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Abstract. Although the majority of high-rise buildings are constructed from concrete and steel, there is a growing inter-
est in the new generation of multi-storey timber buildings around the world and several ecologically sustainable structural 
systems have already been proposed. This research aims to review and compare the highest contemporary timber build-
ings in terms of economic and environmental efficiency. For this purpose, the Simple Additive Weighting (SAW) method 
is used. Five high-rise timber buildings are assessed according to the developed system of economic and environmental 
criteria. According to the multiple criteria assessment results, Mjøsa Tower, currently the tallest timber building in the 
world, located in Brumunddal, Norway, is ranked in the first place. This study also reveals that high-rise timber buildings 
are environmental friendly and high economic efficiency can be achieved by using lightweight modern engineered timber 
products, moreover, prefabrication of elements reduces duration and cost of the project. 

Keywords: high-rise timber buildings, engineered timber products, structural systems, economic and environmental per-
formance, multiple criteria assessment, SAW.

Introduction 

Contemporary technological advancements make it pos-
sible to design and construct complex buildings. Globally, 
reinforced concrete, metal and glass have been commonly 
used in the construction of high-rise buildings for many 
reasons. At the end of the 19th century, cities were subject 
to frequent fires, which led to the introduction of fire pro-
tection measures, including legal measures prohibiting the 
use of timber structures for the construction of high-rise 
buildings. As a result, reinforced concrete buildings took 
the largest share of the newly built multi-storey buildings’ 
market (Mahapatra, Gustavsson, & Hemström, 2012). In 
late 1980, the European Commission confirmed that tim-
ber, concrete and steel structures that meet the functional 
requirements described in national building regulations 
may be used for the construction of high-rise buildings. 
However, architects, designers and developers were still 

increasingly choosing steel and reinforced concrete struc-
tures, and timber use in multi-storey buildings was still 
rare.

Doubts about the quality and characteristics of timber 
structures in many countries are caused by various per-
ceptions. It is commonly believed that timber structures 
change their dimensions over time, they are not stable and 
durable, not resistant to moisture and pests and extremely 
flammable. These public perceptions have been shaped by 
poor construction practices, where improperly prepared 
or used timber materials lost their characteristics and du-
rability. 

Despite the aforementioned obstacles, the interest in 
the new generation of multi-storey timber buildings has 
consequently increased around the world. Timber build-
ing materials proved to cause considerably lower climate 
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change impact compared to materials like steel and con-
crete (Skullestad, Bohne, & Lohne, 2016). Moreover, mod-
ern engineered timber products provided opportunities to 
build high. In the last decade, 6 storeys timber buildings 
and higher have been constructed, and engineers have be-
gun to look at the possibility of building much taller with 
timber (Ramage et  al., 2017), demonstrating successful 
applications of new wood and mass timber technologies. 

For a long time, Murray Grove, a 9-storey housing 
block in Hackney, built in 2009, was the highest timber 
building in the world. At present 85.4 m-tall 18-storey 
Mjøsa Tower is the tallest timber building globally. Higher 
timber buildings are designed and expected in the future. 
Here the question arises whether higher timber buildings 
are efficient in terms of economic and environmental indi-
cators? Therefore, the aim of the present research is to re-
view and compare the highest contemporary timber build-
ings from an economic and environmental perspective.

The paper is organized as follows. Section 1 contains 
a literature review on high-rise timber buildings, modern 
engineered timber products used in construction and the 
benefits of building in timber. Section 2 provides a meth-
odology for comparison and the assessment of high-rise 
timber buildings based on the Simple Additive Weighting 
(SAW) multiple criteria assessment method. In Section 3 
multiple criteria assessment of the selected highest tim-
ber buildings is performed: buildings under comparison 
are described, economic and environmental assessment 
criteria and their significances are determined, multiple 
criteria assessment to find the most efficient building in 
terms of the selected criteria is performed. The last section 
concludes the paper, provides limitations and insights for 
the future research.

1. Literature review

A ‘tall building’ is usually defined as a multi-storey struc-
ture with elevators for occupants to reach their destina-
tions. The most prominent tall buildings are called ‘high-
rise buildings’ in most countries. In absolute numbers, 
these buildings are at least 23–30 meters high and have 
at least 5 stories (depending on the slab-to-slab distance 
between floors) (Craighead, 2003).

High-rise buildings have traditionally been construct-
ed using concrete, steel, or a combination of the two. 
However, several timber skyscrapers have already been 

designed and built in the world, with the tallest the Mjøsa 
Tower, an 80-meter-tall-plus building in Brumunddal, 
Norway. A number of high profile architects and engineers 
are trying to recast wood as a material fit for the 21st Cen-
tury. Currently, most popular engineered timber products 
used in high-rise timber buildings are produced based on 
laminating and gluing:

 – Glued laminated timber (glulam);
 – Cross laminated timber (CLT);
 – Laminated veneer lumber (LVL).

Glued laminated timber, also called glulam, is the old-
est glued structural product (over 100 years). It is gener-
ally composed of lumber layers (2×3 to 2×12), planed and 
pre-finger-jointed, and then bonded together with mois-
ture- resistant structural adhesives longitudinally (Avellan, 
2018; Quebec Wood Export Bureau [QWEB], 2015) (Fig-
ure 1). Large straight or curved sections can be produced, 
providing more stability than heavy lumber. Glulam can 
be used for columns, beams, or arches, in lengths mainly 
limited because of transport.

Cross laminated timber (CLT) was developed around 
15 years ago in Central Europe. CLT is a solid engineered 
wood panel, made up of cross angled timber boards which 
are glued (Avellan, 2018) (Figure 1). It distinguishes from 
other products by superior thermal and acoustical per-
formance, high fire resistance and structural strength 
(QWEB, 2015). CLT elements in a combination with a con-
crete core and structural outriggers can be used to build 
very tall buildings, for instance, CLT has already been 
shown to be very efficient in multi-storey buildings up to 
10 storeys (Van De Kuilen, Ceccotti, Xia, & He, 2011).

Laminated veneer lumber (LVL) is an engineered wood 
product made up with thin dried wood and bonded with 
adhesive (Avellan, 2018). It can be used for beams, walls, 
other structures and forming of edges. LVL is a type of 
structural composite lumber. Due to its composite nature, 
it is much less likely than conventional lumber to warp, 
twist, bow, or shrink, and has higher allowable stress com-
pared to glulam (QWEB, 2015). A sound prediction of 
the non-linear behaviour of the LVL beams before failure 
is also observed (Gilbert, Bailleres, Zhang, & McGavin, 
2017).

Recent interest in high-rise timber buildings is re-
lated to sustainability and other substantial benefits of 
wood. Wood is the only renewable construction material 
that requires very little energy for its processing (QWEB, 

Figure 1. Difference between CLT and glulam (Avellan, 2018)

Cross Laminated 
Timber (CLT)

Glued Laminated 
Timber (Glulam) 
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2015). All timber products store carbon. By nature, wood 
is composed of carbon that is captured from the atmos-
phere during tree growth. Two effects – substitution and 
sequestration  – create positive carbon impact of timber 
products (Bergman, Puettmann, Taylor, & Skog, 2014). 
Study by Börjesson and Gustavsson (2000) reveals that 
the primary energy input (mainly fossil fuels) in the pro-
duction of building materials is about 60–80% lower for 
timber frames compared to concrete frames. 

Petersen and Solberg (2002) compared the use of glued 
laminated beams at the Gardermoen airport outside Oslo 
with an alternative solution to steel. They found that the 
total energy consumption in manufacturing of steel beams 
is 2–3 times higher and the use of fossil fuel 6–12 times 
higher than in the manufacturing of glulam beams. Skull-
estad, Bohne, and Lohne (2016) have applied life cycle 
assessment to compare the climate change impact of a re-
inforced concrete structure to the climate change impact 
of an alternative timber structure for 4 buildings ranging 
from 3 to 21 storeys. According to attributional life cy-
cle assessment results, the timber structures can cause a 
34–84% lower climate change impact than the reinforced 
concrete structures.

The thermal resistance of wood is 500 times greater 
than that of steel and 10 times greater than concrete. In 
terms of energy efficiency, wood is a good heat insula-
tor. Its use in construction reduces thermal bridges and 
increases the heat capacity of walls. Wood products also 
offer excellent acoustical performance. Their ratings are 
higher than those for concrete when it comes to the trans-
mission of impact noise (QWEB, 2015). 

From the economic perspective, timber products are a 
cost-effective solution since they are structurally efficient, 
light weight, easy and quick to install at the construc-
tion site (QWEB, 2015). Higher speed of assembly is also 
linked to reduced labour hours and project cost (Franzini, 
Toivonen, & Toppinen, 2018). 

Aforementioned environmental and economic benefits 
are further analysed in the multiple criteria comparison of 
modern high-rise timber buildings.

2. Methodology

Various multiple criteria decision-making methods can be 
applied for the assessment of alternatives with different 
purposes. One of the oldest and most widely used meth-
ods is the Simple Additive Weighting (SAW) method 
(MacCrimmon, 1968); therefore, it was selected by the 
authors for the purpose of the present research. Applica-
tion methodology is depicted in Figure 2.

Initially, the analysis of contemporary high-rise timber 
buildings was performed and projects of highest buildings 
available worldwide were distinguished. 

The purpose of this research was to compare contem-
porary high-rise timber buildings and to select the most 
efficient ones in terms of economic and environmental 
efficiency. To solve this task, the multiple criteria assess-
ment of the buildings was performed by SAW method as 
follows.
Step 1. Development of the decision-making matrix

Decision-making matrix consists of alternatives and 
assessment criteria (attributes) and can be expressed as 
follows:

[ ]
, 1, , 1, ,ij m n

P x i m j n
×

 = = =    (1)

where n is the number of assessed high-rise timber build-
ings; m – the number of assessment criteria (attributes); 
xij – the attribute value of the jth high-rise timber building.
Step 2. Determination of the optimal values of each at-
tribute 

To determine the optimal value of each attribute, cri-
teria with the highest (Max) and lowest (Min) preferred 
values have been determined. For instance, in case of cost, 
the lower value was preferred (Eq. (2a)) and in the case of 
building architectural height higher value was preferred 
(Eq. (2b)):

* min ;i iji
x x=  (2a)

* max .i iji
x x=                                (2b)

Figure 2. Research methodology
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Step 3. Normalization of decision-making matrix
Normalization of the decision-making matrix is per-

formed to calculate the dimensionless values of the attrib-
utes. Following equations are used:

min iji
ij

ij

x
x

x
= , 

if preferable is minimum of the ith attribute;         (3a)

max
ij

ij
iji

x
x

x
= , 

if preferable is maximum of the ith attribute.        (3b)

Step 4. Weighting of the normalized decision-making ma-
trix

Weighting is performed by multiplying values of the 
normalized matrix by the respective significance of each 
criterion (qi) according to Eq. (4):

[ ]
ˆ , 1, , 1, .i ij m n
P q x i m j n

×
 = = = 

 
 

(4)

Step 5. Determination of efficiency of each alternative
Efficiency index for each jth high-rise timber building 

is determined by Eq. (5) as follows:

1

ˆ , 1, , 1, .
m

j ij
i

K x i m j n
=

= = =∑   (5)

Step 6. Ranking of alternatives
Ranking of the compared high-rise timber buildings 

is based on efficiency indexes. The higher is the index, 
the higher is the rank. Ranks are specified in descending 
order. First ranked project is assumed to be the most ef-
ficient one.

3. Assessment results

3.1. Description of the buildings 

Five high-rise timber buildings have been selected for 
comparison and multiple criteria assessment. All selected 
buildings are already completed and currently are among 
the highest modern timber constructed buildings in the 
world. Brief description of the buildings is provided below. 

Mjøsa Tower (A1). Mjøsa Tower, at present, is the tall-
est timber building in the world, the tower is 85.4 m-tall 
(18-storey) and is a multifunctional building located in 
Brumunddal, Norway, completed in March 2019. The tow-
er encompasses hotel, offices and residential apartments 
(Figure 3). 

The load-bearing structure is made of Kerto lami-
nated veneer lumber (LVL), with glulam columns and 
beams. Prefabricated wooden elements make up the first 
ten floors while the upper floor decks are constructed of 
concrete, which adds more weight to stabilise the build-
ing. Prefabricated sections allowed completing construc-
tion significantly quicker compared to a concrete build-
ing of the same height. The environmental impact of the 
construction of Mjøsa Tower was designed to be kept at a 
minimum, with most of the materials sourced within two 
miles of the site (Design-Build Network, 2019).

 Figure 3. Mjøsa Tower, Brumunddal, Norway  
(Voll Arkitekter, 2019)

Brock Commons Tallwood House (A2). Brock Commons 
is 53 m-tall student accommodation facility at the Univer-
sity of British Columbia in Vancouver, Canada, capable to 
accommodate 404 students (Figure 4). 

The 15,000 m2 project has a hybrid structure, with 17 
storeys of CLT floors supported on glulam columns on 
top of a concrete base, and two 18-storey concrete cores. 
The roof comprises steel beams and metal decking. The 
building envelope is a prefabricated panel system clad with 
wood-fibre high-pressure laminate. Its designers claim that 
the structure is 7,500 tones lighter than a concrete equiva-
lent (WSP, 2018). To comply with fire regulations, which 
were made stricter than for traditional steel or reinforced 
concrete buildings, interior wood materials were covered 
with gypsum board (Design Build Network, 2019). As the 
building was made of prefabricated components its con-
struction was completed 70 days after the components 
were delivered on-site in 2017.

Treet/The Tree (A3). Treet or The Tree is a 49 m-tall 
14-storey apartment block in Bergen, Norway, completed 
in 2015, four years after the design process commenced in 
2011 (Figure 5). Treet has a glulam load-bearing structure 
supporting 62 prefabricated modular flats with walls made 
from CLT. Building stiffness is achieved solely through the 
glulam structure, though further stability is provided by 
concrete slabs which form the floors at levels 6 and 11. 
Parts of the building’s façade are clad in glass and metal 
to protect the wood from weathering (Design-Build Net-
work, 2019).

Forte Development (A4). Forte Development is a 32.2 
m-tall 9-storey building in Melbourne, Australia, complet-
ed in 2012 (Figure 6). It became Australia’s first high-rise 
timber building. The building was constructed from CLT 
panels acting as shear walls. The panels were stacked at 
right angles, glued over the surface and pressed hydrauli-
cally. The Forte Development features 23 residential apart-
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ments and four townhouses. The apartments are dual-
aspect to make the most of natural lighting and have also 
been designed with thermal efficiency in mind, requiring 
less energy to be heated (Design Build Network, 2019).

Murray Grove Stadthaus (A5). The Murray Grove 
Stadthaus is a 26 m-tall 9-storey residential building in 
Hackney, north-east London, UK, completed in 2009. It 
comprises 29 apartments (Figure 7).

Murray Grove was named the world’s first housing 
high-rise building constructed entirely from prefabricated 
CLT panels, with its core, load-bearing walls, floor slabs, 

stairs and lift cores. KLH CLT panels were used on the 
building’s structural core due to their significantly higher 
density than timber frames. Independent layers were then 
added to maintain a high acoustic performance (Design 
Build Network, 2019).

3.2. Assessment criteria 

To compare the selected high-rise timber buildings, sev-
en criteria were established which reflect the intensity of 
timber used in construction. The assessment includes the 
achieved height in terms of meters and number of floors, 
duration of construction and cost efficiency as well as en-
vironmental parameters such as reduction of CO2 emis-
sion and energy use. Significances of criteria were deter-
mined by the authors of the present paper, based on their 
experience and the purpose of research (see Table 1). 

3.3. Multiple criteria assessment 

To perform multiple criteria assessment of the selected 
high-rise timber buildings, the SAW method was used 
(see Section 2). At the initial stage, the decision-making 
matrix was developed (see Table 2). 

Next, normalization of the matrix was performed ac-
cording to Eqs (3a) and 3(b) as described in Section 2 
(Table 3).

Having normalized decision-making matrix, the 
weighted matrix was calculated according to Eq. (4), ef-
ficiency indexes were determined according to Eq. (5) and 
the final ranking of the high-rise timber buildings was 
performed (Table 4).

Calculations allowed ranking of the alternative high-
rise timber buildings as follows: A1  A2  A4  A3 
A5. The Mjøsa Tower (A1), at present, the tallest timber 
building in the world has received the highest rank in 
terms of the evaluated criteria. It is followed by the Brock 
Commons Tallwood House (A2) and Forte Development in 
Melbourne (A4) respectively. The lowest ranks are the ear-
lier implemented projects; Treet/The Tree (A3) and Murray 
Grove Stadthaus (A5).

Figure 4. Brock Commons Tallwood House, Vancouver, Canada 
(Wood Skyscrapers, 2016; Archinect, 2016)

 Figure 5. Treet, Bergen, Norway  
(Malo, Abrahamsen, & Bjertnæs, 2016)

Figure 6. Forte Development, Melbourne, Australia  
(KLH UK, 2012)

Figure 7. Murray Grove Stadthaus, London, UK (Cvetkovic, 
Stojić, Krasic, & Marković, 2015) 
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Table 1. Assessment criteria and their significances 

Criterion Max/ Min* Measuring 
unit Description Significance

q1
Use of 
wood Max m3/m2 Relative indicator expressing the proportion of used wooden structures 

(m3) per square meter of building. Higher use of wood is preferred. 0.2

q2
Height of 
the building Max m Architectural height of the building. The aim is to achieve tallest 

buildings in timber, therefore higher number is preferred. 0.2

q3
Number of 
floors Max number

Number of ground floors in a building, sometimes buildings of the same 
height may have different floors and vice versa. The higher the number 
of floors, the larger the area of the building can be used.

0.1

q4
Building 
cost Min Eur/m2 Ratio of the cost of the project to the total area. The lower the cost, the 

more cost-effective the project is. 0.1

q5

Length of 
implemen-
tation

Min
number of 
days per 

floor

Time in working days needed to install load-bearing structures of 
one floor. The shorter the installation time, the more economical the 
construction of the building.

0.1

q6

Reduction 
of CO2 
emission

Max tones
Reduced amount of CO2 emission compared to a reinforced concrete 
building. The higher the difference, the lower the environmental impact 
of the timber building.

0.2

q7
Use of 
energy Min kW/m2 

per year

Annual energy consumption per square meter of a building. The lower 
the quantity, the more energy efficient is the building and the less 
negative impact it has on the natural environment. 

0.1

Note: *Max – higher value of criterion is preferred; Min – lower value of criterion is preferred.

Table 2. Decision-making matrix

Max/Min Significance 
of criterion

Alternatives

A1 A2 A3 A4 A5

Use of wood Max 0.2 0.25 0.15 0.16 0.46 0.31
Height of the building Max 0.2 85.4 54 52.8 32.2 26
Number of floors Max 0.1 18 18 14 9 9
Building cost Min 0.1 4872 2045 3774 5157 1546
Length of implementation Min 0.1 12 12 15 6 7
Reduction of CO2 emission Max 0.2 1577 2432 2000 1451 310
Use of energy Min 0.1 102 135 84 120 144

Table 3. Decision-making matrix after normalization

Max/Min Significance 
of criterion

Alternatives
A1 A2 A3 A4 A5

Use of wood Max 0.2 0.806 0.326 0.348 1.000 0.674
Height of the building Max 0.2 1.000 0.632 0.618 0.377 0.304
Number of floors Max 0.1 1.000 1.000 0.778 0.500 0.500
Building cost Min 0.1 0.317 0.756 0.410 0.300 1.000
Length of implementation Min 0.1 0.500 0.500 0.400 1.000 0.857
Reduction of CO2 emission Max 0.2 0.648 1.000 0.822 0.597 0.127
Use of energy Min 0.1 0.824 0.622 1.000 0.700 0.583

Conclusions 

Technology advancements and engineered timber prod-
ucts such as glulam, CLT, and LVL allow building high-
rise timber buildings. Currently, the tallest timber build-
ing in the world is 85.4 m-tall 18-storey (Mjøsa Tower). 
Its load-bearing structure is made from Kerto LVL with 
glulam columns and beams.

Contemporary timber structures have benefits com-
pared to steel and concrete structures. Wood is envi-
ronmentally friendly and is the only available renewable 
construction material. The primary energy input (mainly 
fossil fuels) in the production of timber building mate-
rials is lower compared to concrete and other materials; 
moreover, wood is a good heat insulator. Construction 
from timber is cost-efficient due to prefabrication of ele-
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ments, lower transportation costs, and reduced duration 
of the project.

Multiple criteria assessment allows coming to the 
conclusion that higher timber buildings are efficient from 
both economic and environmental perspectives as the 
highest buildings received higher ranking positions. 

In the present research, however, some limitations ex-
ist. First, the system of assessment criteria is limited to 
most commonly used ones even though it will be extend-
ed in future research. Second, significances of the criteria 
were determined by authors of the present paper. In the 
future research, expert evaluation will also be used. Third, 
the assessment of buildings was based on the SAW meth-
od. In future research, the authors will use other multiple-
criteria methods to verify the obtained results.
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