Graduate School of the Environment
Centre for Alternative Technology
Machynlleth

Powys, SY20 9AZ

UK

Tel: 01654705981

School of Computing and Technology
University of East London

Dockland Campus

4-6 University Way

London

E16 2RD

UK

Tel: 020 233000

1 Hans Valkhoff, Thesis M&cchitecture: AEES, January 2010



The renovation of period timber -frame
buildings in Southwest France

An environmental assessment of insulation materials and techniques
for exterior timber -frame walls

Ei’ )I( DA B
(v.mh

k=3

’W

Hans Valkhoff, Thesis MScArchitecture: AEESJanuary 2010

2 Hans Valkhoff, Thesis MBochitecture: AEES, January 2010



Abstract

In order to combat climate change and cut @@issions, the Frenclogernment 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 petiotber-frame houses, a fragile

architectural heritage that in certairegions of France forms a considerable part of historic villages
and town centres.

This study focuses on vernacutember-frame buildings with brick or daub infill in SW France,
and assesses the environmental impact of thermal renovation of extiémdrer-framewalls. For the
building assessment the French Exgated 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 assessmig which is reflected byhe scores for embodied energgmbodied
carbon and resource depletion, Cocon also assesses the thermal performance by including
parameters for thermal resistancdecrement delaynd thermalinertia. Foreach of the 20 wall
types in thisstudy Cocon calculates an overall score based osdiséx parameters. The selection of
wall types and insulation techniquésscussed heres based on the outcome of interviews with
builders, architects and building experts.

The impact assessmeaf the thermal insulation of 20 exterigimber-framewalls shows that the
YOy @Sy iA2yltQ glFff GellSa gA0GK AYUGSNRAR2NI Ayadz F gA
have the worsbverallscores. The highest scores are amongst the wall typédsexierior 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 thermalssiaHowever, in most cases exterior insulation is
not appropriate for conservation reasons, and interviewees say that keepingxtkeeortimbers
and bricks (or rendered daub) exposed is an absolute priority.

Severalw f f (G@LJSa GAGKAGMABIE YRAGYYRBRENWLI EPHHOPTSI NI K¢
results. These natural materials are very compatible with the vernatioiber-framewalls and are
an appropriate solution when exterior insulation is not desired for adsthreasons. Several so
calledecological 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 lathe 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 scientidi&nce
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 dfistorictimber-frame buildingsand can put thesat risk.
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Chapter 1 Introduction

1.1 Timberframe heritage

The Southwest of France, and especially the area around Toulouse, has a tradition of earth building
and brick architecturglueto the abundance of clay in the regiorhélregimal capital dulouse is
calledla ville rosenamed after its light refired bricks that are characteristif the architecture.
Many of these Toulousian style buildings in the towns and villages offMlidnees aréimber-
framehouseswith brick infill(Fig.). Besides théypicaltimber-frame facades wittbrickinfill, one

still canfind all forms of earth building in the area, frodaub, to cob, to adobe anhmmed earth
(Marcom, 2009)And nany vernaculatimber-frame buildingsdo not have thefancybrick work of

the Toulousian or Albigensian town housdseywere built by peasants and craftsman from cheap
materials such as timber and wattle and daulihdugh a lot of these buildirsyvere demolished in
the 20" century, they still represent eonsideable partof the building stock in many town centres
in the region(Béa, 2009).

Fig. 1Typicakimber-framewith brick infill in Albikl.Valkhoff)
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This architectural heritage of vernacutanber-frameis very fragile and hardly protected France

(Béa 2009). After the war, with the introduction of modern building materials, a lot of damage

done to these buildings, e.g. in the sixties and seventies through the use of cement renders

Oal NOKFf X Hangpod® ¢2RIFe (KSDS{IANS NENRSNE ONIB 235 1S @S
threat seems to come from thermal insulation, which in the vast majority of casebievedoy

interior insulation with glasswool and plasterboaften insulation does more damage than good

to timber-framehouses (Cucel, 2009)W! I+ Ay 6S | NB NHAYAYy3d GKSAS 0 dzAf

The French government hascentlyannouncedhat it will combat climate changby a new
refurbishment programmgwhereby the number of energgaving renovations will increase rapidly
(JO, 2009). The French housing sehts to cut itggreenhouse gasgHG emissions by 38% in 2020
(JO, 2009). More than 20 million dwellings will have to be renovated and insulated by 2050 (FFB,
2009a). The ambitious Plan Batiment will be explainedtia titerature Review, chapter 2.

1.2 Research question

In this contexit is interesting to find outvhat the current renovation and insulation techniqufes
timber-frame buildingsare. Is it true thata lot of renovations are badly done, with inapprate
materials such as plasterboard and mineral wpéind do nodern insulation techniguesancel out
the vernacularqualities of these historic buiings, e.g. thermal mass and breathab®ind
theseinsulationmaterials puttimber-frame buildings atisk, e.g. througlnterstitial condensation?
If so, are there more appropriate ways of insulatinignber-frame houses in an environmental and
energyefficientway, without compromising the buildirfgbric?

The research question idow to renovatdigoric timber-frame buildings in 8/ France up to modern
insulation standards, while preservitige environmenandthe vernacularqualities of the building
and reducing the embodied energygd embodied carbon?

The main objectivef the French refurbishmdnask is torapidlyupgrade the thermaperformance
of the existing housingtockto better insulations standards (RT, 2003ection 2.2 tries to assess
what this ambitious energy saving policy means for historic buildings, atidioer-frame houses

in particular. To be able to sketch a general diagnosticséuagv theurgency of the present situation
several interviews were held with builders, architects and conservation experts. Firsthd twut
what the main problems arerith periodtimber-frame buildings,e.g.humidity, decay, dry liningnd
energyefficiency,and secondly toifid out whichrenovation and insulatiotechniques and
materials arecurrerntly used.Chapter 3 (Methods) will explain how the questionnaires were
designed and how a groug 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 (2008) used. This Exekased software is linked to two major Fieh
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 chapteD2fferent LCA databases can give
different data for the same materials, depending on weighting methods, system boundaries and

! LaRéglementationThermiquedes batiments existant&007)
2 CQCONComparaison de solutions Constructives, de Confodtémissions d&CQ
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production processes. Transparency is therefore crucial and should allow for continuous checking of
calculation methods.

Chaper 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 parasegers (
3.2.2). Besides this overall score Cocon gives the scores and \althes iost 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 buiding require precise
information from several case studies, whichniy knowledge is not available. The focus of the
study is on different renovation techniques for exterionber-framewalls, and instead of looking at
a whole building the assessmentivdiompare 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 peritichber-frame walls. Therefore the focus of the

atdzRe A& 2y o0dAftRAY3I YFGSNAFIfTA yR SY02RASR Sy SN
1.4 Growing importance of embodied energy
Today most of the gergy use and related GHG emissions in buildings are operational, and mostly

due to heating Ademe 20067. At present roughly 10% of the energy used in buildings is associated
with the embodied energyEE)n materials (Gielen, 1997; Harris and Borer,2@erge, 2009). The

99 Aa GKS (d2GFf LINAYINE SySNHe& 02yadzYSR Ay | LINZ
However, as we move towards highly insulated buildings, embodied energy and embodied carbon
(EC) of building materials will become amajoripar2 ¥ | o6dzAf RAy3Qa Sy SNHE& dzi!

(Harris and Borer, 2005). In mageergyefficientbuildings the proportion of EE in the total energy
consumption could well exceed 50% (Gielen, 1997).
Chapter 2.3 will explain the different calcutatimethods for EE and EC, and shows there is no
scientific consensus on how to include renewable energy and the benefits of carbon storage.
Ly NBy2@FGA2y LINB2SOla (GKS WFRRSRQ 99 Aa 3ISy SN
majority of materials are alady there and can be repaired or-vsed, 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 ahegadgents
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, thernsbres
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 adlscussed in the contextf existing literature and brought back into
the Discussion in chapter 5.

Chapter 4 (Results) shows the outcome of the assessment per parametdhe resultsper wall
type are inAppendixIV.ii, including the exadrosssectionof the 20 wall sectionsChapter 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 includedhe Discussion. The Conclusion, (chapter 6) will
examinethe 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.

% In 2003:heating 70%, I'USE (electricity and appliancespaahot water 10,84
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1.5Appropriate materids

Aspects that are hard to quantify, but crucial to the assessment, are the architectural beauty and the
vernacular qualities dimber-frame buildings. Besides their aesthetic qualities these buildings,
which are characterised by their natural hygroseop Y R Wo NBF G KFoAfAdGeQ FyR
teach us about traditional techniques and materials. The study will clarify whether the use of natural
FYR WONBFGKIFIOoEfSQ YI SN energyeficiencydltied biNdingsi S I Yy R A Y
(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 builtiahniques and materials teaches us about
the use and compatibility of contemporary materials, both conventional and ecological.

CKA&a Aa lfaz2 0GKS NBI s JRE SRS 2F2 NIREWNB W2 GIA 2
does not only focus on weacular 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
YWY2NBQ 2NJ WfSaaQ O2YLI A0t S ¢ értéinthatieéologicAlh O 06 dzA f R A
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. 2Renovaedtimber-frame housein PuylaurengH Valkhoff)
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Chapter 2 Literature review

2.1 Introduction

In the past few years vast amoat of literature has become available on the environmental impact

of building materials. Many books2 Odza 2y Wt 2¢ A YLI Ol Q1999 BargeRA Yy IX S

(2009) and Oliva (2008). Scientific articles by Thormark (2006), Miller (2001) and Morel (2001) look
at the embodied energy (EE) of materials and conctbdethis is of growing importanceith
buildings become morenergyefficient. 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 eartland Miller (2001) looks at the odribution of transport to the EE of building
materials.

Van Dam (2005nd Cornillier and Vial (2008) analyse the environmental performance of
renewable plant-basedmaterials.Borjesson and Gustavsson (2000) &lpdon et al. (2008xnalyse
the GHG migation potential of timber products through carbon sequestratioan®&vable 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 @H{Ssions 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 buildi@gscent studies of rehabilitation
GSYyR (G2 T20dza 2y W2 LI®NGtidchude¥mbbdied éhwirdy \NEP@04)a + GA y 3
Studies of refurbishments with ecological materials, e.g. RAPPE (Floissac et dl. a226a8)der
represented and most publicabns on periodimber-frameare 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 usedtiarber-frame houses. Organisations like
CAUEare waiting for studies like the current assessment (Cuquel, 2009).

It is therefore hard to present an extensive literature review on the subject of this assessrhent.
main text book literature used in the study, e.g. Berge (2009), Courgey and2Diva énd Oliva
(2008), focuses on the impact of building materialgeneral. However, many of the findings are
also applicable to the renovation gimber-framewalls. Oliva (2008) gives several examples of
appropriate and inappropriate renovation techniques and Bevan and Woolley (2008) mention
hempcrete as an appropriat@aterial 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),H&frond and Jones, 2008NIES (2009), provide data
on lifecycle inventories, based on the international norm ISO 14134(2006) However, fgures for
EE and Eftom different sources tend to vary a I@tlarris and Borer, 2005 ven studies that
comply with the internationall SOstandardshow significant differences in methodologwith
different weighting and system boundaries, leading to different resifismmond and Jones, 2008).

*The RAPPE report assesses the refurbishment of an old Toulouse style house (neframegiand
compares exterior insulation with polystyrene and with woodfibre board.

by E

5/ 11935 /2yaSAt RQ! NDKAGSOGdINES ! NBFyAaYS S 9yOBANRYyYS
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Because this study uses two databases for building products, INIES &@DGrecau (2009), section

2.3 will outline the possibilities and limitations of LG&ction 2.4 will briefly explain the importance

of several building physics parameters. But first it is necessary to outline the current French building
and renovatiorcontext. Section 2.2 will give an overview of the national refurbishment task and

tries to assess the consequences for the stock of histionicer-frame buildings in SW France.

Fig.3 Unrecognisald timber-frame building in Mirepoix (H.Valkhoff)
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2.2 The French refurbishment task

In 2009 the French parliament votéldrough avast package of new environmental legislation,

known as Grenelle 1 (JO, 2009jhe government wants to cut tHerenchGHG emissions by actar

4 by 2050.0ne of the major plans in the package is the Plan Batiment, 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 mgusector in France is responsible for 43% of the
primary energy consumption and 25% of the,@@issionsBourry, 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 andnsulated by 205Qhe cost of which igstimatedto be more than 10 billion euros

(FFB, 2009). The state has set a yearly target from 2013 of 400.000 renovations per year (JO,
2009). Argetsfor maximum energy consumption in existing buildiags set 4 90 kWh/m2/year
(Ademe 2009) though the BBC Rénovatistandardsets the target at 8 kWh/mz2/year (Effinergie,
2009Y.

In 2007 the economic activity in the renovation sector was estimated at 60.5 billion euros and
represented 45% of the French consttion 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 employe&ait fora total number of 9 million renovations per year
only 20.000 (4.5%) are satisfactory from an energy saving point of view (Inforénovateur, 2009).

To help individual house owneithe Plan Batiment provides several financial incentives, e.g. the

wSO02 t2ryQ G m: Ay(iSNBald forthédhaVins@agiddanNteyedable G A 2 y & 3
energy technologes.The national confederation of craftsmen and small building companies, CAPEB

(20099, published a guide for builders to help them and their clients choose the right renovation

techniques and insulain materials. According to CAPEB (2009)Adeime(2009) 2625% of the

heat loss in new build is through the walsd4). Though one cannot simply extrapolate these

proportions to renovation projects, this gives an indication of the importance of wallation.

POy Thermagues
=%

Fig 4 Proportionof heat loss through different parts dfi¢ building fabric (CAPEB, 2009)

®¢ KS DNXBYy Siorinénert Bas & Kadoyaldebate on climate change and the environment that

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

®60% of the renovations of individual tises are done bgrtisans(crafsmen) of which 70%ave small

businesss with less than 10 employeésaforenovateur 2009).

CAPEH I / 2y FSRSNIGAZ2Yy RS fQINIA&FY.G SG RSa tSGiAadsSa 9y
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A large part of the rehabilitation task is coordinated by Ceruahich supervises the renovation
and energy certification of the existing housing stock built after 1@48«ret 2009). The main
focus, however, is othe blocks of flats built in th&960s andL970s. For the more dispersed stock of
individual houses built before 1948, the national renovation programme NF Maison Rénovée starts
in 2010 (Céquami, 2009) This programme aims at providing a national cesitiian for the quality
2F NBy20lGA2YyY gAGK GKNBS tS@gSta 2F SYySANRBYYSyll
with the latter being equivalent to the H&&and the BBC Renovation label. However, Céquami
(2009) does not seem to make any distion between architectural charaetistics and building
periods, ad despite the huge refurbishment task nobody seems to know exactly what this implies
for the large stock of historic buildingSi¢onnet, 2009).

LQ K | dahciet -@ld housing) 6 S F48-KeBresents roughly 10 million dwellingshich is
one third of the existing housing sto@dP, 2004).The architectural qualities of this old stock are
largely unknown (Marchal, 2009). &ddress these issues the national conservation organisation,
ANVPAHP, 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(CBU9Y.

An earlier study showed a considerable discrepancy between the real energy consumption in old
houses, which is relatively modest with an average of 168 k\l#ar, and the outcome from
computer simulations (MP, 2004). Case studies of 10ibggdshowed 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 hiilt after 1948, and not as well understood (MP, 2004).

A study on architectural heritagedtrimoine by CAPEB (2007) shows that 80% of the restoration
projects in Francare fornon-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 hpases
despite the fact that there are no specific regulations for these-ligtad buildings, their renovation
requires a specific knodwwow (CAPEB, 2007). The crafen with the necessary restoration skills are
generally much older, which makes ttransfer of this knowhow an important and urgent issue
0/1't9.3% HANTOD® al Adz2ya tlhealyySa oatI Hnndpd KI a
transfer this knodedge before it completely disappears.

At present it is impossible to get reliable data on the number and characteristics of histdyer-
framehouses in SW France. Although periimaber-frameis an important part of the old housing

stock in MidiPyrenees and elsewhere in FrariGehere is no regional of national inventory

(Gironnet, 2009). However, from a small inventory in 12 towns and villages in the Tarn, Béa (2009)

19 Certification Qualité Logement (Cerqual), l&équami is part of the CSTB and the certifying association

Qualitel.

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

? HQE Haute Qualité Environnementgla national lals f F2 NJ WSY GANRB Y YSy Gl £ Q 02y ad N
that assesses buildings according to 14 environmental criteria (Association HQE, 2009).

¥ ANVPAHAssociation Nationale Villes et Pays d’Art et d"Histoire

“BATAN, Opération Batiment Ancien.

* Departmerts of the region of MidPyrenees, 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 histmber-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, 20Ddy. very fewtimber-frame buildings in the region
are listed as historical monuments.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 Timberframewith render onto daub in Mirepoi¥(Valkhoff)

18 Hans Valkhoff, Thesis MBochitecture: AEES, January 2010



2.3 Life cyclanalysis, embodied energy and embodied carbon

2.3.1 LCA: different methods and weighting

Life cycle analysis (LCidgntifies the total material and energy flows used to produce, transport and
disposeofl  6dzA £t RAy 3 Y I GSNAI f graves S A B3y (F NE FNHEI K SW SN RNE-
GKNRdzZAK | ff (GKS LéNPoRIitEO G2 Rl ¢ A & (F&sSHR, REe)IHalk @002y
believes LCA should consider the whole cycle, bei firadle to grave and back to cradle agdio
analyse tle impactofaproduct@d G [ /! a0dzRASa dzaS GKS WYARLRAYGC
impact of material and energyofivsfor severaimpact categoriesasdefined bye.g. G1L-2, one of
the most widely used methods for characterisatidTable2.1 (next page)shows the LCA impact
categories for the French Environmental Product Declarations (ERBs)l in INIES (2009).
¢t KS WSy R Li8lasg comov aibdkaRthe damage energy and materialWbkdo to
ecosystems&nd human beings, by also takiggalitative parameters, such as biodiversitydan
human health into accoun®deme 2008).
For each functional uni(FU)the LCA defines the life time of the prod(sjtand the quantities of
materiak (in kg) and primary energy (in MJ) needed to prodimd of building element. Theystem
boundaries define what exactly is included in the inventodditional materials and accessories
(e.g. wrapping, nails, mortar, ejcproductwaste and lossesnaintenance, repairs and
replacementgduringl  LIN.R IRednOd] dddiinalg | 4 G S O deadoRife® ( & {iNFESS W
2009) System boundaries also definalftransportstagesromWONJ Rt S (in2ludadNé dSQ I NB
from the place of extraction to the factory gate, to the building site, and finalthé landfill,
recycling centre or incineratot KS CNBYy OK 9t 5a Ay OfdzRS Iff (NI yaLR
(INIES, 2009).
Generally capital goods and labour are not included in LCA (Haas, 20&2)indtudebuildings,
machines, offices, Vacles, tools, human resources, cleaning and other logistit®ncapital goods
arenot includedthis may result in missing 30% of the environmental impad®&@nsultants,
2008).Therefore in the biggedatabases, like Ecoinvent and USA Input Oytmapital goodsow
are includedPRé&Consultants2008)

The problem with all LCA is that the weighting method is rather arbitrary (Haas, 2002). Most
databases, such as the Green GulspecificationBRE2009-a) and INIES (2008ya S (1 KS WLJ y St
Y S (i K ByRvRich a panel of experts is asked to givalpartialveighting of the impat
categories. ABRE studlyK 2 ¢ & (i KS HILIS NItfy BpyScioSsection ofthe population
gives a totally different outcom@Hamilton et al., 200){However, his didnot stop BRE (2®) from
onlyusingthe outcome of theexpert panel as the officlaveighting for the Green Guide.
hiKSNJI 6SAIKGAYT YSGK2RA NS GKS WRAaGlyOS G2 Gl
for set targets, e.g. for emission reductiorhe Dutch assessment tool Milieuclassificatie
. 2dz6 LINP RdzOGSY O6bL. 93 HnannyO dzaSa G(GKS WSY@GANRYYSY
environmental impact of different categies into external costs. NIREO08) also includes veto
scores for undesired prodtgsuch as tropical hardwood or PVC.

' CML, Centrum voor Milieuwetenschappen Leiden, University of Leiden.
Y FDESFiche de DéclaratioEnvironnementale et Sanitaire.
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Table 2.1Environmental impagper category for 1ri(80mm) of glasswodINIES, 2009)

Environmental Total value life Total value life Unit
impact cycle/ FU cycle / FU per
per year life time
kg
Resour ce depletion 0,000169 0,00845 antimony
equivalent
Total primary 0713 35.65 MJ
energy use
S UEE 0,043 2,15 MJ
renewable
Energy use non - 0,67 335 MJ
renewable
Water ¢ onsump tion 0,334 16,7 L
Solid waste (energy 0,00229 0.1145 kg
re-used)
Hazardous waste 0,000339 0,01695 kg
Non-hazardous 0,0193 0.965 kg
waste
Inert waste 0,00105 0,0525 kg
Radioactive waste 0,00000482 0,000241 kg
2
Climate change 0,0228 1,14 kgeqCO
AITOEETE TE 0,000139 0,00695 kg SO 2 eq
acidification
Air p ollution 3.4 170 m?
Water p ollution 0,00469 0,2345 m?
Destruction of
. Zero
stratospheric  ozone
Photoch emical L]
. 0,0000101 0,000505 ethyle ne
ozone creation eq

2.3.2 Embodied energy data

The htroduction already pointed outhat at presentmost of the energy use in buildings is

W2 LISNTF GAZ2Y T Q
EEgAff 06S02YS

Iy R RdzS
GKS YIFI22NJ LJ NI 27

(laBbuikiBgs Besoyd hord effleRyyedidedtf A y I d | 2

o dzA tGldley,3 Q8 Sy S|

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 sectastarted to focus on Eia the 1970s but since the growing importance of
climate changeEEhasbecome a concern for the whole construction industry. Woolley et al. (1997)
RSTFAYSR (KS F2dzNJ £t SFRAY3I LINAYOALX Sa 2F WINBSYyQ

1.reducing energy use;

2.minimising external pollution and environmental damage;
3.reducing embodied energy angesource 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+«gsed (Woolley et al., 1997). Renovation and refurbishmestead of
new-build, also reduces the EE.

Fig.6 EEfor threewall typesin new build irkWh/m? (Marcom, 2008)

350
300
250
200
150
100

50

0

M2 de mur en terre- M2 de mur en M2 de mur en monomur
paille parpaing+ laine de verre
+placo

Fig 6.1t is interesting that theso-calledWc®logical) Y 2 y (hadldibliclaybricks)has a higher EE
than the traditional breeze blockith mineral wool (299 vs. 76kWh). The earth&straw wall has by far
the lowest EBn this example the earth&straw wall4®cmthick (300kg/nT density), giving aR

value of3.6 m?K/W; the standard breeze block wall is insulated with 12cm glasswool (Rex®dlthe
monomur is 37.5crthick (R=2.7).

Calculations of EE are complex and despite the international norm, 1ISO-440#@re is no
political or scientific consensus what should be included in the figures. TINNESlatabasg2009)
follows the Frach norm(NF P01010)for EPDsThis definean overall primary energy calculation
divided into process enerdgnergy used during productiorgnd ¥hateriakbr Y€ed stockenergy
(the combustion energy stored in the matejialhese are again divideddrenewable and non
renewable energyTable2.2).
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Table 2.2Types of energy ifrenchEPDSINIES, 2009)

Renewable Nonrenewable Renewable Nonrenewable

Cornillier andVial(2008) arguethat it does not make sende take the sum of theséour types of
energyto calculate the total primary energy jEbecause the environmental impacts of different
types of energy are not the same. The feedstock energy in wood is renewable sandtithe same
impact as the feedstock energy in plastics or other petrol derivatives suel@imsulation
foams, which are nomnenewable. Howeveiin INIES (2009) they are calculatedhe sameway.
Materialsfrom miningand excavation (tals and nneralg do not contain combustion energy
(exceptradioactive elemenfsand are therefore not allocated feedstock energy.

Gornillier and Vial (2008Réseaux Ecobat{2009) and Floissac (2009 believe thatthe primary
energy calculations ilNIESare biased againgtlant-basedmaterials.They thinkit is more realistic to
use primary energy figures withotdedstock energy, as is the caselie draft textfor the European
norm. According tc&ornillier and Vial (2008his only takes processnergyinto accountleaving out
the feedstock energy which is already accounted for in other impact categories.

2.3.3 Embodied carbon, recarbonationarbon storage

Embodied carbon (EC) of materialmisasuredn kgof CQ equivalent reflectinghow muchCQ
gives an equivalenglobal warmingeffect over 100 yeardt isbased ora GWP100(Global Warming
Potentia), defined by the Intergovernmental Panel on Climate Change (E®0Q, For the
calculation of EC of building materi#lieere is often uncertainty aboutdata because GH@&nissions
largely depend on the fuel mix used by the factory (Hammond and Jones, Be@ause of the
different fuel mixit is problematical tacompatre product data from different countriesn France,
where 75% of electricity if nuclearorigin, energyintensive industries (e.@luminium) would
causelessCQ emissions than in countries where electricitygenerated fromcoal or gagCornillier
and Vial, 2008). However, a proper comparison should take the whole life cyalelednenergy
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 (Brand cement) happens during the drying process, when CO
isrel 0a2NDSR FNRY GKS FANI 61 2fYSas wnnpod Ly GKS2N
meaning that in the full lime cycle they reabsorb up to a 100% g&@ited during the burningf
the calcium carbonatethough it is hard to find reliable figures on recarbonation. Bevan and Woolley
(2008) sayhat all the CQ emissions from burning limestone can be reabsorbed. The industry gives
figures of 90% recarbonation for hydraulic lime dens 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 materigl<fiand store carbon.

One kilogram of dry plant matter contains about 0.5 kg of carbon, which corresponds with 1.8 kg of

CQx aSljdzSaiSNBR FTNRY (GKS FdY2&aLIKSNBE (GKNRdIzZAK LIK?2{
GAYSQ FT2NJ O02Y0 | G (cathfearkon lacket it Be bOilkihgy Wt beirdledsed

back into the atmosphere before the building decays (Berge, 20@83uming that the plant matter

extracted is again replanted this will increase the overall stogharit-basedmaterials in the

e02y2Y@& 0. SNHSZ Hnngpod® !'i GKS SyR 2F (GKS o6dzAf RAY
still available as an energy source (Harris, 2009).
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Nowadays one reads many claims for renewable materials stamugnber of tonnes of carbon or
CQin a huilding. According to Harris (2009) an avertigber-frame house can store around 4 t
CQ. Berge (2009) believes a 126mouse can store 32 t G@sing a relatively low timber ratio of
150kg/nt. Boutin et al. (2006) find the net carbon sequestratiom @6cm hempcrete wall BS kg
CQeqper nf (GWR100). Marcom (2008) shows a earth&straw wall stores 52 kg@er nf.

In manyLCAs carbon sequestration is not fully inclubedause at preserthere is noscientific
consensugCornillier andvial, 20@). Because of the complexity of the argument the ICE database
does not include carbon storage (Hammond and Jones, 2008). The authors quote Amato (1996)
areAy3a GKFd GKS AyOfdzaAazy 2F OFNb2y &SIdzSaidNI Az
statSQ 2F LINPRdAzOGA2Y FyR O2yadzYLIWiA2y > YSIyAy3a GKI G
building are also replanted, which may not be the case.

Numerous studies show how difficult it is to assess the mitigagftectsof carbon sinks and
carbon stoage.Borjesson and Gustavson (20@0nclude 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 rotation®Jpton et al. (2008) found remarkabldféirences 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, 20).

The main controversyegards carbon storage & | 0 2 dzii ¢ K I (endkfHife@ JSy8al 381 G KS

1.incineration, releasing CO2, with or without energy use and carbon capture;
2.landfill or decompositionreleasing methane with or without capture andnergy 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 8014040y 2 N aK2dzZ R F2f f 26 hailKS WOI Nb 2
which means carbort@rageis not taken into account because the cartsiared in a plants

released later in its life cycle, either as carbon dioxide when incinerated, or as methane when
decomposedCornillier andvial, 2008)Despite the controvegscarbon storage is becoming rapidly

recognised as an important issuéielFrench timber federation, FCBA, systematicaliyudes

carbon storage in its product declarations for INJ[EEB, 2009). Databases like Ecoinver2{09

and Grecau (2009) takentmn storage into accountAnd the British Standards Institute has

developed a common standard for carbon footprints, 850, which includes carbon

sequestration (BSI, 2008).

2.3.4 LCA: review and comparison

Though INIES has its standards commifte@e product declarationsire rarely peer reviewed or

analysed by an indepeent expert (Floissac, 20a9). Because of the high cost of Lardustries

often choose to combineseveralproducts and makéjenei BRDsRéseaux Ecokig 2009).And

becauser® 3 0 LINPRdAzZOSNE 2F WwWSO02t23A0FtQ YFOGSNAIEA OF yo

'8 This list is bsed on severalsirces e.g.EST (209).
19 conseil de Surveillance, part of thigection Générale de I'Urbanisme de I'Habitat et de la Construction
(DGUHC) of the Ministry for EcologyEnergySustainable Developmeand the Sea

23 Hans Valkhoff, Thesis M&cchitecture: AEES, January 2010



information for these products (Réseaux Ecih@009).Hempcretewas, besides timberpne of the
first ecological building materials for which a full s completed (Boutinet al, 2005). And
Grecau2009)and Areso (2008jare working on a LCA for unfired earth bricksereisalso a LCA
on hemp batts and sheepswool insulation (Murphy and Norton, 2088)nterpretation of the data
from this study by May andéwman (2008) shows that Isonat hemp batts have a much better
carbon balance than Rockwool (EC = 0.38®gq/m?, compared to 1.2 k§Qeq/m?)*.

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 averaféirheshigher (Réseaux Ecatir, 2009).Another

example is the comparison of industry data for mineral insulation with the internationally renowned
database Ecoinvest (2008geFig7, p25.

When comparing LCA data from different sources one should always be aware of the tifferen
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 GreedeSRE, 2008), and therefore easier
to verify. Appendixlil.ii gives a further comparison of data from different sources, explaining the
limitations of data used in the assessment tool Cocon (2009).

% ARESAssociatiorRégionale d”Ecocotmaction du SudOuest.
! 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 FranceMurphy and Norton, 2008)
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Table 2.3Comparisorof glasswooldata from NIES2009)with Oekobilandaten (2009)

INIES OEKOBILANZ

TP 216 revétu 0,037 51,5 1.79
kraft
TP 238 revétu 100 30 0,032 96,5 145,2 1.50
kraft
TI 212 revétu kraft 100 12 0,04 38,5 58,1 150
Isoconfort 32 100 11 0,04 82,5 53,24 065
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 96,2 145,2 151
Monospace 35 100 18 0,035 72,5 87,1 1.20
contact
Glasswool 100 11 0,04 19,5 53,24 273
20/M00021

(source: Réseau¥cobatir, 2009)
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Fig.7 Comparison of glasswool dateom Knauf and from Ecoinvest for LCA impact categories

abiotic depletion

global warming
(GWP100)

ozone layer

depletion (ODP
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fresh water
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photochemical
oxidation
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acidification
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Comparing 1 p assembly *A Knauf Ihstalled’ with 1 p assembly X glass wool ecoinvent Installed; Method: CML 2 baseline 2000 V2.1 Mo MAETP/ West Europe, 1995/ characterigation

Fig.7 shows that for the same functional umihd LCA impact categorigglustrydata (red) can differ

considerably from independent data (green). Only for abiotic resource dedetite Knauf data
(red)much higherfor all the other impacts the Knauf data are 50% or more lower thase of
Ecoinvest (2009). The Ecoinwegta are based on a European study of 12 glasswool factories
(Murphy and Norton, 2008).
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2.4 Building physicparameters

The useof Rvalues alone, as indica®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 hygopy or breathability. Ralues 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 fromsteady state situations, where hemp walls perform better than one may

expect from simple Ralues, due to thermal mass, hygroscopy and lack of thermal bridging (Bevan
and Woolley, 2008).

2.4.1 Thermal mass and inertia

The use of tlermal mass is onef the main design principles of bioclimatic architectu@®(grgey and

Oliva, 2007). Traditionalaub andbrick-filled timber-frame buildings have a reasonably high

thermal mass, not only in the walls but also in the earth fldorsll storeys of the buse. However,

with modern renovation techniques, aimed at insulation and building ligtht-weight materials,

timber-frame buildings lose all their thermal and hygroscopic qualities (Interviews, 20@@jjation

is mostly aimed at increasing thermal cfamt in winter, but often reduces thermadomfort in

summer through diminishing thermal mass (MP, 20G4yen the hot dry summsin SW Frange

and the high diurnal temperature changes, thermal miass important factorin energyefficient
renovation.Thermal maswvill be more effectivavith exterior insulation which increases both the
RSONBYSyYyil RSftlF& o6WadzYYSNI O2YF2NI Q0 FyR GKSNXIf A

Thermal admittancer inertia(Wh/m?K)is the ability of a material or building element to eadge
heat when subject to variations temperature, e.g. over a 24 period (McMullan, 2007). Courgey
and Oliva (2007) define thermal inertia as the produdheirmal capacityandthickness §.9.
Themal capacity(9 is the product oflensity(p) andspecific heatcapacity(C) 6=p.C,in Wh/mZ2K).
Heavy weight materials such as stone and concrete have a high specific heat capacity and therefore
a high thermal mass or inertia (Tal@el). The greater the thermal inertia, the smaller the
temperature swirg in the building (McMullan, 2007).
However, there often is confusicegards what is meant tijpermal inertia and decrement delay.
The latterindicatesthe thermal response,e.the number of hours between the highest outdoor and
the highest indoor terperaturex. | YR A& 2F 4GSy OlAlightSdightafday Y SNI O2 Y F 2
typically have a decrement delay of 2 hours, whereas a rheasyweightroof using insulation
materials with a higher density can have a decrement delay of 10 hours or more (Maleamdan,
2008).

Thermal inertig also calledsequental inertia, is a mordongterm effect of thermal massvhich is
harder to achievéFloissac, 2008). The French Réglementation Thermique (RT, 2005) defines three
classes of inertia: hourly (1 hour),ija24 hours) and sequential (12 days). The daily inertia
corresponds with decrement delay. To achieve sequential thermal inertia requires a lot more
thermal masswhich alsallows a building to stock solar energy in the winter for several days
(Courgeyand Oliva, 20075eeAppendixlil.i for the calculation of thermal inertia in Cocon.
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Table 2.4Thermal inertia of different wall&Courgey and Oliva, 2007)

Wall section Thermal inertiagwh/m2.K)
35 cm Earth or daub wall (1900 k) 275

25 cm Brickvall (2300 kgih?®) 163

20 cm Concrete wall 128

20cm Tmber wall (pine) 60/44

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

Plasterboard wall with 10 cm glasswool 8

2.4.2. Thermal bridges andréightness

In a periodtimber-frame house all exteriosections of studs, joists, floors and wall plates are

potential thermal bridgesMeasuring thermal bridging faeparate building element®.g. in the

case of this assessment, daast make much sense, asostthermalbridging occurs between

elements (wdl roof, floors, windows).Whereas e I £ dzS& Y SIF adzNBE GKS WNBLISI| A
thermal bridges, ¥ I £ dzSa4 3IA DS (1 K NBKISH (G Afy2Iaa (23S NVEFff WyNRYR 3 S 2
much higher (May and Newman, 200Bar examplea newtimber-frame house can have a

repeating thermal bridge of 8%, whereas when all-nepeating thermal bridges (corner studs, wall

plates, openings, floors) are included the total thermal bridging will be 30% (May and Newman,

2008). Bettelinsulationoften increase non-repeatingthermal bridgng, because of concentrating

the heat loss. The same problem arises for achieving airtightneggennd timber-frame buildings.

Without a degree of airtightness insulation is pointless (May, Z80Bpwever, Gironnet (2009)

wonded AT 2yS akKz2dzZ R S@Sy GNB (2 FOKASGS FANIAIKQI)
This shows there is much confusion on the subject, and therefore the next section will discuss the
O2YLIX AOFGSR NBfFiA2yaKAL) oS AswvStE 16 improwdRikightKesy Sa a |y
and thermal performancebreathability has become a critical issue (May, 2005).

2.4.3BreathabiityQ

Whether to use vapour barriers or vapour control layers (VCLSs) to avoid interstitial condensation is a

big debatein 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 damagesis than if it was

spread out over the whole wall or envelope. Thermal bridges act as catalysts and also become

WAl LI2dzZNJ 6NARISAQ O6htADBlFET wnnyod ! y2G3KSNI 02y aSldzf
a mechanical ventilation system to gal 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.

2 May refers to the CIBSE Guide to building services for iidtaildings (2002), costs 84£ for norembers.
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Ld KFa 088y t2y3 dzyRSNEG22R o0& odAtRAY3 O2yasSNDI
materials in historic buildings (May, 2006). Breathability is the result of three important physic
gualities : vapour permeability, hygroscopicity and capillarity (May, 2005). Ecobuilders and
O2yaSNBIGA2yAata GSYR (2 221 12N\ 202K ANDhiveSdzFyFaS NarT
is traditionally used iimber-frame and earthbuildings This bufferingeffect is particularly useful in
kitchens and bathrooms where intermittent productionsi€am is absorbed to be released later
(Padfield, 1998 KSNBEF2NB | WoNBIGKAYIQ ¢RBIO2AR OFF ROl 2IK £ ¥
and vapou-open, with an increasing permeability towards the exterior so water vapour can easily
migrate (Oliva, 2008).
As a rule of thumb the breathing wall hagimes the vapour resistance (u=g?mP¥3 on the
warm (in)side than the cold (out)side (Harris arad8, 2005). In the UK this 1:5 rule has been
included into the code of practid®S 525@2002).In order to achieve this it is important that the
exterior (lime) renders have a very low vapour resistance, which is generally the casdifoes
(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. Alth@aglondoes not quantify
breathability, the issue is discussed in chapter 5.

2 In the UK vapour resistance (r) is measured in MNs/gm. On the continent vapour resistivity is measured as a
ratio of still air (u=1). To get the European unit p one has to divide the UK unit r by 5 (\&y, 20
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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 periodtimber-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 LCAata used in Cocon (section 3.2.2 and 3.2.3).

Note that due to the word limit a large part of the data comparisoeection 3.3.32ack of data and
extrapolatiorfls inAppendixlL.ii.

3.1 Cocon: assessment afimber-frame walls

3.1.1 Building asessment tools

Coconis an Excebased software package for the environmental impact and energy assessment of
buildings and building materials. It was developed by Grécthe combined research lab for the
School of Architecture of Toulouse and Borde@itlrissac, 2008). Like other building assessment
tools, such as Envegt Elodie, BilafProduit orNIBE MiIieucIassificatbeBouwproducteFf’, it

assesses the impact of building materials for several environmental impact categories, e.g.

2 GRECAGroupe de Recherche Environnement Conception en Architecture et Urbgrisineratoire de

f Q902ftS bl GA2yFfS {dzZLISNRSdZNE RU! NOKAGSOGdzZNE RS ¢ 2dz 2d
*Envest2 (BRE, 2004), Bilan Produit (Ademe, 20iB3uclassificatie Bouwpoducten(NIBE, 2009Elodie

(CSTB, 2008)
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embodied energy,lonmate change, and resource depletiorhe data for these impact categories
come fromLCAdatabases.

The main databassCocon useare INIESZ009 and Grecau (2009). INIES (2009) contains the
CNBYOK AyRdza(GNEBQa 9y JA NP y¥GCrgcaul (Z00Madild BnarGafabaseS Ot | NI
which, besides the INIES datontains data for ecological materials from various European sources,
e.g.Oekobilandaten im Baubereic(KBOB Ecoba@009).

The main reasasfor using Cocoarethat it uses French datasesandinsulationstandardsand

that besides the environmental impact parameters it includes two thermal performance parameters
assessing the short andngterm effects of thermal masd he facthat Cocorhas been developed

by Grecau, which is basadToulouse (the area of the survey), made it possible to makestiidy

part of the continuous updating and refining procegthe assessment tool

Comparable French tools, e.g. Elodie (CSTB, 2008) and Bilan phaiduits 2008) ardess
appropriate br this study for several reasorilan Produit is Excel based and uses the Swiss
Ecoinvest (2009) database, but is not only for building prod&dtslieis designed for the
construction industry andses data from INIES (2008)t does not contain adtional information
on ecological materials, which Grecau (2009) does. In Elodie one can only compare products and
building elements, not a whole buildingurthermore he interface of Elodie is not very user friendly,
whereas Cocon is Excel basetiich mé&es 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, Enve2(BRE2009b) uses data from the Green Guide to Specification,
which to date remain fulluntransparet (May 2008). The Green Guide only gives summary ratings
for building elements, based on Ecopoints, and does not show the individuatisgf the
materials (BRE, 20€9. 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 shewiith the impact categoriesn-line (seeTable 2.). Cocon is largely
based on INIES and is therefaréot more reliable and trasparent than its BRE counterpart

3.1.2 Parameters and impact categories

Building performance parameters

Cocon takesghree buildingphysics parameters into account: thermal resistancerelment delay
and thermal inertia. The-Ralue of building elemnts and materials is compared with French
insulation standards, such aset Rglementation Thermique (RT, 2065nd the labefor low
energy buildings, BBC i ation Effinergie,2009. One can alsohooseother energy standards,
e.g. Passive House, lthieseare not appropriate for renovation.

The other two parametergivean indicationof the thermal mass, which will have a positive
effect on evenig-out temperature peakin summer and allowstorageQ pasdiveBolar gaifin
winter. ThedecrementdelayparameterisalsoOl f £ SR Wa dzY YSNJ Othetimeldgi QX | y R
(innumber of hour}between the highest outdoor and the highest indoor temperature. The thermal
inertiaparametermeasuresV & S Ij dzS y i (inkIHntK), § rBordlink-ter@ storage effect of
thermalmass, for whichtiis harder to achieve a good seogee2.4.2)

Cocon also allowsneto calculate the overall inertia for an area or arodmZ y S B @fficif, S NI A
however, is not in the scope of the assessment. Sbere will beCocon compatible software

* EDESFiche de declaratibenvironnementale et sanitaire.
*’RF2005 is used in Cocon, though there is a special insulation standard for existing buildia@8/RT
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available Parois Respirantethat measures the risk of condensation in differgatrts of the
building envelope (Floissad)@3-d). A parameter that Cocon does not take into account is thermal
bridging, which requires simulaticsoftware.

Most builders interviewedor this studyleave acavityof 4cm or 5cm between the outside wall and
the insulation material, which should thelly ventilated to allow humidity to escapdut often is

not. When fully ventilated the cavity witlave a negative effect on the thermal performan@g¢hen
not ventilated at alka cavity thiswide, even when completely airtighiivhich often is not the cage
hardly increases the insulation value of the wall. Inaksessmendf the conventionalwall types
(M1-M6) we considered a newentilated air gap of 4 crx=0.23) a reasonable average.

Environmental impact parameters

Although Cocon shows the values for impact categories commonly used in LCA, it otiyaeses
environmental parametersThe mosinteresting for this study are embodied energy (EE), measured
in kWh/m? and embodied carbon (E@)climate ctange measured in k€Qeg/m® Though
resource depletion is an important category. It is measured in kg equivalent of antimony (kea), but
harder to quantify and therefores more difficult to interpret its scoreseeAppendix|l.i).

The functional unit in LCAusuallyone square metre of building elemefdr a certain life time
(50-100 years)To be able to compare the environmental impattall sections made from
different materials it is better to compare functional units with a similar thermal resistance. In this
study an average-Ralue of approximately 2.7 #¥/W) was chosen, based on the RT (20énd the
average of 8cm of mineral wothat builders saidhey used (Fig 8).

Fig.8 Thermal Resistander walls M1-M20
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To achieve a similarR®lueto other insulation materials than glasswool sometimes requires adding
an extra cnof material Cocon allows faany thickness, althoughot allsizes are available on the
market. E.g. 9 cm of woodwool is not common, it is sold in 8 or 1@athsome builders use 7.8c

of glasswool istead of 8cm. Theainargument howeverwas to be able to compare wall sections
with similar insulation values for the same functional unit. The exceptoaM5, the uninsulated
daub wall, with a very low-Ralue, and M6, thdvlonomur (insulation clay kickg which comes in
blocks 30cnthick, with a high Rralue.
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Lifetime

In most ICAs thdife time of the building materials for the functional unit, given by the industry, is
between 50100 years. In theptionsheet in Cocon one cammoosebetween theWneartand the
YbundedTalculation method, which defines the number of replaests of certain elements which

have dife timethat is shorter than thdife time of the whole building. In this study the linear

method is used, which is more precise¢Appendixil.i). When one considers a givdife time for a
materialwhich istoo long one can change this in Cocand when there is no official LCA for a

material thelife timeis estimated by Grecau (2009). Obviouslyltfeetime plays a major role in the
overall environmental impact of a building element. Another important fagtér ehdko$life® 2 F |
product, which defines what will happen with the material once it tease replaced. Will it be

reused, recycled, incinerated or sent to landfil@g82.2).

Comparison of wall types

This study does not look at a buildingaawhole, but compares the impact of different exterior wall

types used in renovation of periatmber-frame. Therefore the comparison of the wall types was

1SLIW a dzyAT2NXY YR WAAYLISQ a LRaaArAotSzT FyR (F
other openingsTheselection of the materials in therosssectionof the 20 different wall typess

partly based on the outcome of the interviewihey are dividd into four categories (Table 3.1

Table 3.1Four categories of wall types in the survey

I. Conventional wall types with interiowall insulation : M1 - M5
dzaAy3d WOy @Sy A2yl {Q NBy20FGA2Y |
generally! R 2 dzavithAmjher& wooland plasterboard or clay blocks.

II. Ecological wall types ith interior wall insulation : M6 ¢ M10
dzaAy3d WSO02t23A0FfQ NBy2@FGA2y I yF
Sd3ad  WRith dobdwhoy, @Ror celluloseandfermacellor clay blocks

[1l. Ecological wall types witiplant fibre and binder : M11¢qM15
dza AS/G2 t42 Thavadibnfamdl insl&ion techniques and materials;

Y { Ay walsavRhfarkaBd@d interior layeof plant fiore and mineral
binder, e.g. hempcrete and earth&straw.

IV. Wall types with exteriorwall insulation : M16- M20
usingboth conventional and ecological iration techniques and materials;
insulating from the outside, e.g. cladding.

Based on the calculations for the six parameters Cocon calculates an overall score for theesall
(Table3.2). The sara 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 $eeAppendixlli. for thresholds). The weighting coeffait 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 tabkegive the overall score for the wall section, and the values and scores for the six
parameters An example is shown rabk 3.2.(for all the summary tableseeAppendixIV.ii).It also

IAPSa GKS @2ftdzyS FyR (GKS ¢SA3IKG 2F (GKS o0dzAf RAY3
made of renewable materials derived frgolant-basedsources The carbon tax is based dmet

@t dzS F2NJ 9/ I dza Ay 3,set aslamig@ B the draft marben talxIBilNy the2 y 2 F /
French government (Floissac, 2689
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Table 3.2Scores and values for six parametevall type M1 (brick, glasswool, plasterboard)

ey Embodied Energy Embodied Carbon Resource Depletion - Weight , Weight Weight 'b!o
TableM 1 bio sourced sourced
kg eq
2 12 2 0,
Overall Score kWh /m Score CO2Jm2 Score kea Score kg/m: kg/m: %
85 1775 8.2 39.7 7.4 0.0281 10.3 47.4 207.6 23
Carbon tax Thermal resistance Decrement delay Thermal Inertia Volume ‘bio Volume Volume ‘bio
sourced' sourced'
a / m) (m2K/ W) Score h Score (k3/ m2K) Score m?®/mz m?®/m? %
0.67 G 2.65 13.6 5.7 9.5 24 1.9 0.030 0.355 8
Table 3.3Wall section with layers of materials
M1 Brick, glasswool, plasterboard Source Width State
Layers from outside to inside (for 1 m?2) INIES/GRECAU| cm / unit (u) new / existing
Bricks (1450 -1500 kg/m_3) =0, 550 GRECAU 10
Lime render (1550 kg/m®) &=0, 700 GRECAU 3
Cavity 40 mm a2=0, 230 GRECAU 4
Glasswool batt IBR NU 80 mm (11kg/m®) &=0, 040 INIES 8
Plasterboard Placodur BA13 (990 kg/m®) =0, 250 INIES 1.3
Wall paint AQUARYL SATIN (1360 kg/m®) &=1, 600 INIES lu
Accessories not included in thermal calculations (for 1 m2) INIES/GRECAU m / unit (u) new / existing
Studs 100 x 100 mm (474 kg/m®) &=0, 130 GRECAU 3 existing
Metal frame for plaster board (19 kg/m®) &=0, 141 GRECAU lu

Each building element or wall type contains different layers of materials (ior @s unit3, and is
always calculated from exterior to interioFhe table with the wéalsections also shows which
database is used for each specific material (Tablg 3.3

For an overview of all the individual summary tables and wall secieag\ppendixIV.ii.

Accessories

Thetimber-frameitself (studs, plates, joists and other bearsshot accounted for in the assessment
and therefore added a¢’ | O O S aTi8 NGars Eh&timber is not included in the calculations for
thermal performance. In most cases the original timbers are kept or reused, and not replaced, which
meansthey areconsideed W S thgQa Uthgr&fore not included in the environmental impact
assessment either. When bricks or daub are reused or left in place as infill one considers them

W § h¢gCEs tivell Again this means they are not included in the environmental @hpasessment,

though theyare included in the thermal calculations because they are not considacedssory.

Other acessories, e.g. metal or wood frames for boards and infill are excluded from the thermal
calculations, though they are included in theveonmental impact assessment because they are
02y aA RS pNBtRthabincolumnState2 y f @ WSEA & i A y Balldthef rhateda8 Ay RA O
are considered by default azew (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 thenEPDs
INIESZ009) but are not accounted for in Grecau (2008)general rule is that they are only included

in LCA when their weight represents more than 1% offtimetional unit (Haas, 2002).
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Renewable energy

Thereisapossidiie Ay [/ 202y ( gith@iutiodtSenewsble @rfei§y(RNE). The
reason for including RNE in this assessment is that most data are ba&RDsntNIES (2009)
which inclue renewable energydespite the fact this is controversiakg2.3.2) The problem with
the primary energy datén Grecaw2009)is that oftenthere are no specific data available on
renewable or norrenewable energy. This can lead to zero scores on elieldcenergy (EE), simply
because Cocon uses 0.00 when there are no data.

3.2Data 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 insulatiorthniques are for periotimber-frame, which helpedo

define the different wall types in the assessment. Recordedriviews 0f25 minuteswere held
amongsta pre-selected group o5 builders,2 architecs, 1 buildingexpert, 1 conservation expert
and1sdzLJLX A SNJ 2 ¥ WS Berriest ehaptet, Table 4YIFhé &nidf thi§ 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 fiel@io ind out what the nain problems are humidity, decay,
problems with dry liningenergyefficiencyq and to ind out which techniques and materials are
currently used.The stratified sample was large enough to anstherspecfic questions, without it
beingstatisticaly representatie.

Appointments were made, and all interviewees were visited to avoid sending out questionnaires and
obtaining a limitedesponse. For practical (and environmental) reasons the interviews were held in a
radius of 50km around Puylaurens, in thepdrtments of the Tarn and Hautgéaronne (Midi

Pyrénées). All builders interviewed are specialised in renovatiohrestoration- and mostly work

for their own small companies of between 1 and 10 employees. As seen in section 2.2 the majority
of renovatons of individual houseare done byartisans(craftsmen)in very small companies

(Céquami, 2009).

Based on the guidelineetby Gillham (2005) a seratructured list of questions was developed,

with a mix of 25 closed and open questioAppendixV.i). Thequestionnairewas divided into three

main categories: tenovation technique2.insulation technique8.ecobuilding and materialShe

guestions in the first two categories were designed to select the different wall types for the

assessment. The thircategory of questions was formulated to find out about possible barriers to

YSO02 NBY20F0A2yQd ¢KS [[dzSadA2yylFANBE FT2N 6KS (g2
were not coded but used as citations in the text. All the other answers toukst@pnnaires were

coded following the guidelines lyillham (2005). The tables with the coding are in chapter 4.2 and
AppendixIV.i.

AppendixlV.i also contains an example of the questionnaird an extensive written account of
the interviews based orthe transcriptiondranslated from French to English 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 thepisnséirench
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 Grecg8009)and the building assessment softwaf@pcon(2009) are largely
based orLCAdata from the official French databasor building materials and products, INIES
(2009) INIES was develop&d2004by theDirectionof Urbanism, Housing and Construction
(DGUHCYAdeme AFNOR and CS¥Bt is comparable with the Green Guide to SpecificatBRE,
2009a), althoughINIES des not provide overall scores or ratings building elements. Also INIES
(2009)puts all the available EPDs-tine, including the whole LCA studidtalso provides a
summary of the environmental impacts categor{ese2.3).

Most French LCA studiese thesoftware TEAM Ecobilan 2009). Thiss accredited byhe
Association HQE (2009ke mostLCAbased databases, INIE®09)largely provides information
on conventional industrial materials, such as aee, cement, mineral wool, PVC, polystyeeand
KAy 3aLl yz FyR KIF NRf &his@ane dflthe seasondvéngoduildidiNe R dzOd a Q ¢
organisations in France,g.Réseaux Ecobatir (2009), are very critical of IMESthough theINIES
dataare a vast source of information, one hag¢ad the EPDwerycarefully for each product to
know which stepén the productionprocesegs are includedi.e. which system boundariese applied
and which weighting methodology is used

For the time being Grecg2009)and Cocon have to rely on more genesalirces for most eco

products for which there simply are no LCAs. These sources give an estimation of embodied energy
(EEand embodied carbofEC) e.g. OekobilanzdateiKBOB Ecoba@009) and Oliva (20080 they
consist ofindustry datafrom producers e.g. Claytech, Pavata®armcel,Fermacellgtc. In this

study other notable European sources BB and E®ere used for comparison, e.g. Berge (2009)
Oekobilanzdaten (KBOB Ecobau, 2@08) the British databaskCE (Hammond and Jones, 2008),
seeApperdix l1Lii. Unfortunately BREoes not give theaw LCA datan whichthe overall scorein

the Green GuideBRE2009-a) are basedFor an examplef why it impossibleto use the Green

Guidefor crossreferencing seeAppendixIL.ii.

Despite its limitaibns, INIES is a good starting pant at present probably the most reliable
Frenchdatabase foibuilding productsHowever, br all the wall types in the assessmétnivas
necessary to hava close look at the data and referendes the chosen material, to check whether
the Grecauand INIES data in Cocasere correct, up to dateand aptfor use in this assessmernh
cooperation with Floissa@009a)this led to somerefinements in Cocon and somaodifications
and updatesn the Grecau database.

Farexamplel KS GKSNXIf O2yRdzOGAGAGE 6<0 F2NI KSYL) AY
recent sourcese.g. Bevan and Woolley (20G8)d Oliva (2008 A @S | f 26SNJ < 2F | NBd
(W/m.K) now used in Cocon. Thisits up thethermal resistance and therefore thmverall score of
hemp and lime in the assessmeRurthermore, 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 inertisapameter was lowered from 300 to 2%Bloissac, 2008).

Another refinement considered the data for timber, based on new ERBish now take carbon
sequestration fully into account (FFB, 2a8)9

Inevitably, the databases are constantly refined and ujgdh and every new EPD is immediately
integrated irio Grecau(2009) It is crucial that the LCA data as wasthe extrapolation from other
sources are accessible and fully transparent, which is not always thesea2e3 andAppendix
[Lii).

*DGUHC La Direction Générale de I'UrbaBisn RS f 41 oA Gl G SG RS €t / 2yaidNHzOi
t QOYSNEAST Rdz 5SOSt 2 LIUSWOSRYOU ! FEINIOSt R S8 (f OFOS/ GANRay/NLY STy (
f QOYSNHAST ! Cbhw ! 3a20AFGA2Y CNJI ifigetet BTeSniquédu Batiment2 NI | £ A &
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3.2.3 Lak of data and extrapolation

LCA studies are expensied according to Floissac (208Pcostaround 10.000 eurgso it is

difficult for smaller producers to providgichdata. Even bigger industries work together with their
competitors on¥ 3 S yIEAFrONDES (2009). In manpmbinedEPDstherefore, the industry uses
averages for a number of similar products made in slightly diffeseapesweights and dimensions.
In these cases, e.qg. for fired bricks, it is hard to get a clear picture of theyemétgised in a specific
factoryor to get a clear idea of real transport costs

At present INIE&0Q09)barely covers very common buildingaterials, such as fired brickasne
mortars, wood cladding, etc. Simply because the industry has not providesideRbBese 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. Thare no dateon plain fired brickswhich have to be
calculated byextrapolation(seeAppendixIiLii).

The main problem with data for lime renders and mineral mortars in Grecau and INHBS is
they do not take recarbaation into accoun{see2.3.4). This explains the relatively high share of the
renders in the total EC for most wall typeshe assessmens€eCh. 4 and 5).

As mentioned earlier, for sawn timber and wood cladding the extrapolation in Grecau has
recently been updated (Floissac, 2680 Due to the controversial LCA methodology in INIES, which
includes feedstock energy,éhwood and timber figures show a rather high EE, though they do take
carbon storage into accounsée2.3.2). The cork data in Grecau (2009), for which tees yeho
EPD, are still not satisfactory and show huge differences for products with sienilsitids (see
AppendixIL.ii).

For a more detailed account of choices and extrapolations in the assessmekppseelixIll.ii.
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Chapter 4 Results

4.1 Introduction

The interviews clearlglemonstratedthe current techniques for renovation of peridginber-frame
buildings in MidiPyrénées. The outcome was used to selectZ@evall sectionsncluded in the
assessmenfseeTable 4.4. Thewall types a&e divided into 4categories conventional, ecological

plant fibre and bindeandexterior insulatbn . The comparison is between the same functional units
of 1n? of wall with similar Rralues $ee3.2).

¢KS GSN¥a wO2y @Sy dAz2yl t@QonegtihaeiSrerarers iBdushialf Q I NB
building techniques which are also common in renmma ‘Ecologicdllmplies theuse materials and
techniquesthat havea lowimpact on the environmenftThis does not mean that conventional

materials andechnigues always have a much higher environmental impact. They can even have a
low embodied energy @), e.g. glasswool, while providing good thermal insulation width are
beneficid for the environment though there may be negative impacts such as pollution, toxicity and
health risks¢eeb5.2.6) On the other hangecologicamaterials and techniquesuch as the

WYY 2y 2YdND 2 okhh&ve yHigEREHAES RN therefore do not perform well in the
assessment.

The assessment is largely basedjoanttative criteria, reflected by the scores and values of the six
parameters Table4.4). Sectiorb.3.6 will discuss the mogualitativecriteria of which the impact is
more difficult to quantify, e.g. health, indoor air quality;uee, availability of skills, labour intensity,
and heritage.

For an overview of all the scores, see Table 4.4. Famdividual summary tables and wakctions,
seeAppendixIV.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 technigues aresée3.2.1). The response was veryistactory, all people contacted were
eager to participate in the survey. The builders are all specialised in renovatinestoration-

and mostly work for their own small companies of between 1 and 10 employees (Table 4.1).

Table 4.1List of inteviewees

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) Sorée (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 Conservtion expert (CAUE) Gaillac (81)

Thequestionnairewas dvided into three main sections:reénovation techniqueg.insulation
techniques3.ecobuilding and materialdviost respondents were able to answer the majority of
guestions, though some builders veemore at ease with section 1. and 2. When answering section 2
some builders mentioned they do not always apply the insulatiaterialsthemselves, because this

is often done by @laquiste(plasterboard installer).

The answers were coded following theidelines byGillham (2005)9eeTable4.2). More open
guestions thatwere 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 inAppendixlV.i. The interview with the building experts from CAUE (81) is not coded, because it
was based on a different set of questidiseeAppendixiV.i for the French version

The interviews made it clear that the research question was retewd builders understand that

the renovation and insulation of peridimber-framehouses 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 discued in relation to existing literature and the results of the assessment.
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Interview coding tables

Explanatiorof the coding(method Gillham, 2005)he respondents areoded by capital lettersn
alphabetical orderdeeTable4.1). The numbers are thquestion numbersdeeTable 4.2). The lower
case lettersndicate the differentanswers to a questiorhe questionnaire is iAppendixIV.i.

Table4.2 Codingof interview questions -4

Problemsand

Techniques

Techniques

Type of insulation

diagnostic
Humidity
Ala,Bla,Cla,Ela,Fla,C

Infill

Bricks (exposed)
F'oQlF X . oQl
| 0 QF

Insuation

Interior: plaster board
andinsulation
loQQlF X . oC
50QQI X~ 1 0Q

Glasswool
Ada, B4a, C4a, H4a

Structural (modifications’

Hollow bricks (render)

Interior: hollow brick

Rockwool

G1b, D1bH1b l 00X . oQo0 X andinsulation A4b, B4b, C4a, D4b
DoQo 10QQ0X / 0Q
Daub in bad shape Take out daub Interior: hempcrete Hempcrete
A3c, Glc, D1c 00X .0Q0290QQ03 Do Q Gic
Cement renders Render old daub Interior: earth and Sheepswool
Did . 0QRX [/ o QI wood shavings G4d
Do QQR
Termites Remake daufzob) Exerior: wood Woodwool
Ble DoQSZ | oQS claddirg D4e, H4e
90QQSs CoQ
Reuse old floortiles ~ Monomur Cork (pallets)
.0QF A8f, B24f G4f, FaAf

Unfired Bricks
DoQ3> | Qo 13

Wood shavings
Faf

Hempcrete (lime)
Do QK

Straw (bale)
Faf

Earth and straw

DoQAZ | oQA
Earth and shavings
CoQecz Do Q
Strawbale

CoQe
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Tab

le4.3 Codingof interview questions-8

5. Timber exposed 6. Type of exterior 8. Preferred technique 9. Most difficult
render

YES, aesthetics Lime (NHL) Timber and bricks Humidity

A5a, Cba, D5a, G5a, A6a, D6a, F6a, H6a exposed F9a, G9a

Hb5a A8a, B8a, C8a, G8a

YES, let the timber Lime (CL) Earth& straw Restore the old timber

continue to work Ab6a, B6b, E6*b, G6b, structure

B5b Héb H8b A9b, B9b C9b, Db,

HO9b

Rammed earth
E8c

Choice of insulation
E9c

NO,

infiltration of Ready Mix (CNHL) Monomu

water and air C6c A8d

F5c

EarthF6d, H6d Hempcrete
D8e, G8e

Strawbale
F8f
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Table 4.40verall esultsof assessmendf 20 wall types in Cocon

Wall type

Brick, glasswool, plasterboard
Clay block, glasswool, plasterboard
0Old daub, glasswool, plasterboard
Brick, glasswool, clay block

Old daub, no insulation

Brick and monomur

New daub, woodwool, clay block
Brick (reuse), cork board

Old daub, cellulose, Fermacell

Old daub, wood fibre board
Hempcrete

Earth and straw

Woodchip and lime

Earth/straw, woodwool, Fermacell
Old daub, earth and straw

Wood cladding, glasswool, old daub
Polystyrene, old daub

Slate cladding, woodwool, old daub
Woodfibre board, unfired bricks
Woodfibre board, old daub

Wall
number

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
Average

Overall |, . Embodied Embodied Resource Thermal Decrement Thermal Carbon . Volgme We!ght
score Ll Energy Carbon depletion Resistance delay inertia tax M) Vi 2 Bio
sourced | sourced
k
11020 [ cm kth Score Cogeq Score keafer Score m2Kle Score | h/m2 | Score kJ/mZE Score | 4/ [mp® kg % %
perm per 2 m per m per m
265 177 40 0.02814 2.65 5.7, 24, 0.67| 0.355 [ 207.6 8 23
215 144 36, 0.00528 2.72 5.6 24 0.61] 0.365 [ 1652 8 29
295 100 32, 0.00124 2.67 6.5 24 0.54] 0.385 [ 269.1 10 22
3201 201 50, 0.02960 2.75 79 71 0.85| 0.350 [ 267.0 9 18
13.0 13 0.00000 0.40 4.6 70 0.22| 0.160 [ 206.5 23 28,
490 355 135 0.10341 313 22.5 61 2.29] 0520 | 444.6 6 1
320 -3 0.00203 2.70 124 77 -0.05 0.350 | 367.1 38 23
26.0 -3 0.00000 2.70 9.4 36 -0.06] 0.290 | 2363 48 23
280 144 18, 0.00010 2.69 8.3 45 0.31] 0.334 [ 290.9 48 30
28,0 -13 0.00000 2.62 54 -0.22| 0310 | 3216 43 26,
310 152 -4 0.03250 2.79 58 -0.06] 0.357 [ 198.0 30 44
36.0 -39 0.00008 2.77 86 -0.66| 0.407 [ 2265 75 75
4501 290 -47 0.06818 2.77 62 -0.80] 0.497 [ 297.5 74 80,
25.0 -15 0.00001 2.74 63 -0.26] 0.285 | 196.2 68 59
38.0 22 0.00000 2.62 81 -0.38] 0.410 [ 3325 58 37
207 141 17, 0.00076 2.80 177 0.29] 0.327 | 266.7 20 45
260 124 39 0.00522 2.57 175 0.66] 0.290 [ 286.3 13 20
275 120 -10 0.00026 2.68 198 -0.16] 0.324 [ 300.2 46 42
25.0 -18 0.00001 2.65 176 -0.30] 0.280 | 257.8 56, 42
28.0 -20 0.00000 2.71 202 0.310 | 327.8 46 27
124 301 120 94 001384 166 261 134 88 0345 2733 37 34
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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 AggeendixIV.ii.

The best performing wall types in the assessment (M18, M19, M20), with excellent overall scores
above 15, are all amongst th& 4ategory of walls with exterior insulation (Eg 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 wafibre board (M10) that has the highest overall score. The
woodfibre board walls have a very low EE and store a fair amount of casbese(tions below).

Note that the EE and EC are maitihe tothe lime rendersgeeCh 5.) The Pavatex woodfibre board
(9cm)itself has a very low EE (1 kWi and stores 28 kKgQeqg m?.

Despite the exterior insulation, which gives the more conventional wall types M1#Maidyjood
scores for thermal inertialfough not for decrement delgythese wall typesio not perfam as well
as expected. This is mainly due to their high EE anddeSetions beloy, especially for the wall
with polystyrene insulation (M17) which therefore gets a mediocre overall score of 12.2.

Fig. 90verall scores for walM1-M20

Overall scores (1-20) o
18.0 1
16.0 - SO S
14.0 | 9 SN e B N1
120 { , of
10.0 | ® mkK )
8.0 -
6.0 -
4.0 -
2.0
0.0

Overall score (1-20)

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12 M13 M14 M15 M16 M17 M18 M19 M20

Wall type number

It is clear from the comparison that the conventional wall types-{\{8) 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
(see4.3.2. This is also the reason whyetdaub wall witto 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

putstheoverdl & O2NB dzLJ 6& € Y2aid wm mbaddruyNiey whickhaSa ( KI G
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 depletiors¢esections below).
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It isnotable tha 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 lmwfeceesource depletion
(seen o dn v ® ¢KS WSO2 gl tftQ gAGK OSttdA2aS AyadzZ I A

4.3.2. Embodied energy (incl uding RNE)?

The assessment shows thainventional wall types (MM4) do not necessarily havee 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 (M4lsgeAppendix4.ii) gives a reasonably low EE, even compared to some of
0KS WSy @ANRYYSy itlthe €olayigal veili typesytiamenorhu¥(Mey ahd 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 fraifecelluloseinsulationitself has

a very low EEAKWh/m?). e AppendixiV.ii.

Fig.10 Embodied Enerdgipr wallsM1-M20

Embodied Energy (kWh/m?2)
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M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12 M13 M14 M15 M16 M17 M18 M19 M20

\'I‘b‘ ‘\‘1‘0

EE (kWh/m2)

Wall type number

Themonomur, with exposedbricks on the owtide and 30cm thick insulating bricks on the inshdes
by farthe highestEEof all wall types(Fig10). It even gets a zero score for EE because it is above the
upper levelof 300 kWh/nf set in CoconSeeCh.3. Even afteisubtractingthe EEof the exteior red
bricks(108 kWhm?), assuming they are reused, the overall scoiréhe monomuris still very low
(9.2).

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 (M18)also a good examptd a wall with a low EE
Because there is no EPD for these materials it is unlikely thatahsportto the building site is
included in the data. This would especially put up the EE for woodfibre board which is imported from
Switzrland.

*RNE Renewable Energy, for explanatsmeCh.2.3
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Fig 11 Timberframewith brick infill and monomur insulatioi (Valkhoff)

4.3.3. Embodied carbon (c limate change)

All conventional wall types (MM5) have a positive EC, whereas all the ecological wall tyyts,

the exception of M9 (cellose), store carbon to a lesser or greater extent (shown by the negative EC
in Figl2). The enormous carbon footprint of themonomuris striking(M6). The woodchip&lime wall
(M13)has the best carbon balance astbres 47kg o€Qeq/m?. Second comes the gh&straw

wall (M12) which stores 3@y ofCQeg/m” The hempcrete wall does not have such a good carbon
balance, because of tHéQ emissions caused by the lime rendésse5.2.3).
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Fig.12 Embodi

edCarbonfor wallsM1-M20
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4.3.4 Resource depletion

The values for resource depletion (measured in kg antimonerpevary so much that it is hard to
interpret the resultsitiscleai K & G KS ¢l ff (elLlSa gAGK | KAIK 99
RS LI SRighl3)y Q

Fig.13 Resouce epletionfor 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 wallsp to 2.7 iiK/W see3.1.2). Cocon usesétRéglementation Thermique (RT,
2005) which requires minimumthermal resistancef R=20 (m?’K/W). This is less strict than the
more recent RT (2007) which imposes a minimuwaRe of 2.3 for existing buildingsig.14 and

Fig. 15show that most wall typs in the assessment are at the top range of2085standard

Fig.14 Comparison of thermal resistanaalls M1-M10 againstRF2005(m*K/W)*

Thermal Resistance compared with RT-2005

*
0
M1 Brick, M2 Clay block, M30ld daub, M4 Brick, M50Id daub,no M6Brickand M7 Newdaub, M8Bricks(re- M9O0Iddaub, M100Ilddaub,
glasswooal, glasswooal, glasswool, glasswool,clay insulation ‘monomur  woodwool,clay used),cork cellulose, woodfibre board
plasterboard  plasterboard  plasterboard block block board Fermacell

Fig.15 Comparison of thermal resistance vgal 11-M20 againstRF2005(m*K/W)*

Thermal Resistance compared with RT-2005

7.0

6.0

5.0

4.0

3.0

10

0.0
M11 Hempcrete M12 Earth and M13 Woodchip M14 M150Id daub, M16Wood M17 M18Slate M19Woodfibre M20 Woodfibre
straw and lime Earth&straw, earth and straw cladding, Polystyrene,old cladding, board, unfired board, old daub
woodwool, glasswoadl, old daub woodwool, old bricks
Fermacell daub daub

*RTF2005 used in Cocon;R=2.0 and R,=2.9. The R2007 for renovation: R,=2.3 and R,=2.8
The BB renovation standards very similar Ryi;=2.1 and R,=2.9.

*BBC Reéovation Effinergie,2009) Batiments Basse Consommation
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4.3.6 Thermal mass indicators

Two of the three parameters for thermal performance give an indication of themaasswhichhasa

positive effect on evenirout temperature peaks. Decrement delay istert-term indicator, also

OFff SR WadzYYSNI O2Y T2 NI QI loagtesnidilicator afi tkefmddriadseer v S NIi A |
2.4.1). From Fid.6 and Fig. 1# isclear 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 fsrtusing

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 inertigfor walls M1:-M20
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Fig.17 Decrement delafor walls M1-M20
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Fig.16 and17 (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 ¢relay.
examplethe walk 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).

Comparisorof 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 typeish interior insulation (Fid.8), it is clear from the
dent in the dagramthat they all score badly on thermal inertjathough the ecological wall sections
M9 and M10 score quite well on dexnent delay, as seen in Fig..17

Fig.18 Comparisorof six scoresor walls ML,M3,M9 and MLO (interior insulation)

Comparison Scores 4 wall types

Embodied energy
20 1~

Thermal inertiae > ‘Embodied carbon

e \/1 Brick, glasswool, plasterboard
=== \3 Old daub, glasswool, plasterboard

M9 Old daub, cellulose, Fermacell
e \110 Old daub, wood fibre board

Decrement delay ® 1Resource depletion

Thermal resistance

Thedifference betweerthe exterior insulation wall types is strikiiigig.19 p.50). Herethe left side
of the diagram is much more rounded, due to a better thermal inextiddecrement delay.

However, on the right side of the diagram me#ots are still rather flat, due to the mediocre scores
for EC.
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Fig.19 Comparisorof six scoregor wallsM16, M17, M18 M20 (exterior insulatioh

Comparison Scores 4 wall types

Embodied energy
20

15

Thermal inertia’* / \:: Embodied carbon

e 16 Wood cladding, glasswool, old daub

e |\|17 Polystyrene, old daub

===\ 18 Slate cladding, woodwool, old daub
M20 Woodfibre board, old daub

Decrement delay) "=

»*" EResource depletion

|
Thermal resistance

Comparison of 5 scores in one chart

Fig.20gives a comparison of the sexrfor the 4 main parameters, plus the overall scolmugh
thereis a lot of information in the chart, it clearly shows that wall types with a low overall score
often perform badlybecause of low scores on EC and thermal inertia, with the exceptiorof th

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 MM20 of the scores for 4 parameters and the overall score

Comparison 5 scores (1-20)

B Overall Score BEmbodied Energy BEmbodied Carbon O Decrement Delay B Thermal Inertia
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50 Hans Valkhoff, Thesis M&cchitecture: AEES, January 2010



4.4 Assessment data per wall type

Because of word limitation this sectiomhich includeghe individual summary tables and wall
sectionsis givenin AppendixIV.ii

Fig.21 Renovation in Albi with old and new brickb\alkhdf)
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Chapter 5 Discussion

In this chapter lhe results presented in chapter 4 will be discussed in relation to existing literature.
Section 5.1 gives a summary of the interview res@ection 5.21 to 5.2.4will discuss the results of

the impactassessmentollowing severathemes summarisgthe most important conclusions.
SOGA2Y poudp gAff RA&AOdMzaa G K Stitial eoniensditiongd A & a dzS
section 5.2.6 will raise the question of qualitative aspects that wetgad of the assessment.

For reference the texvill refer back to the resultables and graphs in chapter 4, and the summary
tables and wall sections BppendixIV.ii.

5.1 Interviews and existing literature

Most respondents name humidity as the mairoblem and danger for peridimber-frame

buildings ¢ee4.2 andAppendixiV.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 insct 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,
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
(baug® as infill, a heavy mix from hemp and edlitghtly 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 exposedollow bricks (clay blocks) are used for infill. In that case all walls are rendered
on the inside and outsid® increase weerproofing and airtightness.

The most commonly applied insulation technique for petiatber-frame buildings, according to
mosi NBALRYRSYGa>X A& o0& WR2dzomfAy3aQ GKS glff 2y
frequently done by plaquisted WLI | a4 SN2 NRSNRUV X y20G GKS o6dzAf R
Gironnet (2009) point out that inappropriate insulation camsa a lot of damage to peridinber-
framebuildings.The problem is the general lack of knowledg®st builders are not specialised in
restorationandoften do not know the appropriate techniqué€uquel, 2009). In the past
renovations were often done wiout 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 arigrm of vapour control layer (VCL), abelieve thatthe
humidity is evacuated through the more or less ventilated cagieCh 2). The CAUE (2009) also
advises lhe useof a ventilated cavity for periodmber-frame. All builders interviewed strongly
believe thattimberframeg I f £ & &aK2dzZ R ONBIFiKS® LT GKS 4 ffa
as high as 2 meters (Alexandrov, 2009).
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CKA& A& ¢gKe& (GKSe |ff dzaS tAYS NBYRSNEZ FYyR 2F0Sy
most suiaible 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.
Cementwasusedon a large scalm historic buildinggrom the 1950suntil the 1980sand has
done a lot of harm (Béa, 2009). The same was true in thadditrding tadBouwens (1997)where
failures due to the use of cement renders have been dramatic, involvingotlegse 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 perifimiber-framein Mirepoix H.Valkhoff)

There is que someawareness of the embodied energy of building materials amongst the
interviewees Builders know where lot of the materials are produced or originatdost of the
bricks, the lime and the sand are from theughwest ofFrance. Alexandrov (2009) saye 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 (@0 OF f f & GSNY I Odzf I NJ YI G4 SNR I
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.

Noneof the builders interviewed kne about LCA or thEP in the database INIES (2009jat
confirms the outcome of a survey by CAPEB (2808hich shows that 49 % of builders have never
heard of EPDs, and only 18% have looked at them.

Bl /2y FSRSNIGAZ2Y RS fQINIA&LYFG SG RSa tSGAGSE 9y iNB
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Keeping and improving the aesthetic qualities is the absolute pritsr most respondents. Except

for the building expert, they all want to keep the oak timbers and regional style red bricks or daub
exposed, if possiblelike in the UK it habecome fashionable to remove render to expabe
timbers,thoughthis is likey 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 perioimber-frame. For conservation reasorme often cannot
insulate from the outside, which technically would be betf€uquel, 2009). Cuquel (2009) says: S
NEFfte R2y Qi 1y26 o6KIFIG (GKS az2tdzirazy AaoQ

Fig.23 Renovation ofimber-frame building in Albild.Valkhoff)
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