.0 77 6.2 -0.05 0.350 367.1 38 23

 Brick (reuse), cork board M8 13.1 26.0 60 16.0 -3 10.2 0.00000 20.0 2.70 13.9 9.4 15.7 36 2.8 -0.06 0.290 236.3 48 23

 Old daub, cellulose, Fermacell M9 11.8 28.0 144 10.4 18 8.8 0.00010 20.0 2.69 13.9 8.3 13.8 45 3.6 0.31 0.334 290.9 48 30

 Old daub, wood fibre board M10 14.3 28.0 37 17.5 -13 10.9 0.00000 20.0 2.62 13.5 11.8 19.6 54 4.3 -0.22 0.310 321.6 43 26

 Hempcrete M11 11.2 31.0 152 9.9 -4 10.2 0.03250 9.9 2.79 14.4 10.8 17.9 58 4.6 -0.06 0.357 198.0 30 44

 Earth and straw M12 14.7 36.0 85 14.3 -39 12.6 0.00008 20.0 2.77 14.3 16.0 20.0 86 6.9 -0.66 0.407 226.5 75 75

 Woodchip and lime M13 10.1 45.0 290 0.7 -47 13.1 0.06818 7.8 2.77 14.3 18.6 20.0 62 5.0 -0.80 0.497 297.5 74 80

 Earth/straw, woodwool, Fermacell M14 13.9 25.0 70 15.4 -15 11.0 0.00001 20.0 2.74 14.1 10.6 17.6 63 5.0 -0.26 0.285 196.2 68 59

 Old daub, earth and straw M15 14.8 38.0 35 17.6 -22 11.5 0.00000 20.0 2.62 13.5 15.3 20.0 81 6.5 -0.38 0.410 332.5 58 37

 Wood cladding, glasswool, old daub M16 13.6 29.7 147 10.2 17 8.9 0.00076 20.0 2.80 14.5 8.4 14.0 177 14.1 0.29 0.327 266.7 20 45

 Polystyrene, old daub M17 12.2 26.0 124 11.7 39 7.4 0.00522 15.2 2.57 13.2 7.0 11.6 175 14.0 0.66 0.290 286.3 13 20

 Slate cladding, woodwool, old daub M18 15.0 27.5 120 12.0 -10 10.6 0.00026 20.0 2.68 13.8 10.6 17.7 198 15.9 -0.16 0.324 300.2 46 42

 Woodfibre board, unfired bricks M19 15.9 25.0 36 17.6 -18 11.2 0.00001 20.0 2.65 13.7 11.4 19.0 176 14.1 -0.30 0.280 257.8 56 42

 Woodfibre board, old daub M20 16.6 28.0 28 18.1 -20 11.3 0.00000 20.0 2.71 13.9 12.3 20.0 202 16.1 -0.34 0.310 327.8 46 27

Average 12.4 30.1 120 12.2 9.3 9.4 0.01384 16.6 2.61 13.4 10.8 15.9 88 7.1 0.16 0.345 273.3 37 34

Thermal 

Resistance

Decrement 

delay

Thermal

 inertia

Wall type 
Wall 

number

Embodied 

Energy

Embodied 

Carbon

Resource 

depletion
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4.3 Assessment data per parameter 

4.3.1 Overall scores (1 -20 points)  

 
For the individual summary tables and wall sections, see Appendix IV.ii. 
 
The best performing wall types in the assessment (M18, M19, M20), with excellent overall scores 
above 15, are all amongst the 4th category of walls with exterior insulation (Fig.9). The highest scores 
are the walls with woodfibre board insulation (M19, M20). M20 has the highest thermal mass of all 
wall types, reflected by an excellent decrement delay and thermal inertia. Of the walls with interior 
insulation it is also the one with woodfibre board (M10) that has the highest overall score. The 
woodfibre board walls have a very low EE and store a fair amount of carbon (see sections below). 
Note that the EE and EC are mainly due to the lime renders (see Ch 5.). The Pavatex woodfibre board 
(9cm) itself has a very low EE (1 kWh/m2) and stores 28 kgCO2eq/m2.  
 
Despite the exterior insulation, which gives the more conventional wall types M16 and M17 good 
scores for thermal inertia (though not for decrement delay), these wall types do not perform as well 
as expected. This is mainly due to their high EE and EC (see sections below), especially for the wall 
with polystyrene insulation (M17) which therefore gets a mediocre overall score of 12.2.  
 
Fig. 9 Overall scores for walls M1-M20 
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It is clear from the comparison that the conventional wall types (M1-M5) have the lowest overall 
scores, partly due to their lack of thermal mass and the use of fired bricks that have a very high EE 
(see 4.3.2). This is also the reason why the daub wall with no insulation (M5) gets a higher score 
(10.2) than some of these wall types, due to its low EE and reasonable thermal mass. When 
comparing M1 and M4, using clay blocks instead of plasterboard increases the thermal mass and 
puts the overalƭ ǎŎƻǊŜ ǳǇ ōȅ ŀƭƳƻǎǘ м ǇƻƛƴǘΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ΨŜŎƻƭƻƎƛŎŀƭΩ monomur (M6), which has a 
good thermal mass, has the lowest score of all wall types. This is due to its high EE and EC and a bad 
score for resource depletion (see sections below).  
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It is notable that amongst the plant fibre filled walls, hempcrete and woodchip&lime do not achieve 
the higher scores of other ecological materials, such as wood fibre board or earth&straw. This is 
largely due to the high EE of the lime binders, which also causes a low score for resource depletion 
(see пΦоΦпύΦ ¢ƘŜ ΨŜŎƻ ǿŀƭƭΩ ǿƛǘƘ ŎŜƭƭǳƭƻǎŜ ƛƴǎǳƭŀǘƛƻƴ όaфύ ŘƻŜǎ ƴƻǘ ŀŎƘƛŜǾŜ ŀ ǎŀǘƛǎŦŀŎǘƻǊȅ ǎŎƻǊŜ ŜƛǘƘŜǊΦ  

 

4.3.2. Embodied energy (incl uding RNE)29 

 
The assessment shows that conventional wall types (M1-M4) do not necessarily have a high EE. Most 
of the EE in these walls is due to the use of fired bricks, not to glasswool. Keeping the old daub (M3) 
or reusing the bricks (M4b, see Appendix 4.ii) gives a reasonably low EE, even compared to some of 
ǘƘŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭΩ ǎƻƭǳǘƛƻƴǎΦ !ƳƻƴƎǎt the ecological wall types, the monomur (M6) and the 
woodchip&lime (M13) and hempcrete wall (M11) have a rather high EE. Surprisingly high is the EE 
for the cellulose wall (M9) and the wall section with wood cladding (M16). Note that most of the EE 
of the cellulose wall is due to the lime renders and wooden frame. The cellulose insulation itself has 
a very low EE (4 kWh/m2). See Appendix IV.ii. 
 
Fig. 10 Embodied Energy for walls M1-M20 
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The monomur, with exposed bricks on the outside and 30cm thick insulating bricks on the inside, has 
by far the highest EE of all wall types (Fig.10). It even gets a zero score for EE because it is above the 
upper level of 300 kWh/m2 set in Cocon (See Ch.3). Even after subtracting the EE of the exterior red 
bricks (108 kWh/m2), assuming they are reused, the overall score of the monomur is still very low 
(9.1).  
 The wall types with the lowest EE are the ones with woodfibre board insulation (M10,M19,M20). 
The wall with earth&straw onto old daub (M15) is also a good example of a wall with a low EE. 
Because there is no EPD for these materials it is unlikely that the transport to the building site is 
included in the data. This would especially put up the EE for woodfibre board which is imported from 
Switzerland. 

                                                           
29

 RNE Renewable Energy, for explanation, see Ch.2.3 
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 Fig. 11 Timber-frame with brick infill and monomur insulation (H.Valkhoff) 

 

 

 

4.3.3. Embodied carbon (c limate change)  

 
All conventional wall types (M1-M5) have a positive EC, whereas all the ecological wall types, with 
the exception of M9 (cellulose), store carbon to a lesser or greater extent (shown by the negative EC 
in Fig.12). The enormous carbon footprint of the monomur is striking (M6). The woodchip&lime wall 
(M13) has the best carbon balance and stores 47kg of CO2eq/m2. Second comes the earth&straw 
wall (M12) which stores 39 kg of CO2eq/m2. The hempcrete wall does not have such a good carbon 
balance, because of the CO2 emissions caused by the lime renders (see 5.2.3).  
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Fig. 12 Embodied Carbon for walls M1-M20 
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4.3.4 Resource depletion  

 
The values for resource depletion (measured in kg antimone per m2) vary so much that it is hard to 
interpret the results. It is clear ǘƘŀǘ ǘƘŜ ǿŀƭƭ ǘȅǇŜǎ ǿƛǘƘ ŀ ƘƛƎƘ 99 ŀƭǎƻ ƘŀǾŜ ŀ ΨƘƛƎƘ ǊŜǎƻǳǊŎŜ 
ŘŜǇƭŜǘƛƻƴΩ (Fig.13). 

Fig. 13 Resource Depletion for walls M1-M20 
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4.3.5 Thermal resistance (R -value)  

 
At present, the builders interviewed mostly use 8cm of mineral wool, which brings the thermal 
resistance of most walls up to 2.7 m2K/W (see 3.1.2). Cocon uses the Réglementation Thermique (RT, 
2005) which requires a minimum thermal resistance of R=2.0 (m2K/W). This is less strict than the 
more recent RT (2007) which imposes a minimum R-value of 2.3 for existing buildings. Fig. 14 and 
Fig. 15 show that most wall types in the assessment are at the top range of the 2005 standard. 
 
 
Fig. 14 Comparison of thermal resistance walls M1-M10 against RT-2005 (m2K/W)* 
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Fig. 15 Comparison of thermal resistance walls M11-M20 against RT-2005 (m2K/W)*  
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*RT-2005 used in Cocon: Rmin=2.0 and Rmax=2.9. The RT-2007 for renovation: Rmin=2.3 and Rmax=2.8  
The BBC 

30
 renovation standard

 
is very similar: Rmin=2.1 and Rmax=2.9. 

 

                                                           
30

 BBC Rénovation (Effinergie, 2009) Bâtiments Basse Consommation 
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4.3.6 Thermal mass indicators  

 
Two of the three parameters for thermal performance give an indication of thermal mass, which has a 
positive effect on evening-out temperature peaks. Decrement delay is a short-term indicator, also 
ŎŀƭƭŜŘ ΨǎǳƳƳŜǊ ŎƻƳŦƻǊǘΩΣ ǿƘŜǊŜŀǎ ǘƘŜǊƳŀƭ ƛƴŜǊǘƛŀ ƛǎ ŀ ƳƻǊŜ long-term indicator of thermal mass (see 
2.4.1). From Fig. 16 and Fig. 17 it is clear that exterior insulation is the best way of using thermal mass. 
It also shows that most forms of interior insulation, especially mineral wool and plasterboard 
(M1,M2,M3), completely cancel out the beneficial effects of thermal mass. The same is true for using 
cork (M8) or cellulose (M9) as interior insulation. Changing the plasterboard for a 5cm clay block (e.g. 
M4) gives a considerably better thermal mass.  
 
Fig. 16 Thermal inertia for walls M1-M20  
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Fig. 17 Decrement delay for walls M1-M20  
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Fig. 16 and 17 (above) show the difference between the two parameters for thermal mass. The walls 
with the highest thermal inertia are not the same as the walls with a high decrement delay. For 
example the walls with plant fibre and binder insulation generally have a good decrement delay, but 
a low thermal inertia. The walls with exterior insulation all have a high inertia, but not always a high 
decrement delay (e.g. M16, M17).  
 
 
 
Comparison of interior with exterior insulation in spider diagrams  
 
The spider diagrams for different sets of wall types clearly show the differences in thermal mass. 
Despite the differences between the 4 wall types with interior insulation (Fig.18), it is clear from the 
dent in the diagram that they all score badly on thermal inertia, although the ecological wall sections 
M9 and M10 score quite well on decrement delay, as seen in Fig. 17. 
 
 
Fig. 18 Comparison of six scores for walls M1,M3,M9 and M10 (interior insulation)  

0

5

10

15

20

Energie grise (avec ENR)

Chgt climatique

Epuisement ressources

Résistance thermique

Confort d'été (déphasage)

Inertie

Comparison Scores 4 wall types 

M1 Brick, glasswool, plasterboard

M3 Old daub, glasswool, plasterboard

M9 Old daub, cellulose, Fermacell

M10 Old daub, wood fibre board

Thermal resistance

Decrement delay

Thermal inertia

Embodied energy 

Embodied carbon

Resource depletion

Embodied energy 

Embodied carbon

Embodied energy

Embodied carbon

 
 
The difference between the exterior insulation wall types is striking (Fig. 19 p.50). Here the left side 
of the diagram is much more rounded, due to a better thermal inertia and decrement delay. 
However, on the right side of the diagram most plots are still rather flat, due to the mediocre scores 
for EC. 
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Fig. 19 Comparison of six scores for walls M16, M17, M18, M20 (exterior insulation)  
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Comparison of 5 scores in one chart 
 
Fig. 20 gives a comparison of the scores for the 4 main parameters, plus the overall score. Though 
there is a lot of information in the chart, it clearly shows that wall types with a low overall score 
often perform badly because of low scores on EC and thermal inertia, with the exception of the 
monomur (M5) that has a low overall score because of its high EE. The walls with exterior insulation 
clearly show a more balanced distribution of scores.  
 
 
Fig. 20 Comparison for wall M1-M20 of the scores for 4 parameters and the overall score 
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4.4 Assessment data per wall type  

 
Because of word limitation this section, which includes the individual summary tables and wall 
sections, is given in Appendix IV.ii  
 
 
 
     Fig. 21 Renovation in Albi with old and new bricks (H.Valkhoff) 
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Chapter 5  Discussion  
 
 
In this chapter the results presented in chapter 4 will be discussed in relation to existing literature. 
Section 5.1 gives a summary of the interview results. Section 5.2.1 to 5.2.4 will discuss the results of 
the impact assessment, following several themes summarising the most important conclusions. 
SŜŎǘƛƻƴ рΦнΦр ǿƛƭƭ ŘƛǎŎǳǎǎ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ƛǎǎǳŜ ƻŦ ΨōǊŜŀǘƘŀōƛƭƛǘȅΩ ŀƴŘ ƛƴǘŜǊǎtiti al condensation. And 
section 5.2.6 will raise the question of qualitative aspects that were not part of the assessment.  
 
For reference the text will refer back to the result, tables and graphs in chapter 4, and the summary 
tables and wall sections in Appendix IV.ii. 

 

5.1 Interviews and existing literature 

 
Most respondents name humidity as the main problem and danger for period timber-frame 
buildings (see 4.2 and Appendix IV.i). This is mostly due to rising damp from cellars and ground floor 
walls and interstitial condensation. This can cause decay, bad indoor air quality (moulds) and 
encourage insect infestation. Another problem often mentioned in the diagnostic is the 
deterioration of the timbers due to bad repairs, modifications, or bad maintenance.  
 All interviewees seemed to agree that the original daub is often in too bad a state to restore, or 
that this would take too long. The centuries old daub is still considered to be an inferior material and 
is often demolished and replaced by bricks or clay blocks. Marcom (2009) has used  a sort of cob 
(bauge) as infill, a heavy mix from hemp and earth lightly rammed into shuttering. When the daub is 
in good condition it is usually repaired (not restored !) by filling the holes and fixing the wattles. On 
the outside it is mostly lime rendered onto a chicken wire mesh that holds the daub together, either 
with or without the oak timbers exposed.  
 Nowadays, clients often ask for the typical Toulousian style facade, with red bricks and timbers 
exposed (Bonnet 2009). When red bricks are too expensive, or when the client decides not to leave 
the facade exposed, hollow bricks (clay blocks) are used for infill. In that case all walls are rendered 
on the inside and outside to increase waterproofing and airtightness. 

 
The most commonly applied insulation technique for period timber-frame buildings, according to 
mosǘ ǊŜǎǇƻƴŘŜƴǘǎΣ ƛǎ ōȅ ΨŘƻǳōƭƛƴƎΩ ǘƘŜ ǿŀƭƭ ƻƴ ǘƘŜ ƛƴǎƛŘŜ ǿƛǘƘ ǇƭŀǎǘŜǊ ōƻŀǊŘ ŀƴŘ ƳƛƴŜǊŀƭ ǿƻƻƭΦ ¢Ƙƛǎ ƛǎ 
frequently done by a plaquiste όΨǇƭŀǎǘŜǊōƻŀǊŘŜǊΩύΣ ƴƻǘ ǘƘŜ ōǳƛƭŘŜǊ ƘƛƳǎŜƭŦΦ /ǳǉǳŜƭ όнллфύ ŀƴŘ 
Gironnet (2009) point out that inappropriate insulation can cause a lot of damage to period timber-
frame buildings. The problem is the general lack of knowledge; most builders are not specialised in 
restoration and often do not know the appropriate techniques (Cuquel, 2009). In the past 
renovations were often done without sufficient knowledge and have done much damage, to the 
point of ruining the building (Marchal, 2009). Lack of knowledge amongst contracters is cause 
number one in Ten Ways to ruin an old building (Taylor, 1998). 
 One in two builders do not put in any form of vapour control layer (VCL), and believe that the 
humidity is evacuated through the more or less ventilated cavity (see Ch 2). The CAUE (2009) also 
advises the use of a ventilated cavity for period timber-frame. All builders interviewed strongly 
believe that timber-frame ǿŀƭƭǎ ǎƘƻǳƭŘ ōǊŜŀǘƘŜΦ LŦ ǘƘŜ ǿŀƭƭǎ ŘƻƴΩǘ ōǊŜŀǘƘ ǘƘŜ ƘǳƳƛŘƛǘȅ Ŏŀƴ ŎǊŜŜǇ ǳǇ 
as high as 2 meters (Alexandrov, 2009).  
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¢Ƙƛǎ ƛǎ ǿƘȅ ǘƘŜȅ ŀƭƭ ǳǎŜ ƭƛƳŜ ǊŜƴŘŜǊǎΣ ŀƴŘ ƻŦǘŜƴ ΨŀƛǊ ƭƛƳŜΩ ƛƴǎǘŜŀŘ ƻŦ ƘȅŘǊŀǳƭƛŎ ƭƛƳŜ ōŜŎŀǳǎŜ ǘƘƛǎ ƛǎ ǘƘŜ 
most suitable material for this type of buildings. Not only because it lets the building breathe, but 
also because it is very flexible and less likely to crack. Cement renders are hardly used anymore, due 
to the enormous damage these have done in the past.  
 Cement was used on a large scale in historic buildings from the 1950s until the 1980s and has 
done a lot of harm (Béa, 2009). The same was true in the UK according to Bouwens (1997), where 
failures due to the use of cement renders have been dramatic, involving the collapse of large 
sections of walls. Painting the exterior walls can have the same effect, as modern paints trap 
moisture in the wall (Bouwens, 1997).  
 
  Fig. 22 Example of cement render onto period timber-frame in Mirepoix (H.Valkhoff) 
 

 
 
 
There is quite some awareness of the embodied energy of building materials amongst the 
interviewees. Builders know where a lot of the materials are produced or originate. Most of the 
bricks, the lime and the sand are from the Southwest of France. Alexandrov (2009) says he gets his 
bricks from Imerys, because he knows they are made locally. The more we use local building 
materials the less we create transport, which at the end of a project can result in one or two lorries 
less on the road (Alexandrov, 2009). Marcom (200фύ Ŏŀƭƭǎ ǾŜǊƴŀŎǳƭŀǊ ƳŀǘŜǊƛŀƭǎ ΨŦƛǊǎǘ ƘŀƴŘΩ ƳŀǘŜǊƛŀƭǎΣ 
i.e. building materials that come from the immediate environment, not from a factory or building 
yard: e.g. wood, stone, earth and plant fibres.  
 None of the builders interviewed knew about LCA or the EPDs in the database INIES (2009), which 
confirms the outcome of a survey by CAPEB (2008)31, which shows that 49 % of builders have never 
heard of EPDs, and only 18% have looked at them.  

                                                           
31

 [ŀ /ƻƴŦŞŘŜǊŀǘƛƻƴ ŘŜ ƭΩ!Ǌǘƛǎŀƴŀǘ Ŝǘ ŘŜǎ tŜǘƛǘŜǎ 9ƴǘǊŜǇǊƛǎŜǎ ŘŜ .ŃǘƛƳŜƴǘ ό/!t9.Σ нллуύΦ 
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Keeping and improving the aesthetic qualities is the absolute priority for most respondents. Except 
for the building expert, they all want to keep the oak timbers and regional style red bricks or daub 
exposed, if possible. Like in the UK it has become fashionable to remove render to expose the 
timbers, though this is likely to compromise the building and accelerate the decay of the previously 
protected structure (Pritchett, 2001). Most interviewees believe that in most cases exterior 
insulation is not appropriate for period timber-frame. For conservation reasons one often cannot 
insulate from the outside, which technically would be better (Cuquel, 2009). Cuquel (2009) says: Ψ²Ŝ 
ǊŜŀƭƭȅ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƘŜ ǎƻƭǳǘƛƻƴ ƛǎΦΩ  
 
 
     Fig. 23 Renovation of timber-frame building in Albi (H.Valkhoff) 

 

 


