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ABSTRACT 

There is an urgency within the building sector to reduce its greenhouse gas emissions and 

mitigate climate change. An increased proportion of biobased building materials in 

construction is a potential measure to reduce these emissions. Life cycle assessment (LCA) 

has often been applied to compare the climate impact from biobased materials with that 

from e.g. mineral based materials, mostly favouring biobased materials. Contradicting 

results have however been reported due to differences in methodology, as there is not yet 

consensus regarding certain aspects. The aim of this thesis is to study the implications from 

non-traditional practices in climate impact assessment of timber buildings, and to discuss 

the shortcomings of current practices when assessing such products and comparing them 

with non-renewable alternatives. 

The traditional practices for climate impact assessment of biobased materials have been 

identified, and then applied to a case study of a building with different timber frame designs 

and an alternative building with a concrete frame. Then, non-traditional practices were 

explored by calculating climate impact results using alternative methods to handle certain 

methodological aspects, which have been found relevant for forest products in previous 

research such as the timing of emissions, biogenic emissions, carbon storage in the products, 

end-of-life substitution credits, soil carbon disturbances and change in albedo. These 

alternative practices and their implications were also studied for low-carbon buildings. 

The use of non-traditional practices can affect the climate impact assessment results of 

timber buildings, and to some extent the comparison with buildings with lower content of 

biobased building materials. This effect is especially evident for energy-efficient buildings. 

Current normal practices tend to account separately for forest-related carbon flows and 

aspects such as biogenic carbon emissions and sequestration or effects from carbon storage 

in the products, missing to capture the forest carbon cycle as a whole. Climate neutrality of 

wood-based construction materials seems like a valid assumption for studies which require 

methodological simplification, while other aspects such as end-of-life substitution credits, 

soil carbon disturbances or changes in albedo should be studied carefully due to their 

potentially high implications and the uncertainties around the methods used to account for 

them. If forest phenomena are to be included in LCA studies, a robust and complete model 

of the forest carbon cycle should be used. Another shortcoming is the lack of clear 

communication of the way some important aspects were handled. 

Keywords: life cycle assessment (LCA), timber buildings, biobased building materials, low-

energy buildings, forest products, climate impact assessment, biogenic emissions, carbon 

storage, timing of emissions 
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SAMMANFATTNING (IN SWEDISH) 

Byggsektorn måste snabbt reducera sina utsläpp av växthusgaser och minska sin 

klimatpåverkan. En ökad andel av biobaserade material i byggandet är en möjlig åtgärd för 

att minska dessa utsläpp. Livscykelanalys (LCA) används i regel för att jämföra 

klimatpåverkan från biobaserade material med den från exempelvis mineralbaserade 

material, främst till de biobaserade materialens fördel. Motstridiga resultat uppnås 

emellertid ofta, och orsaken till detta beror främst på skillnader i använd LCA-metodik, 

eftersom det ännu inte finns enighet angående vissa aspekter. Syftet med denna avhandling 

är att studera konsekvenserna från icke-traditionella metoder för bedömning av 

klimatpåverkan för träbyggnader, samt att diskutera bristerna i nuvarande praxis vid 

bedömning och jämförelser med alternativa material. 

De traditionella metoderna för bedömning av biobaserade produkters klimatpåverkan har 

identifierats och därefter tillämpats i en fallstudie av en byggnad med olika utföranden av 

dess trästomme respektive en alternativ byggnad med betongstomme. Ett flertal olika 

alternativa metoder för några metodfrågor utforskas sedan genom att använda dessa för att 

beräkna byggnadens klimatpåverkan. De metodfrågor kopplade till klimatpåverkan som 

identifierats som relevanta för skogsprodukter i tidigare forskning är tidpunkten för utsläpp, 

tidshorisont, biogena utsläpp, koldioxidlagring, avfallshanteringens ersättningseffekter, 

kollagring i mark och förändringar i albedo. Dessa metoder och deras konsekvenser har 

också studerats för klimateffektiva byggnader. 

Användningen av dessa icke-traditionella metoder kan påverka bedömningen av 

klimatpåverkan för trähus, och i viss mån jämförelsen med byggnader med lägre innehåll av 

biobaserade produkter. Denna effekt blir särskilt tydlig för klimateffektiva byggnader. Med 

nuvarande praxis redovisas skogsrelaterade koldioxidflöden och aspekter såsom biogena 

koldioxidutsläpp, koldioxidbindning och lagring i produkter oftast separat och sådana studier 

belyser inte skogens koldioxidcykel som helhet. Klimatneutralitet hos träbaserade 

byggmaterial är ett grundantagande för studier som kräver metodologisk förenkling. 

Däremot bör de indirekta effekterna, såsom avfallshanteringens ersättningseffekter, 

kollagring i mark eller förändringar i albedo, undersökas vidare på grund av sina potentiellt 

stora konsekvenser och osäkerheter runt de tillgängliga metoderna för redovisning av dem. 

Om skogens koldioxidflöden och koldioxidsänkor ska ingå i LCA-studier, bör en robust modell 

användas som redovisar skogens koldioxidcykel. Tydlig kommunikation av hur vissa viktiga 

aspekter hanteras är en annan brist som finns i vissa av de jämförda studierna. 

Nyckelord: livscykelanalys, träbyggnader, klimateffektiva byggnader, biobaserad 

byggnadsmaterial, skogsprodukter, klimatpåverkan, biogena utsläpp, lagring av koldioxid, 

timing av utsläpp 
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RESUMEN (IN SPANISH) 

Existe una urgencia en el sector de la construcción para reducir sus emisiones de gases 

efecto invernadero. El aumento en el uso de productos forestales es una estrategia común  

para reducir estas emisiones. Comparaciones usando análisis de ciclo de vida (ACV) entre 

productos forestales y materiales alternativos pueden arrojar resultados contradictorios, 

dadas las diferencias en el manejo de ciertos aspectos que pueden afectar los resultados y 

sobre los cuales no existe un consenso. El objeto de esta tesis es estudiar las implicaciones 

que estas prácticas alternativas pueden tener en los resultados del impacto al efecto 

invernadero de productos forestales, y discutir las deficiencias de las prácticas comunes. 

Las prácticas comunes para el cálculo del impacto al efecto invernadero de productos de 

origen forestal han sido identificadas en base a los resultados de una revisión de la 

literatura, y aplicadas en un estudio con diferentes diseños para un edificio en madera, 

incluyendo una alternativa con estructura en concreto. Estas prácticas alternativas han sido 

exploradas mediante el uso de métodos alternativos para el manejo de ciertos aspectos 

metodológicos señalados como relevantes por otros investigadores. Los aspectos estudiados 

son el momento de las emisiones, las emisiones biogénicas, el almacenamiento de carbono 

en los materiales, los créditos por substitución al final del ciclo de vida, las perturbaciones en 

el contenido de carbono en el suelo y los cambios en el albedo. Estas prácticas alternativas 

han sido estudiadas para edificios convencionales y tipo casa pasiva con el fin de estudiar sus 

implicaciones para edificios de bajo consumo de energía. 

Implementar prácticas alternativas puede afectar los resultados del cálculo del impacto al 

efecto invernadero de edificios de madera, y eventuales comparaciones con diseños 

alternativos. Este efecto es más significativo para edificios con mayor eficiencia energética, 

donde los impactos de la fase de producción son más significativos. Las prácticas usadas 

comúnmente tienden a considerar aspectos relacionados con el bosque como las emisiones 

biogénicas y la absorción y almacenamiento de carbón de manera separada, omitiendo 

capturar los efectos en el ciclo del carbono de forma holística, incluyendo otros aspectos 

estudiados con poca frecuencia como perturbaciones en el carbono en el suelo. Asumir que 

los materiales de construcción de origen forestal tienen un impacto neutral en el efecto 

invernadero es una suposición adecuada en estudios donde se requieran simplificaciones. 

Los efectos indirectos como los créditos por sustitución energética al final del ciclo de vida o 

los cambios en el albedo deberían ser estudiados con precaución, ya que pueden influir en 

los resultados y están rodeados de incertidumbres. Si se quiere incluir el ciclo del carbono, se 

requiere un modelo forestal robusto que considere todos los flujos y reservorios de carbono. 

La falta de comunicación clara respecto a la forma como algunos aspectos se manejan es 

otra deficiencia encontrada. 

Palabras clave: Análisis de ciclo de vida, construcción en madera, edificios de bajo consumo 

energético, efecto invernadero, emisiones biogénicas, almacenamiento de carbono, 

aspectos temporales de las emisiones 
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1. INTRODUCTION AND BACKGROUND 

In climate change, the human society faces severe threats to achieve a sustainable 

development in the future (IPCC2014a). It is also clear that immediate action is required to 

mitigate climate change and its impacts, and policy making is required to implement 

strategies towards climate change mitigation. Delays in the implementation of these 

strategies will reduce our possibilities to achieve climate resilient pathways in the future. 

The greenhouse gas emissions from the building sector have more than doubled since 1970, 

representing around 19% of global emissions according to 2010 data (IPCC, 2014b). This puts 

pressure on the building sector to improve its environmental impact, but also presents an 

opportunity as there is a high potential for improvements and reduction of emissions. The 

focus of the construction sector has been so far to reduce the emissions caused by the 

energy use during the operation, with considerable investments in low or zero energy 

buildings. A recent European Union directive illustrates this trend, commanding new 

buildings to achieve near-zero energy standards (EU, 2010). This trend will cause new 

buildings in Europe to be more energy efficient while low-carbon technologies for energy 

generation are being developed, so the operation of buildings might have even lower 

potential for emissions reduction in the future.  

Stakeholders in different sectors are starting to see renewable biomass as a raw material 

alternative to reduce the contribution to climate change from their products (Lundmark et 

al., 2014; Egnell et al., 2011; Kraxner et al., 2013). This potential reduction has become even 

more significant as the relative influence of the choice of materials on the climate impact of 

buildings has increased due to lower operational energy use impacts. Comparisons between 

the climate impacts of forest-based and alternative non-forest-based materials are often 

found in the literature at the material and building level. The reviews by Buyle et al. (2013) 

and Cabeza et al. (2014) found that in most of the case studies where the climate impact 

from building designs with a high content of wood products are compared with alternative 

designs, the results show that designs with high wood content have lower life cycle climate 

impacts. 

Life cycle assessment (LCA) is a widely accepted tool for comparing the environmental 

impacts from different materials or products (Baumann and Tillman, 2004). Life cycle models 

tend to be complex for the building sector due to the high amount of materials involved, as 

each material has a different product system with a span of processes and flows. The 

introduction of biobased building products from forest resources in a life cycle model means 

that the biogenic exchanges (mainly biogenic carbon dioxide) between the forest, the 

atmosphere, the soil and the technosphere occur in different stages and at different times 

(Helin et al, 2013). While re-planted forests continue to grow and absorb more carbon from 

the atmosphere, the carbon stored in the materials can be seen as a delayed biogenic 

emission (a temporary carbon sink). Moreover, buildings and building materials are long-

lived products and therefore their life cycles last longer, meaning that the climate impacts 
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from their life cycle emissions may go beyond one hundred years, the most common time 

boundary used by LCA practitioners.  

The relationship between delaying emissions and the urgency of climate change is often a 

matter of debate (Brandão et al., 2013). A project led by the Swedish environmental 

institute – IVL made an attempt to reach a consensus in methodology for LCA with 

participation of key actors in the building sector (Erlandsson et al., 2013). The results from 

this project give a fair idea of the specific issues where reaching a consensus is hindered by 

low scientific knowledge about the methods to take into account, certain phenomena in 

climate impact calculations and the potential implications in the result of the assessment. 

The magnitude of some of these phenomena such as albedo effects, soil organic carbon or 

land use change is site-specific; therefore it is more challenging to take them into account as 

site-specific data is required.  

The work presented in this thesis consists on screening and applying available and 

appropriate methods for taking into account different aspects in global warming potential 

assessment, as an attempt to go beyond current LCA practice. The following are the 

methodological aspects of life cycle climate impact assessment of building products studied 

in this thesis: 

 Timing of greenhouse gas emissions and carbon sequestration 

 Time horizon of climate impact metric 

 Climate neutrality of biogenic carbon dioxide emissions 

 Credit for carbon storage in the product 

 Credit for avoided climate impact for multi-functional end-of-life processes 

 Climate impact from changes in albedo  

In order to illustrate the potential implications of using different methodological settings, a 

case study with various timber frame systems and a concrete frame system has been used, 

calculating life cycle impact results with traditional practices and non-traditional practices, 

discussing the implications and thereof, including comparison with other types of materials. 

1.1. Life cycle assessment in the building sector 

Life cycle assessment (LCA) is a system analysis tool used to measure the environmental 

impacts of a product or service during their life cycle. The LCA methodology is established by 

the ISO 14040 series (ISO, 2006a; ISO, 2006b), describing the necessary steps and 

requirements to perform an LCA. A common use of the tool is to estimate and compare the 

environmental performance of different alternatives regarding materials, products, 

manufacturing pathways or supply chains. The use of LCA in the construction sector has 

been mainly for the development of environmental product declarations (EPD). An EPD is a 

document with environmental information based on LCA for products under a methodology 

established by product category rules (PCR). A PCR is a standard for EPD development 
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applicable to a specific set of products. Such standards for LCA practice have been developed 

for the construction sector, the most notable being the series from the European committee 

for standardisation (CEN) titled “Sustainability of construction works”, which is available for 

products and construction works and facilitates the integration between those and the use 

of EPDs (CEN, 2011a; CEN, 2011b).  

The life cycle of a building is traditionally divided in four to six life cycle stages, as shown in 

Figure 1. The CEN standard series proposes a distribution of the life cycle of a building in 

different information modules, adopting a standardised distribution of the life cycle impacts 

of buildings, mainly for communication of results (CEN, 2011a; CEN, 2011b).  

 

Figure 1. Outline of a typical life cycle system of a building.  

Buildings are complex product systems due to factors related to their long service life such 

as the uncertainties over future waste management and energy systems, the uncertainties 

and variations between the lifespan of the different materials and the need to make 

assumptions regarding maintenance and retrofitting (Buyle et al., 2013). Having a long 

service life means that a part of the operational phase and the end-of-life phase will happen 

in a distant future and nature of the disposal processes is uncertain. It should be noticed that 

the service life is normally not a prediction of the actual service life based on e.g. statistic, 

but more a calculation convention. Most LCA studies show that the operational phase has 

the highest contribution to the environmental impact of the building (Buyle et al., 2013; 

Cabeza et al., 2014).  

Comparisons between the life cycle climate impacts of different types of materials are often 

uncertain, as the difference between the product systems compared and the system 

boundaries considered have a significant impact in the results (Zabalza Bribián et al., 2011). 

Methodological aspects affect the results of an LCA at the building level as well. Bastos et al. 

(2014) found that different functional units can lead to different conclusions when 

comparing two types of buildings. On the other hand, the results obtained by Takano et al. 

(2014) demonstrate the importance of background data. 
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1.2. Climate impact assessment of forest products 

This section presents an outline of the aspects of life cycle climate impact assessment of 

forest products which influence the results and are studied in this thesis. The aspects and 

the reasons why they are relevant are introduced, and existing methodologies for 

considering them in LCA are presented. 

1.2.1. Time horizon for GWP factors and life cycle inventory 

Global Warming Potentials (GWP) are the most commonly applied metrics for measuring the 

climate impacts of a greenhouse gas emission as a function of its radiative efficiency and 

lifetime in the atmosphere (IPCC, 2007). Each greenhouse gas has a corresponding 

characterisation factor, which is a measure of the radiative forcing caused by the gas during 

a period of time. This is why a time horizon must be chosen when calculating the 

characterisation factor, and as each greenhouse gas has a different lifetime in the 

atmosphere, their GWP factors are different for different time periods. There are 

characterisation factors available for three time horizons; 20 years, 100 years and 500 years 

(IPCC, 2007).  

Some argue that the timing of climate impacts needs to be accounted for in LCA due to the 

urgency for climate change mitigation action, as delaying emissions would postpone climate 

impacts (Helin et al., 2013). The choice of time horizon is often an arbitrary one made by the 

practitioner, but yet the 100 year horizon has been widely accepted as the default choice 

(Reap et al., 2008). One hundred years is also the normal cut-off in the life cycle inventory 

for different processes such as landfill gases that have long-term impacts. However, this 

choice is not always consistent with the temporal boundaries of the study (Levasseur et al., 

2010). This is why Levasseur and co-workers have developed the dynamic LCA method, 

which addresses this issue by calculating the radiative forcing impact caused by each type of 

emission in a yearly basis (Levasseur et al., 2010). However, this method still requires the 

practitioner to define a time horizon, or a period of time after the year zero for which the 

cumulated radiative forcing impact is calculated. This way, the consistency with the temporal 

boundaries is assured as the time period of the assessment can be tailor-made to the study, 

but the choice of this period is still subjective. Moreover, the dynamic LCA methodology 

requires a year-by-year inventory of the greenhouse gas emissions, which in some cases may 

not be available. 

This aspect affects LCA studies with long temporal boundaries as is the case of buildings and 

building materials, whose studied periods normally go beyond fifty years. In addition to this, 

the carbon dioxide sequestered at the forest level before year zero is stored in the material 

and released at the end of their service life (only if they are incinerated), while the replanted 

trees sequester more carbon dioxide from the atmosphere during their growth process, 

which takes around seventy years in boreal forests. Most of these flows are not covered by 
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the traditional one hundred year horizon, making dynamic LCA a methodology which could 

capture the effects of these carbon dioxide phenomena more accurately.  

1.2.2. Forest-based building products as a temporary carbon sink 

Forest products store carbon dioxide outside the atmosphere temporarily, reducing its 

concentration and thus avoiding some radiative forcing (Brandão et al., 2013). Some argue 

that this storage effect should be accounted in LCA practice, and have proposed methods to 

do so. For starters, the ILCD handbook includes an approach which accounts indirectly for 

carbon storage by giving a credit for each year that the carbon dioxide is stored in a product 

after the tree is felled (EU JRC, 2010). The British standard PAS 2050 (BSI, 2011) proposes 

another method for taking into account the timing of the emissions studied which is a 

simplification of the dynamic LCA from Levasseur et al. (2010).  

On the other hand, a method proposed by Vogtländer et al. (2014) calculates the global 

surplus of carbon dioxide stored in forests, and allocates one small share of this surplus to 

forest-based products. This method lacks a connection with an actual environmental effect 

such as radiative forcing, and the fact that it depends on global carbon balances means it 

needs to be updated frequently; therefore it has not been studied in this thesis. The Moura-

Costa and Wilson (2000) method was developed to account for carbon storage with other 

purposes, but has been proposed for LCA-related applications (Muller-Wenck and Brandão, 

2010). However, issues like not defining a fixed start and end in the time horizon or the 

possibility to obtain a credit up to 200% from the amount of carbon actually being stored 

arise with its application (Brandão et al., 2013), hence it has not been studied in this thesis 

either. Guest and his colleagues propose biogenic global warming potential characterisation 

factors, which integrate the time that carbon dioxide is stored in a product with the rotation 

period at the forest level, proposing a GWP factor for biogenic carbon (GWPbio), a share of 

the GWP100 factor determined by these two factors (Guest et al., 2012). Finally, it can be 

argued that the dynamic LCA method described in the previous section deals with the 

carbon storage aspect as well, given that it values an emission differently depending on the 

point in time when it happens, implying that delaying an emission by storing it in a product 

has a positive effect in climate change (Brandão et al., 2013). 

For LCA studies where the effects from carbon dioxide storage in products are to be 

included, the choice of method can influence the results significantly. This was 

demonstrated by Tellnes et al. (2014), who tested the ILCD and the GWPbio methods in 

different types of wood and obtained significantly different results. According to Brandão et 

al. (2013), the difference between results obtained by using the ILCD, PAS 2050 and dynamic 

LCA is small, so this aspect has been studied in this thesis by using the ILCD, dynamic LCA and 

GWPbio methods. 
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1.2.3. Biogenic emissions and the carbon cycle 

Most LCA practitioners consider forest products to be climate neutral because the emitted 

and sequestered carbon dioxide flows are equal, and part of the natural carbon cycle 

(Vogtländer et al., 2014; Garcia and Freire, 2014; Sjølie and Solberg, 2011). However, some 

claim that biogenic emissions should have the same value as fossil emissions because they 

have the same effect in the atmosphere (Gunn et al., 2012). Sjølie and Solberg (2011) argue 

that due to their slow growth, the equilibrium between biogenic carbon sequestration and 

emissions is more problematic for boreal forests. Johnson (2009) argues that instead of 

carbon neutrality or sequestration credits, a “carbon stock change” should be applied to 

carbon footprints in order to account for exact changes in the non-atmospheric carbon pools 

caused by the product’s life cycle. Forest products might be carbon neutral, but this does not 

mean they are climate neutral as the temporal difference between carbon emitted and 

carbon sequestered may affect radiative forcing in different ways (Helin et al., 2013). 

The effects from biogenic carbon emissions for forest-based building products is closely 

related to the effects from carbon storage and the timing of emissions, since it is biogenic 

carbon dioxide which is sequestered, stored and released at different times. This aspect is 

explored in this thesis mainly by analysing the implication of handling biogenic flows in the 

methods described in the previous section. 

1.2.4. Climate impact from soil carbon disturbances 

Current LCA practices and methods do not capture accurately the forest carbon cycle 

phenomena, but they should be taken into account in order to account for the climate 

impacts of forest products objectively (Helin et al., 2013). The review by Helin et al. (2013) 

also found that some of the studies of forest products that attempt to include carbon flows 

in the forest system in LCA focus on the above-ground carbon stocks, even as up to half of 

the carbon stock in boreal forest may be in soil and litter (Liski et al., 2006). Some 

researchers have attempted to include climate impact from soil disturbances in LCA; but 

even as in each case the influence of soil carbon disturbances is found as significant, the 

results differ in magnitude due to differences in wood species, location and forest 

management (Brandão et al., 2013; Repo et al., 2011; Stephenson et al., 2010).  

Some of the studies reviewed by Helin et al. (2013) have a life cycle perspective, which 

makes them suitable to be used for studying this aspect. Kilpeläinen’s study is of particular 

interest since it proposes a tool for estimating a net exchange of timber products in boreal 

forests and bases its results in dynamic forest models taking into account all the carbon 

stocks, including the soil (Kilpeläinen et al., 2011). This thesis will use the carbon balance 

presented in Kilpeläinen’s study in order to estimate climate impact from the soil carbon 

emissions. 
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1.2.5. End-of-life substitution effects - system expansion 

It is possible to account for indirect consequences from processes and activities in LCA. A 

typical example of indirect consequences is the credits from avoided emissions at different 

life cycle stages, where a substitution effect is accounted for in multi-functional processes as 

an attempt to allocate impacts and benefits to each of these functions. Buildings are long-

lived products, so the end-of-life of a building takes place sometime in the distant future 

depending on the service life assumptions, making modelling of end-of-life processes 

particularly challenging (Singh et al., 2011). 

As the energy content in forest products is of biogenic origin, it is possible to consider the 

displacement of other types of energy by using the energy in the forest product as a climate 

credit. Sandin et al. (2014) demonstrated that end-of-life assumptions can influence the 

results in LCAs where forest-based building products are compared with non-forest-based 

alternatives, and recommend that uncertainties in the modelling of future processes are 

handled using scenario analysis. Furthermore, crediting the displacement of fossil fuels by 

forest products at the end-of-life stage is equivalent to perceiving it as a carbon pool just like 

the forest and forest products (Perez-Garcia et al. 2005).  

1.2.6. Climate impacts from changes in Albedo  

Albedo is the capacity of the Earth’s surface to reflect sunlight back to space; it is larger 

when the surface has a high reflecting capacity (e.g. white snow coverage in a clear-cut 

forest) or lower in a grown forest where the surface is covered by foliage. Cherubini et al. 

(2012) showed that the changes in the albedo of forest land due to forestry activities can 

have a significant effect in LCA results, especially in boreal forests where snow is expected 

more often. The results from Cherubini’s work are used in this thesis in order to estimate the 

implications of the albedo changes in climate impact results of forest products. 

1.2.7. Land use and indirect land use change 

Finally, the changes in the use of land due to forestry activities can have an indirect, market-

driven impact as well. Land competition may displace some land uses to other geographical 

regions, and this might increase or decrease the climate impact caused by forest-based 

products (Searchinger et al., 2008). The discussion has been so far focused on indirect effects 

of land use change caused by bioenergy products due to the reliance on bioenergy in Europe 

for future energy scenarios, as a complete shift to bioenergy could have significant climate 

effects (Berndes et al., 2013). Given that research and understanding of indirect land use 

impacts from forestry is limited and still under development, this aspect is not studied 

further in this thesis.  
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1.3. Aim and objectives 

The overall aim of this thesis is to increase the understanding of the implications of including 

some non-traditional aspects of climate impact assessment in LCAs of buildings. The goals 

are: 

 To illustrate how certain aspects of climate impact calculation which are not 

traditionally included in LCA for buildings with forest-based materials would affect 

the results and comparison with other building systems. 

 To identify the shortcomings of current life cycle climate impact assessment practices 

of biobased building products from forest resources. 

In order to attain these goals, the thesis work consists of the following more specific 

objectives: 

 Carry out a survey, to identify traditional practices in life cycle climate impact 

assessment of forest products and thereby define what can be considered the 

traditional methodology aspects accounted for to the impact category global 

warming potential. 

 Carry out a life cycle climate impact assessment for a building design with relatively 

high content of biobased products (plus an alternative benchmark with less forest 

product content) using a traditional methodological setting. 

 Analyse different scenarios for the same case study using the alternative practices 

and methodologies for climate impact assessment identified previously. 

 Discuss the shortcomings of traditional practices based LCA on the difference in 

results and potential variations, both regarding the results for the single building and 

the comparison with the benchmark. 

Limitations 

The methodological aspects studied in this thesis are the distinction of emissions according 

to their timing, the effects from delayed emissions by carbon storage, the biogenic carbon 

accounting, the inclusion of end-of-life substitution credits and the inclusion of forest-

related aspects such as albedo effect and soil carbon emissions. A case study is used to 

illustrate how the potential inclusion of different aspects would influence not only the result 

of an LCA, but also the comparison between different designs. Given the fact that some site-

specific forest data is required for applying some of the methods, some assumptions had to 

be made for the soil carbon and albedo change aspects. Even as it is an aspect with growing 

interest in the field of LCA (Berndes et al., 2013), the effects from indirect land use change 

have not been included in this study due to their complexity and the consequential nature of 

their consideration. The effects from forest fires and their contribution to global warming 

are not studied in this thesis either. 
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2. METHODS 

The basis of the work is a literature survey including ninety papers in which climate impact 

from forest-based products was assessed using LCA. The way in which each of the aspects in 

Figure 3 were handled by each study was registered, and based on the results the current 

practices in climate impact assessment of forest products were identified.  

2.1. Climate impact results using traditional practices  

Wälludden is a multi-dwelling building complex situated in Växjö, a city in the county of 

Kronoberg in southern Sweden. One of the buildings in the complex has been used as case 

study for the research presented in this thesis, a four-storey lightweight timber frame 

building constructed in 1996. The building has sixteen apartments covering 1190 square 

meters of heated area and 928 square meters of living area. The impact indicators reported 

in Paper I related to the Wälludden complex are climate change and primary energy 

demand. The goal of the study was to explore the role of biobased materials in such 

buildings. 

 

Figure 2. The four-storey timber frame building from Wälludden used as case study (photo by Tina Wik). 

The study also included a re-design of the original building using modern timber construction 

systems. The redesign was carried out by Swedish industrial partners following the current 

building code (Boverket, 2012). Designs with three alternative building systems were 

analysed; a volumetric modules system, a cross-laminated timber (CLT) structural elements 

system and a beam-column system; each of them with two alternatives, conventional and 

passive house designs. Two additional designs were evaluated; the original lightweight 

timber frame design and an alternative design with a concrete structure and wood in-fill 
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exterior walls obtained from another research project (Persson, 1998). The study takes into 

account the carbonisation of concrete following a scientifically-based method to estimate 

the amount of carbon dioxide that is re-absorbed by the concrete surfaces exposed to air, 

but this issue is not further explored in this thesis. A detailed description of the composition 

of the building elements in each system and the methodology used for the study can be 

found in the research report from the project (Peñaloza et al., 2013). Table 1 presents a 

summary of the methodology followed, which fits the traditional practices identified in the 

literature survey. 

2.2. Studying implications from alternative practices 

Some aspects of climate impact assessment of forest-based products have been introduced 

and discussed in section 1.2. Figure 3 illustrates these aspects and their relationship with the 

product’s life cycle and the forest system throughout time.  

 

Figure 3. Illustration of relevant aspects of climate impact assessment of forest product systems. 

Table 1 presents an outline of the aspects studied in this thesis, including the way they are 

handled in traditional LCA practices and the methods applied to account for them in non-

traditional practices. A more detailed explanation of the methods, assumptions and 

calculations followed to obtain these results can be found in the research report supporting 

Paper I (Peñaloza et al., 2013) and the supplementary material for Paper II.  
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Table 1. Methodological settings for climate assessment of forest products. 

Aspect of climate impact in 

forest products 

How it is commonly handled in practice What alternative practices 

were studied  

Outline of alternative methods 

A. Timing of GHG emissions and 
carbon sequestration. 

Emissions are not assessed according to their 
timing. The LCI usually has a cut-off at 100 
years and the GWP factors have a time horizon 
of 100 years after the emission takes place. 

Dynamic LCA (Levasseur et 
al., 2010) with a timeframe of 
100 years 

The yearly emissions for every GHG were obtained from the 
building’s LCI. Instant and cumulative impacts were calculated for 
every year between year 0 and year 100, and then indexed to 
carbon dioxide equivalents. All biogenic emissions are included in 
this inventory. 

B. Time perspective of the 
climate impact metric. 

Only 100 year GWP time horizon is used The GWP20 and GWP500 
horizons from IPCC (2007) 

Different time horizons are used, and the indexed results with 
each time horizon were compared. 

C. Climate neutrality assumption 
of biogenic carbon dioxide 
sequestration and emissions. 

Biogenic emissions are assumed to be climate 
neutral and therefore excluded 

GWPbio factors are used for 
biogenic emissions 

The biogenic carbon emissions and the carbon sequestration and 
storage in products are accounted for following the method 
proposed by Guest et al. (2013) assuming 70 years rotation 
period and a 100 years storage time. 

D. Credit for carbon stored in 
product. 

No credit from carbon storage A credit is given to carbon 
storage in wood products. 

Carbon storage is credited using ILCD (EU JRC, 2010), Guest et al. 
(2013) and dynamic LCA (Levasseur et al., 2010) methods. 

E. Credit for avoided climate 
impact due to multifunctional EoL 
processes. 

No credit for EoL substitution of fossil energy  A credit is calculated for 
replacing energy applying 
system expansion 

The amount of energy stored in forest-based products in the 
building was calculated. The credit equals the climate impact 
from producing this amount of energy using solar power, natural 
gas or coal, based on Ecoinvent datasets. 

F. Climate impact from soil 
disturbances. 

Climate effects from soil disturbances are not 
considered.  

Soil carbon emissions are 
accounted and allocated to 
wood products. 

Based on the yearly emissions from soil carbon in the study 
Kilpeläinen et al. (2011), a factor was calculated per kg of dry 
biomass in the building. This way, the reference scenario would 
be no forestry activities. 

G. Climate impact from ILUC. Excluded due to limited knowledge and methods for ILUC assessment in timber-driven forestry 

H. Climate impact from changes 
in the albedo effect. 

The effects from changes in albedo are not 
considered. 

The effects from changes in 
albedo are considered. 

Albedo effect is considered using a factor based on Cherubini et 
al. (2012) results. This factor is a -1,5 kg CO2 eq per kilogram of 
dry matter biomass used in each life cycle stage. 

I. Climate impact from aerosols. Excluded due to limited knowledge and methods for timber-driven forestry 
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Standards for the construction sector such as the EN 15804 and 15978 series (CEN 2012a; 

CEN 2012b) do not specify which methodology should be followed to deal with most of the 

aspects in table 1. Both standards refer to the ILCD handbook for LCA for impact assessment 

methods and characterisation factors, and have a specific module for environmental 

benefits beyond the end-of-life (Module D). The recommendations from these or any other 

standard were not followed in the work related to Paper II, as the focus of the paper is to 

explore alternative methods. 

In aspects E and G there is the common factor of using system expansion to include 

phenomena which happen outside the product system. For aspect E it is avoided emissions 

from substituted non-bio energy systems, while for aspect G it can be different systems 

depending of the change in the use of land such as agricultural production. Even if both 

aspects have this similarity, the difference lies on the external system studied, and the fact 

that aspect E can be more commonly found in LCA practice (see Figure 4).  

The relative importance from the production phase increases for low-energy buildings. This 

is why from all the timber building designs in the case study, the ones discussed in this thesis 

are the CLT-based passive house design and the concrete building with passive house 

operational energy use. This differs to the case study calculations presented in Paper II. 

The life cycle system model used in this thesis differs from the model presented in Paper I 

also in the operational phase energy. For this thesis the heating was provided by a district 

heating plant which uses municipal waste as fuel. This differs from Paper I where 95% of the 

heat was provided from bioenergy and 5% from coal, as stated by the local energy supplier 

in Växjö. The purpose of this change is to obtain a more representative model for a typical 

building in Sweden, rather than a model using local data representing only the city of Växjö.  

It should also be noted that even as the timber and concrete frame designs have different 

structures, there is an important amount of wood material in the concrete design, mainly in 

the exterior wall structures, coverings and floors. This means that the difference between 

the forest-based product content of the timber frame building (around 130 ton) and that of 

the concrete frame building (around 70 ton) is smaller than if the concrete building had an 

all-concrete structure. 
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3. RESULTS AND DISCUSSION 

3.1. Traditional practices: Definition and results 

The traditional practices for life cycle climate impact assessment are presented in Figure 4, 

where the results from the literature survey of ninety LCA studies of forest products are 

displayed.  

 

Figure 4. Methodological choices for climate impact assessment in 90 LCA studies of forest products.  

Then again, the methodological setting and system boundaries used for the LCA carried out 

in Paper I follow the traditional climate assessment methodology for an LCA. These 

traditional practices were identified based on the survey results in Figure 4 and are further 

explained in section 2.1 and Table 1. Figure 5 shows the climate impact results for the 

studied designs per life cycle phase. It is worth mentioning that the methods followed in 

Paper I does not follow a standard strictly, and the modular distribution of the life cycle of 

the building was adopted only for the communication of results. 
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Figure 5. Climate impact life cycle assessment of the eight building designs analysed. The results are presented per modules, following the guidelines of the CEN standard EN 
15978 (CEN, 2011b). Co is short for Conventional, while PH is short for Passive House; these are two types of designs regarding energy efficiency defined by the Swedish 
building code (Boverket, 2012). The Carbon stored in the wood columns represents merely the amount of carbon dioxide stored in the wood products in the building, and 
does not correspond to any type of method to account for effects in the radiative forcing from carbon storage. 
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The main finding from the LCA carried out in Paper I is that the dominance of the operational 

energy use in the results is lower when the building has higher energy efficiency and the 

energy for the operation of the building comes from a low-carbon source such as bioenergy 

or district heating from waste. This means that other life cycle stages become more relevant 

for the climate impact of an energy efficient building supplied with low-carbon energy. This 

finding confirms the claims made by other researchers (Blegnini and Di Carlo, 2010; Aktas 

and Bilec, 2012; Lewandowska et al., 2013; Weißenberger et al., 2014). The result of the 

comparison between timber and concrete designs shows that a building design with high 

content of forest-based materials has a lower life cycle climate impact than its concrete 

reference, mostly due to differences in the result for modules A1-A3.  

These results provide a reference case for the alternative practices for climate impact 

assessment explored in this thesis, specially the conclusions from the comparison between 

the timber and concrete frame designs.  

3.2. Implications for climate impact from alternative practices 

The adoption of non-traditional practices in climate impact assessment of forest products 

affects the results of climate impact assessment of buildings as Figures 6, 7, 8 and 9 show. 

These implications are different for each of the aspects studied, which is why each aspect is 

displayed in a separate figure. As discussed in section 3.1, the difference between the total 

climate impact of timber and concrete frame designs obtained with traditional LCA practices 

is more significant for low-energy buildings using low-carbon energy. Therefore, the climate 

impacts from the operational phase of buildings are lower, the inclusion or exclusion of the 

aspects studied in this thesis becomes more relevant. 

Figure 6 shows the climate impact results for the CLT-based and concrete designs using 

different time horizons for the GWP (aspect B) and the dynamic LCA method with a one 

hundred year time boundary. The result shown is a GWP indexed to the equivalent impact 

from one kilogram of carbon dioxide, and the choice of time horizon affects the final results. 

If all the GHG emissions in the life cycle of the building are assessed using the same time 

horizon, a share of the impacts accounted for would be outside the time boundary 

established for the assessment (Levasseur et al, 2010). The dynamic LCA method solves this 

limitation, and the results obtained with this method differ from all the available time 

horizons. The closest results to those from dynamic LCA correspond to the GWP500 time 

horizon, but this could not be the case if the studied product or system has emissions of GHG 

with long lifetimes in the atmosphere. 
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Figure 6. Implications from implementing non-traditional practices in life cycle impact calculations related to aspect A (Timing of GHG emissions and carbon sequestration) 
and aspect B (Time perspective of the climate impact metric). The time frame for dynamic LCA is one hundred years. 
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Figure 7. Implications from implementing non-traditional practices in life cycle impact calculations related to aspect C (Climate neutrality assumption of biogenic carbon 
dioxide sequestration and emissions) and aspect D (Credit for carbon stored in the product). The time frame for dynamic LCA is one hundred years. 
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The results from implementing alternative ways to deal with aspect C and aspect D are 

presented in Figure 7. These two aspects are closely related as the emissions that are 

delayed due to the carbon storage in the product are biogenic in nature. The results in Figure 

7 are obtained from implementing methods that are meant to deal with both these aspects. 

It can be observed in Figure 7 that the results obtained from the ILCD and dynamic LCA 

methods do not differ greatly, while the GWPbio results differ from the others because this 

method does not account for carbon uptake flows at the forest level. The reason why the 

results in figures 6 and 7 for dynamic LCA are similar is because the method has only one 

possible outcome for each possible time horizon. Furthermore, there is no credit applied 

from carbon storage in the product, but rather a cut-off of the impact accounted for within 

on the time horizon selected. 

The multi-functional end-of-life processes and the avoided emissions were studied by 

implementing system expansion and calculating the avoided emissions from replacing 

different energy sources (aspect D). The results are displayed in figure 8, where the climate 

benefits from the substitution are applied as a credit in the end-of-life stage. It can be seen 

in Figure 8 that the choice of substituted energy source is very relevant for the results. The 

EN series of standards (CEN, 2011a; CEN, 2011b) allows practitioners to add voluntarily this 

kind of credit and any other kind of environmental benefit beyond the system boundaries to 

be reported in a separate module and not related to the impact of the building (module D), 

showing benefits from recycling or reusing the materials at the End-of-life without affecting 

any of the other modules. This kind of methodology is in line with a consequential approach 

to life cycle assessment, thus if a study follows an attributional approach these alternative 

practices would not be in line with the methodology selected.  

 

Figure 8. Implications from implementing non-traditional practices in life cycle impact calculations related to 
aspect E (Credit for avoided climate impact due to multifunctional EoL processes). 
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Figure 9. Implications from implementing non-traditional practices in life cycle impact calculations related to 
aspects F (Climate impact from soil disturbances) and aspect H (Climate impact from changes in the albedo 
effects). 
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horizon of the GWP characterization factors, climate neutrality of biogenic carbon emissions, 

carbon storage effects and avoided emissions at the end-of-life, 18-30% of the studies do not 

communicate clearly whether or not the aspect is accounted for (see Figure 4). The results 

displayed in Figures 6 to 9 demonstrate the magnitude of the potential effects from 

accounting for (or not) the aspects studied in this thesis. Thus, omissions in communicating 

assumptions regarding these aspects affect the understanding of the LCA study and its 

results by the reader and therefore, its reproducibility. Life cycle assessment is a field which 

builds upon its own results, as life cycle inventory data always comes from studies made by 

other practitioners; this is why reproducibility is a fundamental aspect of LCA. Practitioners 

should be more aware of the influence of these aspects in the results of a life cycle climate 

impact assessment, and thus communicate their assumptions better. 

Biogenic carbon dioxide is the flow that ties together most of the aspects studied; the flows 

of biogenic carbon dioxide to or from the atmosphere and their timing are the causes of the 

phenomena that most of the methods studied try to capture in the form of a metric for 

climate impact assessment. Thus, accounting for any of these phenomena for climate impact 

assessment of forest products implies a connection to the carbon dynamics in the forest. 

There are multiple carbon stocks and exchanges in the harvesting of forest biomass which 

should be taken into account when assessing its greenhouse gas impacts (Helin et al., 2013). 

Some of the alternative practices studied in this thesis have demonstrated that including or 

excluding these exchanges such as the soil carbon emissions (Figure 9) or the biogenic 

carbon storage and emissions (Figure 7) can affect the climate impact results of the building. 

It would not be wrong to leave these exchanges outside the system boundaries of a life cycle 

assessment, as long as the purpose of the study allows it. However, due to the influence 

they have in the result, LCA practitioners who intend to account for these exchanges should 

understand them in order to avoid oversimplifications such as considering carbon 

sequestration in the forest as a climate impact credit without considering other carbon flows 

like soil carbon emissions or the return of the sequestered carbon to the atmosphere.  

Accounting for carbon cycle aspects or flows separately could also be an oversimplification. 

For the sake of completeness, if any of the forest carbon exchanges is to be accounted for in 

an LCA, it should be only if the whole carbon balance from the forest is accounted for, 

otherwise important parts of the forest dynamics which can affect the results could be left 

out. To simplify the carbon cycle with such assumptions can significantly affect the total 

climate impact, as the results from this thesis demonstrate. And perhaps in some cases the 

most robust alternative is to not use methodologies that have not been studied enough, and 

so to avoid introducing uncertainties. 

Just as important as the forest system are the phenomena in the atmosphere. The dynamic 

LCA method has been applied as an attempt to assess each pulse emission in the building’s 

life cycle according to whenever in time it takes place (see Figures 6 and 7). Whether it is a 

delayed emission from storing biogenic carbon dioxide in the forest products or just 
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emissions from energy use or disposal which takes place in the distant future, the same 

principle applies, and addressing this challenge in practice requires understanding the GWP 

climate impact metrics and the way each emission to the atmosphere affects radiative 

forcing. Different methods and approaches exist to address the timing of emissions in LCA, 

and there is no consensus among experts regarding which method should be preferred 

(Brandão et al., 2013). Nevertheless, practitioners should be aware of the existence of these 

methods and why the timing of emissions is an important aspect. 

Climate neutrality, as can be observed in Figure 4, is a commonly used assumption in climate 

impact of forest products while giving a credit to carbon dioxide sequestration at the forest 

level is not as common. The carbon neutrality assumption has its reasoning behind the 

equivalence between the carbon dioxide input at the forest level and the biogenic carbon 

emissions during the production phase and the end-of-life, where the carbon dioxide stored 

in the products is emitted again to the atmosphere. It can be argued that the forest growth 

happens outside the time boundary of the study, meaning before year zero. Assuming that 

the biomass raw materials used in the product come from sustainably managed forests, the 

trees felled will be replaced, and the regrowth of this forest will take place within the time 

boundaries of the study. It is reasonable to settle these time boundaries between fifty and 

one hundred years for buildings, while it takes boreal forests around seventy years to 

regrow. This means that as long as the forest regrowth happens within the time boundaries 

of the study (such as the case of buildings with one hundred years of service life) and the 

assumption of sustainably managed forestry is valid, the climate neutrality assumption 

seems valid.  

The climate neutrality assumption and the effects from storing carbon dioxide in products 

for a long period of time are two separate aspects, a fact that none of the surveyed  studies 

directly acknowledged. The methods tested for aspect D (see Figure 7) all offer the 

possibility to account for these two aspects at the same time. The GWPbio method offers an 

interesting alternative in the sense that it connects the product with the forest dynamic and 

the rotation time. However, it does not handle the issue of the timing of emissions as the 

dynamic LCA method does.  

Accounting for end-of-life energy substitution credits as in aspect E is a common practice 

according to Figure 4. The European standard for life cycle studies of building materials EN 

15804 allows practitioners to do this in a separate module D, which makes this practice more 

justifiable. However, the fact that this practice involves consequential thinking in module D 

means that these credits are not compatible with the attributional result from module A to C 

that describes the environmental performance of the waste handling and construction 

products respectively. This is why these credits should not be used for comparisons, and in 

EN1504 are presented separated from the impact results from the scenario that includes 

new products that use secondary materials. In Figure 4 it can be observed that a significant 

share of the surveyed studies does not clearly communicate how this aspect is dealt with. 
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The results in Figure 8 show that these credits can significantly influence the climate impact 

result of a building, highlighting the importance of communicating the assumptions behind 

this aspect clearly, especially the type of energy which is assumed to be substituted. 

Aspect F and aspect H are seldom accounted for in LCA of forest products, as Figure 4 shows. 

The limited knowledge about the soil carbon and change in albedo phenomena and the 

uncertainties in the assumptions and methods to account for them are barriers that prevent 

practitioners to do so. The results displayed in Figure 9 suggest that accounting for them has 

significant effects both in the total climate impact result and in the comparison between the 

two designs. The way in which some of these aspects have been accounted for in this thesis 

required some assumptions and simplifications.  

The soil carbon flows were estimated using a study with a specific forest carbon model, a 

model that uses data from a specific location with specific harvesting periods and species. 

On the other hand, for the albedo effects a simple factor was used based on how accounting 

for the changes in albedo affected the result per kilogram of biomass used in the products. 

The selection of a baseline scenario would also be a challenge for both of these aspects, and 

a key assumption. For example, the carbon stored in the soil changes with different forestry 

practices, and deciding which practices is the baseline would influence the result, while even 

a scenario without forestry would be an option. The same goes for albedo, as it would be 

challenging to decide how much of the forest surface should be covered in foliage in a 

baseline situation. All this means that more accurate calculations and their exact 

implications for the results are yet to be explored. If any of these phenomena are to be 

included in an LCA study, the limitations and uncertainties in the methods used should be 

clearly communicated, especially regarding the assumptions listed above. 
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4. CONCLUSIONS 

The results from this thesis show that the non-traditional practices studied have an 

important influence on the climate impact results of timber buildings. Performing an LCA 

using current normal practices could result in omissions of important phenomena that could 

yield different results and thus different conclusions.  

Accounting or not for non-traditional aspects is less relevant in conventional buildings 

because of the large influence of the operational energy use, as the aspects studied in this 

thesis do not affect it. However, for buildings with high energy efficiency and low-carbon 

energy supply the operational phase is less influential to the LCA result. This is why for such 

buildings using non-traditional practices has a greater effect in the results, especially if the 

study includes comparisons between designs with different biobased materials content.  

Climate neutrality of biobased materials in buildings with a long service life is a valid 

assumption for a particular study if key assumptions are made, such as sourcing forest 

biomass from sustainably managed forests and that the time horizon of the study is large 

enough to let the forest regrow. However, if climate neutrality is to be studied further, all 

the carbon dioxide inputs and outputs at the forest levels should be included. A robust 

model for the forest carbon cycle should be used and the timing of the inputs and outputs 

should be accounted for, while assuring their impacts are within the studied time boundaries 

so the dynamics in the carbon cycle and their relationship with the building’s life cycle are 

well captured. Furthermore, this forest carbon model can be used to complement the LCI 

data of carbon inputs and outputs at the forest level. 

There is no consensus among researchers about which method is preferable for addressing 

aspects related to timing of emissions. Practitioners should be aware of the potential 

implications of considering time aspects in climate impact assessment of forest products and 

the availability of methods such as dynamic LCA. From the methods studied, dynamic LCA 

seems to deal better with the aspects related to timing of emissions, time horizon, biogenic 

emissions and carbon storage. 

The inclusion or exclusion of aspects such as avoided emissions at the end-of-life, soil carbon 

changes and changes in albedo should be decided based on the goal of the study. The 

methodologies available for changes in albedo and soil carbon disturbances accounting are 

still under development, so the results would have limitations that should be communicated 

clearly before using these studies as input for decision-making. As for the end-of-life 

substitution credits, the results should be presented separately, in order to avoid mixing 

consequential and attributional modelling. Some forest product LCAs lack clear 

communication of the consideration of the aspects studied in this thesis. Whether or not 

these aspects are considered can affect the result, meaning that a clear communication of 

the methods followed is important, especially if comparisons are drawn between different 

climate designs with low climate impact from the operational phase.  
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5. FUTURE RESEARCH 

There are different available methods for including non-traditional aspects in life cycle 

climate impact assessment practice. Nevertheless, most studies do not include such aspects. 

More case studies are hence required in which these methods are put into practice. Studying 

the indirect effects from energy substitution at the end-of-life phase requires a better 

understanding of the energy supply systems in the future. This means that a dynamic model 

for future scenarios for climate impacts from energy production would be an important 

contribution. The direct and indirect effects from land use and land use change should be 

further studied in the context of LCA of buildings. 

The research presented in this thesis has been focused on climate change. Nonetheless, 

forestry activities affect other impact categories. Not being able to capture properly time 

aspects is a general problem for LCA practice. Even as climate change is a long-term impact, 

a more dynamic approach regarding the timing of emissions could affect other impact 

categories as well. Moreover, there are impact categories which are strongly related to the 

forest system, such as biodiversity and water use. More research is therefore needed 

regarding time and forestry-related aspects in other impact categories. 

Finally, the scope of this research has so far been on a single building. A system study of the 

whole building stock would help understanding better the effects of relying on the forest to 

improve the environmental profile of the building sector. The results from this thesis would 

be a good starting point by understanding the climate impacts of a single unit and the 

potential effects from substituting other kinds of construction. These findings need to be 

taken to the macro level in order to serve as input for policy making or public procurement. 
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