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AbstrAct

Over the past decades, ‘sustainability’ presented 

itself as a term that is increasingly used in 

our society. With the building industry being 

responsible for a large share of the global 

environmental impact, steps have been taken to 

improve its impacts. A shifting balance can be 

discovered in the industry, where since the oil 

crisis in the seventies the focus has been placed 

on the reduction of the operational energy. 

With regulations pushing the society towards 

the realisation of zero (operational) energy 

buildings, the share of the energy embodied in 

the building’s materials becomes increasingly 

relevant. The research presented in this book 

joins this shifting balance, by considering the 

embodied energy as a variable in optimizing the 

design for a museum that has been formed in 

an earlier phase of the graduation process. 

The research starts with an exploration of the 

topic of sustainability, in which this shifting 

balance is described. In the Swiss Minergie-A 

label, an assessment method is found that 

has incorporated regulations regarding the 

embodied energy of a building. The label 

provides a directive to optimise the design 

for the museum that is located in the South 

of Switzerland. After an exploration of the 

assessment method, the current design for the 

Museum of Tessiner Building Knowledge is 

assessed. Possible improvements are drafted 

and evaluated to improve the embodied 

energy level. While constantly reflecting on the 

different objectives of the museum, the most 

suitable options result in an optimised design 

for the museum that complies to the standards.

During the research it has been found that 

only focusing on the embodied energy is short-

sighted. This also applies to the Minergie label, 

that focuses on several important elements 

while forgetting about the bigger picture. The 

main conclusion in the research is the need 

for a balance between the embodied energy 

and other sustainable variables as adaptability, 

durability, thermal performance and the user 

experience.

With respect to the Museum of Tessiner 

Building Knowledge, this balance is found in the 

optimisation of the current structure. Reducing 

the complexity and mass of the museum 

by designing more efficiently, improves the 

embodied energy level, while preserving the 

intended experience. Where the optimised 

design complies to the Minergie standards, 

additional improvements can be found in 

for instance the increased adaptability of the 

museum and the design for (de)construction in 

prefabricated concrete elements. As an addition 

to the optimised design, the conclusion 

provides recommendations that should be 

considered when designing from an embodied 

energy point of view. 
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The project presented in this book has its origin 

in the graduation studio ‘Interactions’ as part 

of the master program ‘Architecture Building 

and Planning’ at Eindhoven University 

of Technology. The work is the result of a 

three month continuation of the completed 

architectural graduation phase, in which a 

museum has been designed that presents 

the building knowledge of the region Ticino 

in Switzerland. The research conducted in 

this graduation phase allowed me to explore 

new areas in the field of architecture, gaining 

knowledge about the diverse building culture of 

Ticino and the development of the museum as 

a type. 

The subsequent graduation phase, presented 

in this book, allowed me to add an extra 

dimension to the project. The focus in this 

building technological phase of the graduation 

process has been placed on the improvement 

of the designed Museum of Tessiner Building 

Knowledge from a sustainable point of view. The 

project joins the shifting balance in sustainable 

developments, in which the building materials 

and the energy embodied in these materials will 

function as the main parameters to improve the 

sustainability of the museum.

The process of reassessing the work on which 

already ten months have been spent has 

proven to be tough. However, as a result of the 

acquired depth and the acquired knowledge, 

the extension of the graduation project was 

worth the effort.

I would like to express my gratitude to my 

tutors Masi Mohammadi and Maarten Willems 

for their advice, knowledge and criticism that 

contributed to this project. In addition, I would 

like to thank Bernard Colenbrander, Wouter 

Hilhorst and Renato Kindt for their guidance in 

the previous phase of the graduation process. 

Furthermore, in a more personal sphere, I 

would like to thank my colleagues at Bedaux 

de Brouwer Architecten for the trust I received 

during my internship and for the experience 

I gained in the office that contributed to this 

graduation project. Finally, I would like to thank 

my parents, brother, sisters and especially my 

girlfriend Daphne for their support and patience 

with me throughout this intensive period. 

Hans de Jong

Eindhoven, December 2016
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The work presented in this book is a 

continuation of a graduation project that has 

its origin in the graduation studio ‘Interactions’ 

of the chair ‘Architectural History and Theory’ 

at Eindhoven University of Technology. The 

architectural graduation process has led to an 

interpretation of a classical museum, that is 

intended to exhibit the diverse building culture 

of the region Ticino to its visitors. The museum 

is characterized by generic brick galleries that 

have been erected around four volumes that 

represent the building periods that can be 

recognized in the Tessiner landscape. With its 

design, the museum takes a strong position 

in the debate about tectonics in brickwork. A 

central element in the museum concept is the 

sequence of experiences, that is inspired upon 

elements in the Pergamon Museum in Berlin 

and the German Architecture Museum in 

Frankfurt.

As a continuation to this work, the perspective 

of the graduation project is broadened by an 

in-depth building technological research. A 

building technological objective has been 

added, without abandoning the present 

architectural starting points, considering that 

both are undeniably linked. In the project, 

a constant ‘interaction’ will occur, in which 

adjustments as a result of this broadened 

perspective are evaluated with respect to the 

present architectural starting points.

Research goal

Our built environment is a vital factor in 

human existence, where in the current day 

society, our daily lives are carried out in and on 

constructions of different kinds. Despite our 

reliability on our built environment, the earth 

cannot support the current level of resource 

consumption, especially when considering its 

rapidly growing population in relation to its 

declining resources. With the building industry 

being responsible for a large part of the earth’s 

pollution and resource depletion, sustainability 

is considered as a starting point to add value to a 

museum that presents the building knowledge 

of the Tessiner culture. 

The goal of the building technological research 

is to improve the Museum of Tessiner Building 

Knowledge from a sustainable point of view.

After comprehending knowledge about the 

diverse aspects of sustainability, the subject is 

related to the museum, resulting in additional 

objectives for the museum. As a result of a 

shifting balance in sustainable developments, 

the embodied energy has a central position 

in this research. The heavy and monolithic 

appearance of the museum is directly linked 

to the environmental impact of the building, 

in which the materialisation of the museum 

presented itself as the main variable in the 

search for an optimisation of the current design. 

intrOductiOn

reseArch gOAl
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The scheme on the adjacent page gives an 

overview of the conducted research [Fig. 

0.01]. As mentioned, the overarching goal 

of the research is to improve the museum 

from a sustainable point of view. But what is 

sustainability exactly, and how can this be related 

to the design of the museum in Switzerland? 

To be able to describe the problem area and to 

define a research question and objectives for 

the museum, knowledge about this topic has to 

be comprehended, which will be presented in 

the state of the art.

State of the art

First, the term ‘Sustainability’ will be defined, 

after which it will be related to the building 

industry. With this in mind, the developments 

in environmental policy, and especially the 

regulations in Switzerland, will be discussed. 

A shifting balance will be presented, from 

an industry that is oriented on reducing the 

operational energy of the building stock, 

towards a focus on the embodied energy of the 

building’s materials. The energy incorporated 

in the building’s materials presents itself as 

the main parameter in this research, where 

the Swiss Minergie label has incorporated 

regulations regarding the embodied energy. 

Assignment

With a clear idea of the state of the art, the scope 

for the research is defined and the method to 

improve the museum from a sustainable 

perspective is described, in which the embodied 

energy is the main variable. The objectives are 

derived from the Swiss Minergie label, which 

will lead to the definition of the following 

research question:

What consequences does the reduction of the 

energy embodied in the building have for the 

design of the Museum of Tessiner Building 

Knowledge, approaching the standards of the 

Swiss Minergie-A label?

With respect to the material use in our built 

environment, the Minergie-A label prescribes 

that the embodied non-renewable energy of a 

building must not exceed 50 kWh
EPnren

/(m2a), 

which are kilowatt hours per square meter per 

year. An additional requirement of the Minergie 

label is that the museum should have a 

maximum heat transfer coefficient (U-value) of 

0,15 W/m2K, which will influence the thermal 

insulation of the building. The objective is 

to approach these values by reducing the 

embodied energy demand of the building, 

without abandoning the architectonic core 

values of the design for the museum. 

Case

The design for the Museum of Tessiner Building 

Knowledge functions as the case in this research. 

The circular process that occurs in this phase of 

methOdOlOgy

Fig. 0.01: Schematic over-

view of the elaboration of the 

research.
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the research will result in the optimisation of 

the current design. First, an inventory will be 

made of the presented design for the Museum 

of Tessiner Building Knowledge. The embodied 

energy of the elements forming the museum is 

estimated by using key figures that are provided 

by the industry. After comparing the results 

to the stated objectives, several opportunities 

to improve the design of the museum will be 

drafted, based on strategies that are found in 

the research. These options are evaluated with 

respect to both the architectural starting points 

and the additional objectives from a sustainable 

point of view, resulting in several adjustments 

that will be implemented in an optimized 

design for the museum. Finally, this design will 

be evaluated, reflecting on both its architectural 

and sustainable objectives.

Conclusion and Discussion

As an end to the research, the main findings 

in the research and the final design are 

related to the research question and the 

project’s objectives. In addition, several 

recommendations are provided regarding 

designing from an embodied energy point of 

view.
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The term ‘Sustainability’ is a so-called 

‘container term’, covering a wide range of 

aspects. As a result of the increased attention 

for sustainability over the past decades, the term 

is widely used in our society. Often, the term 

is used from a commercial perspective, which 

could be described by the motto: “sustainability 

sells”. Despite its good intentions, the term is 

frequently used to describe a product or process, 

where only a fraction of the broad spectrum of 

sustainability has been considered. Due to the 

broad meaning of the term, it is vital to describe 

what part of sustainability is considered in this 

research. 

This chapter will describe the meaning of the 

term for this project, and the aspects that are 

considered in its evaluation. After defining the 

meaning of the term ‘sustainability’, its key 

role in current developments in the building 

industry and its relevance for the Museum of 

Tessiner Building Knowledge will be addressed. 

A historic overview of sustainable developments 

and regulations on a global scale will be 

provided, followed by an in-depth research 

of the meaning of sustainability to the Swiss 

building industry. This will be related to the 

design for the Museum of Tessiner Building 

Knowledge, providing additional objectives to 

optimize the current design of the museum.

intrOductiOn

sustAinAbility
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Fig. 1.01: Global (Sustaina-

ble) Development. 

S= Social

E= Economic

EN= Environmental

s se e

en

LOCAL:

e.g. Pollution of soil, 

water and air.

GLOBAL:

e.g. Erosion, 

extreme weather 

and decreasing of 

biodiveristy

UNIVERSAL:

e.g. Depletion of 

ozone layer

Fig. 1.02: Ecological balance. 

Local actions cause reactions 

on a higher level.
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defining sustAinAbility

As stated, the intended meaning of the term 

‘sustainability’ can vary due to its broad 

application. The term is a derivative of the verb 

‘sustain’, which is described as “to continue for 

an extended period or without interruption”[1].

According to the oxford dictionary, something 

is ‘sustainable’ if it is “able to be maintained at 

a certain level or rate”[2].

The term was introduced in 1713 by Hans 

Carlowitz, regarding forestry. As a response 

to the quick deforestation of areas around 

towns where the wood was used in the mining 

industry, he stated that the amount of wood 

withdrawn from the forest should not exceed 

the amount growing back.[3]

Nowadays, related to our environment, 

sustainable development is about conserving 

an ecological balance. In 1987, this balance was 

described by the Brundtland Commission. The 

commission defined ‘sustainable development’ 

as a “development that meets the needs of the 

present without compromising the ability of 

future generations to meet their own needs”[4]. 

Up to 1987 global development was considered 

to be a result of social and economic factors. The 

Brundtland Commission added a third aspect, 

arguing that economic and social systems could 

not be divorced from the carrying capacity 

of the environment [Fig. 1.01]. This concept 

is related to the well-known “People, Planet, 

Profit” slogan, defined by John Elkington in 

1995. Together these three aspect form the 

basis for sustainable developments.[5] He states 

that a balance between the separate elements is 

required, where the favouring of one element 

would degrade the others.

This ecological balance has been under 

constant pressure in recent history. Over the 

years, awareness has risen that local actions 

cause reactions on a higher level [Fig. 1.02]. 

Local effects of pollution or depletion will be 

first recognizable in the personal atmosphere, 

where long term effects on a higher level 

caused by these actions might not directly be 

detectable on site. However, these local actions 

disturb the global ecological balance, resulting 

in more severe consequences on a longer term. 

Obviously, the saying “prevention is better 

than curing“ applies here, which is shown in 

current environmental policy that focuses on 

the preservation of the ecological balance.
1. Stevenson, A. (Ed.) (2010). 

P: 1793

2. Stevenson, A. (Ed.) (2010). 

P: 1793

3. Hildebrand, L. (2014). 

P:32

4. Edwards, B. (2002). P:7

5. Kuitert, K., Runhaar, B., 

Wiggers, R., & Wentholt, W. 

(2010). P:5
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Fig. 1.03: Accountability of 

the building industry regard-

ing its use of resources and 

its environmental impact on 

a global scale.

Estimate of global resources used in buildings and cities

Resource Percentage (%)

Energy 45-50

Water 50

Materials for buildings and roads (by bulk) 60 Heating

Agricultural land loss to buildings 80 Process heat

Timber products for construction 60 (90% of hardwoods) Lighting

Coral reef destruction 50 (indirect) Airco / ventilation

Rainforest destruction 25 (indirect) Actuators and processes

Estimate of global pollution caused by buildings and cities

Pollution Percentage (%)

Air quality (cities) 23

Global warming gases 50

Drinking water pollution 60 Africa

Landfill waste 50 India

Ozone thinning 50

 

   

Chart Title
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sustAinAbility And the building industry

The building industry is recognized as an actor 

that is responsible for a significant share of the 

disturbance of the ecological balance, when 

looking at the global resource consumption and 

emissions [Fig. 1.03]. Approximately 50 percent 

of the global energy use and 60 percent of all 

resources are used in the built environment.[6] 

The negative image of the industry is streng-

thened by the fact that the building industry is 

not known for working in a circular manner, 

which is under scribed by the fact that 50 percent 

of all landfill is a result of waste produced by the 

building industry.

The industry recognizes its responsibility to 

improve its share of the global environmental 

impact. The past 50 years, the industry has been 

increasingly attempting to decrease its impact 

on the environment. At the start, sustainable 

developments were constrained by economic 

interests. However, over the years, public 

interest has grown. In governmental policy, 

the quest for sustainability has been translated 

in an increased amount of regulations. In 

addition, economic barriers disappeared when 

the industry recognized the economic (and 

commercial) value of using sustainability in its 

products.

6. Edwards, B. (2014). P:1 
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Fig. 1.04: The trilogy of the 

three E’s and R’s.

Fig. 1.05: Typical CO
2
 emis-

sions per person per year 

(2008).

Energy

Ecology Respect RepairEnvironment

Reduce

Typical CO2 emissions per person per year, based on living,

working, transport and consumption (2008)

Country Co2 emissions (tonnes)

USA 5,80                                                 

Europe 3,00                                                 

Japan 2,40                                                 

Russia 2,00                                                 

China 1,20                                                 

India 0,95                                                 

 

   

Chart Title
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The year 1750 is considered to be a reference 

point for the start of the disturbance of the 

ecological balance as a result of the industrial 

revolution, where people started to increasingly 

use fossil fuels as for instance coal for their 

energy production.[7] Local effects as water 

pollution and resource depletion were 

recognized and dealt with, but the global effects 

were not considered at the time. 

The first approaches to sustainable thinking 

were made after the oil-crisis in the seventies, 

when the dependence of humankind on fossil 

fuels became drastically clear. It was noticed 

that the annual demand of humanity exceeded 

that what the earth could renew in a year. In 

1972, the Club of Rome published a book 

called ‘The Limits to Growth’, in which the 

economic model of the industrialized countries 

was questioned, while increased attention was 

drawn to the depletion of resources and the 

environmental pollution.[8] 

In the subsequent decades, numerous 

conferences have been held regarding the 

topic, resulting in stricter regulations. Where 

at first the global warming and with that 

the CO
2 

reduction were the focus points of 

agreements, more and more attention was 

given to the other aspects of sustainable 

development. The 1992 UN conference in Rio 

de Janeiro stated that the three E’s that stand 

for energy, environment and ecology needed 

to be equally addressed [Fig. 1.04].[9] Where 

the Rio Conference mainly focused on social 

and cultural aspects, the conference in Kyoto 

focused on the establishment of practical goals. 

The industrialized nations that were present 

committed themselves to set binding targets to 

reduce their emission of greenhouse gases. 

Despite its intentions, the objectives are not 

realized at this moment, where the global 

emission is approximately 25 percent higher 

than it was in 1990.[10] Of course, the economic 

crisis influenced the process, but it was mostly 

due to alternating (economical) interests of 

nations participating in the conferences, that 

concrete steps towards global environmental 

measures were condemned to fail.

European Union

Despite the absence of global consensus, the 

European Union has committed itself to be 

a role model for sustainable developments. 

European policy employs three main strategies: 

improve energy efficiency, phase in new (low-

carbon) energy sources and implement taxes on 

pollution.[11] 

In 2002, the Energy Performance of Buildings 

Directive (EPBD) was established, having 

far-reaching consequences for the design, 

construction and management of buildings 

envirOnmentAl POlicy

7. Hausser, G. (2011). P:13

8. Hausser, G. (2011). P:17

9. Edwards, B. (2014). P:32

10. Hausser, G. (2011). P:17

11. Edwards, B. (2014). P:43
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across Europe. The aim of the EPBD is to 

reduce the energy demand by the improvement 

of energy efficiency in buildings and to realize 

common standards among its members. In 

2010, the aims were sharpened, prescribing 

that “member states shall ensure that by 31 

December 2020, all new buildings are nearly 

zero- energy buildings”[12]. For new public 

buildings, this regulation would already be 

enforced at the end of 2018.

The commission defined ‘nearly zero-energy 

buildings’ as follows:

“A building that has a very high energy 

performance. The nearly zero or very low 

amount of energy required should be covered 

to a very significant extent by energy from 

renewable sources, including energy from 

renewable sources produced on-site or 

nearby.”[13]

 

Swiss Policy

Although not a member state of the European 

Union and in that way not bound by union-

wide directives like the EPBD, the Swiss belong 

to the pioneers in the field of sustainable 

development. Like the EU, the Swiss felt the 

responsibility to decrease their disturbance 

of the ecological balance. The diagram on the 

adjacent page shows how an increased gross 

domestic product per capita for a country 

correlates with an increased demand of primary 

energy to provide the higher living standard 

[Fig. 1.06].[14] The prosperity and the high 

living standard for which the Swiss are known, 

has proven to be directly related to its high 

environmental impact.

The Swiss political system is complicated, where 

each canton is provided with a certain autonomy 

as a result of the ‘direct democracy’, affecting 

its environmental policy. Where in the EU, the 

European Commission provides directives that 

each member state can apply in an individual 

manner, the Swiss system shows similarities. 

Legal principles of environmental protection 

are laid down in acts of the Parliament, where 

the Federal Council issues ordinances that add 

details to these acts.[15] The different cantons, 

supervised by the confederation, are responsible 

for the implementation of these laws, but are 

given the freedom to organise this in their own 

way [Fig. 1.07].

Parallel to the EU, the Swiss have sharpened 

their regulations over the past decades. 

Cornerstone in the Swiss environmental 

law is the Environmental Protection Act 

(EPA), that has been established in 1983.[16]

The EPA consists of various ordinances that 

provide regulations for several key areas of 

environmental protection, covering all aspects 

of environmental protection. It provides 

regulations that are comparable with EU 

12. European Commission 

(2010). P:21

13. European Commission 

(2010). P:18

14. Hausser, G. (2011). P:9

15. Federal Office for the 

Environment (2013). P:10

16. Federal Office for the 

Environment (2013). P:15
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Fig. 1.06: Primary energy 

use of countries related to 

their gross domestic product.

Fig. 1.07: Legislative process 

and implementing environ-

mental law in Switzerland.
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Fig. 1.08: Consumption and 

production of energy, related 

to its source.

Fig. 1.09: Primary energy 

consumption. Continuous 

power in watts per person 

(2011).

Fig. 1.10: Primary energy 

consumption. Continuous 

power in watts per person 

(2011).
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directives regarding the issues of protection 

against emissions, substances hazardous to 

the environment, organisms, waste and soil. 

Despite the potential of renewable energy 

sources, Switzerland still depends on non-

renewable sources for a large part of its energy 

production [Fig. 1.08]. Due to its environmental 

impact, like in the EU, main aspect in the Swiss 

policy is the reduction of the energy demand. 

The energy strategy for 2050 is to reduce the 

total energy demand with up to 40 percent of 

the current rate [Fig. 1.09].[17]

The aim in these reductions is to approach 

the so-called ‘2000-Watt society’. This global 

concept considers the global average of 17.500 

kWh energy every person needs per year, 

corresponding to a continuous requirement of 

2000 Watts.[18] The energy however is distributed 

quite unequally, as could be seen in the diagram 

on the previous page [Fig. 1.06]. Currently, the 

energy demand of the average Swiss person is 

more than twice as high as prescribed by this 

2000-watt concept [Fig. 1.10]. Similar to other 

countries in Europe, the average Swiss person 

uses around 5000 Watts, where less developed 

countries as India consume much less than 

2000 Watts.[19] The concept of the ‘2000-Watt 

society’ is to lower the energy consumption in 

the developed countries to approach a global 

balance. The unequal distribution correlates 

with the higher amount of CO
2
 that is emitted 

per person per year in the developed countries 

[Fig. 1.05]. Although not mandatory, over 100 

municipalities in Switzerland have included 

the objective of the ‘2000-Watt society’ in their 

energy strategy, showing the intentions of 

the Swiss to improve their share of the global 

environmental impact.

17. Ewijk, S. (2012). P:31

18. Hegner, S. (2007). P:1

19. Mombelli, A. (2016)



32



33

minergie-lAbel

A driving force behind the progress booked in 

Switzerland in the increased thermal comfort 

and reduced energy consumption in buildings 

is the Minergie-Label, that was established in 

1998.[20] Although not obligatory, new buildings 

in Switzerland are frequently built following 

the Minergie principles. Despite the fact that 

Switzerland is not a member of the European 

Union, the quest for zero-energy buildings 

can also be found here. Driven by the ideal of 

the ‘2000-Watt society’, the Swiss conference 

of energy directors announced in 2011: “Until 

2020, all new buildings ideally cover their needs 

for heating and hot water with locally self-

produced renewable energies and partly cover 

the electricity demand on an annual balance.”[21]

The Minergie labels already contained strict 

demands regarding energy use, where 

they for instance include a maximum heat 

transfer coefficient (U-value) of 0,15 W/m2K, 

corresponding to a R-value of 6.67.[22] However, 

the newest sublabel called Minergie-A, that 

was established in 2011, goes further, where it 

is the first label that has standardized a zero-

balanced type of building. Furthermore, it 

is the first label that included a requirement 

regarding the embodied energy of the building. 

The label consists of three main additional 

requirements:[23]

- A Minergie-A building has a heating demand 

that is at least 10 percent lower than what is 

stated in the building code.

- An annual net zero-energy balance is required.

- The embodied non-renewable primary energy 

must not exceed 50 kWh
EPnren

/(m2a). If this 

value is exceeded, it can be compensated by 

electricity production with a PV-system.

20. Hausser, G. (2011). P:62

21. Hall, M. (2012). P:262

22. Minergie Association 

(2014). P:20

23. Hall, M. (2012). P:263
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OPerAtiOnAl vs. embOdied energy

The reduction of primary energy use and CO
2
 

emissions are central elements in sustainable 

developments. The total life cycle energy of a 

building consists of two types of energy [Fig. 

1.12].[24]

Operational Energy:

Energy that is used to maintain the inside 

environment through processes as for instance 

heating and cooling, lighting and operating 

building appliances.

Embodied Energy: 

Energy that is present in the building and 

its materials, as a result of all processes of 

production, construction, demolition and 

disposal.

Shifting balance

Past decades, developments in the building 

industry mainly focused on the reduction of the 

operational energy demand of buildings by for 

instance increasing the thermal insulation and 

the use of sustainable energy sources. Despite 

the relevance of the embodied energy, it has 

been considered to represent a negligible share 

of the total energy consumption in the Swiss 

built environment, where within approximately 

twenty years the operational energy has already 

outdriven the energy embodied in the building’s 

materials [Fig. 1.12].[25] The focus on operational 

energy is strengthened by its correlation with 

costs and its limitations by law. Due to the 

minor relevance of the embodied energy, it 

is considered to be efficient to reduce the 

operational energy consumption of a building by 

increasing the embodied energy by for instance 

a thicker insulation package. Compared to a low 

energy building, the embodied energy of a zero-

energy building is approximately 25 percent 

higher.[26] The increased amount of embodied 

energy will be widely compensated by a lower 

operational energy demand.

Where in the past decades the focus of both 

policy and developments was placed on the 

operational energy, the balance is shifting at 

the moment. With a society heading towards 

the development of zero-energy buildings, 

the embodied energy becomes increasingly 

relevant. Where the primary operational 

energy use approaches zero, the only primary 

energy present in the building is the energy 

incorporated in its materials. Where the 

architect is able to steer the operational 

energy demand, in the end, it depends on the 

inhabitant’s behaviour. In contrast, the energy 

embodied in the building is the responsibility 

of the architect. The shifting balance between 

operational and embodied energy increases 

the role of the architect in preserving the 

ecological balance, by controlling the building’s 

environmental impact through decisions made 

in the architectural planning process.

24. Dixit, M.K., Ferández-

Solís, J.L., Lavy, S., & Culp, 

C.H. (2012). P:3731

25. Hegner, S. (2007). P:36

26. Hall, M. (2012). P:268
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Fig. 1.11: Comparison of 

operational- and embodied 

energy over time.

Fig. 1.12: The operational 

and embodied energy that 

form the life cycle energy of 

a building.
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Inventory of the design for the 
‘Museum of Tessiner Building 

Knowledge’

Research question

Assessment of the Embodied 
Energy in the museum

(appendix 3-5)

Strategies and options

Design adjustments

Implementation in final 
design

Evaluation of adjustments

- ICE Database Bath University
- European Environment Agency
- KBOB

Objectives

(Architectural) Objectives

Fig. 1.13: Schematic over-

view of the methodology 

used to evaluate and opti-

mize the design for the mu-

seum.

Assignment

Case
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reseArch Objectives & methOd

This research joins the current shift of balance 

between the operational and embodied energy. 

Where sustainable developments have focused 

on the realization of zero-operational-energy 

buildings, the next step will be to move towards 

nearly zero-embodied-energy buildings. Under 

the assumption that the Museum of Tessiner 

Building Knowledge will be a nearly zero-energy 

building, following the Swiss Minergie-A label, 

the focus of the designer should be placed on 

the embodied energy of the building. 

Research question

The intention of the project to lower the primary 

energy embodied in the current design of the 

museum has been translated in the following 

research question: 

What consequences does the reduction of 

the primary energy embodied in the building 

have for the design of the Museum of Tessiner 

Building Knowledge, approaching the standards 

of the Swiss Minergie-A label?

Objectives

As stated, the Minergie-A label prescribes 

that the embodied non-renewable energy 

of a building must not exceed 50 kWh
EPnren

/

(m2a), which are kilowatt hours per square 

meter per year. In Switzerland, a period of 

fifty years is considered as a typical cycle for 

major renovations.[27] However, the Minergie-A 

label considers a time-span of sixty years in 

its assessment.[28] In that perspective, the total 

primary energy embodied in museum should 

be limited to 3000 kilowatt hours per square 

meter. The objective is to approach these values 

by reducing the primary embodied energy 

demand of the building, without abandoning 

the architectonic core values of the design for 

the museum. An additional requirement of the 

Minergie label is that the museum should have 

a maximum heat transfer coefficient (U-value) 

of 0,15 W/m2K, which will influence the thermal 

insulation of the building.[29]

Method

The scheme on the adjacent page shows the 

methodology that is used in this phase of the 

research [Fig. 1.13]. First, an inventory will be 

made of the current design for the Museum of 

Tessiner Building Knowledge. The embodied 

energy of the elements forming the museum 

is estimated by using key figures provided by 

the industry. After comparing the results to the 

stated goal, several opportunities will be drafted 

to improve the design, based on strategies found 

in the research. These options are evaluated 

with respect to both the architectural starting 

points and the additional objectives from a 

sustainable point of view, resulting in several 

adjustments that will be implemented in an 

optimized design for the museum. Finally, this 

design will be evaluated, reflecting on both its 

architectural and sustainable objectives.

27. Hegner, S. (2007). P:36

28. Minergie (2014). P:1

29. Hall, M. (2012). P:263
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Assessment And strAtegies

As described, the embodied energy is the energy 

consumed by the material throughout its life, 

from the moment of material extraction until 

its end of life. In the ‘Dictionary of Energy’, 

embodied energy is defined as “the sum of 

the energy requirements associated directly or 

indirectly with the delivery of a good or service”.

[30] This separation between direct and indirect 

energy could already be seen in the previous 

scheme [Fig. 1.12]. They can be described as 

follows: 

Direct energy: the energy consumed in 

onsite and offsite operations, for instance 

construction, prefabrication, transportation and 

administration.

Indirect energy: the energy consumed in the 

manufacturing of the building materials, in 

renovation, refurbishment and demolition 

processes of the building.

The embodied energy can be further separated 

according to the phase in which the building 

exists. The ‘initial embodied energy’ considers 

the energy that is required to produce the 

building. Throughout the use phase of the 

building, the ‘recurring embodied energy’ 

describes the energy that is needed to refurbish 

and maintain the building. In the building’s 

final stage, the ‘demolition energy’ considers 

the energy needed for the demolition and 

disposal of the building and its materials.[31]

In contrast to the operational energy which 

is easy to measure, the assessment of the 

embodied energy present in a building is 

complicated as a result of multiple (not 

constant) variables that influence this value. As 

a result of its complexity, separate assessment 

methods use different boundary conditions, 

appropriate for their goals. A complete Life 

Cycle Assessment (LCA) of all materials used 

in a building is needed to estimate its total 

environmental impact.[32] The scheme on the 

subsequent page shows the different life phases 

of the materials incorporated in a building and 

the main factors that contribute to its embodied 

energy [Fig. 2.01].

The ‘cradle-to-cradle’ concept is the most 

ideal scenario, in which materials after the 

demolition of the building are considered as 

resources instead of waste. As a result of the 

depletion of the earth’s sources, the potential of 

this ‘urban mining’ is increasingly recognized. 

However, it is hard to express this value in 

figures, where on the one hand it is hard to 

predict future scenarios and on the other hand 

it is unclear to what extent the embodied energy 

of the material would belong to the demolished 

building, or to its new host. 

As a result, the ‘end-of-life’ of the building is 

embOdied energy Assessment

30. Cleveland, C.J., & 

Morris, C.G. (2009).

31. Dixit, M.K., Ferández-

Solís, J.L., Lavy, S., & Culp, 

C.H. (2012). P:3732

32. Hammond, G.P., & 

Jones, C.I. (2008). P:88
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regularly considered as the boundary for the 

embodied energy analysis. It is the complete 

scenario, known as the ‘cradle-to-grave’, in 

which each stage of the life of each building 

element is evaluated. The Swiss Minergie-A 

label considers this ‘cradle-to-grave’ scenario in 

its building assessments.[33]

Where it is hard to predict what happens during 

the ‘use phase’ of the building, a third boundary 

condition is considered, known as ‘cradle-to-

site’, in which all energy is included that is 

consumed until the product has reached its 

point of use.[34] 

However, it has become practice in the building 

industry to specify the embodied energy as 

‘cradle-to-gate’, considering the primary energy 

included in the building material or component 

until it leaves the factory. The controlled 

conditions during the production process of the 

materials allow the industry to provide detailed 

figures of the energy embodied in the products 

that leave the factory.

To reach the objective of the standards 

prescribed by the Minergie-A label, the cradle-

to-grave energy has to be evaluated. To estimate 

the embodied energy up to the end of the 

building’s life, the different phases of the 

building’s materials have to be assessed. The 

cradle-to-grave embodied energy will be the 

sum of the energy added to the building during 

the product phase, the construction process, the 

use phase and the building’s end-of-life phase. 

How the embodied energy in these separate 

phases is estimated will be discussed on the 

subsequent pages. 

33. Hall, M. (2012). P:265

34. McAlinden, B. (2015).
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Assessment

In the product phase, three main factors 

contribute to the embodied energy: the energy 

used to extract the material, the transportation 

energy from the extraction site to the factory, and 

the energy used in the treatment of the material 

in the factory. Over the years, knowledge has 

been gathered about the energy consumed 

during the life cycle of a large number of 

materials. These figures are nog static, being 

constantly updated by the industry as a result 

of changing methods or conditions. The figure 

for the embodied energy of a material can for 

instance increase when at the moment the 

material is easy to extract, but as a result of 

resource depletion the process of extraction 

becomes increasingly difficult, requiring more 

energy input.

The University of Bath and in particular the 

Sustainable Energy Research Team (SERT) 

have done an extensive research in which 

the embodied energy and embodied carbon 

of several construction materials have been 

calculated. In the assessment of the Museum 

of Tessiner Building Knowledge, the main 

source for the evaluation of the building is this 

‘Inventory of Carbon and Energy Database’ 

(ICED), which first version was released in 2005 

to provide an open-access, reliable database for 

embodied energy and carbon associated with 

construction materials.[35] The database uses a 

‘cradle-to-gate’ boundary, making its key figures 

applicable, where until the product leaves the 

factory gate, the variables can be measured and 

controlled, not depending on the conditions of 

a specific project. 

The ICE database provides key figures for 

materials in MJ/kg. Multiplying the weight 

of each material in the building with the 

corresponding factor from the database, 

provides the embodied energy of the material 

used in the museum. The weight of the material 

will be calculated by multiplying the volume of 

the material with a key figure for the specific 

weight of the material that is provided in kg/m3, 

which are mainly provided by a database in the 

‘Bouwkunde Tabellenboek’.[36]

Total ‘cradle to gate’ embodied energy (MJ) 

= Volume (m3) x specific weight (kg/m3) x 

embodied energy (MJ/kg)

EE (MJ)= (m3) x (kg/m3) x (MJ/kg)

35. Hammond, G.P., & 

Jones, C.I. (2008). P:89

36. Bone, A.H.L.G., Kemps, 

T.N.W.G., Peters, A.W., & 

Post, H. (2010). P:206-207

PrOduct PhAse
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Strategies

The main contributor to the embodied energy 

of the museum can be found in the origin of the 

building materials, in the extraction of the raw 

material and its treatment in the factory. 

A strategy to improve the impact of this phase 

is drawn, based on the concept of the so called 

‘Trias Energetica’, which provides a three step 

strategy to contribute to an energy efficient 

design. This ‘Trias Energetica’ has been 

translated to what could be called the ‘Trias 

Embodied Energetica’:

1) Reduce the use of materials

2) Use materials with a low embodied energy

3) When materials with a high embodied energy 

are used, use them in an efficient way.
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Assessment

The embodied energy as a result of the 

construction process, consisting of activities as 

transportation to the site and the assembly of 

the building, is harder to estimate.

To estimate the energy that is embodied in the 

materials as a result of the transportation from 

factory to the building site, key figures provided 

by the European Environment Agency (EEA)

[37] and the KBOB[38], the Swiss institution for 

building coordination, have been used.

Key figures in MJ/ton/km are provided, 

related to different types of transportation. 

The distances to the factories of the different 

building materials will be linked to these 

figures, representing the amount of energy 

or carbon that is emitted by a truck per ton 

per kilometer. As for an example, a truck with 

a capacity of 20-28 tonnes contributes to the 

embodied energy of the building with 2,32 MJ/

ton/km and to the amount of emitted CO
2
 with 

0,162 kg/ton/km.[39]

The energy used during the assembly of the 

building is harder to estimate, as a result of 

different building methods. According to the 

European Network for Construction Companies 

for Research and Development (Encord), its 

share is negligible with respect to the complete 

life cycle energy of the building.[40] This does 

not mean that no attention should be given to 

this phase of the building’s life. Although not 

measurable, a possible improvement in this 

phase should always be considered, due to its 

impact on the building’s site and environment.

Strategies

In the construction process, the transportation 

of the material from the supplier to the building 

site is the main contributor. Where the resulting 

embodied energy is a derivative of the weight 

of the material and the distance to the supplier, 

it is obvious that the aim should be to reduce 

these variables. Actually, the tree step strategy 

discussed before could also have its use in this 

phase of the material’s life cycle:

1) Reduce the use of (heavy) materials

2) Use local materials

3) Use non-local materials efficiently

For energy required during the assembly 

of the museum, which is considered to be 

negligible, a margin has been used. Although 

not quantified, improvements can be made to 

reduce the energy demand and the impact of 

the building activities on the location. This can 

for instance be done by reducing the activities 

on-site by prefabricating building elements. 

From another point of view, the use of energy by 

heavy machines can be reduced by for instance 

using light elements that can be handled by 

hand.

37. European Environment 

Agency (2016). 

38. KBOB (2014).

39. KBOB (2014).

40. Encord (2016).

cOnstructiOn PrOcess
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use PhAse

Assessment

During the use phase of the building, energy is 

added to the building as a result of maintenance 

and possible renovations and transformations. 

The Minergie-A label however does not 

incorporate this phase of the building’s life in 

its assessment.[41]

On the one hand, this can be understood, where 

it is practically impossible to predict future 

change, depending on several uncontrollable 

variables. But on the other hand, several studies 

show that this so-called ‘recurring energy’ is 

responsible for a large share of the embodied 

energy of a building throughout its life time. 

A study by Raymond Cole and Paul Kernan 

into the life cycle energy of office buildings 

in Canada for instance showed, that within a 

period of fifty years, this recurring energy is 

approximately equal to the initial embodied 

energy.[42] In addition, the research of Chau 

et al indicates that this recurring energy is 

responsible for up to 33 percent of the total life 

cycle energy of the building’s materials.[43]

When a building has a longer life span, the share 

of this recurring energy will likely be higher. To 

conclude, although not assessed, it is favourable 

to take the use phase into consideration during 

the analysis of the museum.

41. Minergie (2016). 

42. Cole, R.J., & Kernan, 

P.C. (1995). P:314

43. Chau, C.K., Yik, F.W.H., 

Hui, W.K., Liu, H.C., & Yu, 

H.K. (2006). P:1850

44. Kuitert, K., Runhaar, B., 

Wiggers, R., & Wentholt, W. 

(2010). P:8

Strategies

Although not incorporated in the Minergie-A 

assessment, improvements can be made to 

prevent a high level of embodied energy to be 

added to the existing building in a later stage. 

The people using the building obtain a central 

position in this phase of the building’s life. 

With sustainable development being a result 

of the balance between ecological, social and 

environmental aspects, the impact of the user 

cannot be underestimated. 

The aim in social sustainable developments 

consists of several aspects, that mostly aim on 

the quality of the living environment. Next to 

elements as the quality of life, safety, accessibility 

and facilities, also the spatial and esthetical 

quality of the environment is considered to be 

relevant.[44] Although these aspects are hard to 

measure, where they are mostly based on the 

user’s feelings, it is clear that a building that is 

well designed for the user will last longer and 

will require less changes in the future, resulting 

in less energy to be added to the building.

Although it is relatively impossible to predict 

future change, from a user point of view, 

realising a building that allows future change 

is favourable to prevent additional energy to be 

added to the building. Regarding the question if 

the building industry should design for future 

change, Luigi Snozzi, a well-known architect 
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Fig. 2.02: Stewart Brand’s 

concept of ‘shearing layers’.

Fig. 2.03: Rate of change of 

the separate elements, based 

on Stewart Brand’s concept 

of ‘shearing layers’.
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from Ticino who was part of the famous 

‘Tessiner Tendenza’, stated the following: “I 

always build for the present. But if one builds 

well for the present, the chance that it will 

endure is much greater than if one thinks too 

much about the future.”[45] With this quote, he 

provides a strategy to reduce the ‘recurring 

energy’, that consists of energy as an effect 

of activities as maintenance and possible 

renovations and transformations. By building 

well for the present, the rate of changes during 

the life time of the building might be lower, 

resulting in less energy to be added to the total 

life cycle energy.

However, this is a quite conservative position, 

where the current rate of change proves that it 

is a factor that should be taken into account. Not 

taking future changes into account during the 

design of the building, requires more energy in 

the future to maintain, renovate of transform 

the building.

Regarding the complexity of predicting future 

change, John Habraken managed to describe 

the core of his concept in his book ‘De dragers 

en de mensen’ (1961) as follows: “We should 

not try to predict what will happen, but we 

should try to prepare for that what cannot be 

foreseen.”[46]

Where Habraken separated the building’s 

structure and infill, Stewart Brand went a step 

further in his so-called ‘Concept of Shearing 

Layers’, separating a building in six core 

elements. These six elements consist of the 

Site, Structure, Skin, Services, Space and Stuff 

that together form a building [Fig. 2.02].

A strategy to improve the ability of the building 

to allow future change is to disconnect these 

separate elements, allowing the different parts 

of the building to be altered independently. 

Disconnecting these elements is vital, where 

research has proven that the separate layers 

have a different life time, corresponding to a 

different rate of change. The scheme on the 

adjacent page shows the rate of change of the 

separate layers, showing that for instance the 

skin of the building has a lower rate of change 

than the services and stuff present in the 

building [Fig. 2.03]. The further separating of 

the different elements that form the museum 

will reduce the amount of energy that needs to 

be added to the building in a later stage.

45. Lichtenstein, C. (1997). 

P:11

46. Habraken, N.J. (1961).

47. Brand, S. (1995).
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Assessment

At the end of a building’s life, energy used 

for the demolition of the building and the 

transportation and processing of the waste 

contributes to the embodied energy of the 

building. The difficulty in assessing the energy 

in this phase can be found within the fact that 

it is impossible to predict how the demolition 

practice acts in 50 years, and to what extent 

materials are being reused or recycled.[48] 

Despite this problem, an estimation needs to 

be made.

To estimate the demolition energy, a research by 

Suzuki and Oka into Japanese office buildings 

resulted in a figure of 490 MJ/m2, which will 

provide an estimation of the total demolition 

energy when multiplied with the floor area 

of the museum.[49] In addition, the research 

states that 36 kg/m2 CO
2
 is emitted during this 

process.

The transport energy of materials extracted from 

the demolished buildings can be calculated in 

a similar way as shown before. The weight of 

the materials is multiplied with key figures, 

representing the amount of energy or carbon 

that is emitted by a truck per ton per kilometer. 

As stated before, a truck with a capacity of 20-28 

tonnes contributes to the embodied energy of 

the building with 2,32 MJ/ton/km.[50] The result 

is multiplied with the estimated distance from 

the building’s location to the site of the waste 

processor. 

Strategies

The demolition energy is estimated with a key 

figure that is related to the amount of square 

meters of the building. Obviously, reducing the 

size of the building would result in less energy 

required to demolish the building.

Although the energy in the end-of-life phase 

is not calculated as a result of the lacking of 

key figures, but estimated by a margin of 10 

percent, improvements will be considered. For 

instance by separating the previously discussed 

‘shearing layers’ or by creating a building that 

is easy to demount by for instance ‘dry’ instead 

of ‘wet’ connection methods. This so-called 

‘design for deconstruction’ would reduce the 

energy use, waste and pollution as a result of 

the demolition process.

The transport energy depends on the weight 

of the materials and the distance to the waste 

processor. Logically, a reduction in the amount 

or the weight of the materials provides a lower 

figure here. 48. Cole, R.J., & Kernan, 

P.C. (1995). P:312

49. Suzuki, M., & Oka, T. 

(1998). P:39

50. KBOB (2014).

51. Hall, M. (2012). P:265

end Of life PhAse
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Assessment

The Minergie-A label assesses buildings with 

a cradle-to-grave boundary, so the ‘beyond-life’ 

energy, which is hard to predict, is not taken 

into account.[52] Despite this fact, during the 

research, possible improvements regarding this 

phase will not be rejected, where the cradle-to-

cradle concept benefits the environmental 

impact of the museum.

Strategies

The beyond-life phase is not included in the 

assessment. Obviously, using materials that 

can be reused or recycled would benefit the 

environmental impact of a building when 

compared to materials that would be disposed. 

To facilitate in the reuse of materials, the 

separating of the different layers of the building 

and the use of ‘dry’ connections by ‘designing 

for deconstruction’, provide a building of which 

the materials are easier to reuse, improving the 

sustainability of the museum by lowering the 

environmental impact of the different building 

materials.

52. Minergie (2016).

beyOnd life PhAse
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Fig. 2.04: Summary of stra- 

tegies related to the life cycle 

phases of the building ele-

ments.

- Material extraction
- Transport
- Manufacturing

Trias Embodied Energetica:
- Reduce material use (built 
efficient)
- Use materials with a low EE
- Use materials with a high EE 
efficient.

- Transport to site
- Assembly

Transport
- Reduce weight of materials
- Use ‘local’ materials
- Use non-local materials efficient
--> brick slip instead of complete 
bricks.

Assembly
- prefabrication (less energy and 
waste)

- Maintenance
- Renovation
- Transformation

Separate elements (Stewart Brand)
- Site
- Structure
- Skin
- Services
- Space
- Stuff

Design for deconstruction
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(Pulaski)
- Prefabrication
- ‘Dry’ connections
- Reduce building complexity

- Reuse
- Recycling
(- Disposal)

Product phase Construction Process Use phase End of life phase Beyond life

P
h

as
e

A
ct

iv
it

y
S

tr
at

eg
ie

s



53

To assess the Museum of Tessiner Building 

Knowledge, several assumptions have to be 

made. The further in the process, the less data 

is available. However, the initial embodied 

energy, which consists of the energy used in the 

‘product phase’ and during the ‘construction 

process’, accounts for the largest share of the 

total embodied energy and can be estimated 

quite precise. By incorporating margins in the 

subsequent phases of the building’s life, based 

on figures of the industry, it will not obstruct 

the objective of the research to lower the 

embodied energy with respect to the standards 

of the Minergie-A label.

In the next chapter, the current design for the 

Museum of Tessiner Building Knowledge will 

be assessed following the previously described 

method. When the results are compared to 

the demands of the Minergie standards, the 

described strategies will assist in the process 

of drafting options to improve the museum. 

The scheme on the adjacent page provides a 

summary of the mentioned strategies in the 

separate life phases of a building [Fig. 2.04].

cOnclusiOn
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intrOductiOn

Before strategies and possible adjustments 

can be considered, the current design for the 

Museum of Tessiner Building Knowledge 

needs to be assessed. With the assumption 

of the museum being a nearly zero-energy 

building, the embodied energy has become 

a key element in improving the sustainability 

of the museum. In this chapter, the energy 

embodied in the different elements that form 

the museum will be approximated. To be able to 

assess the museum, the building is taken apart. 

After categorizing the different elements, their 

embodied energy is estimated with the help of 

key figures.

The inventory is based on the design for 

the museum that can be found in the book 

“Museum of Tessiner Building Knowledge, 

bundling the knowledge of a versatile culture”. 

[53] In this book, the development of the design 

for the museum is discussed, accompanied by 

a complete overview of the museum design. 

The presented drawings in combination with 

the applied materials are used to quantify the 

resources that are used in the museum and to 

estimate the embodied energy of the different 

materials in the building.

In short, the museum presents the building 

history of the region Ticino in the south of 

Switzerland. The museum has a classical 

layout, consisting of four wings around a 

central entrance. Each wing represents a 

different building period. In the centre of the 

courtyards, four archetypical volumes have been 

erected, representing the specific period. In the 

museum, a strong contrast is present between 

the generic brick skin of the museum and the 

‘couleur locale’ that is present in the volumes 

and the exhibition. The sequence of experiences 

present in the museum is inspired upon the 

Deutsches Architectur Museum in Frankfurt by 

Ungers and the Pergamon Museum in Berlin by 

Messel. The building presents itself as a strong 

monolithic building, containing elements of 

the different periods that are present in the 

building culture of Ticino.

Scope

In the subsequent environmental assessment 

of the museum, the exhibition and the four 

central volumes are excluded, where their 

properties are out of reach for the designer. The 

exhibited objects and the volumes represent the 

building culture of the region, which is why the 

materials applied are not up for discussion and 

are as a consequence not used as a variable in 

the evaluation. All elements that do not belong 

to the exhibition of a specific period are used as 

parameters in the assessment of the museum. 

museum inventOry

53. Jong, J.C.M. (2016).
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Fig. 3.01: Floor area of the 

museum, including the 

parking in the basement and 

the exhibition area on the 

roof.

Fig. 3.02: Floor area of the 

efficient interior museum 

spaces, used to estimate the 

permitted embodied energy.

Area (m²)

Basement 5.245           

  - Parking 3.850                

  - Archives 1.262                

  - Other (Rotunda) 133                   

Rotunda 1.282           Mortar 121

  - Floor 0 515                   

  - Floor 1 384                   

  - Floor 2 235                   

  - Floor 2 (roof) 148                   

Exhibition Wing (4x) 1.426           

  - Floor 0 593                   

  - Floor 1 417                   

  - Floor 2 (roof) 417                   

Total 12.229         

Area (m²)

Basement 1.395           

  - Archives 1.262           
  - Other (Rotunda) 133              
Rotunda 1.134           

  - Floor 0 515              
  - Floor 1 384              
  - Floor 2 235              
Exhibition Wing (4x) 1.009           

  - Floor 0 593              
  - Floor 1 417              
Total 6.565           
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museum Objective

The museum is a large building in the urban 

tissue of Bellinzona, with a footprint of 

around 5.000 square meters. With a floor area 

of approximately 12.200 m2, the two-storey 

volume has the scale of a small neighbourhood, 

that will likely result in a high embodied energy 

[Fig. 3.01]. 

The calculation of the permitted embodied 

energy of the museum by the Minergie-A 

label is based on the floor area of the building. 

Although the label states that it includes the 

building’s basement, only the effective interior 

museum spaces are considered, which together 

are 6.565 square meters [Fig. 3.02]. When the 

area in the basement reserved for parking 

and the exhibition space on the roof would be 

incorporated, the permitted embodied energy 

would be almost twice as high.

Minergie-A objective

The Minergie-A label prescribes a maximum 

value for the embodied energy in the building 

of 50 kWh
EPnren

/m2/y. Multiplying this value 

with the factor 3.6 shows a permitted annual 

embodied energy in the building of 180 MJ/

m2/y. 

Although it is common in Switzerland to 

conduct major renovations every 50 years,[54] the 

Minergie-A label considers a period of 60 years 

in their building assessment.[55] Despite the 

fact that the expected life span of the museum 

is longer and the period does not comply with 

the durability of the building’s materials, this 

period provides an increased challenge for the 

designer, where the permitted value for the 

embodied energy will be lower. As a result, 

the label allows the museum to have a total 

embodied energy of 9.000 MJ/m2. With a floor 

area of almost 6.600 square meters, the energy 

embodied in all the materials that are present in 

the complete museum may not exceed the limit 

of 71.000.000 MJ.

54. Hegner, S. (2007). P:9

55. Minergie (2014). P:1
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Museum Inventory (cradle-to-gate)

Volume (m³) 10.348                       

Weight (kg) 21.722.049                

Embodied Energy (MJ) 70.350.668                

Embodied Carbon (kg) 6.733.410                  

Cradle-to-gate Floor area (m²) Volume (m³) Weight (kg) EE (MJ) CO2 (kg)

Basement 5.245               3.050              7.535.978       16.735.654       1.761.283             

Rotunda 1.282               1.506              3.099.669       10.846.976       1.020.387             

Exhibition Wing (4x) 1.426               1.448              2.771.601       10.692.010       964.461                

Total 12.229             10.348            21.722.049     70.350.668       6.733.410             

Cradle-to-gate Volume (m3) Specific weight (kg/m³) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 (kg)

Concrete 6.522                         2.500                                  16.305.445      1,01/1,27 19.387.847     0,13/0,15 2.367.905             

Steel 121                            7.200                                  868.355           29,20              25.355.965     2,77                  2.405.343             

Brickwork 1.421                         1.900                                  2.699.601        3,00                8.098.804       0,24                  647.904                

Cement 282                            1.900                                  534.875           4,51                2.412.287       0,74                  395.808                

Mortar 121                            1.650                                  199.389           1,33                265.188          0,22                  44.065                  

Lime 70                              1.400                                  98.146             5,30                520.174          0,78                  76.554                  

Insulation 1.294                         35                                      45.287             88,60              4.012.463       3,29                  148.996                

Glass 79                              2.500                                  198.374           23,50              4.661.779       1,35                  267.804                

Softwood 68                              550                                     37.673             7,40                278.781          0,59                  22.227                  

Fibreboard 139                            1.650                                  229.494           15,30              3.511.263       1,28                  293.753                

Underlayment 14                              500                                     7.206               15,00              108.094          0,99                  7.134                    

Drainage (Rubber) - - 16.446             91,00              1.496.557       2,81                  46.212                  

Sand 214                            2.240                                  478.898           0,0081 3.879              0,01                  2.442                    

Waterproof foil 3                                930                                     2.859               83,10              237.588          2,54                  7.262                    

Total materials 10.348                       21.722.049      70.350.668     6.733.410             
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Where the museum’s impression is large and 

heavy through its monolithic appearance, this is 

underscribed by the inventory of the materials 

used in the museum [Fig. 3.03]. 

In its assessment, the Minergie-A label includes 

building elements as the structure, the building 

envelope and the basement. The materials 

belonging to these elements, are assessed 

considering the ‘cradle-to-grave’ scenario. To 

estimate the total embodied energy of the 

building in this period, the different phases of 

the building are evaluated. 

Product phase

As stated earlier, the energy embodied during 

the product phase of the materials is considered 

to be the main contributor to the energy 

embodied in our buildings. With the materials 

in the museum having a total volume of over 

10.000 cubic meters with a combined weight of 

nearly 22.000 tons, it is obvious that the ‘cradle-

to-gate’ energy embodied in the materials during 

the production phase will already approach the 

limit prescribed by the Minergie-A label. 

As described in an earlier stage, the cradle-

to-gate energy embodied in the materials is 

estimated by using key figures of the ‘Inventory 

of Carbon and Energy’. Combining these figures 

with the weight of the applied materials results 

in a total of ca. 70.000.000 Megajoules that is 

embodied in the building’s materials during 

the product phase. In addition, the nearly 

7.000.000 kilograms of carbon embodied in the 

materials show the large environmental impact, 

in which the transportation of the materials to 

the building site has not even been considered 

[Fig. 3.04]. 

The scheme on the bottom of the adjacent 

page provides a summary of the cradle-to-gate 

impact of the separate building materials [Fig. 

3.05]. In appendix 3, the complete inventory of 

the individual building components present 

in the current design of the museum can be 

found.

Fig. 3.03: The total volume, 

weight, embodied energy 

and carbon in the current 

museum design.

Fig. 3.04: Summary of the 

inventarisation of separate 

parts of the museum and 

their contribution to the eco-

logical impact.

museum Assessment

Fig. 3.05: Summary of the 

inventory of the cradle-to-

gate accountability of the 

different materials in the 

current design for the Mu-

seum of Tessiner Building 

Knowledge.
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Fig. 3.07: Accountability of 

the separate building ele-

ments for the cradle-to-gate 

embodied energy of the mu-

seum.

24%

15%

33%

17%

11%
Basement

Structure

Floors

Roof

Facade

Fig. 3.06: Accountability of 

separate building materials 

in the museum’s inventory.
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The schemes on the adjacent page provides 

insight in the accountability of the separate 

building materials to the environmental impact 

of the museum [Fig. 3.05]. Although steel 

has the highest contribution to the embodied 

energy, the large amount of concrete in the 

building is responsible for the biggest part of 

the environmental impact of the museum, 

where the presence of steel is to a large extent 

caused by the reinforcements in the concrete 

elements. 

The accountability of the brickwork is lower than 

expected when looking at the appearance of the 

museum. However, the material is mainly used 

as cladding for a concrete structure, and partly 

consists of thin brick slips. Despite this fact, the 

brickwork is still responsible for a considerable 

share of the museum’s environmental impact, 

together with associated materials as mortar, 

lime and fibreboards that are used to fix the 

brickwork.

The diagram on the bottom of the adjacent 

page shows the accountability of the separate 

building elements with respect to the total 

cradle-to-gate embodied energy in the museum 

[Fig. 3.07]. Main contributors are the structures 

of the floors and roof, that together account 

for up to 50 percent of the energy used in this 

phase, which can be attributed to the massive 

structures of reinforced concrete. In addition, 

the inventory shows that the basement accounts 

for a considerable share as a result of the large 

amount of concrete that is used. The facade 

seems to be responsible for just a small share. 

However, only the infill between the structural 

elements is considered, where the structural 

elements are part of the facade as well. The 

grid of columns and beams is executed in 

reinforced concrete, clad in brick, resulting in 

a considerable contribution to the embodied 

energy level of the museum.
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Fig. 3.08: Different transpor-

tation methods and their en-

vironmental impacts.

Fig. 3.09: Overview of the 

impact of the transportation 

of the separate building ma-

terials from their suppliers to 

the building site.

EE MJ/ton/km CO2 (kg/ton/km)

Truck (20-28 ton) 2,32 0,162

Truck (3,5-20 ton) 3,4 0,237

Boat 0,132 0,00902

Train 0,612 0,00343

Transport Supplier Location Distance (km) Weight (ton) MJ/ton/km EE (MJ) CO2 (kg/ton/km) CO2 (kg) End-of-life phase

Concrete Holcim Bellinzona 5                      16.305            2,32 189.143            0,162 13.207         

Steel Montanstahl Chiasso 50                    868                 2,32 100.729            0,162 7.034           

Brickwork Petersen Tegl Denmark 1.200               2.700              2,32 7.515.690         0,162 524.802       

Cement Holcim Bellinzona 5                      535                 2,32 6.205                0,162 433              

Mortar Holcim Bellinzona 5                      199                 2,32 2.313                0,162 162              

Lime Holcim Bellinzona 5                      98                   2,32 1.138                0,162 79                

Insulation Knauf Lugano 27                    45                   3,4 4.157                0,237 290              

Glass Galvolux Lugano 27                    198                 2,32 12.426              0,162 868              

Softwood Castelli Luca SA Bellinzona 6                      38                   3,4 769                   0,237 54                

Fibreboards Swiss Krono AG Menznau 182                  229                 2,32 96.902              0,162 6.766           

Underlayment Swiss Krono AG Menznau 182                  7                     3,4 4.459                0,237 311              

Drainage (Rubber) Rex Articoli Mendrisio 47                    16                   3,4 2.628                0,237 183              

Sand Holcim Bellinzona 5                      479                 2,32 5.555                0,162 388              

Waterproof foil Rex Articoli Mendrisio 47                    3                     3,4 457                   0,237 32                

Total materials 7.942.571         554.609       
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Construction process - Transport

To estimate the energy that is embodied in 

the materials as a result of the transportation 

from the factory to the building site, key figures 

provided by the European Environment Agency 

(EEA)[56] and the KBOB[57], the Swiss institution 

for building coordination, have been used. 

Distances to the factories of the different 

building materials have been linked to these 

figures, representing the amount of energy that 

is emitted by a truck per ton per kilometer.[58] 

Different transportation methods have a 

different environmental impact. It can be 

concluded that a larger carrying capacity of the 

transportation method corresponds to a lower 

environmental impact per ton of material, as 

a result of increased efficiency [Fig. 3.08]. The 

materials are transported to the building site 

by two types of trucks. The large truck (20-28 

ton) contributes to the embodied energy of 

the building with 2,32 MJ/ton/km. A smaller 

truck (3,5-20 ton) has a value of 3,4 MJ/ton/km. 

This has led to an estimation of approximately 

7.950.000 MJ and 550.000 kg of carbon that 

needs to be added to the embodied energy and 

carbon that has already been estimated in the 

product phase [Fig. 3.09].

The main contributor to the environmental 

impact as a result of transportation is the large 

amount of brickwork. Although much more 

concrete has to be transported, it can be found 

in the proximity of the museum’s location. 

The special high quality bricks from Petersen 

Tegl are produced in Denmark, requiring the 

materials to be transported over a long distance. 

If the location would have been situated closer 

to a port, the material could be transported by 

boat, which has a contribution of only 0,132 MJ/

ton/km. Due to the inland location, the material 

would now have to be transferred from the boat 

on trucks in for instance the port of Genua, after 

which the trucks would still have to drive 300 

kilometers to Bellinzona. This would still result 

in a lower embodied energy, but as a result of 

the more complex process which requires more 

actions, this advantage will be negligible.

Construction process - Assembly

As stated, the energy required during the 

assembly of the building can be neglected 

with respect to the total life cycle energy of the 

museum. Although the assembly energy is 

not estimated, but approximated by a margin 

in the transport energy, it is clear that the 

current design with the large amount of in 

place concrete and brickwork is quite energy 

intensive and has a large impact on the building 

site, which is why options that may ease the 

construction process should be evaluated.

56. European Environment 

Agency (2016). 

57. KBOB (2014).

58. Ashby, M. F., Shercliff, 

H., & Cebon, D. (2013). 

P:630
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Use phase

The use-phase is not considered in the 

Minergie-A assessment.[59] However, as 

stated, studies show that after 50 years 

this ‘recurring’ energy as a result of 

possible maintenance, renovations and 

transformations corresponds to the initial 

embodied energy.[60] Due to its relevance, 

the potential of the museum to allow 

future change is evaluated.

Although the museum has a quite constant 

function and is not particularly designed 

to allow transformations, it is favourable 

to allow the interior and exhibition to be 

altered. At the moment, the installations 

for heating and ventilation are hard to 

reach and change, where they are hidden in 

suspended ceilings, covered in brick strips. 

Improving the adaptability of the museum 

is required to allow future change.

End-of-life phase

As stated, the end-of-life phase consist of the 

demolition energy and the energy needed to 

transport and process the materials.

The demolition energy is estimated by 

multiplying the floor area of the museum, 

which is 10.557 m2 including the parking 

area, with the key figure of 490 MJ/m2.[61] This 

corresponds to an addition to the embodied 

energy of approximately 5.200.000 MJ.

The transportation energy is estimated by 

multiplying the combined weight of the present 

materials, which is approximately 21.500 

tonnes, with a key figure for the transportation 

energy, which is 2,32 MJ/ton/km for a truck 

with a capacity of 20-28 tonnes.[62] Multiplying 

this figure with 50 km, which is the distance 

from the building site to the waste processor, 

results in an addition to the embodied energy of 

the building of nearly 2.500.000 MJ.

As described, several studies show that the 

end-of-life embodied energy consists of up to 

10 percent of the total life cycle energy of the 

building. To the figures for the demolition 

and transportation energy, a margin needs 

to be added to include the energy used in 

the processing of the materials. With the 

demolition and transportation energy together 

being responsible for 7.700.000 MJ, this 10 

percent would be a plausible figure to use for 

the complete end-of-life phase.

59. Minergie (2016). 

60. Cole, R.J., & Kernan, 

P.C. (1995). P:314

61. Suzuki, M., & Oka, T. 

(1998). P:39

62. KBOB (2014).
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Beyond-life phase

Like the Use-phase, the beyond-life phase is not 

considered by the Minergie-A label, considering 

a cradle-to gate boundary.[63] However, possible 

improvements will be assessed, where in the 

end the cradle-to-cradle concept is the ideal 

scenario. At the moment, the museum is not 

designed to be demounted or reused. Large 

amounts of in-situ concrete are used, clad 

in brick, resulting in a structure that is not 

demountable as a result of the wet connection 

method.

63. Hall, M. (2012). P:265
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Fig. 3.10: Summary of the 

cradle-to-grave assessment 

of the Museum of Tessiner 

Building Knowledge, fol-

lowing the Minergie-A stan-

dards.

EE (MJ) CO2 (kg)

Product phase 70.350.668            6.733.410       

Construction process Transport 7.942.571                554.609            

Assembly (+50%) 3.971.286                277.305            

Total 11.913.857            831.914          

Use phase - -
End-of-life phase Demolition 3.216.850                225.180            

Transport 2.519.758                176.383            

Waste processing  -  -

Total (ca. 10%) 8.226.452              857.843          

Beyond-life phase  -  -

Total impact 90.490.977           8.574.140       

Allowed 70.898.666            -                      

Reduction required 19.592.311            -                      

Reduction aim 30.000.000           -                      Suzuki en
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evAluAtiOn

After estimating the embodied energy and 

carbon in the separate life cycle phases of the 

building’s materials following the Minergie-A 

principles, the total embodied energy of the 

museum can be estimated, as shown in the 

adjacent scheme [Fig. 3.10].

With the ‘use phase’ and the ‘beyond-life 

phase’ neglected, the total embodied energy of 

the building is approximately 93.000.000 MJ, 

corresponding to a value of ca. 64 kWh/m2a. 

Where 50 kWh/m2a is allowed, corresponding 

to a value of approximately 71.000.000 MJ for 

the museum, a reduction of ca. 20.000.000 MJ 

is required to comply to the standards of the 

Minergie-A label. 

Moving from the ‘product phase’ towards 

the ‘end-of life’ phase, the assumptions and 

elements that are neglected increase. To make 

sure that the Museum of Tessiner Building 

Knowledge will comply to the standards, the 

goal is to approach a reduction of the embodied 

energy by 30.000.000 MJ, which corresponds to 

a reduction of ca. 42 percent.

The evaluation has shown several aspects of the 

museum where improvements can be achieved. 

The large amount of material should be reduced, 

especially the large amount of concrete, steel 

and brickwork. In addition, the complexity of 

the building elements should be reduced in a 

search for a more efficient building method. 

Although neglected by the Minergie label, the 

flexibility of the museum should be improved, 

where at the moment large efforts are needed to 

allow future change. The next chapter presents 

several options to improve the various aspects 

of the museum.
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intrOductiOn

After the evaluation of the design for the 

Museum of Tessiner Building Knowledge, 

opportunities are drafted to improve the 

sustainability of the museum. Strategies found 

in the research regarding the embodied energy 

assessment are used in this process. The main 

strategies that will be used to reach the standards 

of the Minergie-A label are the reduction of the 

use of materials (with a high embodied energy), 

the separation of the different layers of the 

building and the design for (de)construction.

Various options are considered for separate 

elements as for instance the structure, the floors 

and the facade. Next to assessing these options 

from a sustainable point of view, the options are 

related to the architectural core values of the 

design for the museum. Eventually, the most 

suitable options will be implemented in a final 

design for the museum.

OPPOrtunities
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Fig. 4.01: Impression of the 

current design for the mu-

seum with a parking garage, 

seen from the path along the 

main road.

Fig. 4.03: Impression of the 

current design for the muse-

um with a parking garage, as 

seen from the main road.

Fig. 4.02: Impression of the 

influence of the removal of 

the parking garage in the 

museum. Cars will be parked 

along the streets around the 

museum.

Fig. 4.04: Impression of the 

influence of the removal of 

the parking garage in the 

museum. Cars will be parked 

along the streets around the 

museum.
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PArking gArAge

As shown in the previous chapter, the parking 

garage is responsible for a considerable share 

of the building’s environmental impact. On the 

one hand, the basement has an impact on the 

site, where soil has to be removed to allow the 

basement to be realized. On the other hand, a 

large amount of material, in this case reinforced 

concrete, is needed to create the basement. 

Several options regarding the basement have 

been considered.

Removal of the basement

The removal of the basement and with that the 

parking area would improve the museum from 

a sustainable point of view. On the one hand, 

less soil needs to be removed. On the other 

hand, much less material would be needed to 

realize the building, providing a reduction of the 

embodied energy of approximately 15.000.000 

MJ, which corresponds to 50 percent of the 

required reduction. It is clear, that parking on 

the streets requires less materials to be used, 

where they are parked in the open. This would 

however be a so-called ‘admission of weakness’, 

where the program of the building is altered to 

comply with the standards. 

Despite is disadvantages from a material 

point of view, the presence of a parking garage 

contributes to the sustainability of the museum 

and its surroundings. As described in the 

previous graduation phase, a goal in the urban 

embedment of the museum was the reduction 

of the presence of cars on the university 

campus.[64] At the moment, few parking spots 

are present. Although instead of realizing a 

pond at the north side of the museum, parking 

places could be realized, the intention was to 

ban the cars from the campus, to stimulate the 

green campus experience.

Next to the improved character of the area, 

the exclusion of cars improves the safety of 

the students on the campus. Furthermore, the 

presence of the parking garage in combination 

with the touristic route on the historic walls, 

allows the museum to function as a starting 

point for a day trip to the city. At the moment 

the location lacks a connection with the city 

centre. Combined with the museum’s function, 

the garage will function as a catalyst for the 

complete area.

From the perspective of the user, it is pleasant 

to be able to park the car beneath the building. 

For the user, the parking garage adds value 

to the museum, making the museum in 

addition more interesting for investors. When 

future change is required, it might be more 

interesting to transform the museum, instead 

of demolishing it.

64. Jong, J.C.M. (2016). 

P:131



76

Replacement of brickwork

Other options in which the parking garage is 

maintained have been evaluated. The layout 

of the parking is quite efficient and relatively 

strong from a user point of view. On the one 

hand the experience is enhanced through 

the layout and the concrete table structure 

in combination with the grid of columns and 

beams that provide the visitor with a hint of the 

layout of the upper floors. On the other hand, 

user safety is provided through the separation of 

the routes for cars and pedestrians. In addition, 

light and air is brought into the garage through 

the perforations in the plinth [Fig. 4.05].

From a material point of view, the garage can 

be optimized to improve the sustainability of 

the basement. The brickwork walls contribute 

to the embodied energy of the museum with ca. 

1.000.000 MJ (3,33%). Where the brickwork is 

used as a cladding for the concrete basement 

walls, the removal of the brickwork would 

provide in a considerable reduction [Fig. 4.06]. 

Despite this reduction, the appearance becomes 

less pleasant, where the contrast between 

the structural elements and its background 

disappears, lacking the light brickwork and its 

texture [Fig. 4.06].

Where the brickwork is only a cladding, 

thin brick slip can be used to maintain the 

intended image, while reducing the volume of 

the brickwork in the basement by 80 percent, 

corresponding of a reduction of the embodied 

energy with 800.000 MJ (ca. 3%)

Table structure

Furthermore it was found that the ‘table 

structure’, below the four central volumes, vital 

for the visitor experience, accounted for a large 

share of the embodied energy. To improve this 

element, the structure was hollowed, resulting 

in an accentuated grid of beams which would 

still emphasize the central elements [Fig. 4.07]. 

Despite the fact that a reduction of 2.800.000 MJ 

(ca. 9,3%) was possible, the contrast between 

the ‘table’ and the surrounding grid of columns 

and beams is affected.

Next, the ‘table’ was flattened, being placed 

in line with the surrounding grid of beams, 

resulting in a reduction of 2.000.000 MJ (ca. 

7%). Although less emphasized than in the 

original design, the presence of the ‘table’ still 

draws the attention of the visitor in a more 

subtle manner, in which the beams seem to 

disappear in the ‘table’ [Fig. 4.08]. As a result of 

the flattening of the table structure, the height 

of the entire parking could be decreased by ca. 

0,4 meter, preserving a required free height 

of 2,4 meter below the structural elements.[66] 

This would result in an additional reduction of 

500.000 MJ (ca. 2%).
65. Jong, J.C.M. (2016). 

P:136-137

66. BRIS (2016).

Fig. 4.05: Current design for 

the parking garage of the 

museum.

Fig. 4.06: Removal of the 

brickwork in the parking ga-

rage, resulting in a concrete 

environment.

Fig. 4.07: Hollowing of the 

concrete table structure.

Fig. 4.08: Flattening of the 

concrete table structure, 

allowing the height of the 

parking to be reduced.
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One of the basic principles in designing 

in a sustainable manner, particularly with 

respect to the use of building materials, is 

building compact and efficient. As a result of 

the relatively low height of the building, the 

museum has a large impact on the site due 

to its large footprint [Fig. 4.09]. This footprint 

has been increased by separating the different 

wings of the museum. Besides the larger 

footprint, more facade surface is present. From 

a material point of view this requires more 

material, where from an operational energy 

point of view more surface is present through 

which energy can be lost. 

With the present museum concept in mind, 

several options have been evaluated to 

understand what effect the optimisation of the 

form of the museum would have on both the 

embodied energy and the appearance of the 

museum.

fOrm

Fig. 4.09: Urban embedment 

of the current design for the 

new Museum of Tessiner 

Building Knowledge. Scale 

1:500.
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Fig. 4.10: Current design: 

view on the museum along 

the main road and schematic 

plan of the museum.

Fig. 4.11: Compact form, re-

moval of cuts: view on the 

museum along the main 

road and schematic plan of 

the museum.
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Compact form

First, the most compact form has been 

evaluated, that functioned as the starting 

point for the design of the museum. The open 

spaces between the wings have been removed, 

resulting in a more compact building with a 

lower impact on the building site. In addition, 

less facade surface will be present, resulting in 

less heat that will be lost. However, as stated 

earlier in this report, with the society heading 

towards the use of renewable energy sources, 

the operational energy will not function as the 

main parameter in sustainable development. 

Furthermore, with the building’s aim to reach 

the Minergie-A label, the building already 

contains a very low heat transfer coefficient. 

More relevant is the reduction in material use. 

where almost half of the external walls have 

been converted to interior walls, requiring for 

instance less mass and insulation. Although the 

floor area of the museum remains the same, 

the size of the parking garage decreases. The 

reduction in material in the parking garage 

has been neglected, where at the same time 

functional floor area has been lost. Looking 

at the decreased amount of external walls, a 

reduction of ca. 5.500.000 MJ would be possible, 

corresponding to 18,5 percent of the intenden 

reduction.

Despite this considerable reduction, the 

optimization results in a loss of quality. Seen 

from the interior, the intended experience of 

the museum can be preserved. The only effect 

on the interior experience is the reduction of 

daylight in the central rotunda and the galleries 

as a result of the reduced amount of window 

surface. This however, will not be a problem as 

a result of the presence of the skylights in the 

atria. 

The loss of quality can be found in the urban 

embedment, the exterior experience of the 

museum. Left aside the fact that the cuts 

allowed to access the museum in the centre and 

that the separate wings and entrances could be 

recognized from the exterior, it is the spatial 

quality that is most compromised. Where the 

museum is a large building, the cut-outs in the 

facades reduce the size of the building from 

the user’s point of view. Despite the fact that 

a 60 meter long facade that remembers of a 

colonnade can be quite strong, its impression 

can be too impressive [Fig. 4.11]. In addition, 

when passing the museum, the cut-outs allow 

the visitor get a glimpse of the central volumes 

above the roof edge, which are hidden when the 

facade is closed. 
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Fig. 4.12: Current design: 

view on the campus area 

along the touristic route and 

schematic plan of the muse-

um.

Fig. 4.13: Reduced comple- 

xity by replacing the twisted 

wing: view on the campus 

area along the touristic route 

and schematic plan of the 

museum.

Fig. 4.14: Compact and 

reduced complexity: view 

on the museum along the 

touristic route and schematic 

plan of the museum.
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Reduction of complexity

In the current design for the museum, the 

wing that is twisted towards the university 

campus obtains a special character in the 

symmetrical museum. The influence of this 

twist is evaluated, where in general a reduction 

in complexity is favourable from a sustainable 

point of view. To analyse the effect of the twist on 

the embodied energy, the wings are separated 

as in the original design, but the specific wing 

is placed perpendicular to the adjacent wings 

[Fig. 4.13].

Obviously, the adjustment only results in a 

negligible reduction from an embodied energy 

point of view. The twisting of the wing does 

not require a substantial amount of additional 

material. Furthermore, the size of the parking 

garage remains approximately the same.

Looking further than the material use, the 

construction process might be easier when the 

wing would not be twisted. However, this effect 

is negligible, where the layout of the wing and 

the building components correspond to the 

other wings. The only profit in the construction 

process is found in the absence of additional 

fitting pieces where the wing meets the central 

rotunda under a different angle, or in the twist 

in the parking garage. Furthermore, earlier 

in this research has been stated that the total 

construction energy corresponds to a negligible 

share of the complete life cycle energy of the 

building.

On an urban level, the goal of the museum 

was to make a gesture to the university campus 

and to pick up the line of the touristic route. 

The twist furthermore emphasized the special 

character of the wing for temporary exhibitions. 

By putting the wing in line with the other wings, 

these spatial effects disappeared [Fig. 4.13].

Compact and reduced complexity

A combination of the previously described 

possibilities presented itself as an option 

to create a more compact and less complex 

building, while still being able to pick up the 

diagonal line of the touristic route [Fig. 4.14]. 

The wing that was twisted, is placed backwards. 

Both the entrances to the museum and the 

entrance to the parking garage can still function, 

where the eliminated cut did not have a specific 

function. This option provides a reduction of 

approximately 1.500.000 MJ, when compared 

to the original design, which corresponds to 

5 percent of the intended reduction. From an 

urban point of view, the ‘jump’ in the facade 

emphasizes the axis of the touristic route. The 

image on the adjacent page shows how the 

visitor will approach the museum and will be 

able to see more of the cantonal archives and 

library behind the museum [Fig. 4.14]. 
67. Jong, J.C.M. (2016). 

P:126
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Form Current design Compact Twisted wing Semi-compact

Reduction 6.000.000 MJ (20%) Negligible 1.500.000 MJ (5%)

Advantages - Smaller footprint

- Less impact on site

- Lower embodied energy

- Less external walls (heat 

loss)

- Less complex (to build)

- Space between exhibi-

tions wings decrease size 

of the museum and allow 

entrance in centre.

- Diagonal of touristic 

route is emphasized

- Museum opens to 

campus

- Lower embodied energy

- Entrances emphasized

Disadvantages - Impression of building 

is big, due to 60 meter 

long facades

- Glimpse of volumes and 

central entrance lost

- Less light in the 

museum

- Separate wings less 

recognizable

- Axis of touristic route is 

not emphasized

- No gesture to campus

- Special function of wing 

is not emphasized

- Special function of wing 

is not emphasized

- Left side differs from 

the right side, requiring 

a different structure, 

resulting in other 

experience

- No gesture to campus

- Loss of light in gallery

Fig. 4.15: Summary of the 

effects of adjusting the form 

of the museum.
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Concluding

The form of the building does influence the 

embodied energy of a building, where building 

more compact does reduce the amount of 

material that is used. However, where the most 

compact form of the presented museum concept 

only results in reduction of approximately 20 

percent of the required reduction, the question 

arises if other methods to reduce the embodied 

energy might be more suitable, where the user 

experience is compromised by this solution.

In addition, although its share is negligible as 

stated earlier in this research, the reduction of 

the complexity of the form of the building can 

contribute to the reduction of the embodied 

energy by easing the construction process. In 

the museum, the twisting of the wing has a 

negligible effect, where besides the fitting pieces 

at the centre of the museum, the structure of 

the wing corresponds to the other wings.

Despite the fact that the form of the building 

influences the sustainability of the museum, 

other methods might be more suitable to 

reduce the embodied energy in the museum.
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Fig. 4.16: Current design 

for the Museum of Tessiner 

Building Knowledge, seen 

from the main road.

Fig. 4.18: Alternative facade 

without the niches, seen 

from the main road.

Fig. 4.17: Niches reduced to 

a minimal depth, seen from 

the main road.
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fAcAde

The current design for the facade of the 

museum is not designed in an efficient manner, 

where a considerable amount of air is ‘locked’ 

in its niches [Fig. 4.16]. Realising these niches 

requires a large amount of material, which is 

used inefficiently. Building a more compact 

facade would improve the efficiency of the used 

materials.

Niches minimal

To evaluate the effect of the efficiency of the 

facade, the niches have been brought to a 

minimum depth. The image on the adjacent 

page shows the effect of the adjustment on the 

impression of the museum [Fig. 4.17]. 

Despite the more effective facade, only ca. 

2.000.000 MJ was saved from a material point 

of view, partly because additional material was 

needed to realize the larger floor area. 

However, as a result of the floor area that is 

gained, a higher amount of embodied energy is 

allowed according to the Minergie-A standards. 

Because of the extra floor area of approximately 

1000 m2, an additional 10.800.000 MJ is 

allowed. Combined with the reduced amount 

of material, the improvement of the embodied 

energy level of the building would be ca. 

12.600.000 MJ, corresponding to 42 percent of 

the intended improvement.

Altered expression

After minimizing the niches, it has been 

evaluated what would occur if the external walls 

would be positioned on the edge of the building’s 

footprint and a different type of facade would be 

realized [Fig. 4.18]. This adjustment resulted in 

a considerable more positive embodied energy 

balance for the museum as well. On the one 

hand, the reduced depth of the niches required 

less material, where the ‘shells’ in the facade 

that enclose the niches have been reduced to 

thinner and less deep facade columns. 

Like in the previous option, from a material 

point of view, the reduction was relatively low, 

corresponding to ca. 1.800.000 MJ. However, 

as a result of the gained floor surface (ca. 1400 

m2), approximately 15.000.000 MJ could be 

added to the embodied energy balance. As a 

result, an improvement of the embodied energy 

balance by ca. 16.800.000 MJ would be possible, 

corresponding to 56 percent of the intended 

improvement.
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Fig. 4.19: Current design 

for the Museum of Tessiner 

Building Knowledge, seen 

from the path along the main 

road.

Fig. 4.20: Niches reduced to 

a minimal depth, seen from 

the path along the main road.

Fig. 4.21: Alternative facade 

concept, seen from the path 

along the main road.
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Niches reduced

Despite the relatively large improvement of 

the embodied energy balance in both options, 

the interferences altered the appearance 

drastically, as can be seen in the images. The 

effect of depth in the facade has been reduced 

to a minimum. No space is left in the facade 

to exhibit building elements, as intended in the 

architectural concept.[68] The optical effect of the 

niches exhibiting elements without resulting 

in an unorganized facade has disappeared. 

Furthermore, the niches reduced the size of 

the large building, adding a more human scale 

to the building. Although the flattened facade 

can result in a pleasant appearance, the facade 

gives the building a more massive impression 

and the starting point for the experience of the 

building is abandoned [Fig. 4.20]. 

Despite these facts, improving the efficiency 

of the facade is required. A balance has been 

found between reducing the depth of the 

niches and the preservation of the experience 

of the facade and the character of the museum. 

By reducing the depth of the niches with 0,5 

meter to a depth of 1 meter, a reduction is 

found in which the niches can still function 

as exhibition carriers. The additional floor 

area allowed an extra 4.300.000 MJ, where the 

material reduction resulted in a saving of ca. 

2.000.000 MJ. The combined reduction of ca. 

6.300.000 MJ, corresponds to ca. 21 percent of 

the intended reduction.

Concluding

The efficiency of the facade influences the 

embodied energy balance of the museum. 

Reducing the use of material, and in this 

case the amount of air trapped inside the 

facade, will improve the sustainability of the 

building. However, from a material point of 

view, the reduction of the depth has only led 

to a reduction of ca. 2.000.000 MJ, where most 

profit is obtained from the expansion of the 

efficient floor area. Although a more efficient 

facade can improve the sustainability of the 

museum, the most effective form is not always 

he best option, where a balance must be found 

with the experience of the user.

68. Jong, J.C.M. (2016). 

P:96-97
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Fig. 4.22: Accountability of 

the different materials with 

respect to the embodied 

energy in the building’s 

main structure.

 -

 5

 10

 15

 20

 25

 30

 35

 40

P
er

ce
n

ta
g

e 
(%

)



91

Important element in both the interior as the 

exterior experience of the museum is the grid of 

columns and beams. These structural elements 

in the exhibition wings and the central rotunda 

account for up to 15 percent of the museum’s 

embodied energy [Fig. 3.07]. 

Although the museum seems to rely on a brick 

structure, it is actually a grid of reinforced 

concrete columns and beams that have been 

clad in brickwork that forms the core of the 

building. The intention of the brickwork is 

to form an open and clear background for 

the exhibition, as described in the museum 

concept.[69] Where it was not the goal to realize 

a ‘dishonest’ building, the fact that the brick 

is used as a cladding is revealed in the details, 

for instance in the edges of the brick slip or 

the spans that cannot be realized in common 

brickwork. The position of the museum with 

respect to the tectonics in brickwork is described 

in the book that presents the design for the 

Museum of Tessiner Building Knowledge.[70]

In this chapter, the current structure is assessed 

and opportunities are discussed that might 

improve the embodied energy level of the 

museum. The influence of the opportunities 

on both the sustainability and the experience 

of the museum are evaluated, resulting in an 

optimized solution for the museum.

Structural brickwork

As concluded in the museum’s inventory, 

the huge amount of reinforced concrete 

is responsible for the largest share of the 

environmental impact of the museum [Fig. 

3.06]. This can also be recognized in the 

building’s structure, as can be seen in the 

diagram on the adjacent page [Fig. 4.22]. An 

option has been to reduce the embodied energy 

as a result of the reinforced concrete by using 

alternative construction methods. The first 

and most obvious alternative was using the 

brickwork as a structural material. Although 

the brick experience of the museum will be 

preserved, the experience of the interior will 

change, where the current expression is not 

feasible in brickwork. Brickwork can span a 

small opening with a soldier course lintel, 

where larger spans can be achieved by using 

arches. The effects of both options on the 

embodied energy and the interior experience of 

the museum have been evaluated. The images 

on the following pages provide an impression 

of what would occur to the interior expression, 

when brick lintels or arches would be applied.

Using a brick structure with lintels, allows an 

embodied energy reduction of ca. 3.200.000 MJ, 

corresponding to 11 percent of the intended 

reduction. Less material is needed, were the 

structural wall can be made thinner as a result 

of the removal of the concrete. Despite this 

building structure

69. Jong, J.C.M. (2016). P:99

70. Jong, J.C.M. (2016). 

P:108-110, P:165-173
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Fig. 4.23: Impression of the 

entrance on the ground floor 

of the exhibition wings in 

the current museum design. 

Concrete structure clad in 

regular bricks.

Fig. 4.24: Co n c r e t e - b r i c k 

structure replaced by a brick 

structure consisting of walls, 

in which the openings are 

provided by brick lintels.

Fig. 4.25: Co n c r e t e - b r i c k 

structure replaced by brick 

arches, preserving the open 

appearance of the exhibition 

wing.
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Fig. 4.26: Impression of the 

gallery on the first floor of 

current museum design. 

Concrete structure clad in 

regular bricks.

Fig. 4.27: Co n c r e t e - b r i c k 

structure replaced by a brick 

structure consisting of walls, 

in which the openings are 

provided by brick lintels.

Fig. 4.28: Co n c r e t e - b r i c k 

structure replaced by brick 

arches, preserving the open 

appearance of the exhibition 

wing.
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material reduction, the interior obtains a more 

enclosed and heavy atmosphere as a result of 

the smaller spans, as can be seen in the images 

[Fig. 4.24] [Fig. 4.27]. The loss of openness 

results in a more massive impression, which 

has not been the intention. In addition, the 

flexibility of the interior arrangement of the 

museum decreases.

The requested openness can be achieved by 

using arches, that allow the brickwork to span 

larger distances. Where less bricks are required, 

a reduction of 3.800.000 MJ is possible, 

corresponding to ca. 12 percent of the intended 

reduction. Although the galleries seem less 

heavy and enclosed, providing an increased 

flexibility, the expression does not correspond 

to the intentions of the museum, as described 

in the museum concept.[71] The generic skin 

of the museum should form a contrast with 

the exhibited periods, in materialisation and 

expression. An environment of straight lines 

was realized to prevent the visitor from being 

distracted from the exhibition. The arches 

remind of the classical period that is exhibited 

in the museum, where it in addition becomes 

too dominant in the interior expression, as can 

be seen in the images [Fig. 4.25] [Fig. 4.28].

Despite the fact that both options to realize the 

structure in brickwork do reduce the embodied 

energy level of museum, its application is 

not suitable. Besides having an impact on 

the interior experience, the building method 

requires much effort on-site. In addition, the 

flexibility of the galleries is reduced. Other 

methods are considered to improve the 

embodied energy level, without compromising 

the stated aspects.

Structural steel

A structural material that is known for its 

openness and flexibility is found in steel. To 

evaluate its influence, the structure in the 

galleries has been replaced by steel columns 

and beams. 

Despite a decrease in material use and weight, 

the embodied energy level of the museum 

increases with approximately 2.500.000 MJ, 

as a result of the high amount of energy that 

is required to produce the material. Although 

the embodied energy increases, the openness 

that the structure allows and the provided 

flexibility, combined with the possibility to 

reuse the material, make the material an option 

that should be considered from a sustainable 

perspective. 

However, in the case of the museum, the interior 

experiences is drastically changed, providing 

a more industrial impression, as can be seen 

in the images [Fig. 4.29] [Fig. 4.32]. Although 

the material does not specifically characterize 
71. Jong, J.C.M. (2016) 

P:97-99
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one of the exhibited periods, its presence is 

quite dominant, distracting the visitor from the 

exhibited elements.

Laminated wood

In laminated wood, a material is found that 

is renewable and can provide the requested 

openness. The material approaches the 

structural qualities of steel, while obtaining a 

lower embodied energy coefficient.

Replacing the concrete and brickwork that is 

present in the current structure by laminated 

wood provides a reduction of ca. 2.900.000 MJ, 

corresponding to ca. 10 percent of the intended 

reduction. A larger reduction was expected. 

Despite the fact that the weight of the structure 

is considerably lower, the embodied energy 

coefficient of laminated timber is much higher 

than of concrete or brickwork. 

Although less dominantly present than the 

steel structure, the wood does not match 

the intentions as described in the museum 

concept [Fig. 4.30] [Fig. 4.33].[71] In addition, 

the light structure does not fit with the heavy 

and monolithic expression of the museum. 

However, by reducing the embodied energy and 

by being a renewable material, timber remains 

a efficient alternative for the current structure 

to improve the museum’s sustainability.

Concrete

Although with the exception of a steel structure, 

the evaluated alternatives had a positive impact 

on the embodied energy level, the options were 

not convincing enough to be applied in the 

museum. The diagram at the start of this chapter 

showed that the brickwork in the structural 

slabs was of great influence on the embodied 

energy of the structure, approaching the value 

of its core of reinforced concrete [Fig. 4.22]. As 

described earlier, the high embodied energy of 

the brickwork can be mainly attributed to its 

high production energy, which is almost three 

times as high as the energy required to produce 

the same amount of concrete. To evaluate the 

effect of the brick on the embodied energy and 

the appearance of the structure, the structure 

is stripped to its concrete core [Fig. 4.31] [Fig. 

4.34].

Removing the brickwork on both the 

interior as exterior results in a reduction of 

approximately 10.200.000 MJ, which is 35 

percent of the intended reduction. Where the 

brick impression of the exterior should not be 

affected, only removing the brickwork from the 

interior structure results in a reduction of ca. 

3.400.000 MJ, corresponding to 11 percent of 

the intended reduction.

The altered expression of the interior as a result 

of the concrete structure suits the museum 
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Fig. 4.29: Co n c r e t e - b r i c k 

structure replaced by steel 

columns and beams.

Fig. 4.30: Co n c r e t e - b r i c k 

structure replaced by lami-

nated timber portals.

Fig. 4.31: Removal of the 

brickwork of the con-

crete-brick structure, result-

ing in the presence of con-

crete portals.
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Fig. 4.32: Co n c r e t e - b r i c k 

structure replaced by steel 

columns and beams.

Fig. 4.33: Co n c r e t e - b r i c k 

structure replaced by lami-

nated timber portals

Fig. 4.34: Removal of the 

brickwork of the con-

crete-brick structure, result-

ing in the presence of con-

crete portals.
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better than the steel and concrete structures, 

where the weight of the solid concrete columns 

and beams fit with the monolithic appearance of 

the museum [Fig. 4.31] [Fig. 4.34]. The openness 

and flexibility of the interior is preserved. From 

a sustainable point of view, the structure can 

be improved by using prefabricated elements, 

resulting in a higher quality and durability, less 

waste and a higher building speed. As a result 

of the repetition in the museum, where every 

wing has a corresponding structure, existing 

of standardized elements, using prefabricated 

elements suits the museum. The influence of 

using prefabricated elements in the museum 

will be discussed in a later stage.

Thin brick slip

Although the concrete structure fits the 

museum expression, the contrast of the 

structural elements with the exhibition as 

described in the museum concept is reduced.[72] 

Although in the current design for the structure 

the brickwork is only used to clad the concrete 

elements, regular bricks are used. Using thin 

brick slip would be more effective, requiring 

less energy to produce, transport and assemble. 

The replacement of the regular bricks with thin 

brick slip results in a thinner structure with a 

reduced mass. 

Providing a corresponding appearance, using 

brick slip on both the interior and exterior 

structure results in a reduction of 8.200.000 MJ, 

corresponding to ca. 27 percent of the intended 

reduction.

This considerable reduction shows that 

combining a concrete structure with a 

more effective brick cladding improves the 

sustainability of the museum, while preserving 

the intended interior experience and flexibility.

Concluding

The evaluation of the structure shows that there 

is a discrepancy in reducing the embodied 

energy and improving the sustainability. 

Although a reduction of the embodied energy 

can contribute to a more sustainable structure, 

it may compromise other aspects that are of 

importance in sustainable design. Using the 

brick as structural material for instance lowers 

the embodied energy level, while reducing 

the flexibility of the interior. It might be more 

efficient to use a structure with a higher 

embodied energy, e.g. steel, to facilitate a more 

flexible interior. In addition, the experience of 

the space contributes to the durability of the 

solution. It can be concluded that a balance 

needs to be found between the embodied 

energy and additional sustainable aspects. In 

the case of the museum, it has been found 

that an optimisation of the structure by using 

its material more efficient provides the most 

suitable solution.
72. Jong, J.C.M. (2016) 

P:97-99
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Floor system Figures Advantages Disadvantages

Current structure Structure ca. 15% of total 

embodied energy

- Appearance suits the 

museum concept

- Openness

- Flexible arrangement of 

galleries

- High embodied energy

- High mass

- Ineffective use of material

Brick lintels EE= - 3.200.000 MJ

(11% of intended reduction)

- Reduction of embodied 

energy

- Less material required

- Brickwork used more 

effective

- Heavier and more 

enclosed appearance

- Reduced flexibility

- More energy needed to 

assemble the building

Brick arches EE= - 3.800.000 MJ

(12% of intended reduction)

- Reduction of embodied 

energy

- Less material required

- Brickwork used more 

effective

- Openness preserved

- Arches disturb the straight 

lines of the museum

- Contrast with exhibition 

reduced

- More energy needed to 

assemble the building

Structural steel EE= + 2.500.000 MJ - Structure less complex

- Prefabricated, increased 

building speed

- Increased flexibility

- Demountable

- Openness preserved

- Increased embodied 

energy level

- Dominantly present

- Distraction of exhibition

Laminated timber EE= - 2.900.000 MJ

(10% of intended reduction)

- Reduction of embodied 

energy

- Renewable material

- Prefabricated

- Reduced weight

- Openness preserved

- Material does not suit 

the building’s monolithic 

expression

- Contrast reduced

- Additional material forms 

a distraction

Concrete EE= - 3.400.000 MJ

(11% of intended reduction)

EE= -10.200.000 MJ if brickwork 

is also removed on exterior. 

(35% of intended reduction)

- Reduction of embodied 

energy

- Materials suits the 

monolithic expression

- Structure less complex

- Prefabrication

- Contrast with exhibition 

reduced

- Additional material forms 

a distraction

Concrete and thin brick slip EE= - 8.200.000 MJ

(27% of intended reduction)

- Large reduction of 

embodied energy

- Reduction of mass

- Appearance and contrast 

with exhibition preserved

- Prefabricated

(Brickwork used as a 

cladding for a concrete 

structure remains a topic 

for the tectonic debate.)

Fig. 4.35: Summary of the 

influence of different struc-

tures in the galleries on the 

embodied energy and their 

advantages and disadvan-

tages.
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Fig. 4.36: Current floor 

structure: a massive concrete 

slab that has been clad with 

bricks, accompanied by a 

suspended brick ceiling.

Fig. 4.37: Accountability of 

the different materials with 

respect to the embodied 

energy in the floors and roof.
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73. Minergie (2016). 

74. Cole, R.J., & Kernan, 

P.C. (1995). P:314

75. Brand, S. (1995).

76. Jong, J.C.M. (2016) P:165

The inventory of the museum shows that the 

floors and the roof of the museum account for 

up to 42 percent of the embodied energy of 

the building [Fig. 3.07]. The massive concrete 

floors, accompanied by suspended ceilings 

and covered in brickwork, contain several 

disadvantages from a sustainable point of view 

[Fig. 4.36]. 

On the one hand, the floors require a large 

amount of material, applied inefficiently. On 

the other hand, the service elements are hard 

to reach, requesting more energy if changes 

would be needed. As stated earlier in this 

report, the effects of the adaptability in the 

use phase are neglected by the Minergie-A 

label with respect to the embodied energy.[73] 

However, improvements are favoured from a 

sustainable perspective, where for instance the 

research of Raymond Cole and Paul Kernan 

has shown that after fifty years this ‘recurring 

energy’ can be equal to the initial embodied 

energy.[74] Even if the function of the museum 

remains, different building components have 

different rates of change. Referring to the 

‘shearing layers’ concept of Stewart Brand, by 

separating the ‘services’ and the ‘structure’, the 

sustainability of the museum will be improved.

[75] By separating these elements and by making 

the services accessible, the arrangement of the 

exposition within the museum can be adjusted 

more easily.

In this chapter, several floor systems will 

be evaluated that could lower the embodied 

energy level of the museum, while improving 

the adaptability of its services. First, an 

optimization of the current concrete floor 

system is evaluated. Besides examining more 

efficient and flexible floor systems, structures 

in renewable materials are considered. As 

a conclusion, a more efficient prefabricated 

concrete floor system is proposed.

Current floor system

The current floors and roof account for 

37.500.000 MJ, corresponding to ca. 42 percent 

of the estimated embodied energy of the 

museum. As stated, the brick cladding of the 

floors and the suspended ceilings contain 

several disadvantages. Although the application 

of the brickwork in the floors has been argued in 

the previous phase of the graduation project, it 

remains a point of discussion.[76] Seen from the 

visitor’s point of view, the abundantly present 

brickwork on the interior of the museum might 

be experienced as too overwhelming, where 

its brick ceiling might feel unnatural. The 

additional material requires extra energy to 

be produced, transported and assembled. The 

textured floor is harder to maintain, where it in 

addition has a negative impact on the flexibility 

of the museum. 

It has been evaluated what would occur when 

flOOrs
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the brick cladding would be removed from the 

floors, by bringing the floor back to its structural 

base, a precast concrete prédal with a cement 

screed layer on top [Fig. 4.39]. Seen from an 

embodied energy point of view, the removal of 

these layers results in a reduction of 6.850.000 

MJ, corresponding to 23 percent of the intended 

reduction. If these layers would be removed, the 

floor would ‘only’ account for 34 percent of the 

total embodied energy of the museum.

The impact of this considerable reduction on 

the interior experience of the museum can be 

seen in the images on the subsequent pages. 

Besides evaluating what the influence will be 

on the appearance of the museum, the removal 

of the additional layers allows to compare 

different floor systems.

Although already a large reduction is obtained, 

a larger profit can be found in the structure 

of the floor. As could be seen in the diagram 

on the previous page, the largest share of the 

embodied energy of the floor is a result of the 

present concrete and its steel reinforcements 

[Fig. 4.37]. At the moment, a massive floor is 

applied, that derives its strength from its mass. 

By optimizing the floor structure, large material 

savings can be achieved. 

Hollow core slab

Using a hollow core slab instead of the applied 

concrete prédal, can result in material savings 

up to 50 percent, by using its materials more 

efficient [Fig. 4.40]. By using hollow core 

slabs in the floors and the roof, an additional 

reduction of 9.000.000 MJ is acquired, which is 

30 percent of the required reduction. 

Like the current floor system, the hollow core 

slabs are not the most favourable floors from a 

sustainable point of view. Despite the fact that 

services can be incorporated in the shafts, it 

is not considered to be a flexible floor system, 

where it is hard to adjust the installations.

Slimline floor system

The Slimline floor system provides an increased 

flexibility. It consist of a precast concrete 

slab with integrated steel beams, that carry a 

concrete top floor [Fig. 4.41]. The space between 

the two concrete layers provides sufficient room 

for installations, that can be easily adjusted or 

replaced in the future as a result of perforations 

in the beams. Combining the system with a so-

called ‘computer floor’ would further improve 

this adaptability, but that combination is more 

appropriate for office buildings, in which the 

user changes more often.

Despite a weight reduction of 30 percent in 

comparison to the original floor, the embodied 

energy of the floor only decreases by 2.000.000 

MJ, corresponding to 7 percent of the intended 
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Fig. 4.38: Current floor struc-

ture: a massive concrete slab 

that has been clad in brick, 

accompanied by a suspended 

brick ceiling.

Fig. 4.39: Removing the ad-

ditional layers of the floor 

results in a reduction of 

6.850.000 MJ. (23% of re-

quired reduction)

Fig. 4.40: Prefabricated hol-

low core slab with a cement 

screed top layer. (30% of re-

quired reduction)

Fig. 4.41: Slimline flooring 

system, consisting of steel 

beams that connect two con-

crete slabs. (7% of required 

reduction)
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Fig. 4.42: Impression of the 

current design for the gallery 

on the first floor of the exhi-

bition wing.

Fig. 4.43: Impression of the 

current design for the en-

trance of the exhibition wing.
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Fig. 4.45: Impression of the 

entrance of the exhibition 

wing if the brickwork in the 

floors and ceilings would be 

removed.

Fig. 4.44: Impression of the 

gallery on the first floor of 

the exhibition wing, if the 

brickwork in the floors and 

ceilings would be removed.
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reduction. The small reduction can be explained 

from an embodied energy point of view, where 

the applied steel requires a large amount of 

energy to be produced. Despite this small 

reduction, the option should be considered, 

where the adaptability of the museum increases 

significantly.

Leno system

To lower the embodied energy level, timber 

has been considered to be used in the floors, 

where the concrete and its reinforcements are 

responsible for a large share of the building’s 

embodied energy [Fig. 4.37]. Despite the fact 

that wood requires more energy per kilogram 

to be produced than concrete, the weight of 

a wooden structure is considerably lower. 

Besides resulting in a lighter structure, wood 

is a renewable material, reducing the building’s 

impact on the ecological balance.

The examined Leno system can be compared 

to the massive concrete floor in the current 

design. It consist of a solid structure, consisting 

of several layers of cross laminated timber (CLT) 

[Fig. 4.46]. Applying the system would result in 

an embodied energy reduction of ca. 11.000.000 

MJ, corresponding to 38 percent of the required 

reduction.

Despite the large reduction and its structural 

qualities that allow a thin floor, the Leno system 

is not appropriate to be used, as a result of the 

lacking adaptability of the incorporated services. 

Kerto Ripa system

A wooden floor system that can more easily 

incorporate the required services is found in the 

Kerto Ripa system. It reminds of the concrete 

hollow core slab, where compared to a massive 

wooden floor, the structure is optimized by the 

removal of inefficiently applied material. The 

system consists of two thin slabs of laminated 

wood, connected by laminated beams, which 

together form a closed box [Fig. 4.48]. As a result 

of the increased height of the floor compared 

to the solid slab and the presence of internal 

shafts, installations can be easily incorporated 

in the floor, where perforations can be made in 

the wooden beams. The application of the Kerto 

Ripa system results in the significant reduction 

of 18.500.000 MJ, which corresponds to ca. 

62 percent of the reduction that the museum 

requires.

Despite the fact that the system provides a large 

reduction, it contains several disadvantages 

when related to the museum, that loses a 

large share of its thermal capacity. Although 

the services can be integrated in the floor, 

the system is not as flexible as intended. In 

addition, the system is less suitable to support 

the exhibited elements. Furthermore, the 

resulting appearance does not correspond to the 
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Fig. 4.46: Current floor 

structure: a massive con-

crete slab that has been clad 

in brick, accompanied by 

a suspended brick ceiling.

Leno floor system. (38% of 

required reduction)

Fig. 4.47: .Leno floor system. 

(38% of required reduction)

Fig. 4.48: Kerto-ripa floor 

system. (62% of required re-

duction)

Fig. 4.49: Holcon prefabri-

cated flooring system, con-

sisting of two concrete slabs 

connected by steel reinforce-

ments. (27% of required re-

duction)
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intended experience of the museum, where the 

light structure does not match the monolithic 

expression of the museum.

Holcon Floor

In the Holcon floor system, a system is found 

that combines the positive aspects of the 

different systems.[77] The prefabricated floors 

consist of two slabs of concrete connected by 

triangular steel reinforcements that span the 

space in between [Fig. 4.49]. Replacing the 

current massive floors with the so-called Holcon 

floors results in a considerable reduction of 

7.900.000 MJ (ca. 27%).

In the cavity between the slabs, installations 

can be included, which can be easily reached 

and adjusted from the top or the bottom of the 

floor via incorporated calcium sulphate panels. 

No suspended ceiling or finishing is needed, 

where the high quality concrete provides 

the requested appearance. As a result of the 

inclusion of the finishing of the floor in the 

prefabrication process, less activities will have 

to be conducted on-site. The absence of ‘in 

situ’ concrete or cement screed and the ‘dry’ 

connection method allow a higher building 

speed during the assembly of the museum. 

The fact that the system uses ‘dry’ connections 

and that the building’s services can be easily 

adjusted can provide considerable energy 

savings in later stages of the building’s life. In 

appendix 1, additional information about the 

Holcon building system is included.

Concluding

The evaluation has shown that the reduction 

of mass and material use in the floors will 

result in a reduction of the embodied energy, 

with the exception of floor systems that apply 

a large amount of steel. Despite the fact that a 

reduced embodied energy level improves the 

floor from a sustainable perspective, it cannot 

be concluded that the system with the lowest 

embodied energy is most sustainable. Although 

most suitable to comply with the Minergie-A 

standards, the meaning of sustainability is 

broader than material use, as described earlier 

in this report. Aspects as adaptability, durability, 

thermal capacity, strength and appearance 

influence the assessment of a floor system. 

Finding a balance between the embodied 

energy and these aspects provides the most 

suitable floor system.

77. Holcon (2016).



109

Floor system Figures Advantages Disadvantages

Current floor system Floors and roof ca. 42% of 

total embodied energy

- Appearance suits the 

museum concept

- High embodied energy

- High mass

- Services hard to reach

- Not flexible

- Complex structure, diffe-

rent materials and fixtures

Concrete prédal Removing the additional 

layers lowers the embodied 

energy with 6.850.000 MJ. 

(23% of intended reduction)

- Low complexity, little 

additions

- Mass suits the appearance 

of the museum

- High embodied energy

- High mass

- Not flexible

Hollow core slab EE= - 9.000.000 MJ

(30% of intended reduction)

- Lowered embodied energy

- Ca. 50% material/weight 

reduction

- Mass suits the appearance 

of the museum

- Not flexible

Slimline EE= - 2.000.000 MJ

(7% of intended reduction)

- Flexible

- Ca. 30% weight reduction

- Little embodied energy 

reduction

Leno EE= - 11.000.000 MJ

(38% of intended reduction)

- High embodied energy 

reduction

- Prefabricated

- Thin floor

- Reduced weight

- Renewable

- Not flexible

- Does not suit the museum 

appearance

Kerto-Ripa EE= - 18.500.000 MJ

(62% of intended reduction)

- High embodied energy 

reduction

- Little material/weight

- Prefabricated

- Increased flexibility

- Renewable

- Low thermal mass

- Not suitable for heavy point 

loads of museum pieces

- Does not suit the museum 

appearance

Holcon EE= - 7.900.000 MJ

(27% of intended reduction)

- Considerable embodied 

energy reduction

- Flexible

- Prefabricated

- Reduced weight

- Suits museum appearance

Fig. 4.50: Summary of the 

influence of different floor-

ing systems on the embodied 

energy and their advantages 

and disadvantages.
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Fig. 4.51: Wall structure in 

the current design. R-value= 

4,78 m2K/W.

Fig. 4.52: Wall structure in 

the current design. Addition-

al EPS insulation to comply 

with standards. R-value= 

6,78 m2K/W. 

Fig. 4.53: Wall structure in 

the current design. Replac-

ing the EPS insulation with 

XPS insulation. R-value= 

7,17 m2K/W.

Fig. 4.54: Accountability of 

the different materials with 

respect to the embodied en-

ergy level of the museum’s 

skin.
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The Minergie-A label includes regulations 

regarding the thermal performance of the 

evaluated building. With the society moving 

towards (nearly) zero-energy buildings, the 

museum requires a high thermal comfort. As 

a contribution, the label states that the heating 

demand of the building must be at least ten 

percent lower than currently allowed by the 

Swiss building code.[78]

In addition, it included a demand regarding the 

skin of the building. Where the guidelines that 

accompany the European directives of the EPBD 

speak of a minimal R-value of 5,0 m2K/W, the 

Minergie-A label is more strict. Like the rules 

that apply for the Passive-house[79], the label 

included a maximum heat transfer coefficient 

(U-value) of 0,15 W/m2K, corresponding to a 

minimum R-value of 6,67 m2K/W.[80] 

Before evaluating the influence of different wall 

systems on the embodied energy level of the 

museum, the current wall system is evaluated 

and adjusted to meet this requirement.

Current wall

The structure of the current walls can be seen 

in the image on the adjacent page [Fig. 4.51]. It 

consists of a concrete inner wall, accompanied 

by EPS insulation and a cavity. The thin bricks 

are adhered on Eter-backer boards, that on 

the exterior are mounted on wooden styles, 

supported by adjustable steel fixtures. As stated 

earlier, the facade accounts for ca. 11 percent 

of the embodied energy of the museum. The 

image on the bottom of the adjacent page 

shows the accountability of the different 

building materials to the embodied energy of 

the museum’s exterior walls [Fig. 4.54].

First, the thermal resistance of the wall 

structure is evaluated, that can be calculated 

with the equation R= l / λ, in which:

l= thickness (m)

λ= thermal conductivity (W/(m*K))

The ‘Bouwkunde Tabellenboek’ provided a 

database with key figures for the thermal 

conductivity.[81] In appendix 5, the assessment 

of the thermal resistance of the separate wall 

systems is included.

At the moment, the thermal resistance of the 

wall structure is too low, with an R-value of 4,78 

m2K/W. Adding 7 centimeters of EPS insulation 

will bring the thermal resistance of the wall to 

6,78 m2K/W. On the one hand, this will result 

in an increased wall thickness [Fig. 4.52]. On 

the other hand, more material is used, resulting 

in the addition of 500.000 MJ to the embodied 

energy of the museum.

Replacing the EPS insulation by XPS insulation 

will improve the embodied energy of the 

museum [Fig. 4.53]. Despite the fact that XPS 

building skin

78. Hall, M. (2012). P:263

79. Passiv House Institute 

(2015)

80. Minergie Association 

(2014). P:20

81. Bone, A.H.L.G., Kemps, 

T.N.W.G., Peters, A.W., & 

Post, H. (2010). P:206-207
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Fig. 4.55: Brick cavity wall. 

Increase of embodied energy 

by 1.600.000 MJ.

Fig. 4.56: Timber frame wall. 

Reduction of 1.600.000 MJ.

Fig. 4.57: Leno wall system. 

Reduction of 1.800.000 MJ.

Fig. 4.58: Prefabricated con-

crete sandwich elements. 

Reduction of 1.500.000 MJ.
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requires more energy to be produced per 

kilogram, less material is needed to reach the 

required R-value. A layer of 18 centimeter of 

XPS is able to replace the 22 centimeter of EPS, 

resulting in an increased R-value of 7,17 m2K/W. 

Besides resulting in a thinner wall structure, it 

requires 300.000 MJ less to be produced.

Brick cavity wall

The current wall system consists of several 

layers, in which the Eter-Backer boards (fibre-

cement) proved to have a high embodied 

energy coefficient [Fig. 4.54]. The wall structure 

is compared to a more traditional brick cavity 

wall [Fig. 4.55]. Where XPS turned out to be 

more efficient, the insulation material is also 

applied in this wall structure. Besides providing 

a R-value of 7,20 m2K/W, the embodied energy 

level increases with 1.600.000 MJ, with respect 

to the current wall structure.

Although the wall structure in the current 

design contains a higher amount of energy 

per kilogram, the weight of a traditional brick 

wall is much higher, requiring more energy to 

produce, transport and assemble the building 

components.

Timber frame

To lower the embodied energy level, timber 

framing has been considered to be used 

in the walls to replace the concrete and its 

reinforcements [Fig. 4.56]. The use of this 

renewable material results in a thinner and 

lighter wall structure, where the insulation can 

be placed between the wooden styles. Despite 

the good thermal properties of the timber, an 

additional layer of insulation is required on the 

exterior to prevent thermal bridges. 

While providing a R-value of 6,75 m2K/W, the 

timber frame structure allows a considerable 

reduction of 1.600.000 MJ, corresponding 

to 5 percent of the intended reduction of the 

museum’s embodied energy level. 

Although a more sustainable wall structure, 

the timber frame is not suitable to be used in 

the museum. The hollow wall structure does 

not correspond to the monolithic and heavy 

expression of the building. In addition, the 

building’s thermal mass reduces drastically. 

Another disadvantage from the museum’s point 

of view is the fact that the wall is less suitable to 

support elements that are part of the exhibition.

Leno wall system

A timber system that provides a more solid 

wall with a higher thermal capacity is the 

Leno wall system. The wall system consists of 

prefabricated panels, made of cross laminated 

timber (CLT) [Fig. 4.57]. Applying the Leno wall 

system results in a reduction of ca. 1.800.000 

MJ, while providing a R-value of 6,94 m2K/W. 
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Despite the considerable reduction, the 

reduction as a result of using the Leno system 

instead of a concrete structure is negligible. 

Although the timber panel is much lighter 

than the concrete alternative, it has a higher 

embodied energy value per kilogram. Despite 

the negligible reduction, the material has 

additional advantages from a sustainable point 

of view. As a result of its prefabrication, little 

activity is required on the building site. The 

material is renewable and has a better thermal 

resistance, requiring less insulation material to 

be added to the structure.

Prefabricated sandwich elements

The evaluation shows that the largest share 

of the reduction of the embodied energy was 

acquired as a result of the removal of the Eter-

backer boards and its fixtures. This shows that 

not the main structure of the current wall, but 

the additional materials used to mount the 

thin bricks are most suitable to be adjusted. 

In concrete sandwich elements a suitable 

alternative is found to replace the current wall 

system. The thin bricks can be adhered directly 

on the concrete and the rigid XPS insulation 

boards, which drastically reduces the thickness 

of the wall structure [Fig. 4.58]. 

Applying sandwich elements results in a 

considerable reduction of 1.500.000 MJ, 

corresponding to ca. 5 percent of the intended 

reduction, providing a R-value of 6,95 m2K/W.

Next to the reduced thickness of the walls, the 

prefabricated elements have several advantages, 

as have already been described in this research. 

The increased building speed and the reduction 

of waste are considered to be the main 

advantages. At the same time, the wall system 

corresponds to the impression of the museum 

and to the building methods that turned out to 

be most suitable for the building’s structure 

and floors.

Concluding

The findings of the evaluation of the separate 

wall systems are related to what has been 

found in the assessment of the floor structure. 

A balance needs to be found between the 

embodied energy and the additional aspects 

required to assess the sustainability of a 

structure. For instance, the application of a 

material as timber might result in a lower 

embodied energy, but it affects other important 

properties. In addition, the comparison of the 

insulation material shows that the material 

with the lowest embodied energy coefficient 

is not always the most suitable, where a larger 

amount of material might be required to obtain 

the same properties. The evaluation has shown 

that a combination of the reduction of the 

complexity of the structure and a decrease in 

material use results in an optimised structure. 
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Wall system Figures Advantages Disadvantages

Current wall system R-value = 4,78 m2K/W

11% of building’s embodied 

energy

- Solid structure corresponds 

to appearance wall

- Relatively high embodied 

energy

- Complex as a result of 

different materials and 

fixtures

Current wall system - EPS R-value= 6,78 m2K/W

EE= + 500.000 MJ

- Thicker wall needed to 

comply to standards

Current wall system - XPS R-value= 7,17 m2K/W

EE= + 200.000 MJ

- Thinner wall when using 

XPS insulation

Traditional brick cavity wall R-value= 7,20 m2K/W

EE= + 200.000 MJ

- Less complex, little addi-

tional materials

- Appearance corresponds to 

wall structure

- Higher embodied energy

- Increased weight

- Much activity on-site

Timber frame R-value= 6,75m2K/W

EE= - 1.600.000 MJ

(5,3% of intended reduction)

- Reduced wall thickness

- Low weight, less material

- Significant reduction of 

embodied energy

- Structure of renewable 

materials

- Complex structure, much 

activity on-site

- Loss of thermal mass

- Wall structure does not 

match its appearance

- Cannot support exhibition

Leno R-value= 6,94 m2K/W

EE= - 1.800.000 MJ

(6% of intended reduction)

- Prefabricated and renewa-

ble structure

- Less complex and thick, 

little activity onsite

- Significant reduction of 

embodied energy

- Solid timber panel does 

not reduce embodied 

energy when compared to 

concrete.

- Wall structure does not 

match its appearance

Precast sandwich elements R-value= 6,95 m2K/W

EE= - 1.500.000 MJ

(5% of intended reduction)

- Significant Embodied 

energy reduction

- Prefabricated, little activity 

and waste on-site

- Solid structure corresponds 

to appearance of wall

- Weight is barely reduced

Fig. 4.59: Summary of the in-

fluence of different wall sys-

tems on the embodied ener-

gy and their other advantages 

and disadvantages.
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of material might be needed to obtain the same 

properties. In addition, other properties might 

be affected. An increased embodied energy 

level can be considered if it results in improving 

other properties of the building.

The following chapter will present the 

implementation of several improvements that 

have been discussed before, accompanied by 

the argumentation on which the choices are 

based.

The previous evaluations have shown what 

effects adjusting elements as the form, structure, 

floors and skin of the museum can have on 

the embodied energy of the museum and its 

sustainability in a more broad perspective. 

Main conclusion in the separate evaluations 

is that there is a discrepancy in reducing 

the embodied energy and improving the 

sustainability. Although a reduction of the 

embodied energy can contribute to a more 

sustainable building, it may compromise other 

aspects that are of importance in sustainable 

design. Aspects as for instance flexibility, 

durability, thermal capacity, strength and 

appearance should be taken into account when 

designing from an embodied energy point of 

view. It is even possible that an increase of the 

embodied energy is efficient to improve the 

sustainability of a building, if other aspects are 

improved. It can be concluded that a balance 

needs to be found between the embodied 

energy and these additional sustainable aspects.

With respect to the museum’s embodied energy 

level, it is found that although a more effective 

form of a building can improve its embodied 

energy level, more profit can be gained by re-

evaluating the applied materials. With respect to 

the materials, it is found that the material with 

the lowest embodied energy coefficient is not 

always the most suitable, where a larger amount 

cOnclusiOn
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imPlementAtiOn

In the previous chapter, several options have 

been evaluated that might improve the current 

design for the Museum of Tessiner Building 

Knowledge. As discussed, some options are 

more suitable than others. In this chapter, 

the options that are most suitable are brought 

together, resulting in an optimized design 

for the museum. Combining the separate 

adjustments should result in an integral 

solution for the museum that complies to the 

stated objectives.

As stated in the museum inventory, the 

embodied energy of the current design for the 

museum is too high according to the Swiss 

Minergie-A standards. The aim in the evaluated 

opportunities has been to approach a combined 

reduction of 30.000.000 MJ, which would allow 

the museum to comply to the standards when 

the separate adjustments would be brought 

together.

In this chapter, the selected options are 

discussed. The adjustments and their effects 

on the appearance of the museum will be 

illustrated and explained. To conclude, the 

embodied energy of the optimised design is 

recalculated, to check if the adjusted design 

complies with the stated objectives. 

intrOductiOn
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design Adjustments

Form & Facade

It has been concluded that despite the fact that 

a more effective form of the building and its 

facade can reduce the embodied energy level 

of the museum significantly, the most effective 

form is not immediately the most sustainable, 

where a balance should be found with the 

experience of the user. Although the removal of 

the ‘air’ between the exhibition wings reduced 

the building’s footprint and its material use, 

it affected the experience of the building 

drastically. This was also the case when the 

facade was optimized by bringing the niches to 

a minimum depth. 

In the adjusted design, the layout of the 

museum is preserved, as is the facade principle. 

A balance between reducing the embodied 

energy and the experience of the facade is 

found in reducing the depth of the niches by 

0,5 meter. The effect on the floor plan of the 

museum can be seen on the following pages, 

where the optimised plan can be compared 

to the original plan. The additional floor area 

and the reduction in material use allow an 

improvement of ca. 6.500.000, corresponding 

to 21 percent of the intended reduction.

Prefabricated structure, floor and skin

The museum’s inventory has shown that the 

largest profit could be gained in the structure 

and floors, that accounted for a large share of 

the building’s mass and embodied energy. In 

the evaluations, it has been concluded that an 

optimisation of the current structure would 

be most suitable for the museum. Although 

other options as for instance using a brickwork 

structure or a renewable material as timber 

would result in further reductions, other 

sustainable aspects or the experience of the 

museum would be affected.

In prefabricated concrete elements, a balance 

is found in reducing the embodied energy of 

the museum, while preserving the museum’s 

character. A prefabricated concrete structure 

has several additional advantages. The 

controlled conditions in the factory result in 

less waste. In addition, it results in a higher 

quality that provides an increased durability. 

On the building site, the prefabrication 

process allows for a higher building speed, 

accompanied by less waste and air- and noise 

pollution. In addition, less activities are needed 

on-site, requiring less additional materials to be 

transported to the location.

As a result of the repetition of ‘standardized’ 

elements in the galleries of the exhibition 

wings, prefabricating the structure, floors 

and skin suits the museum. An optimisation 

of the current design was needed to facilitate 

the prefabrication process. Key term in the 

optimisation of the design was the reduction of 
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Fig. 5.03: Current design: 

schematic section over the 

facade. As a result of the 

‘jumps’ in the facade, more 

complex details are required.

Fig. 5.04: Optimised de-

sign: Removing the ‘jumps’ 

resulted in a less complex 

facade structure. Prefabri-

cated sandwich elements are 

placed between prefabricated 

structural portals.
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its complexity. As could be seen in the museum’s 

plan of the ground floor, the ‘jumps’ in the 

thermal layer of the skin have been removed, 

by placing the window frames in line with the 

closed facade elements. The schematic sections 

over the facade on the adjacent page, show the 

reduced complexity of the skin [Fig. 5.04]. In 

the vertical sections over the facade, presented 

on the following pages, the influence of the 

continuous thermal layer can also be clearly 

recognized [Fig. 5.08]. Replacing the current 

facade system that consists of several layers 

and fixtures by prefabricated concrete sandwich 

elements results in an embodied energy 

reduction of 1.500.000 MJ, corresponding to 5 

percent of the intended reduction.

The structural elements have been optimized 

by replacing the regular bricks by thin brick 

slip. In addition, the depth of the niches has 

been reduced, resulting in a more open and 

adaptable gallery. Both adjustments resulted 

in considerable material savings, providing an 

embodied energy reduction of ca. 8.200.000 MJ, 

corresponding to 27 percent of the intended 

reduction. The reduction of the thickness of 

the structural elements results in a less heavy 

appearance, on both the interior as the exterior. 

Despite the reduced thickness of the structural 

elements, the experience of the museum is not 

affected, as can be seen in the impressions. 

The largest savings from an embodied energy 

point of view have been found in the floors. 

Removing the brickwork from the floors and 

ceilings resulted in a less massive appearance 

and an increased flexibility. The removal of 

brickwork and the substructure needed to 

realise the suspended ceiling resulted in a 

reduction of ca. 6.850.000 MJ, corresponding to 

23 percent of the intended reduction.

In addition, replacing the massive concrete 

floors by hollow floors in which the services 

could be incorporated resulted in a considerable 

improvement. In the Holcon prefabricated 

building system, a floor was found that allowed 

large material savings, while improving the 

flexibility of the museum. An additional 

advantage of the Holcon floor system is that 

no finishing is needed, reducing the on-site 

activities. Its application resulted in an additional 

embodied energy reduction of ca. 7.900.000 MJ, 

corresponding to 27 percent of the intended 

reduction. Additional information about the 

Holcon building system and a schematic 

impression of the prefabrication process can 

be found in appendix 1 and 2. One of the 

main advantages of this prefabricated building 

system is that is allows a ‘dry’ connection 

method. By preventing ‘wet’ connections to be 

used, the building speed increases. In addition, 

at the end of the museum’s life, it can be more 

easily deconstructed and reused, improving the 

sustainability of the museum’s structure.

The sections on the subsequent pages provide 

insight in the effects of the elected adjustments.
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Fig. 5.05: Current design: 

section parallel to the gallery.
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+ 1000

+ 4400

+ 8000

+ 9050

+ 0
Fig. 5.06: Optimised design: 

section parallel to the gallery. 

Reduced height and hollow 

floors. Complexity of the 

floor structure has been re-

duced by removing the brick 

cladding.
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Fig. 5.07: Current design: 

section perpendicular to the 

gallery.
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+ 1000

+ 0
Fig. 5.08: Optimised design: 

section perpendicular to the 

gallery. Reduced height and 

hollow floors. Complexity 

of the structure has been 

reduced. Thermal layer is a 

continuous line.
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Fig. 5.09: Current design: 

section over the ‘Tessiner 

Tendenza’ and ‘Classical Ital-

ian’ exhibition wings, scale 

1-500.

Fig. 5.10: Optimised design: 

section over the ‘Tessiner 

Tendenza’ and ‘Classical Ital-

ian’ exhibition wings, scale 

1-500. The optimised struc-

ture has resulted in more 

openness in the galleries. In 

addition, the height of the 

galleries and the parking ga-

rage has been reduced. 
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Museum section

As could be seen in the previous sections, the 

height of the gallery has been reduced. As 

a result of the ove dimensionised height in 

the galleries it has been possible to lower the 

building by 0,6 meter, resulting in a reduction 

of ca. 1.400.000 MJ, or 5 percent of the intended 

reduction. 

The images on the adjacent page show the effect 

of the described adjustments on the section of 

the museum. The height of both the museum 

and the parking garage have been reduced. In 

addition, it can be seen that the niches are less 

deep, resulting in a more open gallery.

Exterior experience

The elevation on the subsequent page show 

the effect of the adjustments on the facade, 

supplemented by the impressions of the 

museum’s exterior on the following pages. 

The images show that the reduced thickness of 

the structural elements and the reduced depth 

of the niches preserve the exterior experience 

of the museum. Next to resulting in material 

savings, the reduced height of the galleries 

strengthens the experience of the museum 

on an urban level. The volumes that protrude 

above the exhibition wings are better visible 

from the streets as a result of the lowered edges 

of the roof.
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Fig. 5.11: Current design: 

South elevation (main road), 

scale 1:500

Fig. 5.12: Optimised design: 

South elevation (main road), 

scale 1:500
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Fig. 5.13: Current design: ap-

proaching the museum via 

the new path that connects 

the campus with the Murata.

Fig. 5.14: Current design: 

view on the museum, posi-

tioned along the main road. 

On the left, the road between 

the museum and the canton-

al archives and library that 

leads towards the campus.



137

Fig. 5.15: Optimised de-

sign: the museum reveals 

its building method in the 

edge of the roof, showing the 

joints between the prefabri-

cated elements.

Fig. 5.16: Optimised design: 

the perspective effect of the 

museum is preserved. The 

reduced height of the muse-

um allows a better view on 

the central volumes.
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Fig. 5.17: Current design: 

view on the museum along 

the main road. As a result 

of the perspective effect, a 

strong and clear facade is 

formed, where exhibited 

objects are included in its 

niches.

Fig. 5.18: Current design: 

visibility of prefabrication in 

the exterior. The visibility of 

the joins that cut through the 

masonry bonds show how 

the building is constructed.
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Fig. 5.19: Optimised design: 

the depth of the niches 

have been reduced, as is the 

thickness of the structural 

elements. the joints that are 

visible in the roof edge reveal 

the museum’s prefabricated 

building method.

Fig. 5.20: Optimised design: 

the appearance of the mu-

seum is preserved. The re-

duced height of the museum 

allows a better view on the 

central volumes.
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Fig. 5.21: Visibility of pre-

fabrication in the facade. 

Joints visible in connections 

between elements at the roof 

edge.

Fig. 5.22: Visibility of prefab-

rication on the interior. The 

concrete core of the struc-

tural elements is exposed. 

Frames are formed, empha-

sized by the thin brick on the 

edges.
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Tectonics - visibility of prefabrication and 

cladding

An important element in the museum and 

in its design process has been the application 

of brickwork. The position of the museum 

in the debate about tectonics has been 

widely described in the previous phase of the 

graduation project.[82] Brickwork has been 

recognized as a cladding material, and has been 

used as such. Its presence has not been hidden, 

where vertical masonry bonds, flat ceilings, the 

absence of mortar and the visibility of the thin 

brick headers reveal the fact that the building 

structure relies on other materials. 

In the optimised design, this position is 

strengthened. The regular bricks in the 

structural elements have been replaced by thin 

bricks, in which the visibility of the thin headers 

reveals the presence of an inner structure.  

Furthermore, the joints that are a result of 

using prefabricated elements are shown in 

the museum, expressing how the building is 

realised. 

As a result of the removal of the bricks from the 

floors and ceiling, a contrast has been realised 

between an exterior that has been completely 

clad in brickwork, and an interior where the 

concrete structure reveals itself. Instead of using 

the thin bricks as ‘fake’ bricks, the use of thin 

bricks as a cladding material is celebrated in the 

museum. Using the metaphor of an apple, the 

interior reveals the building’s structure. 

The building fragments on the adjacent 

page show the contrasting expression of the 

structure. On the exterior, the joints cut through 

the masonry bonds [Fig. 5.21]. The effect of 

the joints is clearly visible at the roof edge, as 

could be seen in the exterior impressions on the 

previous pages. 

On the interior, the same detail is present, 

where the concrete is visible as a result of the 

removal of the brickwork [Fig. 5.22]. As can be 

seen in the detail, additional thin bricks are 

applied on the edges of the floor. The main 

purpose of these thin bricks is not to emphasize 

its use as a cladding, but to provide a frame 

for the exhibition. In the original design, the 

concept of the brick floors and ceilings was to 

realise a contrast with the exhibition and the 

central volume, to increase the visitor’s focus. 

The application of the flexible concrete floor 

reduced this effect, as could be seen in the 

images in its evaluation [Fig. 4.45, P:105]. 

The application of thin bricks along the edges 

on the floors and ceiling revitalises this effect, 

by providing brick frames. The effect of these 

frames is visible in the interior impressions on 

the subsequent pages.

82. Jong, J.C.M. (2016) 

P:101-110, P:165-173
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Fig. 5.23: Impression of the 

current design for the gallery 

on the first floor of the exhi-

bition wing.

Fig. 5.24: Impression of the 

current design for the en-

trance of the exhibition wing.
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Fig. 5.25: Impression of the 

optimised design for the 

gallery on the first floor of 

the exhibition. The removal 

of the brickwork of the floor 

and ceiling altered the expe-

rience. The reduced size of 

the structural elements pro-

vide a more open gallery.

Fig. 5.26: Impression of 

optimised design for the 

entrance of the exhibition 

wing. The removal of the 

brickwork of the floor and 

ceiling altered the experi-

ence. Frames of thin brick 

slip have been created along 

the edges of the floor, to em-

phasize the central volumes.
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Fig. 5.27: Impression of the 

current design of the central 

rotunda of the museum.

Fig. 5.28: Impression of the 

optimized design for the cen-

tral rotunda. Visibility of the 

prefabrication process, con-

crete floors and thin brick 

frames.
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Parking Garage

Despite its high embodied energy and its 

impact on the site, the parking garage has 

been preserved. Its presence is important for 

both the museum and the university campus. 

At the same time, it has a positive effect on an 

urban scale. As a result of its good connections, 

the garage provides an alternative for tourists 

to avoid parking in the busy city center. In 

addition, the parking garage adds value to 

the museum from the vistitor’s point of view, 

extending the life expectancy of the building.

Energy is saved in the garage by reducing its 

material use, while preserving the intented 

experience [Fig. 5.32]. The regular bricks that 

are used to clad the wall are replaced by thin 

brick slip, resulting in a reduction of ca. 800.000 

MJ. The overdimensioned table structure is 

flattened, providing a reduction of ca. 2.000.000 

MJ. This ‘flattening’ allowed the height of 

the basement to be reduced by 0,4 meter, 

resulting in an additional material saving that 

corresponds to ca. 500.000 MJ. Together, the 

adjustments in the basement account for up 

to 10 percent of the intented embodied energy 

reduction.

Roof Area

The described adjustments have a negligible 

impact on the experience of the roof area. Where 

in the interior the bricks have been removed 

from the floors, the bricks are preserved on 

the exterior [Fig. 5.31]. What can be recognized 

are the thinner structural elements that 

protrude through the roof. In addition, the 

reduced height of the exhibition wings will be 

experienced, in which the intended reference to 

the experience of the city while walking on the 

city walls is maintained. 
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Cradle-to-gate Volume (m3) Specific weight (kg/m³) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 (kg)

Concrete 5.278                         2.500                                  13.195.228      1,01/1,27 15.302.466     0,13/0,15 1.987.675             

Steel 101                            7.200                                  723.698           29,20              21.131.989     2,77                  2.004.644             

Brickwork 546                            1.900                                  1.037.601        3,00                3.112.804       0,24                  249.024                

Mortar 50                              1.650                                  82.075             1,33                109.159          0,22                  18.138                  

Lime 107                            1.400                                  149.214           5,30                790.836          0,78                  116.387                

Insulation 1.538                         35                                      53.822             95,00              5.113.105       3,29                  177.075                

Glass 81                              2.500                                  201.385           23,50              4.732.538       1,35                  271.869                

Underlayment 14                              500                                     7.206               15,00              108.094          0,99                  7.134                    

Drainage (Rubber) - - 16.446             91,00              1.496.557       2,81                  46.212                  

Sand 214                            2.240                                  478.898           0,0081 3.879              0,01                  2.442                    

Waterproof foil 2                                930                                     2.204               83,10              183.123          2,54                  5.597                    

Total materials 7.930                         15.947.777      52.084.550     4.886.200             

Museum Inventory  (cradle-
to gate) Current design Optimised design Reduction Reduction %

Volume (m³) 10.348                      7.930                        2.418                        23                             

Weight (kg) 21.722.049               15.947.777               5.774.272                 27                             

Embodied Energy (MJ) 70.350.668               52.084.550               18.266.117               26                             

Embodied Carbon (kg) 6.733.410                 4.886.200 1.847.210                 27                             

Current design Optimised 
CO2 (kg) CO2 (kg)

6.733.410                   #######
554.609                       220.579   
277.305                       110.289   
831.914                       330.868   

‐ ‐
225.180                       225.180   
176.383                       129.496   

 ‐  ‐
857.843                       601.098   

 ‐  ‐
8.574.140                   #######

4320000

% of total
24           
15           
33           
18           
11           

Museum inventory - summary Current design Optimised design Current design Optimised 
(Minergie-A life cycle) EE (MJ) EE (MJ) CO2 (kg) CO2 (kg)
Product phase 70.350.668               52.084.550               6.733.410                   #######
Construction process Transport 7.942.571                 3.158.929                 554.609                       220.579   

Assembly (+50%) 3.971.286                 1.579.465                 277.305                       110.289   
Total 11.913.857               4.738.394                 831.914                       330.868   

Use phase - - ‐ ‐
End-of-life phase Demolition 3.216.850                 3.216.850                 225.180                       225.180   

Transport 2.519.758                 1.849.942                 176.383                       129.496   
Waste processing  -  -  ‐  ‐
Total (ca. 10%) 8.226.452                 5.682.294                 857.843                       601.098   

Beyond-life phase  -  -  ‐  ‐
Total impact 90.490.977               62.505.239               8.574.140                   #######
Allowed (Minergie-A) 70.898.666               75.218.666               

Difference 19.592.311               -12.713.428              

4320000

% of total
24           
15           
33           
18           
11           

Fig. 5.33: Summary of the 

cradle-to-grave embodied 

energy analysis of the opti-

mised museum design.

Fig. 5.34: Summary of the 

cradle-to-gate inventory of 

the optimised museum de-

sign.
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museum Assessment

The optimised design for the museum has 

been assessed to evaluate if the stated goals 

have been reached. The evaluation is conducted 

in a similar manner as has been done for the 

current design earlier in this report. In appendix 

4, a complete overview of the assessment of the 

optimised design can be found.

The scheme on the top of the adjacent page 

provides an overview of the embodied energy 

level in the current and the optimised design for 

the museum [Fig. 5.33]. The embodied energy 

level in the museum design was approximately 

20.000.000 MJ too high according to the 

Minergie-A label, which resulted in the stated 

goal of approaching an improvement of ca. 

30.000.000 MJ. In the optimised museum 

design, the embodied energy level is ca. 

28.000.000 MJ lower than in the original design. 

In addition, as a result of the increased effective 

floor area, a higher embodied energy level is 

permitted by the Minergie-A label. As a result, 

a total improvement of the embodied energy 

balance of approximately 32.000.000 MJ has 

been reached, bringing the embodied energy of 

the museum ca. 17 percent below the standard.

The optimisation of the museum is mainly 

found in the reduction of the building’s 

complexity, and as a result, its reduction in 

material use. The volume and weight of the 

museum have been reduced with around 25 

percent [Fig. 5.34]. The reduced amount of 

material drastically reduced the energy used 

during the production phase of the materials, of 

which the scheme on the bottom of the adjacent 

page provides an overview [Fig. 5.35]. Besides 

the decreased production energy, far less energy 

is required to transport and assemble the 

museum on the building site. 

The amount of material and the embodied 

energy level could be further reduced. However, 

this would affect other (sustainable) properties 

of the museum, e.g. its flexibility, thermal mass 

and user experience. In the optimised design, 

a balance has been found. The prefabrication 

and simplification of the structure, skin and 

floors, combined with its ‘dry’ connecting 

method, have provided a high quality building 

that is easy to assemble and demount. Although 

the ‘use’ phase is neglected in the Minergie-A 

assessment, the adaptability of the museum 

has been improved, recognizing the relevance 

future impacts. Together with the openness of 

the interior, the flexibility of the museum has 

increased as a result of the applied Holcon floor 

system, that allows the incorporated service 

elements to be easily accessed and adjusted.

As a conclusion, it can be stated that in the 

optimised design, a balance has been found in 

improving the museum’s sustainability and the 

strengthening of the museum’s experience.

Fig. 5.35: Summary of the 

cradle-to-gate inventory of 

the optimised museum de-

sign.
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cOnclusiOn

The conducted research presents itself as an 

exploration of the design for the Museum of 

Tessiner Building Knowledge, in which the 

added ‘sustainability’ aspect has a central 

position. The embodied energy of the building 

has presented itself as the main design 

parameter during the exploration of the 

different possibilities, following the shifting 

balance from an operational energy driven 

society towards an industry that focuses on 

the material use in the built environment. The 

optimised design for the museum forms an 

answer to the presented research question:

What consequences does the reduction of the 

energy embodied in the building have for the 

design of the Museum of Tessiner Building 

Knowledge, approaching the standards of the 

Swiss Minergie-A label?

It has been found that there is not a 

straightforward answer to this question. Main 

conclusion in the separate evaluations is that 

there is a discrepancy in reducing the embodied 

energy and improving the sustainability of 

a building, in which the hypothesis that a 

building with a lower embodied energy level 

would be more sustainable turned out to be 

false. Reducing the embodied energy of a 

building can improve the sustainability of a 

building. However, adjustments to achieve this 

lowered energy level can affect other properties 

that are vital in sustainable development, as 

for instance the flexibility or thermal mass of 

a building. Favouring one of the variables can 

affect the other aspects. This interdependence 

can be related to what has been stated about 

sustainable developments, where a balance is 

needed between sociological, economic and 

environmental aspects. The main conclusion in 

the presented research has been that a balance 

needs to be found between the reduction of the 

embodied energy and the additional sustainable 

aspects, to result in an optimal solution.

Minergie label

Despite the fact that the Minergie label provides 

a useful guideline to improve a building from 

a sustainable point of view, its assessment is 

like many other assessment tools relatively 

short-sighted, focusing on several important 

elements while neglecting the bigger picture. 

Using a cradle-to-grave scenario, two important 

life phases of a building are neglected by the 

label. On the one hand, it has been proven 

that during the ‘use phase’ a large amount 

of embodied energy is added to a building 

as a result of maintenance, renovations and 

transformations. Neglecting the relevance of 

this phase will result in larger environmental 

impacts in a future phase. On the other hand, by 

not taking the ‘beyond-life phase’ into account, 

opportunities are missed. From a material point 

of view is the ‘cradle-to-cradle’ concept the most 
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optimal scenario. By considering the ‘beyond-

life phase’, a building is able to facilitate in 

the reuse and recycling of applied materials, 

improving its environmental impact. Despite 

these flaws, the research has shown that the 

label provides valuable guidelines to improve 

a building from a sustainable perspective. The 

inclusion of the embodied energy as a design 

parameter has proven to be useful in light of 

current day developments. 

Recommendations

As stated, there is no straightforward answer 

to the question what consequences designing 

from an ‘embodied energy’ point of view has for 

the design, where each building under different 

circumstances requests a different solution 

to result in a balance between the embodied 

energy of the building and other sustainable 

aspects. Despite this fact, recommendations 

can be made which are able to contribute to 

the reduction of the embodied energy in the 

different life phases of a building. 

The product phase is the main contributor 

of energy in the building material’s life cycle. 

The presented ‘trias embodied energetica’ 

forms a useful guideline to reduce the energy 

demand. First, reducing the material use in the 

design by designing more efficiently results in 

considerable savings. Next, the use of materials 

with a low embodied energy coefficient is 

preferred. Finally, when using materials with 

a high embodied energy coefficient, these 

materials should be applied effectively.

During the construction process, the 

transportation of the materials accounts for the 

largest share of its contribution to the embodied 

energy. First, a decrease in material use can 

significantly reduce the environmental impact 

by reducing the volume and weight that needs 

to be transported. Local materials are favoured, 

where non-local materials should be applied 

efficiently. The energy used during the assembly 

process is negligible. Using prefabricated 

elements is favoured, reducing the amount of 

waste and activities on the building site.

The use phase is neglected by the Minergie label. 

However, it has been proven that during this 

phase a large amount of energy is added to the 

existing buildings. Increasing the adaptability 

of the building by separating the different layers 

of a building, following the principle of Stewart 

Brand, can drastically reduce future energy 

investments.

At the end of a building’s life, facilitating in 

the deconstruction of a building can prevent 

additional energy input. Reducing the 

building’s complexity, using prefabricated 

elements and ‘dry’ connections, is favoured. 

Reusing or recycling the deconstructed 
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elements or materials can further improve the 

environmental impact of the design, in which 

the circular ‘cradle-to-cradle’ concept is the 

ideal scenario. Designing for deconstruction, 

separating the different layers and materials 

of a building and most importantly the use of 

materials that can be reused or recycled, result 

in a building that can be used as a resource at 

the end of its life.

Museum design

With respect to the Museum of Tessiner 

Building Knowledge, an optimised design has 

been made, in which the knowledge gathered 

in the research has been applied. Where the 

Minergie-A label functions as a target, the 

evaluation looks beyond its boundaries, taking 

into account the neglected phases and the 

other sustainable aspects. Besides bringing the 

embodied energy level of the museum below the 

Minergie-A standard, additional measures have 

been taken to further improve the museum’s 

sustainability. With the design, the overarching 

goal of this research, the improvement of the 

Museum of Tessiner Building Knowledge 

from a sustainable point of view, has been 

achieved. In addition, the objective of meeting 

the requirements of the Swiss Minergie-A 

standards has been reached. 

With respect to the museum, it has been 

concluded that the largest improvements could 

be found in the reduction of its complexity. 

Simplifying connections and building methods 

by placing thermal layers in line and by 

removing substructures caused considerable 

material savings, resulting in a decrease of the 

embodied energy level. The prefabrication and 

simplification of the structure, skin and floors, 

combined with its ‘dry’ connecting method, 

have provided a high quality building that is 

relatively easy to assemble and demount.

The largest consequence for the experience 

of the museum is found in the removal of 

the brickwork in the floors and ceilings. The 

accessibility of the prefabricated Holcon floors 

improve the adaptability of the museum, 

while using its material more efficiently. The 

increased openness of the galleries in the 

exhibition wings further improves the flexibility 

of the interior, while providing considerable 

material savings. Other consequenses might 

be less visible, but can be found in the reduced 

thickness of the structural elements, while 

preserving the monolithic appearance of the 

building. In addition, the museum is optimised 

by reducing the building’s height and by 

reducing the depth of the niches, providing a 

more efficient facade. 

Although a further reduction of the embodied 

energy level would have been possible by 

applying other materials or structures, an 
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optimisation of the current building elements 

presented itself as most suitable. In addition, 

further improvements would be possible by 

(for instance) removing the parking garage 

or realising a more compact form. However, 

with the optimised design, a balance has been 

found between lowering the embodied energy 

and other sustainable features as for instance 

the improvement of the building’s flexibility, 

the facilitation of its (de)construction and the 

preservation of the museum experience. With 

the balance found in the optimised design for 

the Museum of Tessiner Building Knowledge, 

the answer has been formed to the main 

question of the research.
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reflectiOn

Approximately three years ago, I started my 

master in Eindhoven, which allowed me to 

combine my interests in both architecture 

and building technology. Although educated 

as separate master tracks, the link between 

both tracks is undeniable, which has been the 

main reason to follow both tracks. The quest in 

finding a balance between the separate tracks 

has proven to be challenging, but the fact that 

both disciplines eventually strengthen each 

other makes it worth the additional effort.

In the previous graduation phase, the focus has 

been placed on the development of the museum 

as a type and on how building knowledge of a 

certain culture can be conveyed to the visitor. 

Although the resulting museum concept and 

design were satisfying, I missed the link with 

the building technology track, where I expected 

a more integral design process.

In the second phase of the graduation process, 

focusing on ‘sustainability’ allowed me to add 

the desired depth to the existing design. The 

graduation process has proven that the balance 

between the disciplines is vital. Despite the fact 

that the museum improved significantly from 

a sustainable point of view, re-evaluating an 

existing design has proven to be tough. I do not 

know to what extent changing the order of the 

graduation process would influence the design 

of the museum. However, I am convinced 

that the knowledge obtained in the building 

technological research would have been useful 

in an earlier stage, where it is generally known 

that the impact of changes in an early stage of 

the design process have the largest impact. 

Despite this observation, the graduation period 

has very satisfying. Eventually, the balance to 

which I am striving for in my projects turned 

out to correspond to the main conclusion of 

the research, in which has been found that a 

balance between several variables is needed 

to acquire an optimal sustainable design. 

The gathered knowledge about how to reduce 

environmental impacts in several stages of a 

building’s life strengthens my capabilities as a 

designer, allowing me to use this knowledge in 

an earlier stage in future design processes.
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future becomes a reality. [Diagram] Retrieved from http://

www.swissinfo.ch/eng/energy-efficiency_2000-watt-society--

when-the-future-becomes-a-reality/41958718

Fig. 1.11:  Hausser, G. (2011). Green Building Certification 

Systems: Assessing sustainability - International system 

comparison - Economic impact of certifications [Diagram]. 

Berlin: De Gruyter. P.8

Fig. 1.12:   Dixit, M.K., Ferández-Solís, J.L., Lavy, S., & Culp, 

C.H. (2012). Need for an embodied energy measurement 

protocol for buildings: A review paper [Scheme]. Elsevier Ltd. 

P.3733

Fig. 1.13:  Schematic overview of the methodology used to 

evaluate and optimize the design for the museum [Sheme]. 

Created by author.

ASSESSMENT AND STRATEGIES
Fig. 2.02:   Brand, S. (1995). How Buildings Learn: What 

Happens After They’re Built [Scheme]. New York: Penguin 

Group.

Fig. 2.03:  Schematic overview of the rate of change of the 

separate building layers, based on Stewart Brand’s book ‘How 

Buildings Learn: What Happens After They’re Built [Scheme]. 

Retrieved from http://urban-gallery.net/txl/?page_id=1569.

APPENDIX
Images Holcon prefabricated concrete building 

system: Holcon (2016). Traditionele Prefab Producten - 
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&MODULE=4&subMODULE=16
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APPendix

1. Holcon prefabricated building system

2. Museum assembly process

3. Inventory of current design

4. Inventory of optimized design

5. Evaluation of thermal properties

cOntents
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1. hOlcOn PrefAbricAted building system
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83. Holcon (2016).
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1) Positioning of structural elements. Prefab columns and portals, clad with thin bricks.

2) Positioning of prefabricated sandwich ‘infill’ elements. 

2. museum Assembly PrOcess - fAcAde
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3) Connecting and sealing of the separate elements.

4) Positioning of prefabricated facade elements. Finishing of the facade.
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3. inventOry Of current museum design

Basement
Garage and archives Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
Concrete

  ‐ Garage floor (2%) 4860 0,4 1 1.944                 2500 4.860.000                1,01 4.908.600    0,126 612.360             
  ‐ Externall Walls (2%) 560 0,4 1 224                    2500 560.000                   1,01 565.600        0,126 70.560               
  ‐ Columns (2%) 0,162 2,82 96 44                       2500 109.642                   1,27 139.245        0,1455 15.953               
  ‐ Beams (reinforced) (2%) 155,68 0,4 1 62                       2500 155.680                   1,27 197.714        0,1455 22.651               
  ‐ Table (reinforced) (3%) 125,44 0,7 4 351                    2500 878.080                   1,53 1.343.462    0,165 144.883             
Brickwork 1028,88 0,098 1 101                    1900 191.577                   3 574.732        0,24 45.979               
Mortar 9                         1650 15.439                     1,33 20.534          0,221 3.412                 
Steel (reinforcements) Depending on % of concrete 34                       7200 247.245                   29,2 7.219.543    2,77 684.868             
Insulation (archives) 547,2 0,1 1 55                       35 1.915                        88,6 169.687        3,29 6.301                 

Total: 15139117,3 1606966,779

Rotunda Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
Concrete

  ‐ Columns atrium (2%) 70                       0,314 1 22                       2500 55.107                     1,27 69.986          0,1455 8.018                 
  ‐ Walls structural (2%) 18                       0,314 12 68                       2500 169.560                   1,27 215.341        0,1455 24.671               
  ‐ Infill walls  (1%) 197                    0,14 1 28                       2500 68.796                     1,01 69.484          0,126 8.668                 
  ‐ Elevator walls (3%) 66                       0,314 1 21                       2500 51.716                     1,53 79.125          0,16475 8.520                 
Steel (reinforcements Depending on % of concrete 3                         7200 19.390                     29,2 566.199        2,77 53.711               

Brickwork

  ‐ Bricks columns atrium 140                    0,098 1 14                       1900 26.142                     3 78.427          0,24 6.274                 
  ‐ Bricks walls structural 36                       0,098 12 42                       1900 80.438                     3 241.315        0,24 19.305               
  ‐ Infill walls (strips) 393                    0,02 1 8                         1900 14.939                     3 44.816          0,24 3.585                 
  ‐ Elevator walls (strips) 132                    0,02 1 3                         1900 5.007                        3 15.021          0,24 1.202                 

Mortar 5                         1650 8.589                        1,33 11.424          0,221 1.898                 
Lime 525                    0,005 1 3                         1400 3.674                        5,3 19.473          0,78 2.866                 
Etherbacker boards  525                    0,012 1 6                         1650 10.393                     15,3 159.007        1,28 13.303               
Pinewood (softwood) 0,00                   10,825 86                  4                         550 2.313                        7,4 17.116          0,59 1.365                 
Steel (anchors for wood) 0,02                   0,01 259 0,05                   7200 336                           29,2 9.801            2,77 930                     

Total: 1596536,33 154316,3335

Exhitbition wing
Structure / walls Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
Concrete

  ‐ Columns atrium (2%) 3                         0,314 12 10                       2500 25.290                     1,27 32.118          0,1455 3.680                 
  ‐ Columns (2%) 21                       0,314 12 81                       2500 201.353                   1,27 255.718        0,1455 29.297               
  ‐ Columns corner (2%) 15                       0,314 6 27                       2500 68.460                     1,27 86.944          0,1455 9.961                 
  ‐ Infill walls (large) (1%) 36                       0,14 8 40                       2500 99.400                     1,01 100.394        0,126 12.524               
  ‐ Infill walls (small) (1%) 12                       0,14 12 19                       2500 48.607                     1,01 49.093          0,126 6.124                 
  ‐ Beams in gallery (3%) 2                         0,314 24 12                       2500 29.357                     1,53 44.917          0,16475 4.837                 
Steel (reinforcements) Depending on % of concrete 3                         7200 23.797                     29,2 694.871        2,77 65.918               

Brickwork

  ‐ Bricks columns atrium 14                       0,098 12 17                       1900 32.248                     3 96.743          0,24 7.739                 
  ‐ Bricks (columns) 51                       0,098 12 60                       1900 114.625                   3 343.874        0,24 27.510               
  ‐ Bricks columns corner 53                       0,098 6 31                       1900 59.452                     3 178.356        0,24 14.268               
  ‐ Infill walls (large exterior) 36                       0,02 8 6                         1900 10.792                     3 32.376          0,24 2.590                 
  ‐ Infill walls (large interior) 36                       0,02 8 6                         1900 10.792                     3 32.376          0,24 2.590                 
  ‐ Infill walls (small exterior) 12                       0,02 12 3                         1900 5.277                        3 15.832          0,24 1.267                 
  ‐ Infill walls (small interior) 12                       0,02 12 3                         1900 5.277                        3 15.832          0,24 1.267                 
  ‐ Lamellae (brick slip) 35                       0,02 18 13                       1900 23.796                     3 71.389          0,24 5.711                 
  ‐ balustrade (large) 5                         0,098 8 4                         1900 7.508                        3 22.523          0,24 1.802                 
  ‐ balustrade (small) 2                         0,098 12 2                         1900 3.671                        3 11.014          0,24 881                     

Mortar 13                       1650 22.036                     1,33 29.308          0,221 4.870                 
Lime  1.472                 0,005 1 7                         1400 10.304                     5,3 54.610          0,78 8.037                 
Insulation

  ‐ Infill walls (large) 36                       0,15 8 43                       35 1.491                        88,6 132.103        3,29 4.905                 
  ‐ Infill walls (small) 12                       0,15 12 21                       35 729                           88,6 64.598          3,29 2.399                 
  ‐                                                                                                          
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  ‐                                                                                                    
  ‐                                                                                                  
  ‐                                                                                                      
  ‐                                                                                                        

                                                                               

  ‐                                                                                                    
  ‐                                                                                            
  ‐                                                                                                
  ‐                                                                                                        
  ‐                                                                                                        
  ‐                                                                                                           
  ‐                                                                                                           
  ‐                                                                                                    
  ‐                                                                                                         
  ‐                                                                                                             

                                                                       
                                                                                            

  ‐ Infill walls (large) 36                       0,15 8 43                       35 1.491                        88,6 132.103        3,29 4.905                 
  ‐ Infill walls (small) 12                       0,15 12 21                       35 729                           88,6 64.598          3,29 2.399                 
  ‐ Windows (2 sides) 13                       0,15 14 27                       35 939                           88,6 83.225          3,29 3.090                 

Pinewood (softwood)  0,00                   7 207 7                         550 3.586                        7,4 26.538          0,59 2.116                 
Steel (anchors for wood) 0,02                   0,01 1242 0                         7200 1.610                        29,2 47.001          2,77 4.459                 
Etherbacker boards  846                    0,012 1 10                       1650 16.746                     15,3 256.212        1,28 21.435               
Glass (windows) 11                       0,03 14 5                         2500 11.981                     23,5 281.542        1,35 16.174               
Steel (window frames) 1                         0,03 14 0,38                   7200 2.767                        29,2 80.795          2,77 7.664                 

Total: 3140301,82 273114,5692

Ground Floor Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 1.024                 0,3 1 307                    2500 768.000                   1,27 975.360        0,1455 111.744             
  ‐ Cement 829                    0,045 1 37                       1900 70.917                     4,51 319.836        0,74 52.479               
  ‐ Steel Depending on % of concrete 6                         7200 44.237                     29,2 1.291.715    2,77 122.536             
  ‐ Bricks 682                    0,038 1 26                       1900 49.222                     3 147.667        0,24 11.813               
  ‐ Mortar 2                         1650 3.967                        1,33 5.276            0,221 877                     
  ‐ Insulation 1.024                 0,115 1 118                    35 4.122                        88,6 365.174        3,29 13.560               
  ‐ Waterproof foil (DPC foil) 1.152                 0,0003 1 0,35                   930 321                           83,1 26.709          2,54 816                     
  ‐ Sand 140                    0,065 1 9                         2240 20.442                     0,0081 166                0,0051 104                     
  ‐ Drainage (rubber) 140                    1 5 702                           91 63.882          2,85 2.001                 
  ‐ Underlayment  91                       0,022 1 2                         500 998                           15 14.969          0,99 988                     

Total: 3210752,82 316917,9689

Floor 1 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 414                    0,24 1 99                       2500 248.400                   1,27 315.468        0,1455 36.142               
  ‐ Cement 414                    0,045 1 19                       1900 35.397                     4,51 159.640        0,74 26.194               
  ‐ Steel Depending on % of concrete 2                         7200 14.308                     29,2 417.789        2,77 39.633               
  ‐ Bricks 414                    0,038 1 16                       1900 29.891                     3 89.672          0,24 7.174                 
  ‐ Brick slip ceiling 453                    0,02 1 9                         1900 17.222                     3 51.665          0,24 4.133                 
  ‐ Brick slip beams 4                         0,02 24 2                         1900 3.930                        3 11.789          0,24 943                     
  ‐ Mortar 2                         1650 2.726                        1,33 3.625            0,221 602                     
  ‐ Lime 557                    0,005 1 3                         1400 3.896                        5,3 20.650          0,78 3.039                 
  ‐ Insulation 414                    0,03 1 12                       35 435                           88,6 38.514          3,29 1.430                 
  ‐ Waterproof foil (DPC foil) 414                    0,0003 1 0,12                   930 116                           83,1 9.599            2,54 293                     

  ‐ Pinewood (softwood)  8                         0,05 8 3                         550 1.806                        7,4 13.363          0,59 1.065                 
  ‐ Steel (anchors for wood) 0,02                   0,01 608 0,11                   7200 788                           29,2 23.009          2,77 2.183                 
  ‐ Etherbacker boards  557                    0,012 1 7                         1650 11.021                     15,3 168.621        1,28 14.107               

  ‐ Glass balustrade 124                    0,03 1 4                         2500 9.299                        23,5 218.522        1,35 12.553               
  ‐ Steel balustrade 12                       0,03 1 0,37                   7200 2.678                        29,2 78.199          2,77 7.418                 
  ‐ Steel HEB 300 0,01                   3,7 8 0,44                   7200 3.177                        29,2 92.774          2,77 8.801                 

Total: 1712898,94 165711,116

Floor 2 (Roof) Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 582                    0,24 1 140                    2500 349.146                   1,27 443.415        0,1455 50.801               
  ‐ Steel Depending on % of concrete 3                         7200 20.111                     29,2 587.236        2,77 55.707               
  ‐ Bricks 582                    0,038 1 22                       1900 42.014                     3 126.042        0,24 10.083               
  ‐ Brick slip ceiling 621                    0,02 1 12                       1900 23.602                     3 70.807          0,24 5.665                 
  ‐ Brick slip beams 4                         0,02 24 2                         1900 3.930                        3 11.789          0,24 943                     
  ‐ Mortar 2                         1650 3.703                        1,33 4.924            0,221 818                     
  ‐ Lime 725                    0,005 1 4                         1400 5.072                        5,3 26.880          0,78 3.956                 

  ‐ Insulation 582                    0,08 1 47                       35 1.629                        88,6 144.360        3,29 5.361                 
  ‐ Waterproof foil (DPC foil) 582                    0,0003 1 0,17                   930 162                           83,1 13.492          2,54 412                     
  ‐ Underlayment  40                       0,022 1 0,89                   500 445                           15 6.679            0,99 441                     
  ‐ Sand 582                    0,065 1 38                       2240 84.726                     0,0081 686                0,0051 432                     
  ‐ Drainage (rubber) 582                    1 5 2.910                        91 264.769        2,85 8.292                 
  ‐ Pinewood (softwood)  8                         0,05 8 3                         550 1.806                        7,4 13.363          0,59 1.065                 
  ‐ Steel (anchors for wood) 0,02                   0,01 608 0,11                   7200 788                           29,2 23.009          2,77 2.183                 
  ‐ Etherbacker boards  725                    0,012 1 9                         1650 14.346                     15,3 219.487        1,28 18.362               

  ‐ Glass balustrade 97                       0,03 1 3                         2500 7.245                        23,5 170.258        1,35 9.781                 
  ‐ Steel balustrade 9                         0,03 1 0,28                   7200 1.987                        29,2 58.026          2,77 5.505                 
  ‐ Glass roof 22                       0,03 8 5                         2500 13.231                     23,5 310.933        1,35 17.862               
  ‐ Glass beams 1,11                   0,03 20 0,67                   2500 1.665                        23,5 39.128          1,35 2.248                 
  ‐ Steel HEB 300 0,01                   3,7 8 0,44                   7200 3.177                        29,2 92.774          2,77 8.801                 

Total: 2628055,94 208717,308
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Rotunda
Structure / walls Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
Concrete

  ‐ Columns atrium (2%) 3                         0,314 24 26                       2500 64.038                     1,27 81.328          0,1455 9.318                 
  ‐ Walls structural (2%) 47                       0,314 16 235                    2500 586.678                   1,27 745.081        0,1455 85.362               
  ‐ Columns entrances (2%) 6                         0,314 4 7                         2500 17.835                     1,27 22.651          0,1455 2.595                 
  ‐ Infill walls  (1%) 30                       0,14 8 34                       2500 84.315                     1,01 85.158          0,126 10.624               
  ‐ External Walls (1%) 47                       0,14 8 53                       2500 131.817                   1,01 133.135        0,126 16.609               
  ‐ Beams in gallery (3%) 1,04                   0,314 16 5                         2500 13.000                     1,53 19.889          0,16475 2.142                 
  ‐ Elevator walls (3%) 162                    0,314 1 51                       2500 127.464                   1,53 195.020        0,16475 21.000               
Steel (reinforcements Depending on % of concrete 8                         7200 56.869                     29,2 1.660.581    2,77 157.528             

Brickwork

  ‐ Bricks columns atrium 18                       0,098 24 43                       1900 81.657                     3 244.970        0,24 19.598               
  ‐ Bricks walls structural 100                    0,098 16 157                    1900 298.553                   3 895.659        0,24 71.653               
  ‐ Bricks columns corners 19                       0,098 4 7                         1900 13.897                     3 41.691          0,24 3.335                 
  ‐ External walls, outside 47                       0,02 8 8                         1900 14.312                     3 42.935          0,24 3.435                 
  ‐ External walls inside 47                       0,02 8 8                         1900 14.312                     3 42.935          0,24 3.435                 
  ‐ Infill walls (strips) 60                       0,02 8 10                       1900 18.308                     3 54.925          0,24 4.394                 
  ‐ balustrade (large) 5                         0,098 12 6                         1900 10.473                     3 31.419          0,24 2.514                 

Mortar 22                       1650 36.387                     1,33 48.395          0,221 8.042                 
Lime 1.235                 0,005 1 6                         1400 8.645                        5,3 45.820          0,78 6.743                 

Insulation

  ‐ External walls, outside 47                       0,15 8 56                       35 1.977                        88,6 175.185        3,29 6.505                 
  ‐ Windows (2 sides) 10                       0,15 4 6                         35 219                           88,6 19.380          3,29 720                     

Pinewood (softwood)  0,00                   10,825 62 3                         550 1.661                        7,4 12.292          0,59 980                     
Steel (anchors for wood) 0,02                   0,01 558 0,10                   7200 723                           29,2 21.117          2,77 2.003                 
Etherbacker boards  1.310                 0,012 1 16                       1650 25.932                     15,3 396.753        1,28 33.192               

Glass (windows) 41                       0,03 4 5                         2500 12.283                     23,5 288.645        1,35 16.582               
Steel (window frames) 3                         0,03 4 0,37                   7200 2.681                        29,2 78.272          2,77 7.425                 
Glass (door entrance) 9                         0,03 2 0,54                   2500 1.351                        23,5 31.737          1,35 1.823                 
Steel (door entrance) 0,93                   0,03 2 0,06                   7200 400                           29,2 11.668          2,77 1.107                 

Total: 5426641,98 498660,9583

Ground Floor Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 515                    0,3 1 154                    2500 386.039                   1,27 490.269        0,1455 56.169               
  ‐ Cement 515                    0,045 1 23                       1900 44.008                     4,51 198.478        0,74 32.566               
  ‐ Steel Depending on % of concrete 3                         7200 22.236                     29,2 649.287        2,77 61.593               
  ‐ Bricks 515                    0,038 1 20                       1900 37.163                     3 111.488        0,24 8.919                 
  ‐ Mortar 2                         1650 2.995                        1,33 3.983            0,221 662                     
  ‐ Insulation 515                    0,115 1 59                       35 2.072                        88,6 183.556        3,29 6.816                 
  ‐ Waterproof foil (DPC foil) 579                    0,0003 1 0,17                   930 162                           83,1 13.425          2,54 410                     
  ‐ Damp open foil (PE foil)
  ‐ Sand 16                       0,065 1 1,05                   2240 2.360                        0,0081 19                  0,0051 12                       
  ‐ Drainage (rubber) 16                       1 5 81                             91 7.376            2,85 231                     
  ‐ Underlayment  65                       0,022 1 1,44                   500 719                           15 10.782          0,99 712                     

Total: 1668663,95 168090,1367

Floor 1 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 384                    0,24 1 92                       2500 230.211                   1,27 292.368        0,1455 33.496               
  ‐ Cement 384                    0,045 1 17                       1900 32.805                     4,51 147.951        0,74 24.276               
  ‐ Steel Depending on % of concrete 2                         7200 13.260                     29,2 387.197        2,77 36.731               
  ‐ Bricks 384                    0,038 1 15                       1900 27.702                     3 83.106          0,24 6.648                 
  ‐ Brick slip ceiling 401                    0,02 1 8                         1900 15.254                     3 45.761          0,24 3.661                 
  ‐ Brick slip beams 3                         0,02 16 0,92                   1900 1.740                        3 5.220            0,24 418                     
  ‐ Mortar 1,44                   1650 2.373                        1,33 3.156            0,221 524                     
  ‐ Lime  447                    0,005 1 2                         1400 3.130                        5,3 16.591          0,78 2.442                 
  ‐ Insulation 384                    0,03 1 12                       35 403                           88,6 35.694          3,29 1.325                 
  ‐ Waterproof foil (DPC foil) 384                    0,0003 1 0,12                   930 107                           83,1 8.896            2,54 272                     

  ‐                                                                                                         
  ‐                                                                                                    
  ‐                                                                                                    

  ‐                                                                                                       
  ‐                                                                                                      

Floor 2                        
  ‐                                                                                         
  ‐                                                                                         
  ‐                                                                               
  ‐                                                                                             
  ‐                                                                                                   
  ‐                                                                                                           
  ‐                                                                              
  ‐                                                                                                    
  ‐                                                                                                         

  ‐                                                                                                         
  ‐                                                                                                          
  ‐                                                                                                    

  ‐                                                                                                 
  ‐                                                                                                            

  ‐                                                                                                         
  ‐                                                                                                   
  ‐                                                                                                          
  ‐                                                                                                       
  ‐                                                                              

Floor 3 (Roof)                        
  ‐                                                                                         
  ‐                                                                                                    
  ‐                                                                               
  ‐                                                                                               
  ‐                                                                                                   
  ‐                                                                                                           
  ‐                                                                              
  ‐                                                                                                  

  ‐                                                                                                   
  ‐                                                                                                             
  ‐                                                                                                          
  ‐                                                                                                       
  ‐                                                                         

  ‐                                                                                                             
  ‐                                                                                                    
  ‐                                                                                                    
  ‐                                                                                                     
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Rotunda
Structure / walls                        

  ‐                                                                                                      
  ‐                                                                                           
  ‐                                                                                                        
  ‐                                                                                                   
  ‐                                                                                              
  ‐                                                                                                    
  ‐                                                                                           

                                                                         

  ‐                                                                                                
  ‐                                                                                        
  ‐                                                                                                      
  ‐                                                                                                      
  ‐                                                                                                      
  ‐                                                                                                    
  ‐                                                                                                      

                                                                       
                                                                                             

  ‐                                                                                                     
  ‐                                                                                                                

                                                                                                       
                                                                                                  

                                                                                        

                                                                                              
                                                                                                   
                                                                                                   
                                                                                                

Ground Floor                        
  ‐                                                                                      
  ‐                                                                                         
  ‐                                                                               
  ‐                                                                                           
  ‐                                                                                    
  ‐                                                                                              
  ‐                                                                                                         
  ‐         
  ‐                                                                                                             
  ‐                                                                                         
  ‐                                                                                                        

Floor 1                        
  ‐                                                                                         
  ‐                                                                                         
  ‐                                                                               
  ‐                                                                                             
  ‐                                                                                                   
  ‐                                                                                                           
  ‐                                                                              
  ‐                                                                                                    
  ‐                                                                                                   
  ‐                                                                                                           

  ‐ Pinewood (softwood) 5                         0,05 12 3                         550 1.707                        7,4 12.635          0,59 1.007                 
  ‐ Steel (anchors for wood) 0,02                   0,01 575 0,10                   7200 745                           29,2 21.760          2,77 2.064                 
  ‐ Etherbacker boards (fibre boa 447                    0,012 1 5                         1650 8.855                        15,3 135.476        1,28 11.334               

  ‐ Glass balustrade 26                       0,03 1 1                         2500 1.965                        23,5 46.187          1,35 2.653                 
  ‐ Steel balustrade 2                         0,03 1 0,07                   7200 539                           29,2 15.741          2,77 1.493                 

Total: 1257740,61 128344,7851

Floor 2 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 384                    0,24 1 92                       2500 230.211                   1,27 292.368        0,1455 33.496               
  ‐ Cement 384                    0,045 1 17                       1900 32.805                     4,51 147.951        0,74 24.276               
  ‐ Steel Depending on % of concrete 2                         7200 13.260                     29,2 387.197        2,77 36.731               
  ‐ Bricks 384                    0,038 1 15                       1900 27.702                     3 83.106          0,24 6.648                 
  ‐ Brick slip ceiling 424                    0,02 1 8                         1900 16.094                     3 48.282          0,24 3.863                 
  ‐ Brick slip beams 3                         0,02 16 0,92                   1900 1.740                        3 5.220            0,24 418                     
  ‐ Mortar 1,44                   1650 2.373                        1,33 3.156            0,221 524                     
  ‐ Lime  469                    0,005 1 2                         1400 3.285                        5,3 17.412          0,78 2.562                 
  ‐ Insulation 235                    0,03 1 7                         35 247                           88,6 21.881          3,29 813                     

  ‐ Pinewood (softwood) 5                         0,05 12 3                         550 1.707                        7,4 12.635          0,59 1.007                 
  ‐ Steel (anchors for wood) 0                         0,01 575 0,10                   7200 745                           29,2 21.760          2,77 2.064                 
  ‐ Etherbacker boards (fibre boa 469                    0,012 1 6                         1650 9.292                        15,3 142.175        1,28 11.894               

  ‐ Glass balustrade 26                       0,03 1 0,79                   2500 1.965                        23,5 46.187          1,35 2.653                 
  ‐ Steel balustrade 2                         0,03 1 0                         7200 539                           29,2 15.741          2,77 1.493                 

  ‐ Waterproof foil (DPC foil) 458                    0,0003 1 0,14                   930 128                           83,1 10.617          2,54 325                     
  ‐ Insulation 148                    0,08 1 12                       35 416                           88,6 36.834          3,29 1.368                 
  ‐ Underlayment  36                       0,022 1 0,79                   500 395                           15 5.930            0,99 391                     
  ‐ Sand 148                    0,065 1 10                       2240 21.618                     0,0081 175                0,0051 110                     
  ‐ Drainage (rubber) 148                    1 5 742                           91 67.557          2,85 2.116                 

Total: 1366185,62 132752,4987

Floor 3 (Roof) Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total (kg)
  ‐ Concrete (2%) 235                    0,24 1 56                       2500 141.124                   1,27 179.228        0,1455 20.534               
  ‐ Concrete beams (3%) 28                       0,46 1 13                       2500 32.082                     1,53 49.086          0,16475 5.286                 
  ‐ Steel Depending on % of concrete 2                         7200 10.901                     29,2 318.300        2,77 30.195               
  ‐ Bricks 235                    0,038 1 9                         1900 16.982                     3 50.946          0,24 4.076                 
  ‐ Brick slip ceiling 286                    0,02 1 6                         1900 10.875                     3 32.626          0,24 2.610                 
  ‐ Brick slip beams 3                         0,02 16 0,92                   1900 1.740                        3 5.220            0,24 418                     
  ‐ Mortar 0,91                   1650 1.509                        1,33 2.007            0,221 333                     
  ‐ Lime 332                    0,005 1 2                         1400 2.324                        5,3 12.317          0,78 1.813                 

  ‐ Insulation 235                    0,08 1 19                       35 659                           88,6 58.350          3,29 2.167                 
  ‐ Waterproof foil (DPC foil) 235                    0,0003 1 0,07                   930 66                             83,1 5.453            2,54 167                     
  ‐ Underlayment  29                       0,022 1 0,64                   500 319                           15 4.790            0,99 316                     
  ‐ Sand 235                    0,065 1 15                       2240 34.246                     0,0081 277                0,0051 175                     
  ‐ Drainage (rubber) 235                    1 5 1.176                        91 107.019        2,85 3.352                 

  ‐ Pinewood (softwood) 5                         0,05 12 3                         550 1.493                        7,4 11.047          0,59 881                     
  ‐ Steel (anchors for wood) 0,02                   0,01 608 0,11                   7200 788                           29,2 23.009          2,77 2.183                 
  ‐ Etherbacker boards  332                    0,012 1 4                         1650 6.573                        15,3 100.572        1,28 8.414                 
  ‐ Glass roof 95                       0,03 1 3                         2500 7.127                        23,5 167.496        1,35 9.622                 

Total: 1127743,98 92538,918
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EE (MJ) CO2 (kg)

Product phase 70.350.668            6.733.410       

Construction process Transport 7.942.571                554.609            

Assembly (+50%) 3.971.286                277.305            

Total 11.913.857            831.914          

Use phase - -
End-of-life phase Demolition 3.216.850                225.180            

Transport 2.519.758                176.383            

Waste processing  -  -

Total (ca. 10%) 8.226.452              857.843          

Beyond-life phase  -  -

Total impact 90.490.977           8.574.140       

Allowed 70.898.666            -                      

Reduction required 19.592.311            -                      

Reduction aim 30.000.000           -                      

Transport Supplier Location Distance (km) Weight (ton) MJ/ton/km EE (MJ) CO2 (kg/ton/km) CO2 (kg) End-of-life phase

Concrete Holcim Bellinzona 5                      16.305            2,32 189.143            0,162 13.207         

Steel Montanstahl Chiasso 50                    868                 2,32 100.729            0,162 7.034           

Brickwork Petersen Tegl Denmark 1.200               2.700              2,32 7.515.690         0,162 524.802       

Cement Holcim Bellinzona 5                      535                 2,32 6.205                0,162 433              

Mortar Holcim Bellinzona 5                      199                 2,32 2.313                0,162 162              

Lime Holcim Bellinzona 5                      98                   2,32 1.138                0,162 79                

Insulation Knauf Lugano 27                    45                   3,4 4.157                0,237 290              

Glass Galvolux Lugano 27                    198                 2,32 12.426              0,162 868              

Softwood Castelli Luca SA Bellinzona 6                      38                   3,4 769                   0,237 54                

Fibreboards Swiss Krono AG Menznau 182                  229                 2,32 96.902              0,162 6.766           

Underlayment Swiss Krono AG Menznau 182                  7                     3,4 4.459                0,237 311              

Drainage (Rubber) Rex Articoli Mendrisio 47                    16                   3,4 2.628                0,237 183              

Sand Holcim Bellinzona 5                      479                 2,32 5.555                0,162 388              

Waterproof foil Rex Articoli Mendrisio 47                    3                     3,4 457                   0,237 32                

Total materials 7.942.571         554.609       

Cradle-to-gate Volume (m3) Specific weight (kg/m³) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 (kg)

Concrete 6.522                         2.500                                  16.305.445      1,01/1,27 19.387.847     0,13/0,15 2.367.905             

Steel 121                            7.200                                  868.355           29,20              25.355.965     2,77                  2.405.343             

Brickwork 1.421                         1.900                                  2.699.601        3,00                8.098.804       0,24                  647.904                

Cement 282                            1.900                                  534.875           4,51                2.412.287       0,74                  395.808                

Mortar 121                            1.650                                  199.389           1,33                265.188          0,22                  44.065                  

Lime 70                              1.400                                  98.146             5,30                520.174          0,78                  76.554                  

Insulation 1.294                         35                                      45.287             88,60              4.012.463       3,29                  148.996                

Glass 79                              2.500                                  198.374           23,50              4.661.779       1,35                  267.804                

Softwood 68                              550                                     37.673             7,40                278.781          0,59                  22.227                  

Fibreboard 139                            1.650                                  229.494           15,30              3.511.263       1,28                  293.753                

Underlayment 14                              500                                     7.206               15,00              108.094          0,99                  7.134                    

Drainage (Rubber) - - 16.446             91,00              1.496.557       2,81                  46.212                  

Sand 214                            2.240                                  478.898           0,0081 3.879              0,01                  2.442                    

Waterproof foil 3                                930                                     2.859               83,10              237.588          2,54                  7.262                    

Total materials 10.348                       21.722.049      70.350.668     6.733.410             

3. inventOry Of current museum design - summAry
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Transport Supplier Location Distance (km) Weight (ton) MJ/ton/km EE (MJ) CO2 (kg/ton/km) CO2 (kg) End-of-life phase

Concrete Holcim Bellinzona 5                      13.195            2,32 153.065            0,162 10.688         

Steel Montanstahl Chiasso 50                    724                 2,32 83.949              0,162 5.862           

Brickwork Petersen Tegl Denmark 1.200               1.038              2,32 2.888.682         0,162 201.710       

Cement Holcim Bellinzona 5                      -                      2,32 -                        0,162 -                   

Mortar Holcim Bellinzona 5                      82                   2,32 952                   0,162 66                

Lime Holcim Bellinzona 5                      149                 2,32 1.731                0,162 121              

Insulation Knauf Lugano 27                    54                   3,4 4.941                0,237 344              

Glass Galvolux Lugano 27                    201                 2,32 12.615              0,162 881              

Softwood Castelli Luca SA Bellinzona 6                      -                      3,4 -                        0,237 -                   

Fibreboards Swiss Krono AG Menznau 182                  -                      2,32 -                        0,162 -                   

Underlayment Swiss Krono AG Menznau 182                  7                     3,4 4.459                0,237 311              

Drainage (Rubber) Rex Articoli Mendrisio 47                    16                   3,4 2.628                0,237 183              

Sand Holcim Bellinzona 5                      479                 2,32 5.555                0,162 388              

Waterproof foil Rex Articoli Mendrisio 47                    2                     3,4 352                   0,237 25                

Total materials 3.158.929         220.579       

Cradle-to-gate Volume (m3) Specific weight (kg/m³) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 (kg)

Concrete 5.278                         2.500                                  13.195.228      1,01/1,27 15.302.466     0,13/0,15 1.987.675             

Steel 101                            7.200                                  723.698           29,20              21.131.989     2,77                  2.004.644             

Brickwork 546                            1.900                                  1.037.601        3,00                3.112.804       0,24                  249.024                

Mortar 50                              1.650                                  82.075             1,33                109.159          0,22                  18.138                  

Lime 107                            1.400                                  149.214           5,30                790.836          0,78                  116.387                

Insulation 1.538                         35                                      53.822             95,00              5.113.105       3,29                  177.075                

Glass 81                              2.500                                  201.385           23,50              4.732.538       1,35                  271.869                

Underlayment 14                              500                                     7.206               15,00              108.094          0,99                  7.134                    

Drainage (Rubber) - - 16.446             91,00              1.496.557       2,81                  46.212                  

Sand 214                            2.240                                  478.898           0,0081 3.879              0,01                  2.442                    

Waterproof foil 2                                930                                     2.204               83,10              183.123          2,54                  5.597                    

Total materials 7.930                         15.947.777      52.084.550     4.886.200             

4. inventOry Of OPtimized museum design - summAry

Museum inventory - summary Current design Optimised design Current design Optimised 
(Minergie-A life cycle) EE (MJ) EE (MJ) CO2 (kg) CO2 (kg)
Product phase 70.350.668               52.084.550               6.733.410                   #######
Construction process Transport 7.942.571                 3.158.929                 554.609                       220.579   

Assembly (+50%) 3.971.286                 1.579.465                 277.305                       110.289   
Total 11.913.857               4.738.394                 831.914                       330.868   

Use phase - - ‐ ‐
End-of-life phase Demolition 3.216.850                 3.216.850                 225.180                       225.180   

Transport 2.519.758                 1.849.942                 176.383                       129.496   
Waste processing  -  -  ‐  ‐
Total (ca. 10%) 8.226.452                 5.682.294                 857.843                       601.098   

Beyond-life phase  -  -  ‐  ‐
Total impact 90.490.977               62.505.239               8.574.140                   #######
Allowed (Minergie-A) 70.898.666               75.218.666               

Difference 19.592.311               -12.713.428              

4320000

% of total
24           
15           
33           
18           
11           
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4. inventOry Of OPtimized museum design

Basement
Garage and archives Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
Concrete

  ‐ Garage floor (2%) 4.860                 0,4 1 1.944                 2500 4.860.000                1,01 4.908.600    0,126 612.360             
  ‐ Externall Walls (2%) 493                    0,4 1 197                    2500 492.800                   1,01 497.728        0,126 62.093               
  ‐ Columns (2%) 0,16                   2,4 96 37                       2500 93.312                     1,27 118.506        0,1455 13.577               
  ‐ Beams  (2%) 156                    0,4 1 62                       2500 155.680                   1,27 197.714        0,1455 22.651               
  ‐ Table (3%) 125                    0,4 4 201                    2500 501.760                   1,53 767.693        0,165 82.790               
Brickwork 915                    0,02 1 18                       1900 34.753                     3 104.260        0,24 8.341                 
Lime  915                    0,005 1 5                         1400 6.402                        5,3 33.930          0,78 4.993                 
Mortar 2                         1650 2.801                        1,33 3.725            0,221 619                     
Steel (reinforcements) Depending on % of concrete 29                       7200 211.855                   29,2 6.186.156    2,77 586.837             
Insulation XPS (archives) 547                    0,1 1 55                       35 1.915                        95 181.944        3,29 6.301                 

Total: 13.000.255  1.400.563         

Rotunda Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
Concrete

  ‐ Columns atrium (2%) 62                       0,314 1 20                       2500 48.984                     1,27 62.210          0,1455 7.127                 
  ‐ Walls structural (2%) 16                       0,314 12 60                       2500 150.720                   1,27 191.414        0,1455 21.930               
  ‐ Infill walls  (1%) 175                    0,14 1 24                       2500 61.152                     1,01 61.764          0,126 7.705                 
  ‐ Elevator walls (3%) 59                       0,314 1 18                       2500 45.970                     1,53 70.333          0,16475 7.573                 
Steel (reinforcements) Depending on % of concrete 2                         7200 17.236                     29,2 503.288        2,77 47.743               

Brickwork

  ‐ Bricks columns atrium 125                    0,02 1 2                         1900 4.742                        3 14.227          0,24 1.138                 
  ‐ Bricks walls structural 32                       0,02 12 8                         1900 14.592                     3 43.776          0,24 3.502                 
  ‐ Infill walls 349                    0,02 1 7                         1900 13.279                     3 39.836          0,24 3.187                 
  ‐ Elevator walls  117                    0,02 1 2                         1900 4.451                        3 13.352          0,24 1.068                 
Lime 975                    0,005 1 5                         1400 6.828                        5,3 36.186          0,78 5.325                 
Mortar 0,94                   1650 1.558                        1,33 2.072            0,221 344                     

Total: 1.038.459    106.644             

Exhibition wing
Structure / walls Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
Concrete

  ‐ Portals atrium (2%) 8                         0,314 12 30                       2500 74.230                     1,27 94.272          0,1455 10.800               
  ‐ Columns (2%) 12                       0,314 12 45                       2500 113.040                   1,27 143.561        0,1455 16.447               
  ‐ Columns corner (2%) 14                       0,314 6 26                       2500 64.056                     1,27 81.351          0,1455 9.320                 
  ‐ Infill walls (large) (1%) 32                       0,14 8 36                       2500 89.600                     1,01 90.496          0,126 11.290               
  ‐ Infill walls (small) (1%) 12                       0,14 12 20                       2500 51.072                     1,01 51.583          0,126 6.435                 
Steel (reinforcements Depending on % of concrete 3                         7200 18.528                     29,2 541.009        2,77 51.322               

Brickwork

‐   Brick portals atrium 8                         0,04 12 4                         1900 7.187                        3 21.560          0,24 1.725                 
  ‐ Bricks (columns) 48                       0,04 12 23                       1900 43.776                     3 131.328        0,24 10.506               
  ‐ Bricks columns corner 50                       0,04 6 12                       1900 22.705                     3 68.115          0,24 5.449                 
  ‐ Infill walls (large exterior) 32                       0,02 8 5                         1900 9.728                        3 29.184          0,24 2.335                 
  ‐ Infill walls (large interior) 32                       0,02 8 5                         1900 9.728                        3 29.184          0,24 2.335                 
  ‐ Infill walls (small exterior) 12                       0,02 12 3                         1900 5.545                        3 16.635          0,24 1.331                 
  ‐ Infill walls (small interior) 12                       0,02 12 3                         1900 5.545                        3 16.635          0,24 1.331                 
  ‐ Lamellae (brick slip) 31                       0,02 18 11                       1900 21.450                     3 64.351          0,24 5.148                 
  ‐ balustrade (large) 5                         0,098 8 4                         1900 7.508                        3 22.523          0,24 1.802                 
  ‐ balustrade (small) 2                         0,098 12 2                         1900 4.279                        3 12.838          0,24 1.027                 

Mortar 7                         1650 11.077                     1,33 14.733          0,221 2.448                 
Lime (mortar) (brick slip) 3.307                 0,005 1 17                       1400 23.149                     5,3 122.688        0,78 18.056               
Insulation

  ‐ Infill walls (large) XPS 32                       0,18 8 46                       35 1.613                        95 153.216        3,29 5.306                 
  ‐ Infill walls (small) XPS 12                       0,18 12 26                       35 919                           95 87.333          3,29 3.024                 
Glass (windows) 12                       0,03 14 5                         2500 12.768                     23,5 300.048        1,35 17.237               
Steel (window frames) 1,09                   0,03 14 0,46                   7200 3.286                        29,2 95.944          2,77 9.102                 

Total: 2.188.585    193.775             
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Basement
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  ‐                                                                                                            

                                                                                              
                                                                                             

                 

Ground Floor Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
  ‐ Holcon prefab concrete 
2*100mm 1.024                 0,2 1 205                    2500 512.000                   1,27 650.240        0,1455 74.496               
  ‐ Steel Depending on % of concrete 5                         7200 36.864                     29,2 1.076.429    2,77 102.113             
  ‐ Bricks 268                    0,038 1 10                       1900 19.332                     3 57.995          0,24 4.640                 
  ‐ Bricks floor 30                       0,02 1 0,59                   1900 1.125                        3 3.374            0,24 270                     
  ‐ Lime (mortar) (brick slip) 30                       0,005 1 0,15                   1400 207                           5,3 1.098            0,78 162                     
  ‐ Mortar 1                         1650 1.649                        1,33 2.193            0,221 364                     
  ‐ Insulation XPS 1.024                 0,14 1 143                    35 5.018                        95 476.672        3,29 16.508               
  ‐ Waterproof foil (DPC foil) 1.152                 0,0003 1 0,35                   930 321                           83,1 26.709          2,54 816                     
  ‐ Sand 140                    0,065 1 9                         2240 20.442                     0,0081 166                0,0051 104                     
  ‐ Drainage (rubber) 140                    1 5 702                           91 63.882          2,85 2.001                 
  ‐ Underlayment  91                       0,022 1 2                         500 998                           15 14.969          0,99 988                     

Total: 2.373.726    202.462             

Floor 1 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
   ‐ Holcon prefab concrete 
2*75mm 464                    0,15 1 70                       2500 174.000                   1,27 220.980        0,1455 25.317               
  ‐ Steel Depending on % of concrete 2                         7200 12.528                     29,2 365.818        2,77 34.703               
  ‐ Bricks floor 30                       0,02 1 0,59                   1900 1.125                        3 3.374            0,24 270                     
  ‐ Brick slip ceiling 30                       0,02 1 0,59                   1900 1.125                        3 3.374            0,24 270                     
  ‐ Mortar 0,11                   1650 181                           1,33 241                0,221 40                       
  ‐ Lime 59                       0,005 1 0,30                   1400 414                           5,3 2.196            0,78 323                     
  ‐ Glass balustrade 129                    0,03 1 4                         2500 9.639                        23,5 226.517        1,35 13.013               
  ‐ Steel balustrade 13                       0,03 1 0,39                   7200 2.776                        29,2 81.060          2,77 7.690                 
  ‐ Steel HEB 300 0,01                   3,7 8 0,44                   7200 3.177                        29,2 92.774          2,77 8.801                 

Total: 996.335        90.426               

Floor 2 (Roof) Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
   ‐ Holcon prefab concrete 
2*75mm 582                    0,15 1 87                       2500 218.216                   1,27 277.135        0,1455 31.750               
  ‐ Steel Depending on % of concrete 2                         7200 15.712                     29,2 458.778        2,77 43.521               
  ‐ Bricks 582                    0,038 1 22                       1900 42.014                     3 126.042        0,24 10.083               
  ‐ Brick slip ceiling 30                       0,02 1 0,59                   1900 1.125                        3 3.374            0,24 270                     
  ‐ Mortar 2                         1650 3.477                        1,33 4.624            0,221 768                     
  ‐ Lime 30                       0,005 1 0,15                   1400 207                           5,3 1.098            0,78 162                     
  ‐ Insulation XPS 582                    0,18 1 105                    35 3.666                        95 348.273        3,29 12.061               
  ‐ Waterproof foil (DPC foil) 582                    0,0003 1 0,17                   930 162                           83,1 13.492          2,54 412                     
  ‐ Underlayment  40                       0,022 1 0,89                   500 445                           15 6.679            0,99 441                     
  ‐ Sand 582                    0,065 1 38                       2240 84.726                     0,0081 686                0,0051 432                     
  ‐ Drainage (rubber) 582                    1 5 2.910                        91 264.769        2,85 8.292                 
  ‐ Glass balustrade 97                       0,03 1 3                         2500 7.245                        23,5 170.258        1,35 9.781                 
  ‐ Steel balustrade 9                         0,03 1 0,28                   7200 1.987                        29,2 58.026          2,77 5.505                 
  ‐ Glass roof 22                       0,03 8 5                         2500 13.231                     23,5 310.933        1,35 17.862               
  ‐ Glass beams 1,11                   0,03 20 0,67                   2500 1.665                        23,5 39.128          1,35 2.248                 
  ‐ Steel HEB 300 0,01                   3,7 8 0,44                   7200 3.177                        29,2 92.774          2,77 8.801                 

Total: 1.306.116    65.996               
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Rotunda
Structure / walls Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
Concrete

  ‐ Columns atrium (2%) 3                         0,314 24 26                       2500 64.038                     1,27 81.328          0,1455 9.318                 
  ‐ Walls structural (2%) 42                       0,314 16 209                    2500 522.496                   1,27 663.570        0,1455 76.023               
  ‐ Columns entrances (2%) 5                         0,314 4 6                         2500 16.077                     1,27 20.418          0,1455 2.339                 
  ‐ Infill walls  (1%) 26                       0,14 8 30                       2500 73.920                     1,01 74.659          0,126 9.314                 
  ‐ External Walls (1%) 42                       0,14 8 47                       2500 116.928                   1,01 118.097        0,126 14.733               
  ‐ Elevator walls (3%) 147                    0,314 1 46                       2500 115.395                   1,53 176.554        0,16475 19.011               
Steel (reinforcements Depending on % of concrete 7                         7200 50.177                     29,2 1.465.167    2,77 138.990             

Brickwork

  ‐ Bricks columns atrium 4                         0,04 24 4                         1900 7.150                        3 21.450          0,24 1.716                 
  ‐ Bricks walls structural 44                       0,04 16 28                       1900 54.088                     3 162.263        0,24 12.981               
  ‐ Bricks columns corners 6                         0,04 4 1,02                   1900 1.946                        3 5.837            0,24 467                     
  ‐ External walls, outside 42                       0,02 8 7                         1900 12.695                     3 38.085          0,24 3.047                 
  ‐ External walls inside 42                       0,02 8 7                         1900 12.695                     3 38.085          0,24 3.047                 
  ‐ Infill walls  26                       0,04 8 8                         1900 16.051                     3 48.154          0,24 3.852                 
  ‐ balustrade 5                         0,098 12 6                         1900 10.473                     3 31.419          0,24 2.514                 

Mortar 6                         1650 9.276                        1,33 12.337          0,221 2.050                 
Lime  2.753                 0,005 1 14                       1400 19.273                     5,3 102.147        0,78 15.033               
Insulation XPS 42                       0,18 8 60                       35 2.105                        95 199.947        3,29 6.924                 
Glass (windows) 36                       0,03 4 4                         2500 10.896                     23,5 256.056        1,35 14.710               
Steel (window frames) 3                         0,03 4 0,34                   7200 2.465                        29,2 71.965          2,77 6.827                 
Glass (entrance) 8                         0,03 2 0,50                   2500 1.238                        23,5 29.081          1,35 1.671                 
Steel (entrance) 0,88                   0,03 2 0,05                   7200 378                           29,2 11.038          2,77 1.047                 

Total: 3.627.657    345.613             

Ground Floor Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
  ‐ Holcon prefab concrete 
2*100 mm 515                    0,2 1 103                    2500 257.359                   1,27 326.846        0,1455 37.446               
  ‐ Steel Depending on % of concrete 3                         7200 18.530                     29,2 541.072        2,77 51.328               
  ‐ Bricks 16                       0,038 1 0,62                   1900 1.170                        3 3.511            0,24 281                     
  ‐ Brick slip 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Mortar 0,13                   1650 211                           1,33 280                0,221 47                       
  ‐ Lime  38                       0,005 1 0,19                   1400 266                           5,3 1.410            0,78 208                     
  ‐ Insulation XPS 515                    0,14 1 72                       35 2.522                        95 239.601        3,29 8.298                 
  ‐ Waterproof foil (DPC foil) 579                    0,0003 1 0,17                   930 162                           83,1 13.425          2,54 410                     
  ‐ Sand 16                       0,065 1 1,05                   2240 2.360                        0,0081 19                  0,0051 12                       
  ‐ Drainage (rubber) 16                       1 5 81                             91 7.376            2,85 231                     
  ‐ Underlayment  65                       0,022 1 1,44                   500 719                           15 10.782          0,99 712                     

Total: 1.148.657    99.318               

Floor 1 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
  ‐ Holcon prefab concrete 
2*75mm 384                    0,15 1 58                       2500 143.882                   1,27 182.730        0,1455 20.935               
  ‐ Steel Depending on % of concrete 1,44                   7200 10.360                     29,2 302.498        2,77 28.696               
  ‐ Bricks slip floor 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Brick slip ceiling 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Mortar 0,14                   1650 233                           1,33 310                0,221 51                       
  ‐ Lime 76                       0,005 1 0,38                   1400 532                           5,3 2.821            0,78 415                     
  ‐ Glass balustrade 26                       0,03 1 0,79                   2500 1.965                        23,5 46.187          1,35 2.653                 
  ‐ Steel balustrade 2                         0,03 1 0,07                   7200 539                           29,2 15.741          2,77 1.493                 

Total: 558.953        54.937               

Floor 2                      
   ‐       

                                                                                     
  ‐                                                                         
  ‐                                                                                               
  ‐                                                                                                         
  ‐                                                                                                         
  ‐                                                                              
  ‐                                                                                                        
  ‐                                                                                                 
  ‐                                                                                                      
  ‐                                                                                                     
  ‐                                                                                                             
  ‐                                                                                                          
  ‐                                                                                                       
  ‐                                                                              

                       

Floor 3 (Roof)                      
   ‐       

                                                                                       
  ‐                                                                                                    
  ‐                                                                            
  ‐                                                                                               
  ‐                                                                                                         
  ‐                                                                              
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  ‐                                                                                                       
  ‐                                                                         
  ‐                                                                                                     
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Rotunda
Structure / walls                      
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Ground Floor                      
  ‐       

                                                                                    
  ‐                                                                               
  ‐                                                                                                     
  ‐                                                                                                       
  ‐                                                                                       
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  ‐                                                                                                
  ‐                                                                                                         
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Floor 1                      
  ‐       

                                                                                     
  ‐                                                                         
  ‐                                                                                                         
  ‐                                                                                                         
  ‐                                                                                       
  ‐                                                                                                        
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  ‐                                                                                                      

                       

Floor 2 Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
   ‐ Holcon prefab concrete 
2*75mm 384                    0,15 1 58                       2500 143.882                   1,27 182.730        0,1455 20.935               
  ‐ Steel Depending on % of concrete 1,44                   7200 10.360                     29,2 302.498        2,77 28.696               
  ‐ Bricks 148                    0,038 1 6                         1900 10.686                     3 32.057          0,24 2.565                 
  ‐ Bricks slip floor 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Brick slip ceiling 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Mortar 0,66                   1650 1.094                        1,33 1.455            0,221 242                     
  ‐ Lime 76                       0,005 1 0,38                   1400 532                           5,3 2.821            0,78 415                     
  ‐ Glass balustrade 26                       0,03 1 0,79                   2500 1.965                        23,5 46.187          1,35 2.653                 
  ‐ Steel balustrade 2                         0,03 1 0,07                   7200 539                           29,2 15.741          2,77 1.493                 
  ‐ Insulation XPS 148                    0,18 1 27                       35 935                           95 88.864          3,29 3.078                 
  ‐ Waterproof foil (DPC foil) 148                    0,0003 1 0,04                   930 41                             83,1 3.442            2,54 105                     
  ‐ Underlayment  36                       0,022 1 0,79                   500 395                           15 5.930            0,99 391                     
  ‐ Sand 148                    0,065 1 10                       2240 21.618                     0,0081 175                0,0051 110                     
  ‐ Drainage (rubber) 148                    1 5 742                           91 67.557          2,85 2.116                 

Total: 758.124        63.492               

Floor 3 (Roof) Surface (m2) Thickness (m) Amount (x) Volume (m3) Specific weight (kg/m3) Weight (kg) EE [Mj/kg) EE (MJ) CO2 (kg/kg) CO2 total
   ‐ Holcon prefab concrete 
2*75mm 235                    0,15 1 35                       2500 88.203                     1,27 112.018        0,1455 12.834               
  ‐ Concrete beams (3%) 28                       0,46 1 13                       2500 32.082                     1,53 49.086          0,16475 5.286                 
  ‐ Steel Depending on % of concrete 1,27                   7200 9.123                        29,2 266.378        2,77 25.269               
  ‐ Bricks 235                    0,038 1 9                         1900 16.982                     3 50.946          0,24 4.076                 
  ‐ Brick slip ceiling 38                       0,02 1 0,76                   1900 1.445                        3 4.334            0,24 347                     
  ‐ Mortar 0,83                   1650 1.369                        1,33 1.820            0,221 302                     
  ‐ Lim 38                       0,005 1 0,19                   1400 266                           5,3 1.410            0,78 208                     
  ‐ Insulation XPS 235                    0,18 1 42                       35 1.482                        95 140.772        3,29 4.875                 
  ‐ Waterproof foil (DPC foil) 235                    0,0003 1 0,07                   930 66                             83,1 5.453            2,54 167                     
  ‐ Underlayment  29                       0,022 1 0,64                   500 319                           15 4.790            0,99 316                     
  ‐ Sand 235                    0,065 1 15                       2240 34.246                     0,0081 277                0,0051 175                     
  ‐ Drainage (rubber) 235                    1 5 1.176                        91 107.019        2,85 3.352                 
  ‐ Glass roof 95                       0,03 1 3                         2500 7.127                        23,5 167.496        1,35 9.622                 

Total: 911.799        66.827               
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5. inventOry Of thermAl PrOPerties

Current wall structure - XPS

Current wall structure - additional EPS

Current wall structure - EPS

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          
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Traditional brick cavity wall

Timber framing

Leno building system

Prefabricated concrete sandwich elements

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          

Thickness (m) λ-value R-value λ‐value=thermal conductivity coefficient 
Rw-internal 0,13 R‐value=thermal resistance
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,15 0,035 4,29          Current wall (PIR)
Cavity 0,07 0,17 Polyvinylchlorideschuin (PVC‐schuim)
Etherbacker board 0,008 0,36 0,02          Resolschuim
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,42                  4,78          Metselwerk (inclusief voegen) 

Baksteen 1800
Thickness (m) λ-value R-value Baksteen 1900

Rw-internal 0,13 Baksteen 2000
Brick slip (internal) 0,019 0,9 0,02          Baksteen 2100
Etherbacker board 0,008 0,36 0,02          Baksteen 2200
Concrete 0,14 1,8 0,08          
Insulation (EPS) 0,22 0,035 6,29          Current wall thicker
Cavity 0,07 0,17 EPS
Etherbacker board 0,008 0,36 0,02          XPS
Brick slip (external) 0,019 1,2 0,02          PUR
Rw-external 0,04
Total 0,49                  6,78          Etherbacker=calciumsilicaatplaat

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Etherbacker board 0,008 0,36 0,02          
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Current wall XPS
Cavity 0,07 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,45                  7,17          

Thickness (m) λ-value R-value
Rw-internal 0,13 λ‐value=thermal conductivity coefficient 
Brick slip (internal) 0,019 0,9 0,02          R‐value=thermal resistance
Concrete 0,14 1,8 0,08          
Insulation (XPS) 0,18 0,027 6,67          Ontwerp Sandwich
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,36                  6,95          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick   (internal) 0,1 0,9 0,11          
Insulation (XPS) 0,18 0,027 6,67          Traditional Brick
Cavity 0,06 0,17
Brick  (external) 0,1 1,2 0,08          
Rw-external 0,04
Total 0,44 7,20          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          
Leno 0,153 0,13 1,18          Leno
Insulation (XPS) 0,15 0,027 5,56          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,35                  6,94          

Thickness (m) λ-value R-value
Rw-internal 0,13
Brick slip (internal) 0,019 0,9 0,02          woodframe
Etherbacker board 0,008 0,36 0,02          
Insulation (EPS) 0,15 0,034 4,41          
OSB 0,009 0,13 0,07          
Insulation (XPS) 0,05 0,027 1,85          
Cavity 0,03 0,17
Etherbacker board 0,008 0,36 0,02          
Brick slip (external) 0,019 1,2 0,02          
Rw-external 0,04
Total 0,30                  6,75          
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Tussenkopje
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