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KURZFASSUNG 

Durch neue Technologien werden die Grenzen der Leistungsfähigkeit von Holz-

fabrikaten als Bauteile immer weiter ausgedehnt. Solche Holzbauteile werden 

entsprechend immer mehr zu High-Tech Produkten. Während gleichermaßen ein 

Streben nach höheren vertikalen Grenzen im Sinne von Hochhäusern basierend auf 

Holzkonstruktionen mit der Entwicklung dieser Materialien Hand in Hand geht, ist ein 

Ende dieses Voranstrebens nicht in Sicht. Es stellt sich jedoch die Frage, ob den 

daraus entstehenden neuen Konstruktionen ein praktikabler und nachhaltiger neuer 

Ansatz gegenüber der Verdichtung unserer urbanen Landschaft innewohnt. Um 

Klarheit über dies zu schaffen werden die Komponenten eines der welthöchsten 

Holzgebäudes mithilfe des Ökobilanz-Ansatzes analysiert und die Auswertung sowie 

zusätzliche Daten und Faktoren mit einem konventionell konstruierten, gleichwertigen 

Gebäude verglichen. 

Obgleich volumetrisch größer als Stahlbetonkonstruktionen, bieten Holzhochhäuser 

eine nachhaltige Lösung zu den Verdichtungs- sowie Verstädterungsproblematiken 

unserer Zeit. Da Holz CO2 inkorporiert kann der Erderwärmungsfaktor eines solchen 

Holzhochhauses tatsächlich bis zu zwei Dritteln der negativen Emissionen eines 

äquivalenten Stahlbetongebäudes kompensieren. Durch Wiederverwertung kann die 

Lebensspanne sowie energetische Rückgewinnung der Ressource Holz einen 

weiteren Pluspunkt im Vergleich zu Beton nachweisen. Der Bauprozess mit 

vorgefertigten Holzkomponenten ist zeiteffizient und generiert eine vergleichsweise 

geräuscharme Baustelle. Die Planungsphasen solcher Großbauvorhaben sind jedoch 

im Moment noch fernab von konventionellen Projekten und benötigen daher auch 

länger. Durch weitere Projekterfahrungen mit dieser neuen Bauweise wird diese 

Problematik jedoch auch verringert werden.. 

Forschung und Entwicklung sollten der optimierten Materialnutzung weiter 

nachgehen. Zusätzlich muss die Industrie sich einer erweiterten Produktion neuer und 

effizienter Holzbauteile widmen um diese Komponenten realisierbar, wirtschaftlich, 

preiseffizient und damit wettbewerbsfähig gegenüber Stahlbeton und anderen 

Konstrutkionsformen zu machen. 

Als nächster Schritt ist es denkbar die Effizienz verschiedener Performanceparameter 

von unterschiedlichenHolzhochhäusern zu analysieren. Der Fokus kann hierbei 

beispielsweise auf unterschiedlichen Gebäudetypen, Nutzungen oder 

Konstruktionsformen liegen. Individuelle Lösungen können helfen Vergleichswerte für 

zukünftige Entwicklungen zu kreieren. Mit dem weltweiten Aufkommen einer Vielzahl 

an Holzhochhäusern existiert dann Substanz für solche Forschungsbemühungen. 
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ABSTRACT 

New technologies in timber technology emerge and have an innovation effect onto 

the performance of wooden building components. As such, components made from 

this material – which is generally known to be a sustainable material –  are becoming 

more and more of high-tech products. Currently, a growing number of high-rise 

buildings is constructed based on timber. Thereby, these building compete against 

each other regarding the technological limits of timber construction in view of 

construction height. However, it has to be critically questioned, if such high-rise 

structure offer a feasible and sustainable approach toward densification of the urban 

landscapes, given the amount of knowledge, and technological skills required to use 

the material for high-rise construction. In order to investigate in this direction, one of 

the world’s current highest timber construction buildings and its components are to be 

analyzed via life-cycle-assessment methods. Subsequently, the outcome of these 

efforts are compared with corresponding data of conventionally constructed buildings 

of similar size, layout, and usage. 

Although the structures and volumetric dimensions of timber high-rise buildings are 

usually larger than those of comparable concrete buildings, timber buildings offer a 

rather sustainable solution to the densification and urbanization problems of recent 

times. The capability to store CO2 can be considered as a big advantage: The global 

warming potential of a timber high-rise compensates up to two thirds of emissions 

connected with an equivalent concrete structure. Moreover, additional benefits 

include the recycling of wood, their long lifespan and energetic payback of the 

resource wood. Furthermore, the construction time required to erect a timber 

construction building can be considered as time-efficient, and construction-related 

noise is moderate compared to other building sites. However, while the construction 

time is short, the planning of timber high-rise buildings currently requires more time 

than conventional projects. This might be due to the fact that the technology is still not 

very common throughout the planning practice. This, most likely, will change with an 

increased number of high-rise timber constructions to be built and the establishment 

of corresponding knowledge-bases.  

Future Research and Development efforts need to further investigate the optimization 

of the material use. In addition, the industry has to adapt toward a broader 

manufacturing practice of new and efficient wooden elements in order to make the 

components more feasible, cost-efficient and competitive to concrete and other 

construction forms. The next steps in investigation thus should encompass a critical 

comparison between different construction methods for timber high-rise construction. 



 

 
 

The different individual solutions and build use cases will contribute to create 

benchmarks for future developments. Given the increasing number of timber 

constructions in planning, building, or even in use, such comparison efforts can offer 

substantive improvements for the design, planning, and construction of timber high-

rise buildings. 

Keywords 

Comparative LCA, Building Materials, High-Rise, the Tree Building, Concrete, 

Benchmark, ecological footprint 
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1 INTRODUCTION 

1.1 Overview 

With the occurring shift in population dispersion, the world is witnessing an unprecedented 

growth of cities in recent decades. A majority of people on this planet now live in urban areas. 

This urbanization is largely accompanied by housing shortage which remains one of the big 

problems to be solved by policy makers and urban planners of our time. Yet, this is merely one 

of two issues tied to the building industry (Bugliarello, G. 2006). 

Moreover, buildings  are considered as one of major contributors to CO2 emission and pollution 

of the environment. As shown in Figure 1, up to 6% of global GHG (greenhouse gas) emissions 

(up to 19% including electricity related emissions, Lucon et al. 2014) are linked to buildings 

onsite energy generation. Excluded from this are emissions of electricity use and the 

production/transport of building components. 

 

 

Figure 1: Global greenhouse gas emissions (EPA 2014) 

Materials used to construct our living space play a substantial role on the impact we create 

towards the environment. Cement for concrete production as an example accounts for up to 

8% of global CO2 emissions. This value does not even consider the reinforcement steel 

production (Oliver et al. 2015). 



INTRODUCTION 
 

 
2 

 

 

Figure 2: CO2 emissions per country from fossil-fuel use and cement production (Oliver et al. 2015). 

This situation calls for new design proposals and material compositions that improve 

sustainability, energy efficiency and decrease the GWP (global warming potential) of our built 

environment (GWP-data is usually referred to as the equivalent of CO2.kg-1). 

One approach for urban densification is maximizing the construction height of buildings up to 

high-rise level. Such buildings typically are made of reinforced concrete and steel. Smart 

design using sustainable material solutions and state of the art engineering offer new 

approaches to the skyscraper construction. Recent trends reveal the increased use of timber 

as construction material for high-rise buildings. Experimenting with the capabilities of wood 

has led to the realization of the first wooden high-rise buildings, combining the endeavor to 

save CO2 and realizing a densified urban structure. In order to clarify the differences and 

benefits of the new approach (timber construction) versus the conventional construction 

approaches (concrete, steel), this research was performed in order conduct a semantic 

comparison between wood and reinforced concrete high-rise constructions. 
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1.2 Motivation 

One requirement to establish a fundamental improvement regarding sustainability and 

enhanced building design is the creation and availability of know-ledge-bases and detailed 

reference documentation of lighthouse projects. In an effort to quantify energy consumption 

and GWP of materials and processes, various methods have been developed. One of the most 

prominent methods hereby is the Life-Cycle-Assessment (LCA). This method offers a rather 

clear and structured analysis of affiliated data. Results from LCAs can be used for decision 

support in design and planning processes. Building with timber regularly is connected as a way 

to healthy living. Moreover it offers a possible sustainable approach to tackle the problems 

concerning urban densification. Within the scientific community different studies have been 

conducted in this domain: Durlinger et al 2013, have previously evaluated building materials 

as used in realized constructions, focusing on wooden high-rises. Clarifying the enormous 

reduction in CO2.kg-1 equivalent these constructions offer. Skullestad et al. 2016 established 

comparative LCA in order to measure climate change mitigation deferring from conventional 

to alternative structural systems in high-rise timber buildings. Here the data was estimated 

through simulation/calculation and focusing on CC only. There is a lack of real life data 

comparison in case studies for these constructions, though various examples are already built 

and inhabited. With a progressing market, investors are coming more to terms with the idea of 

climate change mitigation in the building process. Aim of this thesis is to assess a built example 

of one of the largest wooden residential buildings of our time concerning its GWP. Furthermore, 

to establish a case study in which the construction is exchanged with conventional reinforced 

concrete, with the goal to clarify differences in costs, building process and impact on the 

environment. 
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1.3 Background  

1.3.1 Life Cycle Assessment 

Following the effort to confine and reduce the impact of operations on climate change and 

health, in 1996 ISO 14000 was drafted as a family of standards. Mainly to provide “practical 

tools for companies and organizations of all kinds looking to manage their environmental 

responsibilities” as stated by ISO. The concrete founding points for this development are these: 

 Minimization of negative environmental affect. 

 Correspond to regulations, laws and additional environmental requirements 

 Being prone to continuous improvement 

This basis paved the way towards the implementation of important standards like the ISO 

14001 that largely affects the EU’s eco-management. One year after the creation of ISO 14000 

in 1997 a new process for ecological analysis was built on its foundation. This instrument was 

Life Cycle Assessment as described by the ISO 14040. Being reviewed and edited to its current 

state in 2006, LCA provides a framework and rules for calculation.  

According to ISO 14040: 2006: 

“LCA can assist in:  

 Identifying opportunities to improve the environmental performance of products at 

various point in their life cycle, 

 Informing decision-makers (…), e.g. for the purpose of strategic planning, priority 

setting, product or process design or redesign, 

 The selection of relevant indicators of environmental performance, 

 Marketing (e.g. implementing an ecolabelling scheme, making an environmental 

claim, or producing an environmental product declaration).” 

This is achieved by numerically assessing the GWP and incorporated energy via material type 

and quantity. Following the procedure allows a comparison between product types and can aid 

to deliver an optimized decision. 

To apply an LCA on a product or process, four phases are considered (ISO 14040: 2006): 

 Goal and scope 

Identifying the objectives and intention, the designation of the LCA is clarified. With 

the objectives in view it is part of this phase to specify which products are taken into 

account and how the system boundaries are set. Question to be answered in this part 

are: “What is the intended information I want to excerpt? Who is this information for? 

What life cycle stages are taken into account? Where are the limits?” 
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 Inventory analysis (LCI) 

This phase deals with the determination and quantification of the ecological qualities 

of the assessed object. Intrinsic part are the in- and outputs of raw material, energy, 

water, waste and emission. An inventory is created for the entire life cycle of a 

product or only for certain life cycle stages. Often depictions of indirect and direct 

process flows are added in diagrams for revised legibility. 

 Life cycle impact assessment (LCIA) 

Taking the numeric values of the LCI and evaluating them into their characteristic 

impact on the environment. This is grouped into these steps: 

 Impact category selection and definition 

 LCI result classification 

 Category characterization 

 Normalization 

             Table 1: Example for the required data of an LCA 

Impact Category Definition LCI data results Characterization 

Global Warming Increase in average 

global temperature 

CO2, N2O, CH4, 

O3,…  

GWP (CO2 equivalent) 

Via normalization the results are divided by a specified benchmark in order to compare 

between different impact categories. The impact categories are then grouped 

according to a chosen sorting criteria and weighted by their perceived importance.  

 Interpretation 

Important factors of the preceding steps are identified and the results evaluated. This 

happens according to the aims and goals that were set in the beginning. Possible 

conclusions are drawn in this part and limitations of the analysis explained. 

Suggestions derive here from in order to lower the negative effects of the assessed 

system on the environment.  

As shown in Figure 4, the process of LCA is iterative. While data is obtained, interpretation 

runs throughout all stages, thereby the entire process is constantly prone to reevaluation. 
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Figure 3: Four main steps for LCA (ISO 2006; Guinee et al. 2010) 

A complete LCA will consider the entire life cycle of a product. It is however important in the 

goal and scope step to designate which variant of limitation is chosen as this will determine 

the focus of the assessment. Usual variations are the following: 

 Cradle-to-grave 

Analysis of the complete life cycle of a product, from raw material extraction 

(cradle) to the designated end-of-life or disposal (grave). 

 Cradle-to cradle 

This specific LCA method can be selected for a product that can be reused or 

recycled into a new product at the end of its life. 

 Cradle-to-gate 

This method runs from the raw material extraction up to the end of a certain stage 

in the life cycle of a product. 

 Gate-to-gate 

Here only one process step is taken into account. Gate-to-gate parts can later be 

connected in order to form a limited selective assessment. 
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Figure 4: Goal and scope (illustration by author) 

To produce the LCA for a building, the same described procedure is followed. Deferring hereby 

though is that the manufacturing of parts and materials can sometimes be split into two 

categories. Namely the manufacturing of the base parts and the assembly for larger 

prefabricated components such as doors, walls or slabs. The “use” step then consists of the 

on-site construction and the occupancy during which maintenance plays a role. Another 

necessary addition is the demolition of the building, preceding the disposal of the material. 

 

Figure 5: Complete LCA of a building (illustration by author) 
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A building requires energy for every life cycle process stage. While the entire sums of energy 

needed/used for the utilization of building products is denoted as “embodied energy”, all use 

applications that require energy during the occupancy stage are termed “operating energy”. 

Embodied energy is calculated by adding together the energy needs of extraction, 

manufacturing, assembly, construction, demolition, disposal and transportation.  

Operating energy is a subjective term and can either be measured during occupation or 

estimated in advance. 

Putting these two terminologies side by side according to their energetic impact: “Results show 

that operating (80-90%) and embodied (10-20%) phases of energy use are significant 

contributors to building’s life cycle energy demand” (Ramesha et al. 2010). As regulations and 

new developments push forward in reducing the operating energy demand of buildings, the 

implication of more sustainable materials with lower embodied energy becomes even more 

important. According to Thormark (2001) up to 45% of the entire energy demand of a low 

energy building with a life span of 50 years is linked to embodied energy. 

1.3.2 Wooden High-Rise Structures 

In order to encircle the special constructions of wooden high-rise buildings, the first enquiry is 

to clarify the term “high-rise”. According to Emporis “a high-rise building is a structure whose 

architectural height is between 35 and 100 meters. A structure is automatically listed as a high-

rise when it has a minimum of 12 floors, whether or not the height is known. If it has fewer than 

40 floors and the height is unknown, it is also classified automatically as a high-rise.” (ESN 

18727). This definition states that there is a certain range to which a building is considered 

being a “high-rise”. Taking this further, a limit is set at 100 meters of height, marking the 

distinguishing terminological line between “high-rise” and “skyscraper” (ESN 24419). To get a 

good overview on the scale of the group of high buildings we are investing, Figure 6 shows 

them in the global contemporary context. 
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Figure 6: Skyscraper Index (Ritholtz 2012, edited) 

The conventional materials for the assembly of these large structures are man-made 

substances like fired bricks, concrete or steel. With the invention and hype of RC in the 1900s 

a material was found to push building limits even higher. A large factor for this development 

was not only the sturdy nature of the materials but also their ability to resist fire. 

By the end of the 20th century it became more and more necessary for design solutions to 

respond to environmental issues. Global warming and sustainability of resources was marking 

the beginning of a change in the market and the search for alternative materials. Having the 

idea in mind to address also the issues of densification these materials were in need to possess 

certain qualities. Wood as a great example has the benefit of being a CO2 binding, sustainable 

substance that grows naturally. Therefore effort was undertaken to improve and harness the 

maximum capabilities of the material. Though various examples can be named and assessed 

here, the focus will lie on glulam and CLT. Glulam as a wooden composite was already used 

for over 100 years when research and implementation of CLT started in Austria and Germany 

in the early 1990s. These components are assembled by gluing layers of wood together, 

thereby producing a material that can bear large loads. While glulam pieces are glued in 

parallel direction, CLT binds solid-sawn panels in perpendicular layers. 
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Figure 7: What is Cross Laminated Timber (CLT)/ Glued Laminated Timber (Glulam) (BuildableDesign 

2017) 

Glulam can be produced as a structural member for columns, beams and arched shapes. A 

big positive feature to glulam is that building parts can be produced from small tress rather 

than old growth and solid-sawn timbers. This adds the advantage of selectively cancelling out 

negative effects of defects or knots. CLT is a very flexible material in comparison. It can be 

used for walls, roofs and ceilings and combines the effectiveness of carrying loads as a solid 

building element with the perks of the material wood. 

Using these elements different projects have been undertaken to test and further the 

boundaries of vertical limitation while building with wood. In recent years this has led to 

somewhat of a race in order to build ever higher wooden structures.  

 

Figure 8: Development of multi-story wooden constructions (Atlas Mehrgeschossiger Holzbau 2017) 

As depicted in Figure 8 the rally of wooden high-rise buildings is about to take the step towards 

the next category of skyscrapers after reaching heights of over 100m. Currently the tallest 

wooden construction is “Brock Commons” in Vancouver with 53m.  
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Table 2: Tallest wooden buildings, past, present and future development (Wikipedia 2018, edited) 

Name Height (m) Floors City Date Status 

W 350 
Sumitomo 

350 70 Tokyo, Japan 2041 Planned 

Oakwood 
Tower 

304.8 80 London, 
England 

/ Planned 

River Beech 
Tower 

228 80 Chicago, USA / Proposed 

Trätoppen 133 40 Stockholm, 
Sweden 

/ Proposed 

HoHo 84 24 Vienna, 
Austria 

2018 Under 
Construction 

Mjøsa Tower 80 18 Brumunddal, 
Norway 

2019 Under 
Construction 

Brock 
Commons 

53 18 Vancouver, 
Canada 

2017 Completed 

Treet 52.8 14 Bergen, 
Norway 

2015 Completed 

Forté 32 10 Melbourne, 
Australia 

2012 Completed 

 

1.3.3 Case Study Building: The Tree Tower 

To select an adequate wooden high-rise project some boundaries and qualities of the building 

had to be set first. In order to make an assessment concerning densification, the category 

residential building was picked. This had the effect that any mixed-use and office building was 

already excluded from the beginning.  

In a first advance, the “Forté” wooden apartment complex in Melbourne, Australia offered a 

good example for study. This building was constructed in the end of 2012, using CLT elements 

exclusively produced and exported from Austria. Including the transportation impact for these 

components would have obviously been necessary in the LCA. This building with its 32m and 

10 stories held the title of being the largest wooden construction in the world. 
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Figure 9: Forté, Melbourne (Forte-Living 2012) 

Due to the fact that the Forté was already overtaken in height by another wooden housing, it 

was decided however to select the “Tree Tower” in Bergen, Norway. At the time of writing, the 

preceding highest wooden construction in the world. “Treet” (“Tree” in Norwegian), is a 14 story 

residential building with a height of 45m (respectively 52,8m, total building height – comma is 

used as a separator in this written work). Built in accordance to the passive-house standard, 

occupation of the structure started in December 2015. Setting of this building is next to a sea 

channel in the central urban area of Bergen. Being the second largest city in Norway it is 

located on the countries west coast. To understand the structure of this building let us take a 

step back to consider the ideological development. 

    

 

 

 

  

Figure 11: Tree, 3D view (Timber-design 

and Technology 2015) 
Figure 10: Bergen, location for Treet 
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Construction with wood has a long tradition in Norway. The national interest in this material is 

not only marked in the heritage of boat manufacturing but also its culmination in form of the 

stave churches. In the light of this past, Norwegian engineering projects have been undertaken, 

reevaluating the importance of wood toward its structural use in bridges. 

 

Figure 12: Wooden bridge, Flisa brua, Norway (Moelven 2013) 

Taking the framework from these modern bridges, the concept for “Treet” was developed. The 

idea was to turn the side elevation of the specific wooden construction from a horizontal into a 

vertical load bearing system, as shown in Figure 12. 

             

 

 

 

The design of the building was conducted by companies ARTEC (ARTEC 2018) and BOB BBL 

(BOB 2018), taking from 2011 until 2013 to finalize. These approximately two years of 

development were additionally supported by the Norwegian University of Science and 

Technology and the Norwegian Institute of Wood Technology. 

Figure 14: 3D view of structural model 

(Structural Design and Assembly of “Treet” 

– A 14-Storey Timber Residential Building 

in Norway) 

Figure 13: Structural concept (illustration 

by author) 
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A rig consisting mainly of glulam and some CLT panels for the elevator shaft serves as skeleton 

for the residential modules. Abrahamsen and Malo (2014) state that this might be explained 

as “an analogy to a cabinet rack filled with drawers”. The whole wooden construction is erected 

on a basis of reinforced concrete which also serves as the buildings cellar and car park. 

 

Figure 15: Step 1: Building foundation (ARTEC 2015) 

Considered as “drawers”, the modules make up the volume of the building. Four stories can 

be stacked on-top of another and three of these packs exist. Complying with the passive house 

standard, these modules were prefabricated and delivered to Bergen from a factory in Estonia. 

 

Figure 16: Step 2: Module pack (ARTEC 2015) 

Through the large trusses that run across the facades, the necessary stiffness of the structure 

is achieved. The CLT parts have next to no effect on the static performance of the whole 

building and are used for the elevator shaft, staircase, balconies and a minority of inner walls. 

 

Figure 17: Step 3: Glulam frame and CLT panels (ARTEC 2015) 
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So called “power storeys” separate the stacks of modules and make up for the 5th and 10th 

floors. Special modules are worked into these load bearing stabilizing layers that carry a 

prefabricated, reinforced concrete slab on top. The concrete here is not only to function as a 

foundation of the next module stack, but also to stabilize the light wooden construction through 

its weight.  

 

Figure 18: Step 4: Power storey (ARTEC 2015) 

This process of stacking modules and wrapping them in a glulam frame is repeated two more 

times, leading to 14 stories in total. 62 apartments are located on a net area of 5830 m2 with a 

gym and a rooftop terrace. 

 

Figure 19: Step 5: Repetition of the steps (ARTEC 2015) 
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Adding balconies and finishing the building façades, two materials were chosen: A ventilated 

cor-ten steel facade for the sides to the north-west and south east, a curtain wall (steel/glass) 

on the other two, covering the balconies. The integration of the structure behind the facades 

protects the wood against exterior influences and therefore lowers the maintenance intensity. 

 

Figure 20: Step 6: Façade finalization (ARTEC 2015) 

 

Figure 21: Finished construction (BOB 2015) 
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Two staircases, the main one with the elevator and one planned as fire escape make up for 

the buildings circulation. The resulting floor plan has five apartments per story. These are four 

equally cut two-bedroom apartments with a net area of 62 m2 and a one-bedroom apartment 

with 43 m2. Main window opening sides are North and South facing with balconies in front.  

  

Figure 22: Typical floor plan (ARTEC 2013) 

A visitation on-site clarified that the implementation of the glulam frame is visible and in some 

cases to the harm of the spacial flow. For example, in some floors the beams run diagonally in 

front of balcony doors, which puts into question the architectonic concept in combination to the 

structural equivalent. 

 

Figure 23: Interior view of an apartment (BOB 2015) 
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As mentioned the concept for the main structure stems from modern Norwegian bridge 

constructions. Typical for these is their connection using slotted-in steel plates and dowels. 

These joints are located inside the beams and columns, therefore not viewable. This grants 

them the characteristics of elegance, simplicity, durability and good fire resistance. 

 

Figure 24/25: Slotted-in steel plates with dowels (ARTEC 2013) 

The basic calculation for the evaluation of connection stiffness was executed in accordance to 

the simple design guidelines in Eurocode 5 (CEN 1995-1-1 2004). Kser, the stiffness modulus 

depends on the chosen connection type, ρmean the mean density and d the diameter in mm. 

When calculating a dowel fastener connection between timber and steel Kser is given per dowel 

and shear plane via this formula: 

Kser = 2ρmean
1.5d/23                                                                                                                  (1) 
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2 METHOD 

2.1 Overview 

It seems clear to further engage in the utilization of sustainable materials with a low 

GWP. Yet conventional construction methods that might implement a higher impact 

on the environment, are still rigidly integrated into global building processes. This state 

creates a circle in which new solutions are only involuntarily accepted. Not allowing 

learning, improvement and in the end standardization of new practices take place, is 

the result of sticking to the safe and calculable. 

Objective of this project is to deliver quantification and a numeric comparison between 

the obsolescent use of RC and the built example of a wooden glulam structure. The 

main part is split into three subcategories, the result gathering which is subdivided 

into: LCA of the “Treet” and LCA of a RC equivalent; then numeric comparison and 

conclusion of the results. 

Crucial part for the execution is an according collection of data. Marking the 

verifiability and in the end determining the scientific worth of this study. Furthermore 

it is important to create a statically correct benchmark to read out the adequate values. 

 

Figure 26: Methodology (ARTEC 2015, edited) 
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 I. Treet 

In entirety, the first of four parts is the selection of the building and 

performing an LCA. As stated in the previous chapter it is necessary to 

initially clarify the boundaries of the LCA in the goal and scope phase. After 

the selection of the building, the range of building materials to be taken into 

account in the LCI is considered. Following as the next step is the LCIA, in 

which is determined under which factors the products are analyzed. 

Quantification and calculation is then used to obtain the numeric values as a 

first result of the evaluated object. 

 II. Conventional Construction 

Following this, it is then necessary to produce a RC-benchmark-building via 

simulation. This building is required to function and deliver the same amount 

of net floor space as the original. Special importance is assigned to the 

calculation and implementation of static capabilities and delivering an 

insulation quality in passive house standard. Using this building a LCA is 

performed, again aiming at the acquisition of designated values and focusing 

on selected materials. 

 III. Comparison 

After gathering the two distinguished semantic datasets, a comparison can 

take place. This shall produce an outlook on characteristic performance in 

regard to selected values for the different types of building materials.  

 IV. Conclusion 

Finally the results are concluded in order to excerpt the knowledge that was 

gained. 
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2.2 Hypothesis 

In consideration of CO2-equivalent quantification, the qualities of wood are 

unprecedented. Not only incorporating and locking away large amounts of the 

chemical within its fibers, it is also harvested and processed efficiently in energetic 

and environmental terms. Additionally, wood products possess a beneficial recycling 

output after the end-of-life stage. In comparison, concrete that needs cement as a 

high energy demanding substance is becoming more and more outdated. 

This research and study aids the decision making process for future developments. 

Magnifying regards towards sustainability, expected GWP and costs of used building 

components. 
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2.3 Scope 

The research is dedicated to distinguish use of RC and wood in high-rise structures, 

in order to assess certain qualities of both materials. In accordance to this strive the 

clarification of what will be considered in the LCA as building components has to be 

trimmed. A big point is also choosing the LCA limitation for the life-cycle stages, to 

make the outcome more readable. To answer these questions the final goal has to be 

kept in mind. The gathered data for “Treet” is ground on plans by the architect. 

Material data calculations are performed with environmental product declarations 

(EPD) and Austrian supplier price lists. 

 Building parts 

Creating the ramifications of the building can be seen as the initial part. It is 

assigned which parts of the building shall be taken into consideration: 

Declaring the cellar as a subjective element that can vary in size, it is 

required in both construction types only according to luxurious needs such 

as car park and extra storage. To obtain a qualitative assessment with focus 

only on the aboveground construction, the building shall be reduced to its 

bare minimum: a foundation with the necessary dimensions without bore 

piles. 

The façade is seen as an exchangeable element with next to no impact to 

the structure. It is considered subjective and therefore not taken into account 

for the LCA of the building. For simplicity, windows and doors are also left 

out of the assessment. Walls are seen without openings/holes. 

Walls inside the apartments are also excluded, they are not relevant for the 

study. 

The building is stripped to its meaningful qualities, delivering the basis of an 

object that creates living space. Consisting of a foundation, the static 

structure and the inhabitable floor area with the modules, yet without building 

systems. 

 Materials 

Narrowing down the materials of the assessment is separated into the two 

building types. 

For “Treet”: Glulam, CLT, construction wood, insulation and RC 

For the conventional construction: RC and insulation 

The concrete and insulation type shall be determined to be the same for 

comparability. 
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 Material dimensions/mass 

In distinction, the data for “Treet” states certain material quantities that were 

used. All building masses are acquired through official statements, 

datasheets, interviews and plan measurements.  

For the simulation of the RC construction only the minimum amount of RC 

according to statics and necessary insulation according to passive house 

standard are implemented and read out via software. 

 Time/Timeframe 

Construction time of the tree tower is given and an educated estimation for 

the RC structure is established. For both buildings 50 years in service at full 

capability is the timeframe. This is the minimum lifespan of building 

structures in the EU (according to Eurocode 0, Category 4). 

 Assessed Values 

Four different aspects make up the material analysis.  

Utilizing the “simplified LCA profile” (Marsh 2015), three LCA related fields 

are determined: 

 For the impact on global warming (GWP), the assessed chemical of the 

research is carbon dioxide (CO2) in its’ kg equivalent.  

 Total use of non-renewable primary energy (TNRPE) resources for 

production is determined in Megajoule (MJ) 

 The acidification potential (AP) of soil and water is listed in kg of sulfur 

dioxide (SO2) equivalent. 

Finally the material costs for the buildings are calculated. Setting for the 

estimation is Austria, prices are noted in Euro (€). The data is excerpted from 

Austrian supplier price lists. 

 

Figure 27: Scope of the building assessment (illustration by author) 
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The assessment for the building-products impact is founded on the Environmental 

Product Declaration or EPD that stands in accordance to ISO standard 14025. 

Datasheets provide the product specific GWP and TNRPE for certain life cycle stages 

for the value of 1 m3/1 t of material which are focus of this study. Via multiplication of 

the m3 of the individual materials with the EPD data, the finally resulting total numeric 

sums are gained.  

In regards to the boundaries of the LCA, defined gate-to-gate procedures are utilized. 

Excluding transport from manufacturer to the construction site and from demolishment 

to waste processing, the center of attention is to be kept on the materials. This means 

the product creation (cradle) is considered, from extraction of the raw material to 

manufacture. The use stage is left out as various factors like construction and/or 

maintenance make it incalculable. For the end-of-life assessment the same is to be 

said. Different disassembly procedures amount to different value outputs, this section 

is therefore left out. In the end, the benefits and loads beyond the system boundary 

of the materials are taken into account. This sheds some light on the further use as 

buildings today are not assembled to last forever. It is important to realize the potential 

of reuse. 

 

Figure 28: Selection of assessment phases for the study (ISO 14025, edited) 

EPD shortages 

Not all original EPD sheets are accessible, and not all deliver the necessary data. 

Following original data for “Treet” is not provided by the officials: 

 RC, concrete: EPD stage D, rebar: entire EPD 

 OSB and construction wood: entire EPD 

 Insulation: entire EPD 

For the missing values of the original material EPD, an alternative with the 

same/approximated material specifications is used.  
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Following replacement values are selected: 

 RC, concrete: EPD of concrete with the same durability class C45, rebar: 

EPD of carbon steel reinforcing bar 

 OSB: Alternative EPD, construction wood: Alternative EPD 

 Insulation: Rockwool EPD (German) 

 

Cost estimation 

The material cost estimation supplies statements to the theory of financing such a 

building in Austria. The according price lists of Austrian material suppliers are located 

in the appendix. For the RC, the values used are the same in both buildings for 

comparability. 

Additional Information 

In the comparison section, other viable semantic differences of the constructions are 

mentioned. Included here will be two additional aspects: 

 Noise during the construction 

 Soundproofing issues 
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3 RESULTS 

3.1 The Tree Tower 

Starting with the assessment of the wooden high-rise, the building components 

involved are glulam, CLT, RC and the prefabricated modules.  

3.1.1 Components 

The principle goes from interior to exterior. This means the habitable modules are 

reviewed first.  

Altogether there are 132 modules used in the building. Two different floor slabs serve 

as the difference between the modules. 68 of them are considered as standard slab 

modules, 64 as wet area slab modules. 

 

Figure 29: 3D building model, only modules (ARTEC 2013) 
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As seen in figures 30-32, the modules are prefabricated, done by the company 

“Kodumaja” (Estonia) and delivered as whole to the building site. There they are only 

lifted in place via crane and attached. 

 

 

Figure 30/31/32: Basic set-up, 2x2 modules (BOB 2015) 

These components consist of a timber-frame wall and slab construction, filled with 

mineral-wool as insulation. Though there are many more materials mentioned, for the 

LCA only the wood and mineral wool is used for the calculation. That makes up the 

module material composition. In the end it is needed to excerpt the individual material 

masses. This can be done by working with the floor plan, and section first. Measuring 

out the lengths/widths/heights of walls/slabs and then calculating the areas. For the 

height assessment it is necessary to mention that the highest points of the building 

are chosen, the top of the 14. (resp. 13.) floor. Walls are considered to run through 

without slab separation, slab areas are measured including areas under/above walls. 
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Figure 33: Partial section for height assessment (SWECO 2013, edited) 

 

Figure 34: Area and module floor plan (ARTEC 2013, edited) 

The modules are enclosed in insulated walls, making the circulation space a non-

heated area. In between modules B/C a separating interior wall is used. These are 

the two wall types used in the assessment. Stating again: The interior walls inside the 

apartments are not taken into account. Though there are different slabs and a roof it 

is only necessary here to obtain the specific floor areas of the modules as the values 
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are the same. The circulation area is considered to consist completely of standard 

slab. In case of the walls, the height is measured from ground floor to maximum 

height. These are the outputs for single module elements, therefore have to be 

multiplied accordingly in the next part. To have a brief overview, the information is 

sorted and collected in table 3 (appendix).  

It is now consequential to multiply the parts to obtain the total amounts. This is done 

in table 4 (appendix). 

The obtained total areas are listed in short form below: 

Building Part Area 

Exterior wall 6163,22 m2 

Interior wall 848,30 m2 

Wet area slab, ground floor  144,48 m2 

Wet area slab, upper floors 1806,00 m2 

Standard slab, ground floor/circulation 1362,56 m2 

Standard slab, upper floors 2398,54 m2 

Roof area 418,28 m2 

Being the most sophisticated part of the entire building, it makes sense to elaborate 

the details. In the following, the affiliated details are put in order: First the modular 

walls, then the slabs and finally the roof. 
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Detailing of the prefabricated modules: 

Walls 

 

Figure 35: Vertical section of exterior module wall (based on illustration by ARTEC) 

 

Figure 36: Horizontal section of exterior module wall (based on illustration by ARTEC) 



RESULTS  
 

 
31 

 

 

Figure 37: Vertical section of interior module wall (based on illustration by ARTEC) 

 

Figure 38: Horizontal section of interior module wall (based on illustration by ARTEC) 

As mentioned before, the interior walls inside the modules are not relevant for this 

study and therefore left out. 
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Slabs 

 

Figure 39: Slab to ground for standard module (based on illustration by ARTEC) 

 

Figure 40: Slab to ground for wet area module (based on illustration by ARTEC) 
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Figure 41: Slab to interior for standard module (based on illustration by ARTEC) 

For the two air layers that include wooden battens, the distance in between battens is 

0,60 m. 

Important to mention about the slabs is, that there are two module types using either 

the standard or the wet area slab. As depicted in figure 35, the standard module works 

with distances between the I – profiles of 0,60 m. The wet area module slab, depicted 

in figure 36 places the I – profiles at 0,30 m separation. 
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Roof 

 

Figure 42: Module roof slab (based on illustration by ARTEC) 

In this section the wooden I – profiles are not visible. They are oriented in a 

perpendicular manner with the usual distance between elements of 0,60 m. 

Analyzing the details in regards to viable materials for the assessment, focus lies on 

wood and insulation. Summarizing the different types and sizes gives a brief overview 

of all components. 

Walls 

 Rockwool: 30 mm / 45 mm / 95 mm / 170 mm 

 OSB – Board: 8 mm 

 Battens / Scantlings: 30 mm x 45 mm / 45 mm x 45 mm / 45 mm x 95 

mm / 45 mm x 170 mm 

Consecutive distance between battens/scantlings: 0,60 m 

 Wall Board: 19 mm (perceived as one solid layer) 
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Slabs 

 Rockwool: 13 mm / 100 mm / 300 mm 

 OSB – Board: 8 mm / 12 mm / 18 mm / 22 mm 

 Battens / Scantlings: 21 mm x 70 mm / 45 mm x 70 mm / 45 mm x 90 

mm / 45 mm x 120 mm 

Consecutive distance between battens/scantlings: 0,60 m 

 I – profiles:  

OSB – Board: 8 mm x 250 mm 

→ Cross-section: 20,00 x 10-5 m2 

Scantling: 2 x (45 mm x 45 mm), Cutout: 2 x (8 mm x 20 mm) 

→ One scantling cross-section: 18,65 x 10-5 m2 

Consecutive distance between I – profiles: 

0,30 m ( wet area module) / 0,60 m (standard module) 

 Wall Board: 19 mm (perceived as one solid layer) 

Module material mass 

For the final output of material masses, the modules have to be separated into their 

constituents. This is done via the total component areas and maximum 

length/height/width. Herein the distribution of battens/scantlings and I – profiles is 

measured to qualitatively determine the m3 of wood and insulation. 
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Figure 43: Wall, wooden frame elements (illustration by author) 

 

Figure 44: Slab, wooden frame elements (illustration by author) 
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For the calculation the component areas are divided through the maximum values of 

height/length/width in order to get the theoretic 2-dimensional layouts of the building 

parts. 

Using the resulting counts from figures 43/44 and the theoretic expansions from table 

5 (appendix), the running lengths of the wooden frame elements are calculated in 

table 6 (appendix). 

Taking the running lengths and the cross-sections of the elements, the frame element 

volumes are gained. 

Finally, the (gross) volumes of the planar elements in the modules are calculated. This 

is done by multiplying the areas of the module components with the material 

thicknesses. Afterwards the according frame volumes are deducted from the 

insulation volumes. 

For subtraction of the wooden frame elements from the insulation, the scantlings of 

the following sizes are not considered as they are located in air layers. These are the 

affiliated total material volumes of the scantling sizes: 

 20 mm x 45 mm: 0,92 m3 

 30 mm x 45 mm: 1,45 m3 

 21 mm x 71 mm: 0,72 m3 

 45 mm x 90 mm: 4,16 m3 

               In sum: 7,25 m3 

Deducting this sum from the total mass of KVH: 16,61 m3, table 7 (appendix), we 

acquire a volume of 9,36 m3. 

Rockwool (gross) – (OSB (I-profile) + KVH (frame)) = Rockwool (net) 

4004,83 m3 – (2,30 m3 + 9,36 m3) = 3993,17 m3 

The total material volumes of the modules are displayed in table 9. 

Table 9: Module material volumes 

Material Frame Volume Planar Volume Total Volume 

KVH 16,61 m3 117,10 m3 133,71 m3 

OSB 2,30 m3 183,77 m3 186,07 m3 

Rockwool -11,66 m3 4004,83 m3 3993,17 m3 
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Figure 45: Module material distribution, percentage (illustration by author) 

 

Figure 46: Module material distribution, absolute values (illustration by author) 
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CLT 

For the amount of CLT used in the building we can apply the amounts declared by 

the developers. 

 

Figure 47: CLT building parts (ARTEC 2013) 

Table: 10 CLT used in “Treet” 

Construction Element Amount 

Walls 143,77 m3 

Roof 39,12 m3 

Balcony Walls 42,08 m3 

Balcony Slab 111,03 m3 

Total 336,00 m3 
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Glulam 

Equal to the amount of CLT, the official data for the glulam elements is utilized. 

 

Figure 48: Glulam building parts (ARTEC 2013) 

Table 11: Glulam used in “Treet” 

Construction Element Volume 

Main Timber Frame 531,74 m3 

Secondary Structure 31,14 m3 

Total 562,88 m3 

 

Reinforced Concrete 

Though not relying on concrete for vertical construction, it is used as a stabilizing 

element against wind and earthquakes, in the foundation, the power floors and on the 

roof. All RC elements are prefabricated. For the dimension of the foundation, the 

measured value of the original is used, not taking the cellar with its walls into account. 

The standard floor plan area is used for determination of the volume, as seen in table 

12. To determine the mass of rebar steel inside the RC, we apply the average 

engineering values for 1,00 m3 per building part and use the mean, as shown: 

 Walls: 80-120 kg/m3→ 100 kg/m3 

 Slabs: 110-160 kg/m3→ 135 kg/m3 

 Foundation: 120-130 kg/m3→ 125 kg/m3 
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Table 12: Concrete used in “Treet” 

Construction 

Element 

Area Thickness Concrete 

Volume 

Rebar 

Quotient 

Steel 

Mass 

Concrete 

Foundation 

423,34 m2 0,45 m 190,50 m3 125 kg/m3 23,81 t 

Concrete Slab, 

Power Story 1 

423,34 m2 0,20 m 84,67 m3 135 kg/m3 11,43 t 

Concrete Slab, 

Power Story 2 

423,34 m2 0,20 m 84,67 m3 135 kg/m3 11,43 t 

Concrete Slab, 

Roof 

423,34 m2 0,20 m 84,67 m3 135 kg/m3 11,43 t 

Total 444,51 m3 58,10 t 

 

Material Summary 

Table 13: Material summary 

Material Volume 

KVH 133,71 m3 

OSB 186,07 m3 

Rockwool 3993,17 m3 

CLT 336,00 m3 

Glulam 562,88 m3 

Concrete 444,51 m3 

Rebar Steel 58,10 t 
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Figure 49: Total material distribution, percentage (illustration by author) 

 

Figure 50: Total material distribution, absolute values (illustration by author) 

3.1.2 Quantification 

In the beginning of this chapter, the basic GWP and TNRPE values of the selected 

LCA stages, and the gross material costs for the chosen materials of “Treet” are 

gathered (table 14/15/16, appendix). To obtain the amounts of affiliated CO2, MJ and 

€, the material volumes are multiplied with the EPD stage values, resp. the prices. 

The price assessment proceeds with company prices from Austria in order to establish 

a gross overview of local material costs for the structure. Chosen prices were selected 
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for the largest amounts and sizes. This considers that the different products are 

bought in large amounts and therefore listed on a lower cost level. 

Table 18: “Treet” EPD, GWP production only 

Material Amount GWP, production only 

Per 1m3/1 t 

GWP 

Total 

KVH 133,71 m3 -729,85 kg CO2/m3 -97,59 t CO2 

OSB 186,07 m3 -760,00 kg CO2/m3 -141,41 t CO2 

Rockwool 3993,17 m3 82,64 kg CO2/m3 330,00 t CO2 

CLT 336,00 m3 -601,77 kg CO2/m3 -202,20 t CO2 

Glulam 562,88 m3 -663,00 kg CO2/m3 -373,19 t CO2 

Concrete 444,51 m3 252,87 kg CO2/m3 112,40 t CO2 

Rebar Steel 58,10 t 839,00 kg CO2/t 48,75 t CO2 

“Treet”, total building GWP for production -323,24 t CO2 

 

Figure 51: “Treet” GWP, production (illustration by author) 
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Table 19: “Treet” EPD, GWP including recycling 

Material Amount GWP, production & recycling 

Per 1m3/1 t 

GWP 

Total 

KVH 133,71 m3 -1087,85 kg CO2/m3 -145,46 t CO2 

OSB 186,07 m3 -1409,00 kg CO2/m3 -262,17 t CO2 

Rockwool 3993,17 m3 76,72 kg CO2/m3 306,36 t CO2 

CLT 336,00 m3 -961,77 kg CO2/m3 -323,16 t CO2 

Glulam 562,88 m3 -1001,00 kg CO2/m3 -563,44 t CO2 

Concrete 444,51 m3 229,79 kg CO2/m3 102,14 t CO2 

Rebar Steel 58,10 t 1189,00 kg CO2/t 69,08 t CO2 

“Treet”, total building GWP for production & recycling -815,65 t CO2 

 

Figure 52: “Treet” GWP, production & recycling (illustration by author) 
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Table 20: “Treet” EPD, TNRPE production only 

Material Amount TNRPE, production only 

Per 1m3/1 t 

TNRPE 

Total 

KVH 133,71 m3 1178,00 MJ/m3 157,51 GJ 

OSB 186,07 m3 4810,00 MJ/m3 895,00 GJ 

Rockwool 3993,17 m3 1184,90 MJ/m3 4731,51 GJ 

CLT 336,00 m3 2493,00 MJ/m3 837,65 GJ 

Glulam 562,88 m3 1510,00 MJ/m3 849,95 GJ 

Concrete 444,51 m3 1531,27 MJ/m3 680,67 GJ 

Rebar Steel 58,10 t 10700,00 MJ/t 621,67 GJ 

“Treet”, total building TNRPE for production 8773,95 GJ 

 

Figure 53: “Treet” TNRPE, production (illustration by author) 
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Table 21: “Treet” EPD, TNRPE including recycling 

Material Amount TNRPE, production & recycling 

Per 1m3/1 t 

TNRPE 

Total 

KVH 133,71 m3 -5912,00 MJ/m3 -790,49 GJ 

OSB 186,07 m3 -5690,00 MJ/m3 -1058,74 GJ 

Rockwool 3993,17 m3 1085,47 MJ/m3 4334,47 GJ 

CLT 336,00 m3 -4897,00 MJ/m3 -1645,39 GJ 

Glulam 562,88 m3 -2900,00 MJ/m3 -1632,35 GJ 

Concrete 444,51 m3 1212,27 MJ/m3 538,87 GJ 

Rebar Steel 58,10 t 13830,00 MJ/t 803,52 GJ 

“Treet”, total building TNRPE for production & recycling 549,88 GJ 

 

Figure 54: “Treet” TNRPE, production & recycling (illustration by author) 
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Table 22: “Treet” EPD, AP production only 

Material Amount AP, production only 

Per 1m3/1 t 

TNRPE 

Total 

KVH 133,71 m3 39,72 x 10-2 kg SO2/m3 5,31 kg SO2 

OSB 186,07 m3 1,04 kg SO2/m3 193,51 kg SO2 

Rockwool 3993,17 m3 6,24 x 10-1 kg SO2/m3 2491,74 kg SO2 

CLT 336,00 m3 6,72 x 10-1 kg SO2/m3 225,79 kg SO2 

Glulam 562,88 m3 7,43 x 10-1 kg SO2/m3 418,22 kg SO2 

Concrete 444,51 m3 3,64 x 10-1 kg SO2/m3 161,80 kg SO2 

Rebar Steel 58,10 t 3,46 kg SO2/t 201,03 kg SO2 

“Treet”, total building AP for production 3697,40 kg SO2 

 

Figure 55: “Treet” AP, production (illustration by author) 
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Table 23: “Treet” EPD, AP including recycling 

Material Amount AP, production & recycling 

Per 1m3/1 t 

TNRPE 

Total 

KVH 133,71 m3 2,82 x 10-2 kg SO2/m3 3,77 kg SO2 

OSB 186,07 m3 6,54 x 10-1 kg SO2/m3 121,69 kg SO2 

Rockwool 3993,17 m3 6,18 x 10-1 kg SO2/m3 2467,78 kg SO2 

CLT 336,00 m3 3,02 x 10-1 kg SO2/m3 101,47 kg SO2 

Glulam 562,88 m3 -8,87 x 10-1 kg SO2/m3 -499,27 kg SO2 

Concrete 444,51 m3 3,23 x 10-1 kg SO2/m3 143,58 kg SO2 

Rebar Steel 58,10 t 4,80 kg SO2/t 278,88 kg SO2 

“Treet”, total building AP for production & recycling 2617,90 kg SO2 

 

Figure 56: “Treet” AP, production & recycling (illustration by author) 

 

 

 

 

 

 

 

 

3
121

2467

101

-499

143
278

2617

-1,00E+03

-5,00E+02

0,00E+00

5,00E+02

1,00E+03

1,50E+03

2,00E+03

2,50E+03

3,00E+03

KVH OSB Rockwool CLT Glulam Concrete Rebar
Steel

Total

S
O

2
m

a
s
s
 i
n
 k

ilo
g
ra

m
s

Materials



RESULTS  
 

 
49 

 

Table 24: “Treet” material cost 

Material Amount Price, gross 

Per 1m3/1 t 

Price, gross 

Total 

KVH 133,71 m3 283,86 €/m3 37954,92 € 

OSB 186,07 m3 306,80 €/m3 57086,28 € 

Rockwool 3993,17 m3 108,67 €/m3 433937,78 € 

CLT 336,00 m3 795,00 €/m3 267120,00 € 

Glulam 562,88 m3 367,83 €/m3 207044,15 € 

Concrete 444,51 m3 111,00 €/m3 49340,61 € 

Rebar Steel 58,10 t 919,00 €/t 53393,90 € 

“Treet”, total building material cost 1105877,64 € 

 

Figure 57: “Treet” material cost (illustration by author) 
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3.2 Conventional Construction 

3.2.1 Overview 

Goal is to create a reinforced concrete benchmark with the same plan setup as 

“Treet”. Minimal structural material dimensions are pursued. In using the static 

analysis program RFEM the necessary RC values are obtained as a first step. 

Following this, the insulation requirements are calculated for the building hull via 

ArchiPHSYIK. The total material mass is then assessed and multiplied with the EPDs 

/ price lists to generate the numeric output. 

3.2.2 Components 

Structural Dimensions 

To receive the same net area and floor plans as the wooden structure, the interior 

horizontal and vertical measurements of the “Treet” room sizes are incorporated in 

the simulation. 

 

Figure 58: RC benchmark, floor plan, basic setup (illustration by author) 
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Figure 59: RC benchmark, section, basic setup (illustration by author) 

As shown in figures 58 and 59 the dimensions of the original building are used as 

initial setup for the RFEM simulation. This is a program used for basic static analysis. 

In this study it helps to determine the material quantities of RC in walls and slabs. The 

calculations done by the program take into account dead, live and environmental 

loads.  
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Figure 60: RC benchmark, RFEM, static analysis (illustration by author) 

From the analysis we can excerpt definite material dimensions. In order to keep the 

construction simple / feasible, the RC wall thickness and slab strength throughout the 

building are calculated to be the same. 

These are the determined RC building element dimensions: 

 Foundation: 0,40 m 

 All slabs: 0,25 m 

 All walls: 0,20 m 
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Figure 61: RC benchmark, floor plan (illustration by author) 

 

Figure 62: RC benchmark, section (illustration by author) 

Thermal Envelope 

The numeric output of the RC skeleton allows calculation of the minimum insulation 

thicknesses with the program ArchiPHYSIK. This is an energy certification and 

building physics software, licensed for use in Austria according to local norms. The 

maximum U-values are set according to the passive house standard, in congruence 
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with the tree tower. For calculation purposes this is the standard which defines the 

capacity. 

This is the max. U-value for opaque building parts according to passive house 

standard: 

0,15 W/(m2K) 

In the RC construction this affects the components slab-to-ground, exterior walls and 

roof.  

The following figures depict the definition of the rockwool insulation amounts: 

 

Figure 63: Slab-to-ground, U-value assessment (illustration by author) 
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Figure 64: Exterior wall, U-value assessment (illustration by author) 
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Figure 65: Roof, U-value assessment (illustration by author) 

Through the analysis it becomes clear that the RC elements have next to no impact 

on the total U-value. Therefore the insulation thickness throughout the building hull is 

0,24 m of rockwool. 

Final Component dimensions: 

 Slab-to-ground: 0,40 m RC / 0,24 m rockwool 

 Interior slabs and balconies: 0,25 m RC 

 Exterior walls: 0,20 m RC / 0,24 m rockwool 

 Interior walls: 0,20 m RC 

 Roof: 0,25 m RC / 0,24 m rockwool 
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3.2.3 Quantification 

Using the floor plans and section the material masses are calculated. Rebar steel 

mass inside the RC is determined per 1,00 m3 of volume, as done in chapter 3.1.1. 

Table 29: RC benchmark, material amounts 

Type Volume/Mass 

Rockwool 1046,29 m3 

Concrete 2926,52 m3 

Rebar Steel 355,62 t 

 

Figure 66: Volumetric material distribution, percentage (illustration by author) 

 

Figure 67: Volumetric material distribution, absolute values (illustration by author) 
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Using these quantities, the GWP, TNRPE, AP and material prices are calculated. 

Table 30: RC benchmark, GWP production only 

Material Amount GWP, production only 

Per 1m3/1 t 

GWP 

Total 

Rockwool 1046,29 m3 82,64 kg CO2/m3 86,47 t CO2 

Concrete 2926,52 m3 252,87 kg CO2/m3 740,03 t CO2 

Rebar Steel 355,62 t 839,00 kg CO2/t 214,47 t CO2 

RC benchmark, total building GWP for production 1040,97 t CO2 

 

Figure 68: RC benchmark, GWP, production (illustration by author) 
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Table 31: RC benchmark, GWP including recycling 

Material Amount GWP, production & recycling 

Per 1m3/1 t 

GWP 

Total 

Rockwool 1046,29 m3 76,72 kg CO2/m3 80,27 t CO2 

Concrete 2926,52 m3 229,79 kg CO2/m3 672,49 t CO2 

Rebar Steel 355,62 t 1189,00 kg CO2/t 422,83 t CO2 

RC benchmark, total building GWP for production & recycling 1175,59 t CO2 

 

Figure 69: RC benchmark, GWP, production & recycling (illustration by author) 
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Table 32: RC benchmark, TNRPE production only 

Material Amount TNRPE, production only 

Per 1m3/1 t 

TNRPE 

Total 

Rockwool 1046,29 m3 1184,90 MJ/m3 1239,75 GJ 

Concrete 2926,52 m3 1531,27 MJ/m3 4481,29 GJ 

Rebar Steel 355,62 t 10700,00 MJ/t 3805,13 GJ 

RC benchmark, total building TNRPE for production 9526,17 GJ 

 

Figure 70: RC benchmark, TNRPE, production (illustration by author) 
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Table 33: RC benchmark, TNRPE including recycling 

Material Amount TNRPE, production & recycling 

Per 1m3/1 t 

TNRPE 

Total 

Rockwool 1046,29 m3 1085,47 MJ/m3 1135,72 GJ 

Concrete 2926,52 m3 1212,27 MJ/m3 3547,73 GJ 

Rebar Steel 355,62 t 13830,00 MJ/t 4918,23 GJ 

RC benchmark, total building TNRPE for production & 

recycling 

9601,68 GJ 

 

Figure 71: RC benchmark, TNRPE, production & recycling (illustration by author) 
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Table 34: RC benchmark, AP production only 

Material Amount AP, production only 

Per 1m3/1 t 

AP 

Total 

Rockwool 1046,29 m3 6,24 x 10-1 kg SO2/m3 652,88 kg SO2 

Concrete 2926,52 m3 3,64 x 10-1 kg SO2/m3 1065,25 kg SO2 

Rebar Steel 355,62 t 3,46 kg SO2/t 1230,45 kg SO2 

RC benchmark, total building AP for production 2948,58 kg SO2 

 

Figure 72: RC benchmark, AP, production (illustration by author) 
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Table 35: RC benchmark, AP including recycling 

Material Amount AP, production & recycling 

Per 1m3/1 t 

AP 

Total 

Rockwool 1046,29 m3 6,18 x 10-1 kg SO2/m3 646,61 kg SO2 

Concrete 2926,52 m3 3,23 x 10-1 kg SO2/m3 945,27 kg SO2 

Rebar Steel 355,62 t 4,80 kg SO2/t 1706,98 kg SO2 

RC benchmark, total building AP for production & recycling 3298,86 kg SO2 

 

Figure 73: RC benchmark, AP, production & recycling (illustration by author) 
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Table 36: RC benchmark, material cost 

Material Amount Price, gross 

Per 1m3/1 t 

Price, gross 

Total 

Rockwool 1046,29 m3 108,67 €/m3 113700,33 € 

Concrete 2926,52 m3 111,00 €/m3 324843,72 € 

Rebar Steel 355,62 t 919,00 €/t 326814,78 € 

RC benchmark, total building TNRPE for production 765358,83 € 

 

Figure 74: RC benchmark, material cost (illustration by author) 
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4 COMPARISON & ANALYSIS 

Overview 

This chapter compares and relativizes the values of the results. In a comparative 

manner “Treet” and the RC construction are numerically placed next to one another 

in terms of their building volumes, total mass, GWP, TNRPE, AP and material costs. 

The amounts and resulting difference are then compared with benchmarks in order to 

make them more readable. 

Table 39: Comparison, overview 

Aspect Treet RC Construction Difference 

Volume 5656,34 m3 3972,81 m3 1683,53 m3 

Mass 2115,62 t 7619,76 t 5504,14 t 

GWP, prod. -323,24 t CO2 1040,97 t CO2 1364,21 t CO2 

GWP, prod. & rec. -815,65 t CO2 1175,59 t CO2 1991,24 t CO2 

TNRPE, prod. 8773,95 GJ 9526,17 GJ 752,22 GJ 

TNRPE, prod. & rec. 549,88 GJ 9601,68 GJ 9051,80 GJ 

AP, prod. 3697,40 kg SO2 2948,58 kg SO2 748,82 kg SO2 

AP, prod. & rec. 2617,90 kg SO2 3298,86 kg SO2 680,96 kg SO2 

Material Cost 1105877,64 € 765358,83 € 340518,81 € 

 

Building Volume 

In direct comparison, the RC structure is more compact. This is due to the increased 

use of dense concrete mass, which leads to a reduction of stuffed insulation material 

in frame spacing, as in “Treet”.  
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Figure 75: Volumetric comparison (illustration by author) 

The saved volume of the RC benchmark stands at 1683,53 m3. This space is enough 

to hold a housing unit of 100 m2 gross area with approximately 5 stories and a flat 

roof. In a rough estimation this story size would fit the popular 80 m2 apartment and 

leave 20 m2 for walls and circulation, making a total of 400 m2 of net living space. 

Dividing this by an average living space of 45 m2 per person, we have to assume 

habitable area for nearly 9 people was lost by the construction of “Treet”. 

Building Mass 

The weight of “Treet” is far lighter than it’s RC counterpart. Though stretching out far 

more in three dimensions this underlines the stabilizing necessity of the RC layers on 

top of its’ power stories.  

 

Figure 76: Mass comparison (illustration by author) 
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With the RC construction being far more massive, the question arises how the 

transportation of building parts for the two buildings would function. Considering a 

truck transportation with a loading capacity of 27 t per truck and the 5504,14 t of 

difference, this means: For the theoretic building site of the RC benchmark an 

additional 204 trucks have to deliver components. This is assuming the trucks are all 

loaded perfectly efficient and to the maximum of their capacities. 

GWP 

Deriving from the CO2 saving capabilities of wood, the outcome of this assessment 

underlines the up to positive effect when using this material in buildings. Storing away 

the CO2 rather than releasing it into the air by combustion. RC as a building 

component lacks the sustainable approach and even emits an excess of CO2 when 

recycled, due to the reshaping process of its’ steel reinforcements. 

 

Figure 77: GWP comparison (illustration by author) 
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than building in RC, the inhabitants of “Treet” all go on holidays after their building has 

been recycled. They could all travel 27762 km, or from Bergen to Bali and back before 

negating the CO2 balance their building has provided them with. 

TNRPE 

The primary energy content signifies the necessary resources required to produce a 

product or a service. Specified to non-renewable resources, this means substances 

like crude oil or coal and the harvested energy of their combustion. Both buildings lie 

close to one another for the energy requirements in the production stage, though the 

difference in materials creates a large impact when including recycling. 

 

Figure 78: TNRPE comparison (illustration by author) 
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301726,67 kg of coal saved in favor of “Treet” 
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AP 

Assessment of the AP means quantification of the SO2 mass. This molecule is 

historically tied to the industrialization and the occurring poisoning of the air. In this 

impact category both buildings seem to shake hands. In the production process, the 

RC construction emits less than “Treet”, after recycling the tables are turned. 

 

Figure 79: AP comparison (illustration by author) 
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Material Costs 
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Figure 80: Material cost comparison (illustration by author) 

In total the difference between the structures is 340518,81 €. This would be enough 

to finance approximately 45% of another RC benchmark structure. As this study 

does not take other aspects like transport to the building site into consideration, 

actual costs would definitely be a lot higher for the concrete construction. Only to 

encircle the before mentioned excessive truck loads. 

Other Aspects 

A planning period of four years was necessary to develop “Treet”. In approximation, 

due to the simplicity of the RC structure it is clear that through highly optimized 

engineering teams in aspects of concrete and rebar constructions its’ timeframe 

would be a lot shorter. As both constructions are entirely prefabricated, the actual 

building times are estimated to be similar. 

Regarding noise on the building site of “Treet”, neighbors, developers and builders 

themselves found it to be on a very quiet and convenient level. There were no 

complaints. Comparing this to a RC building site with a lot of loud drilling and 

machinery the benefits of the wooden construction are highlighted. 

A more problematic aspect with acoustics are the soundproofing issues between 

floors when building with wood. The massive setup necessary between levels for 

noise regulation between neighbors is far more elegantly solved with a filigree RC 

slab. 
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5 CONCLUSION 

This study examined different aspects of a timber high-rise construction and a 

comparable conventional building (conventional hereby means the use of traditional 

reinforced-concrete construction technologies). The observed aspects include CO2-

and SO2-emissions, TNRPE-demand, cost implications and a rough statement 

towards construction time and aspects of building acoustics. 

Results can be summarized as follows: The timber-construction building performs well 

in terms of Global Warming Potential, while the concrete-construction suffers from the 

material-related energy- and emission-intensive generation processes. However, the 

RC-building shows a higher area-efficiency (construction elements are considerably 

smaller than in the timber building). Moreover, in cost comparison it turns out the 

concrete construction still features lower investment cost. 

If recycling possibilities are integrated into the evaluation, the wooden construction 

shows a higher feasibility. In detail, the different cradle-to-cradle processes that are 

possible for timber constructions provide very long lifespans for used resources. 

Limitations of the Presented Study 

It is important to outline the limits of this study: 

 Data used for evaluation, both in the cost estimation and the LCA can be 

considered as secondary data, partly taken from catalogues. It is very 

difficult to assess the uncertainties connected with the approach, however, it 

is important to mention that there might be some uncertainty connected with 

both input data and results. 

 The approach was followed up by a specific case study building. While 

results can be considered to be very interesting for this case study building, 

the results cannot automatically be considered as meaningful for all other 

buildings.  

 

 The ongoing pushing-the-limits process regarding the maximum construction heights 

of buildings undoubtedly will enlarge the possibilities for urban densification in vertical 

direction. However, it has to be considered that the availability of sustainable high-

rise construction alone is just an element in the ongoing discourse about city growth 

and urbanization of the 21st century, which requires a holistic approach.  

Needless to say, the usage of timber construction for high-rise buildings still is the 

exception, not the rule. Thus, the level of experience amongst all involved 
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stakeholders (governmental bodies, planers, engineers, etc.) still requires 

improvement and standardization. Improved spatial planning within the buildings, and 

facility management optimization could be utilized to mitigate the space-cutting effect 

of the larger construction elements. A real “skyscraper” comparable to the highest 

buildings of the world yet has to be constructed.  

Future research should encompass investigation toward the efficiency of different 

timber-construction forms. Different approaches and building types can be assessed, 

towards the impact of the material on the quality of the created space. Here the mixed-

use Viennese “HoHo”- wooden high-rise (Hoho 2018), which is set to be completed 

by the end of 2018, offers a fruitful opportunity for further research. 
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6 INDEX 

6.1 List of Abbreviations and Characterizations 

A1 Raw Material Supply 

A2 Transport 

A3 Manufacturing 

C1 Demolition 

C3 Waste Processing 

C4 Disposal 

CC Climate Change Impact 

CLT Cross Laminated Timber 

CO2 Carbon Dioxide 

d Diameter 

D Reuse / Recovery / Recycling Potential 

EPD Environmental Product Declaration 

€ Euro 

GHG Greenhouse Gases 

GJ Gigajoule 

Glulam Glued Laminated Timber 

GWP Global Warming Potential 

ISO International Organization for Standardization 

kg Kilogramm 

Kser Stiffness Modulus 

KVH “Konstruktionsvollholz” Constructional Wood 

LCA Life Cycle Assessment 

LCI Life Cycle Inventory Analysis 

LCIA Life Cycle Impact Assessment 
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MJ Megajoule 

OSB Oriented Strand Board 

PE Primary Energy 

ρmean Mean Density 

RC Reinforced Concrete 

Resp. Respectively 

SO2 Sulfur Dioxide 

t Metric Ton 

TNRPE Total Non-Renewable Primary Energy 
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6.2 List of Figures 

Figure 1: Global greenhouse gas emissions (EPA 2014) 

Figure 2: CO2 emissions per country from fossil-fuel use and cement production, 

(Oliver et al. 2015) 

Figure 3: Four main steps for LCA (ISO 2006; Guinee et al. 2010) 

Figure 4: Goal and scope (illustration by author) 

Figure 5: Complete LCA of a building (illustration by author) 

Figure 6: Skyscraper Index (Ritholtz 2012, edited) 

Figure 7: What is Cross Laminated Timber (CLT)/ Glued Laminated Timber (Glulam) 
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8 APPENDIX 

8.1 Text documents 

8.1.1 EPDs 

KVH 
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8.1.2 Price Lists 
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8.2 Tables 

Table 3: Module measurements 

Module Part Length Width Height Area 

A/B North, 

14 - Stories 

Exterior Wall, 

East/West 

8,60 m / 49,32 m 424,15 m2 

A/B North, 

14 - Stories 

Exterior Wall, 

North/South 

4,20 m / 49,32 m 207,14 m2 

B/C North, 

14 - Stories 

Interior Wall 8,60 m / 49,32 m 424,15 m2 

C North, 14 

– Stories 

Exterior Wall, 

North/South 

5,30 m  49,32 m 261,40 m2 

A/B South 

13 - Stories 

Exterior Wall, 

East/West 

8,60 m / 46,05 m 396,03 m2 

A/B South 

13 - Stories 

Exterior Wall, 

North/South 

4,20 m / 46,05 m 193,41 m2 

A/B Slab/Roof 8,60 m 4,20 m / 36,12 m2 

C Slab/Roof 8,60 m 5,30 m / 45,58 m2 

Circulation Slab/Roof 

 

Lift cutout 

22,10 m 

5,50 m 

2,52 m 

2,70 m 

5,30 m 

2,00 m 

/ 

/ 

/ 

59,67 m2 

29,15 m2 

-5,05 m2 

83,75 m2 

Table 4: “Treet” module building-part summarization 

Part Area Factor/story Stories Sum 

Exterior Wall 

East/West 

424,15 m2  

(A/B North) 

396,93 m2  

(A/B South) 

2 

4 

/ 

/ 

848,30 m2 

1587,72 m2 

Exterior Wall 

North/South 

207,14 m2  

(A/B North) 

261,40 m2 (C) 

193,41 m2 (A/B 

South) 

8 

 

2 

8 

/ 

 

/ 

/ 

1657,12 m2 

 

522,80 m2  

1547,28 m2 
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Exterior Wall, Total 6163,22 m2 

Interior Wall 424,15 m2 2 / 848,30 m2 

Interior Wall, Total 848,30 m2 

Wet Area Slab, 

B, Ground Floor 

36,12 m2 4 1 144,48 m2 

Wet Area Slab (Ground Floor), Total 144,48 m2 

Wet Area Slab, 

B, Upper Floors 

36,12 m2 4 

2 

12 

1 

1806,00 m2 

Wet Area Slab (Upper Floors), Total 1806,00 m2 

Standard Slab, 

A, Ground Floor 

36,12 m2 4 1 144,48 m2 

Standard Slab, 

C, Ground Floor 

45,58 m2 1 1 45,58 m2 

Standard Slab, 

Circulation, All 

Floors 

83,75 m2 1 14 1172,50 m2 

Standard Slab (Ground Floor + 

Circulation), Total 

1362,56 m2 

Standard Slab, 

A, Upper Floors 

36,12 m2 4 

2 

12 

1 

1806,00 m2 

Standard Slab, 

C, Upper Floors 

45,58 m2 1 13 592,54 m2 

Standard Slab (Upper Floors), Total 2398,54 m2 

Roof, A/B 36,12 m2 8 1 288,96 m2 

Roof, C 45,58 m2 1 1 45,58 m2 

Roof, 

Circulation 

83,75 m2 1 1 83,75 m2 

Roof, Total 418,29 m2 

Table 5: Wooden frame elements, expansion 

Component Area Max. 

length/width/height 

Theoretic 

perpendicular 

expansion 
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Exterior Wall, 

Vertical Elements 

6163,22 m2 8,60 m 716,65 m 

Exterior Wall, 

Horizontal Elements 

6163,22 m2 49,32 m 124,96 m 

Interior Wall, 

Vertical Elements 

848,30 m2 8,60 m 98,64 m 

Wet Area Slab, 

Ground Floor 

144,48 m2 8,60 m 16,80 m 

Wet Area Slab, 

Upper Floors 

1806,00 m2 8,60 m 210,00 m 

Standard Slab, 

Ground 

Floor/Circulation 

1362,56 m2 8,60 m 158,44 m 

Standard Slab, 

Upper Floors 

2398,54 m2 8,60 m 278,90 m 

Roof 418,28 m2 8,60 m 48,64 m 

Table 6: Wooden frame elements, running lengths 

Component Frame 

Element 

Element 

Count 

Expansion Running 

Length 

Exterior Wall, 

Vertical 

Elements 

30 x 45 mm 

45 x 170 mm 

15 

15 

716,65 m 

716,65 m 

10749,75 m 

10749,75 m 

Exterior Wall, 

Horizontal 

Elements 

45 x 45 mm 83 124,96 m 10371,68 m 

Interior Wall, 

Vertical 

Elements 

45 x 95 mm 

45 x 95 mm 

15 98,64 m 1479,60 m 

Wet Area Slab, 

Ground Floor 

I - Profile 29 16,80 m 487,20 m 

Wet Area Slab, 

Upper Floors 

I – Profile 

45 x 90 mm 

20 x 45 mm 

29 

29 

29 

210,00 m 

210,00 m 

210,00 m 

6090,00 m 

6090,00 m 

6090,00 m 
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45 x 100 mm 

21 x 70 mm 

29 

29 

210,00 m 

210,00 m 

6090,00 m 

6090,00 m 

Standard Slab, 

Ground 

Floor/Circulation 

I – Profile 15 158,44 m 2376,60 m 

Standard Slab, 

Upper Floors 

I – Profile 

45 x 90 mm 

20 x 45 mm 

45 x 100 mm 

21 x 70 mm 

15 

15 

15 

15 

15 

278,90 m 

278,90 m 

278,90 m 

278,90 m 

278,90 m 

4183,50 m 

4183,50 m 

4183,50 m 

4183,50 m 

4183,50 m 

Roof 45 x 70 mm 

I – Profile 

21 x 70 mm 

15 

15 

15 

48,64 m 

48,64 m 

48,64 m 

729,60 m 

729,60 m 

729,60 m 

Table 7: Frame element volumes 

Frame Element Material Cross-Section Running 

Length 

Volume 

20 x 45 mm KVH 9,00 x 10-5 m2 10273,50 m 0,92 m3 

30 x 45 mm KVH 13,50 x 10-5 m2 10749,75 m 1,45 m3 

21 x 70 mm KVH 14,70 x 10-5 m2 4913,10 m 0,72 m3 

45 x 45 mm KVH 20,25 x 10-5 m2 10371,68 m 2,10 m3 

45 x 70 mm KVH 31,50 x 10-5 m2 729,60 m 0,23 m3 

45 x 90 mm KVH 40,50 x 10-5 m2 10273,50 m 4,16 m3 

45 x 95 mm KVH 42,75 x 10-5 m2 2959,20 m 1,27 m3 

45 x 100 mm KVH 45,00 x 10-5 m2 10273,50 m 4,62 m3 

I - Profile KVH 18,65 x 10-5 m2 11490,30 m 2,14 m3 

Total KVH 16,61 m3 

I - Profile OSB 20,00 x 10-5 m2 11490,30 m 2,30 m3 

Total OSB 2,30 m3 

Table 8: Planar element volumes (gross) 

Component Element Material Area Thickness Volume 
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Exterior Wall Wall Board KVH 6163,22 m2 0,19 x 10-1 m 117,10 m3 

OSB – Board OSB 6163,22 m2 0,08 x 10-1 m 49,31 m3 

Insulation Rockwool 6163,22 m2 2,45 x 10-1 m 1509,99 m3 

Interior Wall OSB – Board OSB 848,30 m2 0,16 x 10-1 m 13,57 m3 

Insulation Rockwool 848,30 m2 1,90 x 10-1 m 161,18 m3 

Wet Area Slab, 

Ground Floor 

Insulation Rockwool 144,48 m2 3,13 x 10-1 m 45,22 m3 

Wet Area Slab, 

Upper Floors 

OSB – Board OSB 1806,00 m2 0,12 x 10-1 m 21,67 m3 

Insulation Rockwool 1806,00 m2 4,13 x 10-1 m 745,88 m3 

Standard Slab, 

Ground 

Floor/Circulati

on 

OSB – Board OSB 1362,56 m2 0,22 x 10-1 m 6,79 m3 

Insulation Rockwool 1362,56 m2 3,13 x 10-1 m 426,48 m3 

Standard Slab, 

Upper Floors 

OSB – Board OSB 2398,54 m2 0,34 x 10-1 m 81,55 m3 

Insulation Rockwool 2398,54 m2 4,13 x 10-1 m 990,60 m3 

Roof OSB – Board OSB 418,28 m2 0,26 x 10-1 m 10,88 m3 

Insulation Rockwool 418,28 m2 3,00 x 10-1 m 125,48 m3 

Total KVH 

OSB 

Rockwool (gross) 

117,10 m3 

183,77 m3 

4004,83 m3 

Table 14: Basic EPD summary, GWP* 

Material Production Stage Total 

(production only) 

Reuse Total 

(with reuse) A1 A2 A3 D 

KVH -777,00 9,45 37,70 -729,85 -358,00 -1087,85 

OSB -760,00 -760,00 -649,00 -1409,00 

Rockwool 82,64 82,64 -5,92 76,72 

CLT -731,00 7,23 122,00 -601,77 -360,00 -961,77 

Glulam -663,00 -663,00 -338,00 -1001,00 

Concrete 252,00 0,82 0,05 252,87 -23,08 229,79 

Rebar Steel 839,00 839,00 350,00 1189,00 

*Rebar Steel: kg CO2 equivalent for 1 t, all other values: kg CO2 equivalent for 1 m3 
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Table 15: Basic EPD summary, TNRPE* 

Material Production Stage Total 

(production only) 

Reuse Total 

(with reuse) A1 A2 A3 D 

KVH 369,00 133,00 676,00 1178,00 -7090,00 -5912,00 

OSB 4810,00 4810,00 -10500,00 -5690,00 

Rockwool 1184,90 1184,90 -99,43 1085,47 

CLT 1000,00 103,00 2290,00 2493,00 -7390,00 -4897,00 

Glulam 1510,00 1510,00 -4410,00 -2900,00 

Concrete 1520,00 10,80 0,49 1531,27 -319,00 1212,27 

Rebar Steel 10700,00 10700,00 3130,00 13830,00 

*Rebar Steel: MJ equivalent for 1 t, all other values: MJ equivalent for 1 m3 

Table 16: Basic EPD summary, AP* 

Material Production Stage Total 

(production only) 

Reuse Total 

(with reuse) A1 A2 A3 D 

KVH 0,148 0,0412 0,208 0,3972 -0,369 0,0282 

OSB 1,04 1,04 -0,386 0,654 

Rockwool 0,624 0,624 -

0,00583 

0,61817 

CLT 0,241 0,0312 0,40 0,6722 -0,37 0,3022 

Glulam 0,743 0,743 -1,63 -0,887 

Concrete 0,191 0,00453 0,000179 0,195709 -0,041 0,154709 

Rebar Steel 3,46 3,46 1,34 4,80 

*Rebar Steel: kg SO2 equivalent for 1 t, all other values: kg SO2 equivalent for 1 m3 

Table 17: Basic price summary, material costs* 

Material Price, gross 

KVH 283,86 

OSB 306,80 

Rockwool 108,67 

CLT 795,00 

Glulam 367,83 
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Concrete 111,00 

Rebar Steel 919,00 

*Rebar Steel: costs in € for 1 t, all other values: costs in € for 1 m3 

Table 25: RC benchmark, wall area 

Type Floor Factor Height Running Length Area 

Exterior Wall 1.-13. 13 x 2,44 m 93,80 m 2975,34 m2 

Exterior Wall 14. 1 x 2,44 m 81,00 m 197,64 m2 

Interior Wall 1-13. 13 x 2,44 m 66,02 m 2094,15 m2 

Interior Wall 14. 1 x 2,44 m 44,62 m 108,87 m2 

Total 5376,00 m2 

Table 26: RC benchmark, concrete volumes 

Type Factor Area Thickness Volume 

Slab-To-Ground 1 x 457,60 m2 0,40 m 183,04 m3 

Interior Slabs  13 x 452,56 m2 0,25 m 1470,82 m3 

Balconies North 13 x 26,34 m2 0,25 m 85,61 m3 

Balconies South 12 x 11,96 m2 0,25 m 35,88 m3 

Walls 1 x 5376,00 m2 0,20 m 1075,20 m3 

Roof 1 x 303,86 m2 0,25 m 75,97 m3 

Total 2926,52 m3 

Table 27: RC benchmark, insulation volumes 

Type Area Running 

Length 

Height Thickness Volume 

Slab-To-

Ground 

457,60 m2 / / 0,24 m 109,82 m3 

Exterior 

Walls 1.-13. 

 93,80 m 35,00 m 0,24 m 787,92 m3 

Exterior 

Walls 14. 

 81,00 m 2,69 m 0,24 m 52,29 m3 

Entire Roof 401,08 m2 / / 0,24 m 96,26 m3 
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Total 1046,29 m3 

Table 28: RC benchmark, rebar mass 

Type Concrete Volume Rebar Quotient Steel Mass 

Slab-To-Ground 183,04 m3 125 kg/m3 22,88 t 

Walls 1075,20 m3 100 kg/m3 107,52 t 

Slabs / Balconies / Roof 1668,28 m3 135 kg/m3 225,22 t 

Total 355,62 t 

Table 37: Building mass, “Treet” 

Material Volume Medium Density Mass 

KVH 133,71 m3 492,71 kg/m3 65,88 t 

OSB 186,07 m3 610 kg/m3 113,46 t 

Rockwool 3993,17 m3 90 kg/m3 359,39 t 

CLT 336,00 m3 491,65 kg/m3 165,19 t 

Glulam 562,88 m3 470 kg/m3 264,55 t 

Concrete 444,51 m3 2450 kg/m3 1089,05 t 

Rebar Steel 58,10 t / 58,10 t 

Total 2115,62 t 

Table 38: Building mass, RC benchmark 

Material Volume Medium Density Mass 

Rockwool 1046,29 m3 90 kg/m3 94,16 t 

Concrete 2926,52 m3 2450 kg/m3 7169,97 t 

Rebar Steel 355,62 t / 355,62 t 

Total 7619,76 t 

 


