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Circular building is a radically different approach to the construction and demolition sector, since it applies the
assumptions of circular economy, that is restorative or regenerative by intention and design, instead of the
currently dominating linear one. This is different to earlier efforts on trying to reduce the environmental impact
of the built environment, that have mainly focused on the energy use and energy efficiency of buildings, ergo
on the use phase of buildings. Circular building takes a larger, system point of view, includes the end-of-life
phase in the design and applies different ownership models.
Management of resources and their quality, both materials and energy, is in the very core of circular building,
where all products are part of a circular model. Hence, they can be either reused or recycled in different reuse
loops or brought safely back to the nature. All energy that is needed to fuel the cycles of a circular economy
is produced with renewable energy. Circular building also promotes flexibility, since it allows buildings to
change over time, without wasting valuable materials that are invested in them. There is already a number of
executed pilot projects that are done according circular building, as well as examples of flexible buildings.
While the built environment represents a great stock of used natural resources, there are buildings that become obsolete far before their technical lifespan come to an end. This is the case especially with office buildings. Adapting obsolete office buildings to serve currently needed functions such as housing, instead of demolishing them, not only saves the environment, but also requires less capital than constructing new. With the
perspective of circular building, this thesis analyses an existing obsolete office building and designs its circular
transformation.
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Terminology

Circular economy:
An economy that is restorative or regenerative by intention and design, where products are part of
different reuse and recycling loops, instead of being discarded after their use.
Circular building:
A way of building that applies the principles of circular economy.
A circular building:
A building that is built and operates according circular building theories.
Circular transformation:
A transformation project that is done according circular building theories.
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case especially with office buildings (Dynamis,

1

Introduction

The world is facing a growing risk of depletion
of raw materials due to the current ’take-makedispose’ pattern of the existing linear economy. On the other hand, there is an increasing

2016). Adapting obsolete office buildings to
serve currently needed functions such as
housing, instead of demolishing them, not only
saves the environment, but also requires less
capital

than

constructing

new

(Suomen

Itsenäisyyden Juhlarahasto, 2014).

volume of waste streams entering landfills, although a large amount of this material could be
reused or recycled. (Ellen MacArthur Foundation, 2013.)

This thesis project investigates the possibilities of transforming obsolete office buildings in
a sustainable way, with applying theories on
circular building. The research part of the pro-

Replacing the existing model of linear economy, where products are manufactured, consumed and then discarded with a circular one,
that is restorative or regenerative by intention
and design, is offered as a solution to the sus-

ject analyses theories on circular building and
already made circular buildings. After gaining
knowledge on circular building, a case building
is studied and a design for its circular transformation is done.

tainability issues of current economy (Ellen
MacArthur Foundation, 2013).

The main research question main research
question of this thesis is: How can obsolete of-

The building industry is playing an important
role in introducing circular economy into its
policies, since buildings are responsible for a
third of all global energy use, and for 25-40 per
cent of global carbon dioxide emissions (Pom-

fice buildings be transformed applying the theories on circular building? In order to approach
the answer to the main research question in a
systematic and logical way, a chain of steering
sub-questions is set.

poni et al., 2016). In addition, 40 per cent of all
material entering the global economy is building related, and only an estimated 20-30 per

Sub-questions of the research are the following:

cent of this material is reused or recycled at
the end of a building’s life cycle (Leising et al.,

1. What is circular building?

2017).

2. What can we learn from already made
circular buildings?

While the built environment represents a great

3. What is the current state of the case
building ‘Hoge Karspel’?

stock of used natural resources, there are
buildings that become obsolete far before their
technical lifespan come to an end. This is the

4. What would a circular ‘Hoge Karspel’
be like?

2

5. Which measures are needed in order
to turn ‘Hoge Karspel’ into a circular
building?

Result of the thesis project is a report explaining ways how obsolete office buildings can be
transformed applying theories on circular
building, including an example design for a circular transformation of a case building.
The research has a broad and general scope
on the chosen aspects, giving an overall perspective rather than going into much detail in
the different variables. Also, since the theories
on circular building industry are relatively recent, the research focuses mainly on the current state of building industry and the future visions, instead of analyzing the history.
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2

Circular Building

where buildings are considered as resource
banks, in which the developers have their ma-

'A circular building is a temporary
aggregation of components, elements, and materials with a documented identity, recording their
origin and possible future repurposing, assembled in a certain form,
which accommodates a function for
an established period of time'. (Ellen
MacArthur Foundation, 2016.)

Circular building is a radically different approach to the construction and demolition sector, since it applies the assumptions of circular
economy, instead of the currently dominating
linear one, where products are produced, consumed, then discarded (Ellen MacArthur
Foundation, 2013 & Circle Economy et al.,
2014). It offers solutions to the negative influences of current way of construction and demolition, as well as to the sustainability issues of
the use phase of buildings. Also, since circular
building aims to reduce the demand of virgin
material resources, it allows the coexistance of
economic prosperity and increasing scarcity of
natural resources. (Circle Economy et al.,
2014.)
Different to earlier efforts on trying to reduce
the environmental impact of the built environment, that have mainly focused on the energy

terials and components stored. Hence, the developer remains the owner of these resources
and the user of the building only pays for the
usage. (Circle Economy et al., 2014.) In this
scenario, a so-called ’resource passport’ is
used to keep track of materials and to manage
the take-back of materials at the end phase of
building’s life-cycle (Leising et al., 2017).
In circular building, buildings are designed in
such a way, that their lifespans are maximised,
and that disassembly of materials and components and their reuse is optimised. Circular
buildings provide space for different functions,
that can change over the buildings’ lifespan.
They can be modified technically or aesthetically to match the changing demands. Environmental impact of the building’s usage
phase is minimised by lowering the demand of
energy and by using only renewable energy
sources. In a circular construction sector, the
existing supply of buildings and infrastructure
is optimised, making efforts to avoid vacancy
of buildings, which is at the moment the biggest

inefficiency

in

the

sector.

(Circle

Economy et al., 2014.)

use and energy efficiency of buildings, ergo on
the use phase of buildings, circular building

2.1

Material use

takes a larger, system point of view, with focus
on the whole life-cycle of a building. It aims to

Regarding material use, reducing the need for

optimise the building’s useful lifetime, includes

virgin materials for construction is emphasized

the end-of-life phase in the design and applies

in circular building, since the negative effects

different ownership models. (Leising et al.,

of construction is largely caused by the mate-

2017.) A new ownership model is introduced,

rial use phase. Harvesting, production and

4

Figure 1. Ellen MacArthur Foundation, 2013.

transportation of materials require energy and

and toxicity is produced. (Ellen MacArthur

cause damaging CO2 emissions. Minimising

Foundation, 2013.)

the negative effects of material use can be
done by using reused products and recycled

Also, a clear distinction of consumable and du-

materials in the production of building compo-

rable components of products exists within the

nents, instead of harvesting virgin materials.

circular economy. Consumable, short-lived

(Circle Economy et al., 2014.)

components are made of non-toxic, biological
materials, that can be safely brought back to

In the circular model even recycling is avoided,

the biosphere after their use. Durables, com-

and disassembly and reuse is favored. This is

ponents that are made of technical materials

done by designing products for disassembly

like metals and plastics, are the ones designed

and reuse, a way of designing out future

for reuse. In a circular economy waste does

waste. The less intervention is needed in order

not exist, since materials are brought back to

to reuse a product, the less material, labour,

either biological or technical materials cycle.

energy and capital embedded to the product is

(Ellen MacArthur Foundation, 2013.)

lost, and the less greenhouse gas emissions

5

2.1.1

Cradle to Cradle

biological nutrients and technical nutrients,
which allows different material flows to return
in their own cyclical systems (Braungart et al.,

Cradle to Cradle, introduced by chemist Mi-

2008. 93). Mixing of these nutrients results in

chael

William

difficulties of salvaging either the technical or

McDonough in 2002 in the book Cradle to Cra-

biological materials, instead the product ends

dle – Remaking the way we make things, is

up at a landfill, where its valuable nutrients are

one of the schools of thought behind circular

lost (Braungart et al., 2008. 99). Materials that

economy (ellenmacarthurfoundation.org), and

go into the biological metabolism cannot con-

its principles have been adopted into circular

tain mutagens, carcinogens, persistent toxins

building projects, such as office park Park

or other substances that harm the biological

20|20 in Hoofddorp, Netherlands (Leising et

metabolism, and on the other hand, mixing bi-

al., 2017). Cradle to Cradle explains a cyclical

ological nutrients with technical ones weaken

way of using materials, where all parts of a

the quality of a product. Some materials that

product can be safely returned either in the bi-

cause harm to the biosphere, can be safely cy-

osphere or technosphere, at the end of a prod-

cle in the technosphere. (Braungart et al.,

uct’s life-cycle (Braungart et al., 2008).

2008. 99.)

Braungart

and

architect

Eco-effectiveness is a term used in the con-

‘A biological nutrient is a material or
product that is designed to return to
the biological cycle – it is literally
consumed by microorganisms in the
soil and by other animals.’ (Braungart et al., 2008. 105.)

cept, it is introduced as a better option for ecoefficiency, where the bad linear model is only
made more efficient, trying to minimize energy
and material flows and therefore doing less
bad. However, this only delays the damage,

Products made of biological nutrients are bio-

whereas eco-effectiveness creates new mate-

degradable, and can be tossed on the ground

rial metabolisms, and transforms products and

or composted, bringing the nutrients safely

material flows, in order to reach a viable inter-

back to the soil. Consumable products such as

action between ecological systems and eco-

packaging of shampoo, toothpaste and food,

nomic growth. (Ellen MacArthur Foundation,

do not need to last for long periods of time, and

2013.)

therefore most of them can be designed as biological nutrients. (Braungart et al., 2008.

The main ideas of Cradle to Cradle is that

105.)

waste does not exist. Instead, waste is seen
as food, as a nutrient for something else,
which is a principle derived from the systems
of nature (Braungart et al., 2008. 92). Cradle
to Cradle promotes a strict separation of

’A technical nutrient is a material or
product that is designed to go back
into the technical cycle, into the industrial metabolism from which it
came.’ (Braungart et al., 2008. 109.)
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Figure 2. McDonough.com.

Chemicals like plastics and metals are part of

project, the building represents a ’resource

the technosphere (Braungart et al., 2008.

bank’ with a ’resource passport’, that is used

110), useful to the systems of idustrial pro-

for the tracking and take-back management of

cesses (Braungart et al., 2008. 93). Some of

the materials (Leising et al., 2017).

the chemicals used for instance in televiosions
or computers, are non-toxic, valuable nutrients

Another main philosophy of Cradle to Cradle,

for the technosphere. If not mixed with biolog-

related to construction of human environment

ical nutrients or lost at the ladfill, these materi-

is “respect diversity”. This diversity includes bi-

als can be reused multiple times for high-qual-

odiversity, diversity of natural species, but also

ity products like car parts or medical devices,

diversity of place and of culture and diversity

ergo they can be upcycled, maintaining their

of desire and need. (Braungart et al., 2008.

value, rather than downcycled into less valua-

119.) Respecting diversity, opposite to build-

ble products. (Braungart et al., 2008. 110.)

ing in a uniform way, regardless of location,
means working with a strong connection to the

For the cyclical use of technical nutrients to be

place. It means engaging with local material

practical, new ownership models must be in-

and energy flows and with local social, cultural

troduced, replacing the purchase of a product

and economic characteristics (Braungart et al.,

with buying a service. In this new scenario,

2008. 122), and rather inviting local natural

customer pays for the use of a product which

species into the cultivated landscapes than

is, after the customer has finished with it, taken

eliminating them (Braungart et al., 2008. 120).

back and possibly replaced by the company
that made it. The company will then break

Finally, in addition to the reuse of materials,

down the product and use the materials in the

Cradle to Cradle promotes the use of renewa-

manufacturing of new products. (Braungart et

ble, natural energy flows from the sun, wind

al., 2008. 111.) In a Cradle to Cradle building

and water, in the heating and cooling of
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buildings. Capturing these local energy flows

model is to prevent waste from existing in the

with intelligent design, merging ancient and

first place. (Entrop, 2009.)

new technologies, instead of carelessly con-

The seven steps of Ladder of Lansink are the

suming fossil fuels, is a sustainable approach

following:

that also reconnects us to the nature’s system,
where all biological systems feed on energy
from the sun alone. Also, producing energy

1. Prevention: try to create as little waste
as possible.

with local small-scale solutions, such as a

2. Consideration of the raw materials: use

small power plant that is designed for three city

raw materials which do not harm the

blocks, a small-scale windmill for a family

environment after product usage.

farm, or solar collectors on the roof of a building, would add resilience to the energy supply

3. Product reuse: try to reuse a product in
its original state as often as possible.

system, prevent energy losses during the

4. Material recycling: when the product

transmission, and help exploiting waste heat

cannot be used in its original form, then

from energy production. (Braungart et al.,

try to recycle its materials.

2008. 119-138.)

5. Combustion as a source of energy:
when the product is assigned to be

2.1.2

Ladder of Lansink

waste, then it can be incinerated in order to generate heat and electric
power.
6. Combustion: less favourable is to burn
the waste without the generation of
heat and electric energy.
7. Landﬁll: the least preferable option for
disposing of products and materials.
(Entrop, 2009.)
Similar steps are explained in the waste man-

Figure 3. Ladder of Lansink. Recycling.nl.

agement hierarchy in the European Comission’s 2008/98/EC - Waste Framework Di-

Ladder of Lansink is a seven-step model for

rective, which guides the waste management

waste management, introduced by Member of

of the European Union Member Countries

Parliament Lansink in the late 70’s in the Neth-

(ec.europa.eu). In the waste hierarchy of

erlands, where it was adopted into the law on

Waste Framework Directive, management of

environmental conservation. It presents the

waste is prioritised as follows:

most and least preferable ways of coping with
waste, and the main goal suggested in the

8

1. Prevention.
2. Preparing for re-use.
3. Recycling.
4. Other recovery, e.g. energy recovery.
5. Disposal.
(European

Parliament

and

Commission,

2008.)

Figure 4. Waste management hierarchy. Ec.europa.eu.
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2.2

Energy consumption

In circular building, one of the key things is to
reduce the environmental impact of the use
phase of the building, by lowering the demand
for electricity, heating and water (Cirle Economy et al., 2014). In addition, all energy

Incoming flows:
1. Prevent unnecessary use.
2. Use endless sources, for example, wind
energy, solar energy, loam and wood.
3. Use the sources which are not endless,
as efﬁcient as possible.

needed to fuel the cycles of circular economy
should be from a restorative, renewable

Outgoing flows:

source such as the sun, wind or water. This
not only avoids the use of polluting fossil fuels,

1. Preventing waste.

but also decreases resource dependence and

2. Reuse of waste.

therefore increases system resilience. (Ellen
MacArthur Foundation, 2013.)

2.2.1

Trias Energetica

3. Disposing waste wisely.
(Entrop, 2009.)
Lysen’s proposal for sustainable energy use,
Trias Energica, had same aspects than in

Trias Energetica is an internationally adopted,

Duijvestein’s model of incoming flows:

three-step strategy for sustainable use of natural resources and energy. It was created as a
combination of a model of priorities for sustainability measures for the building industry,

1. A continuing improvement in energy
efﬁciency

made by Duijvestein in 1993, and of similar

2. A bigger use of sustainable energy
sources

strategy for sustainable energy use called

3. A cleaner use of remaining fossil fuels

‘Trias Energica’, by Lysen in 1996. (Entrop,
2009.)
In Duijvestein’s scheme, that has similarities to
the before mentioned, earlier in 1979 introduced Ladder of Lansink, the incoming and
outcoming material and energy flows of a
building project were considered separately,
and measures for sustainability were ranked in
a following order:

(Entrop, 2009.)
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These two models lead to the internationally

the end of year 2020. Therefore, it commands

used Trias Energetica:

its Member States to ensure that by the end of
2020, all new buildings are nearly zero-energy

1. prevent the use of energy by reconsidering the energy use (’Energieverbruik beverken’)
2. use sustainable energy sources as widely
as possible (’Duurzame energie’)
3. when there still remains an energy demand, then use fossil fuels as efﬁciently
as possible (’Efficiënt energiegebruik’)
(Entrop, 2009.)

buildings, and that by the end of 2018, all new
public buildings are nearly zero-energy buildings. (EU, 2010)
‘‘Nearly
zero-energy
building’
means 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.’ (EU, 2010)

The Directive requires each Member State to
come up with a national plan for increasing the
amount of nearly energy-zero buildings, and to
develop policies that help stimulating the
transformation of buildings into nearly zero-energy buildings. These measures aim to the reduction of both energy consumption and carFigure 5. Trias Energetica - In Dutch. Triasenergetica.nl.

2.2.2

Zero-energy building

As mentioned above, circular building principles include efficient use of energy, that is produced from renewable sources. Hence, its
ideas on energy consumption are in line or
even surpass the European Union’s Directive
on the energy performance of buildings, Directive 2010/31/EU. In order to reach the target of the Kyoto Protocol to the United Nations
Framework Convention on Climate Change,
EU aims to reduce greenhouse gas emissions
by at least 20 % below the levels of 1990, by

bon dioxide emissions. (EU, 2010)
There is not yet a commonly agreed, international definition of ‘Zero-energy building’ or a
calculation methodology, which the concept
would need for being fully implemented in the
Member States’ national building codes and
international standards. (Marzal et al., 2010.)
One of the definitions is from Laustsen, in the
2008 International Energy Agency report on
buildings is: ‘Zero Net Energy Buildings are
buildings that over a year are neutral, meaning

11

Figure 6. Principles for sustainable nearly Zero-energy Building in the EU. (Ecee, 2014.)

that they deliver as much energy to the supply

Even though in both countries it is possible to

grids as they use from the grids.’ (ecee, 2014.)

compensate the total energy consumption with
renewable energy, both in the Netherlands

In the national plans for increasing nearly

and in Finland there are limits for maximum U-

zero-energy buildings, the Member States in-

values for the building envelope of new build-

troduce their definition of the nearly zero-en-

ings, and they are announced on the national

ergy building and the assessment methods

building decrees. In the Netherlands, the max-

they use. In the Netherlands, the energy per-

imum U-value for the closed building envelope

formance of a building is indicated with ‘En-

is 0.29 W/m²K and in Finland the similar num-

ergy Performance Coefficient’, or ‘EPC’, and

ber is 0.30 W/m²K. For windows and doors, the

the EPC for zero-energy building is 0. (EC,

Dutch accept maximum 1.65 W/m²K, and in

2011.) In Finland, the total annual energy use

Finland there is a limit of 1.8 W/m²K for win-

of a building is calculated, and expressed as

dows. (EC, 2011 & Finnish Ministry of the En-

an E-rating (EC, 2012). In both countries, the

vironment, 2010.)

net energy consumption is considered, with renewable energy produced on site subtracted
from the total consumption (EC, 2012 & EC
2011).
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2.3

Flexibility

are continually refined and reshaped by their
occupants, and architects should be artists of

In addition to designing new buildings accord-

time as well as space. (Lifschutz, 2017.) Build-

ing to circular principles, optimising and reus-

ings are not stagnant, but they change often

ing the existing building stock is one of the

even faster than people do. Architects tend to

main things in transforming the construction

design perfect buildings that are not changea-

sector from linear to circular. Priority should be

ble, but people will adapt them to their needs.

given to renovation and refurbishing above

(Brand, 1994.)

new construction (Circle Economy et al.,
2014), because existing buildings represent

Stewart Brand and Frank Duffy defined differ-

an important investement of resources and

ent layers of a building that change at different

carbon emissions (Lifschutz, 2017). Retrofit-

rates over time, the ‘Shearing Layers’. Each

ting or recycling of already made buildings can

of these layers have their own technical, func-

be an environmentally better option than con-

tional and economic life-span. Six different lay-

structing new, even highly energy efficient

ers are identified:

building stock (Lifschutz, 2017).
1. Site
Designing buildings that are flexible and that
can be adapted to serve another function or
changed used demands, adds the future
value, sustainability and financial performance
of a building (Geldermans, 2016). A building
that is not flexible or adaptable to different
functions, will have restrictions on its future
use, and this will lower its economic value

2. Structure
3. Skin
4. Services
5. Space plan
6. Stuff
(Geraedts, 2016.)

(Saari et al., 2006). Specific design solutions
that add flexibility are listed in the chapter Flex
4.0, that introduces an assessment tool for
evaluating the adaptive capacity of buildings.

2.3.1

Shearing Layers

Stewart Brand addresses the buildings’ ability
to change over time and to host changing functions in his book How Buildings Learn, published in 1994. Buildings work best when they

Figure 7. Shearing Layers of Change. Brand, 1994.
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Site represents the legally defined lot, ergo the

2.3.2

Open Building

location of the building, which is eternal. Structure consists of the building’s foundation and

Open building approach, in which adaptivity of

lead bearing walls, and they are estimated to

buildings is in the very core, derives from the

last from 30 to 300 years. Skin of the building

ideas of John Habraken, and was introduced

refers to its facades and roof, the exterior fin-

in the 1970’s in the Netherlands. Mostly focus-

ishing, that is commonly upgraded or changed

ing on housing, its goal was to fight the rigidity,

every 20 years. Services include heating, ven-

uniformity and lack of sustainability of the mas-

tilation, air conditioning, communication and

sive housing projects executed after WWII.

electrical wiring, and they get old after 7 to 15

Open building concept points out, that build-

years. Space plan stands for the interior plan

ings are never finished, and that they should

of the building, including walls, doors, ceiling

be possible to be transformed by their occu-

and floors. (Geraedts, 2016.)

pants (Lifschutz, 2017). This differs from the
top-down planning, where investors make de-

Separation of these different layers increase

cisions on the whole building, including the

adaptivity since the slower layers like structure

floor plans of apartments (Geldermans, 2016).

do not prevent the faster ones from changing
(Brand, 1994). To reach circularity, only build-

In his book The supports and the people – the

ing components that can be reused according

end of mass housing, Habraken distinguishes

to their own time loops should be chosen (Gel-

the structure and collective spaces, so-called

dermans, 2016).

base building, from the changeable apartment
layout, so-called infill or fit-out. Decision power

Figure 8. Distinction between Base building and Fit-out. Geldermans, 2016.
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is distributed to the investors and the users of

the base building and fit-out of Habraken.

a building, giving the user control over his or

Also, the earlier explained Shearing Layers

her own private living area, allowing to make

theory by Brand and Duffy, is used for distin-

interventions into the apartment. Regarding

guishing different building components with

the base building, decision power remains at

differing

the investor. Hence, the investor is responsi-

2016.)

functional

life-cycles.

(Geraedts,

ble for the long lifespan, fixed and architecturally strong main structure. (Geldermans,
2016.)
The user-adaptivity and anticipation of occupancy changes, decreases the risk of the

‘The adaptive capacity of a building
includes all characteristics that enable the building to keep its functionality through changing requirements
and circumstances, during its entire
technical life cycle and in a sustainable and economically profitable
way.’ (Geraedts, 2016.)

building becoming obsolete, and therefore the
investment will retain or increase its value,

Flex 4.0 has 44 indicators that are divided in

while ensuring the building’s intended long

two categories: generally applicable and spe-

lifespan. It also increases diversity and helps

cifically applicable. The generally applicable

keeping up with the changing needs of inhab-

category includes 12 indicators that assess

itants, maintaining the cities vibrant and liva-

the support part of the building, which is inde-

ble. (Geldermans, 2016.)

pendent of the type of the building. Remaining
32 indicators measure the infill part of the
building, and they are specifically applicable

2.3.3

Flex 4.0

for certain type of real estate. They are based
on research on school and office buildings.

Flex 4.0 is an instrument for assessing the
flexibility of buildings, giving a flexibility score
derived from different indicators that measure
the adaptive capacity of a specific building. It
is a product of a research team at the Delft
University in the Netherlands, where it was developed after working on several precedent
versions. The stimulation for creating an assessment tool for flexibility was, that although
adaptive buildings are known to be ecological,
there was no tool for measuring this particular
feature. Flex 4.0 is based on the theories on
the above mentioned, support and infill, ergo

(Geraedts, 2016.)
Each flexibility feature is scored from 1 to 4,
from bad to best, after which the received values are put into assessment forms, that give
default weighting factors by which the values
are multiplied. The weighting factors vary similarly from 1, not important to 4, very important.
The combined score from the assessment
form gives a total flexibility score that indicates
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Figure 9. Assessment form and Class table for flexibility scores. Geraedts, 2016.

the adaptive capacity of the building. The flex-

possible functions that can be adopted in the

ibility of the building is placed into one of the

building. (Geraedts, 2016.)

five flexibility categories, shown on a separate
table, varying from 1, not flexible at all to 5, ex-

When it comes to the structure or the building,

cellent flexible. (Geraedts, 2016.)

increased amount of floor area and floor height
inside, increases the possibilities for transfor-

Different characteristics that increase adaptiv-

mation to other functions, and possibilities for

ity are explained on the Flex 4.0 form, giving

rearrangement, necessary to meet new de-

an overall idea on flexible design. The indica-

mands. Concerning accessibility, the more

tors consider all different Shearing layers of

separately placed entrances the building has

the building, from ‘site’ to ‘space’. ‘Stuff’ layer,

for entering different wings or units, the more

meaning the furniture etc., is included in the

easily it can be changed. Also, the more the

‘space’

building has stairways and elevators, and the

layer,

ergo

the

interior

layout.

(Geraedts, 2016.)

easier these can be added in the structure, the
better

Regarding the site, the more extra space there

the

building can

be

rearranged.

(Geraedts, 2016.)

is around the building, and the more centrally
the building is placed on the lot, the better the

If the floor plan is open from obstructing load

building can be expanded. The surrounding

bearing construction, it is more adaptable for

environment and urban structure affect the

different use. When columns are used, the
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best is to use square shaped ones, while

being part of the infill of the building. The sur-

round shaped columns are the least favorable.

plus of component capacity and surplus size

Use of modular or standardized, project inde-

of shafts add possibilities for future use. It is

pendent building components, having margins

also better, if the facility sources are located

in the zoning system, and having surplus of

outside of the building at city level, and if the

lead bearing capacity in the structure, all have

distribution does not need specific distribution

a positive effect on the flexibility. Equally, sur-

equipment. (Geraedts, 2016.)

plus of fire resistance of the load bearing structure leads to increased flexibility. (Geraedts,

When it comes to adding flexibility of the

2016.)

space, ergo the interior layout, a distinction between the infill and support is important. De-

It is best, if the facility zones or shafts are

mountable components in user units and inner

placed at unit level, rather than centrally. The

walls, and dry and project independent, un-

more the building can be expanded horizon-

bound connection details between compo-

tally or vertically, or the easier parts of it can

nents, are all flexible solutions. On the con-

be rejected, the more options it offers for trans-

trary, penetrating connections or wet connec-

formation. Good thermal and acoustic insula-

tions made with mortar, sealant or glue de-

tion between storeys equally enhance the

crease the adaptive capacity. Extra floor

adaptive capacity. (Geraedts, 2016.)

height gives the possibility to add suspended
ceilings or raised floors. The best option for

Regarding the skin, or the façade, large, hori-

horizontal access of building units is having a

zontally continuous open surfaces increase

central core or external gallery. (Geraedts,

flexibility, together with their connection to a

2016.)

planning grid. The higher the daylight factor
and the more windows can be opened, the
more options there are for rearrangement. Demountable components and good insulation
on the façade also make the building better for
possible changes. (Geraedts, 2016.)
The services, or the facilities, including heating, ventilation, water, air-conditioning and
electricity, support circularity the most if they
are placed separately at unit level, and if they
can be controlled, customized and measured
at unit level. Facilities should be accessible,
and components should be demountable,
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2.4

Conclusions
There are theories on how to make adaptable

Management of resources and their quality,

buildings, most famous ones being Ha-

both materials and energy, is in the very core

braken’s support-infill theory behind the Open

of the concept of circular building. For circular

building concept, and the Shearing layers the-

building to be economically viable, it needs

ory of Brand and Duffy. Even though flexibility

new business and ownership models, which

can be directly linked to sustainability, there

require new ways of thinking among the many

had not been a plausible tool for measuring

different parties in the construction sector,

this feature, until the assessment tool Flex 4.0

since it does not offer quick profit in the same

was introduced in 2016. Adaptation of Flex 4.0

way as the linear model. Instead, it offers op-

into the international sustainability measuring

portunities to companies that are looking fur-

procedures, would be one of the next steps in

ther into the future, aiming for long-term pros-

going towards a widespread circular building

perity and resilience, in the economy that is

industry.

facing challenges such as resource depletion.
Other than avoiding the negative effects of
Buildings will easily outlive us humans, and in

new construction, circular building aims to re-

the ever-changing world, they are forced to

duce the environmental impact of the opera-

transform constantly. Adaptivity is an im-

tional phase of the building, much like the ear-

portant aspect when designing a circular build-

lier attempts to reduce the construction sec-

ing, since it increases the building’s ability to

tor’s environmental impact. For this, a good

change over time. Good adaptive capacity

rule of thumb is the Trias Energetica model,

prevents a building from becoming obsolete,

which suggests that the key measure in sus-

because it can be modified to serve different

tainable use of resources is prevention of en-

functions, or to reach the modern day’s de-

ergy use, second one is the use of renewable

mands.

energy, and the last solution should be the use
of fossil fuels, but as efficiently as possible.

An important amount of resources and labor is

With circular building principles fully imple-

invested in the built environment, and build-

mented, the last option of Trias Energetica

ings are also responsible for a large amount of

would not exist anymore, since only renewable

carbon dioxide emissions produced during

energy is used.

their material production and construction.
Therefore, making the most of the existing

Similarly, the least preferable option from the

building stock and avoiding vacancy, should

waste management model, Ladder of Lansink,

be favored over new construction. Naturally,

would become history in the case of circular

flexible buildings can be utilized better than

building, since no more waste going to the

unchangeable and rigid ones.

landfills would exist. Like explained in the
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Cradle to Cradle approach, all waste is food

been thought about, in order to avoid the

for something else, which ultimately eliminates

waste of valuable resources.

the very existence of the concept of waste. By
making design choices that include only pure

A circular building industry would dramatically

materials, that are separated into biological

reduce the built environment’s environmental

and technical nutrients, and by choosing com-

impact, and it would also have economic ad-

ponents that can be disassembled without in-

vantages. The absence of waste would elimi-

tervention with other layers of the building, ar-

nate landfill costs, and with less virgin re-

chitects would design out waste, while allow-

sources needed, companies would save

ing future changes to be done in the building.

money and be less dependent on resource
markets. This would increase resilience, when

The role of architect is inevitably different in a

facing scarcity and a growing demand of re-

circular construction sector, where user-adap-

sources, that is caused by population and wel-

tivity is considered important. In the Open

fare growth, together with the limited amount

building concept, architect can still be asked to

of virgin materials.

design the user unit, or the infill part, but the
main role of architect is to design the support

Opposite to some, very negative visions on the

part, meaning the base building that includes

world’s future, Cradle to Cradle suggests, that

the main structure and collective spaces. Also,

it is possible to ‘remake the way we make

as Brand suggests in his book How buildings

things’ in such a way, that economic growth

learn, buildings are never finished, and they

and ecological diversity are able to coexist.

will not remain as the perfect masterpieces

Reforming our systems can make economic

that architects often intend them to be.

prosperity an inherent part of nature’s processes, rather than being a threat to the envi-

Building regulations in the European Union,
regarding energy consumption are increasingly strict, while the EU is attempting to reach
the sustainability goals set by the Kyoto Protocol to the United Nations Framework Convention on Climate Change. The European Union’s requirements for new buildings to be
nearly zero-energy buildings, are fulfilled in circular building, where sustainability is taken
even further than required. In circular building,
not only efficiency and use of renewable energy is considered, but also the end of a building’s life-cycle and reuse of products have

ronment.
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3
3.1

Reference buildings
Liander Office

Figure 10. Liander Office. Rau.eu.

Liander office complex in Duiven Netherlands

Total size of the building is 23 000 m².

was transformed into its current state from five

(Fokkema & Partners Architecten, 2015.)

existing office buildings, and it was executed
between January 2012 and September 2015

All materials, that were possible to reuse dur-

(Fokkema & Partners Architecten, 2015). The

ing construction were reused, including toilets,

building was developed for a grid network

ceiling plates, inside doors, old furniture and

company Alliander, that has high circular

even bitumen of the roofs. For instance, old

economy ambitions (Alliander, 2015). Liander

desktops were upholstered and used as

Office was designed by RAU Architects, and

acoustic separation panels. The cladding of

Fokkema & Partners Architects was responsi-

the new façade was made of scrap wood,

ble for the interior design. In the transfor-

saved from an incinerator near the site, and

mation, the five existing buildings were cov-

behind it insulation made of old work clothing

ered with a roof and a transparent façade,
which connected the buildings creating extra
indoor space and area for interaction between
employees of different buildings. The atrium
also serves as an ‘energy greenhouse’, from
which the surplus heat is collected and stored
to an underground thermal energy storage.
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Figure 11. Floor plan, Liander Office ground floor. Fokkema & Partners Architecten, 2015.

was added. The interior façade, also made of

are responsible for collecting the products

scrap wood, required no additional building el-

when the contract ends. (Fokkema & Partners

ements, since it was attached on the existing

Architecten, 2015.)

structure with adhesive film. (Fokkema & Partners Architecten, 2015.)

The roof structure was designed together with
a roller coaster company, in order to come up

80 % of the materials used in the Liander Of-

with a light structure that can be fully disas-

fice are ‘second life’ materials and 93 % of all

sembled. This lead to 30 % savings on the

materials are part of a circular model. The

amount of steel used, compared to a conven-

building serves as a resource bank, and it has

tional design. Work floors of the buildings were

a resource passport, which helps in the reuse

rearranged, but the main structures were left

of the materials. Alliander has specific con-

intact,

tracts with material suppliers, and even though

groups. Besides the atrium’s roof and facades,

it is the official owner of for instance the furniture, lighting fixtures and flooring, the suppliers

including

staircases

and

sanitary
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Figure 12. Interior of Liander office. Rau.eu.

the only added structure was the new walk-

utilized. (Fokkema & Partners Architecten,

ways that connect the buildings. (Fokkema &

2015.)

Partners Architecten, 2015.)
Use of sustainable materials, energy-effiThe building uses Power over Ethernet LED

ciency, ecological landscape and a green

lighting system, that gives information of the

transportation plan for employees, among

use rate of different areas, hence on a quiet

other things lead the project to receive a

day parts can be closed off, yielding savings

BREEAM sustainability assessment qualifica-

on the energy use, but also on the need for

tion of ‘outstanding’ as a first renovation pro-

cleaning of areas that are unused. Thanks to

ject in the Netherlands. (Fokkema & Partners

smart technology, good insulation, ‘energy

Architecten, 2015.)

greenhouse’ of the atrium and the underground heat storage, efficient ventilation, solar

With transforming the existing, outdated office

panels and wind turbines, the building pro-

park into a new vibrant working environment,

duces 1.5 million kWh of energy annually. The

Alliander connected different departments un-

building has a net positive energy balance,

der the same roof and responded to the

and it distributes the surplus into the local grid.

changing

In addition, the rain water is collected and

trends

regarding

working
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Figure 13. Interior of Liander office. Rau.eu.

environments. Connection is a key theme of
the interior of the building. The office complex
provides facilities for different types of working
and interaction, and the working areas have
movable separations and push pin walls, giving the users the possibility to adjust the layout. In the future, the interior can be easily rearranged to meet changing demands, making
it ‘future proof’. (Fokkema & Partners Architecten, 2015.)
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3.2

‘Tila’ Housing block

Figure 14. Tila Housing block. Aiacc.org.

’Tila’ is a housing block in Helsinki, in Arabian-

the apartment. Bathrooms are the only built-in

ranta district, approximately 5 kilometres from

parts in the apartments, all the rest is con-

the centre. It was designed by Pia Ilonen with

structed by the inhabitants. (aiacc.org.)

her architecture and design company Talli Ltd,
after earlier mentioned Open Building philoso-

All the dwellings have a full width and height

phy (aiacc.org). It was pilot project in Finland,

window wall, behind which is an exterior ter-

regarding unfinished loft warehouse type

race. On the top floor there is a sauna area,

housing (talli.fi). The project was completed in

community room and a roof terrace, and on the

two phases: The base building was finished in

ground floor you can find storage space, both

2009, after which the inhabitants constructed

communal and private closets designated to

the infill part, the interior of apartments. The

each unit, launrdy facilities and trash disposal.

whole project was finished in early 2011

Lighting of the exterior corridor is automated to

(aiacc.org).

follow the movement of the user. (aiacc.org.)

The building is made of concrete and steel

Complying with the Open Building concept,

frame, and it consists of 5 storeys, including 39

the desicion power is distributed to the devel-

units that have floor areas varying from 50 to

oper and the homeowner, therefore also the

100 square metres. Each apartment unit has

responsibility is shared. The base building ex-

4.9 metres of free height, which allows con-

ecuted by a construction company, including

struction of loft and second floor levels inside

24

Figure 15. Tila Housing block dwelling unit. Talli.fi.

all units were permitted for occupancy by au-

Main architectural features of the building are

thorities, and all the interior construction of

open-air access balconies, a rational and visi-

dwellings are responsibility of the homeown-

ble structural frame and exterior shafts that

ers and homeowners’ association. The archi-

link building services. It is connected to the

tect provided a booklet with specific infor-

neighborhood with a red brick facade and roof

mation on guidelines and requirements, in or-

terraces. The lighting of the north facade is de-

der to help the home-owners get through the

signed by artists. (aiacc.org.)

building process and to comply with all the regulations concerning structural, plumbing and

Load bearing structure is made of reinforced

electrical work. (aiacc.org.)

concrete walls and hollow-core slabs, and load
bearing walls are placed between dwellings,

Affordable price, together with the project’s al-

leaving the interior of each unit obstacle-free.

ternative approach, made it interesting for a di-

Facades are load bearing, except on the south

verse group of nearly 2,000 potential home

side, where the full-wall windows and balco-

buyers, among which many were young fami-

nies are placed. U-value of the exterior walls

lies with children. The project was visited by

varies between 0.23 W/m²K and 0.25 W/m²K,

the man behind the Open Building concept,

which is under the current requirement of 0.30

John Habraken himself in 2010, and he found

W/m²K.

it to be a successful representation of his philosophy. (aiacc.org.)

Access to dwellings is trough one staircase
and an exterior corridor on the north side. All
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Figure 16. Interior of a finished dwelling unit. Talli.fi.

communal spaces are accessible by wheel-

located next to the exterior shafts. Also, water

chair, and the staircase is equipped with an el-

circulation is provided from these shafts and

evator. The regularly, side to side placed, rec-

bathroom structure. The kitchen has a desig-

tangular shaped apartments penetrate the

nated location next to the bathroom, since the

building from the northern, corridor side

facility supply is provided through bathroom

through to the south side, receiving daylight

structure. Hence, there is no piping integrated

through the big windows opening to south. Toi-

in the load bearing structures and no sus-

lets and bathrooms in the dwellings are pre-

pended ceilings are required inside the dwell-

fabricated and compact, but each apartment

ings. The interior staircase has suspended

has a big enough bathroom to be accessible

ceilings for installations. The building is con-

by wheelchair. There are no saunas inside the

nected to the city’s district heating network.

dwellings.
The heat distribution room, electric and IT
switchboards are placed on the north-west
corner of the building and facility shafts are located at unit-level, along the exterior corridor,
outside each dwelling. The building has a mechanical ventilation system with heat recovery
system, to which the dwellings are connected
through the pre-fabricated bathrooms that are
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Figure 17. Sewage, water piping and ventilation of an example dwelling of Tila
Housing block. Optiplan, 2006.

The hollow-core slabs are 370 mm thick, with

between corridor and dwelling at least Rw 57

15 mm filler on top, and the walls between

dB, and the impact sound insulation of the

dwellings are 180 mm reinforced concrete

slabs between units is maximum Lnw 53 dB.

walls and between dwelling and corridor 200

These sound insulation performances are

mm. Each apartment is a separate fire com-

equal to the minimum requirements in the

partment, with the fire resistance up to 60

Finnish law, except between corridor and

minutes between dwellings. Storage spaces

dwelling, which is required to be minimun Rw

are limited with walls that have fire resistance

39 dB (Finlex.fi, 2018). The walls are partly

up to 90 minutes. The airborne sound insula-

produced as prefabricated elements, and

tion between units is at least Rw 55 dB and

partly constructed on site. An example of a loft
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structure used in the building, include a design

desires and preferences, rather than adjusting

with steel and wood structure. This structure is

their way of living according to suit the build-

made of standardized wood and steel prod-

ing. This is also in line with the earlier men-

ucts, but it includes welded custom-made steel

tioned, Cradle to Cradle concept’s aim to re-

parts. The example loft is anchored to the

spect diversity, in this case cultural diversity as

building’s loaf bearing concrete structure with

well as diversity of desire and need.

standardized, threaded stainless steel bars.
3.3

Conclusions

Tila Housing block was designed according
the Open Building concept, which aims to improve the adaptive capacity of the building,
therefore the analysis focuses mainly on the
flexibility of the building. Liander Office is a
more holistic example of adopting circular
building principles, with the focus also on energy and material use. With Tila Housing block
being a smaller project, more attention is paid
on the detailed characteristics and technology
of the building, whereas Liander Office is studied at a more conceptual and general level,
due to its large size. The analyse does not focus on assessing the level of circularity
achieved in the projects but aims to identify the
aspects that have been fulfilled.
Tila building has a simple, repetitive and rectangular main structure, and its adaptability is
based on the distinction between the infill of
dwelling units and the box-like base building.
The interior of the rectangular-shaped apartment with no load bearing obstacles, is free to
change over time, and therefore is adaptable
to future demands. Units have their own independency, and users can themselves do modifications to the interior, according to their

Also, ideas from the earlier explained theory of
Shearing Layers, can be found in the design of
Tila Housing block. The structure is separated
from the services and the stuff, ergo the interior layout. The skin, the façade and the insulation behind it on the exterior wall, can be removed from the load bearing structure they
are attached to. However, in some of the walls,
the façade is anchored to the load bearing
structure, so some intervention to the structure
might be required. When it comes to the site,
it is located close to the center of Helsinki, so
it is likely there will be a need for housing also
in the future.
Energy or material consumption of the Tila
Housing block is not examined in this analysis,
except that the exterior walls’ U-values are executed according the Finnish building regulations, and heat-recovery is used in the ventilation system, in order to utilize the waste heat
of the exhaust air. Heating of the building is
provided with the city’s district heating network, which is an energy efficient way of heating, since it is mainly produced from the waste
heat from electricity production (helen.fi).
If you look at the different flexibility indicators
explained in the assessment tool Flex 4.0, certain features that increase the building’s

28

adaptive capacity can be found in the design

of which 93 % are part of a circular model, and

of Tila Housing block. Acoustic insulation be-

reused all possible products and materials

tween storeys and units is good, as well as the

from the demolition and rearrangements, so it

thermal insulation of the exterior walls. How-

can really be called a circular building.

ever, no added thermal insulation exists between storeys, making it hard to reject parts of

Liander Office complex is an example of how

the building, both vertically and horizontally.

outdated buildings, that have risk of becoming
obsolete, can be brought back to life, and be-

Having the facility shafts at unit level increases

come vibrant environments that meet the cur-

the adaptability of the Tila building, as well as

rent society’s demands and desires. With

having the facility sources outside the building

transforming the five old office buildings into a

at city level. Facility shafts are located along

fresh working environment, that provides

an exterior corridor, outside from the dwellings

space for different types of working and social

and separate from the main structure, which

interaction, instead of demolishing and build-

makes them easily accessible, again having a

ing new, substantial profits can be gained,

positive effect of the flexibility.

both economically and ecologically.

Since the Tila Housing block is designed ac-

Even further sustainability is achieved with use

cording Open Building, it has a clear distinc-

of second life materials, adding on-site energy

tion between support and infill, which is one of

production from renewable sources, and dras-

the aspects that are mentioned to increase

tically improving the energy-efficiency with a

adaptability in Flex 4.0. Also, having horizontal

new atrium, smart ventilation systems, Power

access with the use of an external gallery, con-

over Ethernet LED lighting system, and an un-

nected to one central staircase, adds the build-

derground heat storage. With such holistic fo-

ing’s adaptive capacity. The large floor height

cus on different aspects of circular building, Li-

of 4.9 metres equally gives more opportunities

ander received BREEAM rating ‘outstanding’,

for future use. Large, continuous open surface

as the first renovation project in the Nether-

of the south façade is another feature that has

lands.

a positive effect on the flexibility.
Also, new ways of working and designing were
As stated, Liander Office is an example of a

used in the Liander project. Cross-sector col-

further adaptation of circular building princi-

laboration was done with a roller coaster com-

ples. In the transformation project, attention

pany, with the intention to learn, how to use

was paid on the adaptability, but also on the

light, dismountable components. New types of

circular use of energy and materials. The

contracts with the suppliers were made, and

building requires no energy from the grid, uses

the building now serves as a resource depot

only renewable energy, consists of materials

with a material passport, that contains
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information on all the material that are stored
inside. Solutions like, retrieving scrap wood
from a nearby incinerator to make façade cladding of it, require an alternative approach and
use of imagination. Using second life materials
provide savings on the material input, but it demands new type of creativity and work from
the architect.
Working spaces in the Liander building have
movable separations and push-pin walls,
which makes even everyday adaptation of the
interior layout possible. Also, the atrium provides vast amount of possibilities for different
uses, since it has wide, open and obstaclefree spaces with large floor height, and a lot of
daylight through its glass facades.
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4

Case Hoge Karspel

Figure 18. Transformation of the case building Hoge Karspel
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Figure 19. Office building building Hoge Karspel

4.1

Current state of Hoge Karspel

4.1.1

Site

Hoge Karspel is an obsolete office building in

Hoge Karspel is situated in Karspeldreef 15, in

southeast Amsterdam, built in 1992 and de-

southeast Amsterdam, right next to Bullewijk

signed by ZZ+P architecten, a Dutch architec-

metro station, approximately 10 kilometres

ture office founded in 1954. The building is an-

from Amsterdam central station. It is located

alysed in this thesis, and a design for its circu-

outside the highway A10, Amsterdam Ring,

lar transformation is made. Hoge Karspel is

close to Biljmer Arena, home arena of the fa-

examined with the emphasis on its flexibility

mous local football club Ajax. Also, many big

and energy and material use, and the analysis

retailers like Ikea have their stores in the prox-

includes each Shearing layer of the building.

imity of Hoge Karspel.

Flexibility of the building will be assessed with
the help of Flex 4.0.
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Figure 20. Location of Hoge Karspel. Maps.amsterdam.nl.

Figure 21. Vacant office space in Amsterdam. Maps.amsterdam.nl.

A lot has been done to transform obsolete office buildings in the Amsterdam region, and
many transformations are currently under progress. However, there is still a lot of vacant office space in the Amsterdam area, especially
along A10 and other highways, but also in the
center and in south Amsterdam. In the proximity of Hoge Karspel, the same trends can be
seen: there is a lot of vacant office space, already made transformations and ones that are
under progress, as well as buildings that are
under research for transformation. Hoge
Karspel is currently being transformed into
apartments.

Figure 22. Vacant office space in Amsterdam southeast.
Maps.amsterdam.nl.
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Figure 23. Land use, Hoge Karspel's surroundings. Maps.amsterdam.nl.
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In the surroundings of Hoge Karspel, there is
a lot of housing, but also an important number of office buildings and large industrial areas. Highways and a railway divide the area,
and nearby on the west side of the railway
there is mainly business-related land use,
whereas housing is situated on the east side.
Also, there are a lot of parks and public gardens, small canals and a lake, and Hoge
Karspel’s lot is bordered with a canal on the
west side.
Close to Hoge Karspel, next to the big metro
station next from Bullewijk, lies the Biljmer
Arena, and around it a big square with large
retail stores, hotels, restaurants and bars,
space for different activities like a movie theatre. Care, educational or religious buildings
are placed all around the surroundings of
Hoge Karspel, but mainly on the east side of
the railway, between housing areas.

Figure 25. Infrastructure in the sunnoundings of Hoge
Karspel. Maps.amsterdam.nl.

Figure 24. Non-residential funtions in the surroundings of
Hoge Karspel. Maps.asmterdam.nl.
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Figure 27. Bus lines in Amsterdam. Maps.amsterdam.nl.
Figure 26. Metro and tram network in Amsterdam.
Maps.amsterdam.nl.

parking lot at the basement level of the building.

Hoge Karspel is accessible by public transport
with metro and bus, the tramlines of Amster-

There is a large number of housing plans of

dam do not reach southeast Amsterdam. By

different sizes in the area of Amsterdam,

car and by bicycle it is equally easy to access

smaller ones in the dense central area, and es-

the place, the lot is situated next to bike paths

pecially many big projects in north Amster-

and busy roads, and currently there is a large

dam, as well as along the A10 highway.

Figure 10. Housing
Figure 28. Housing plans in the Amsterdam area. Maps.amsterdam.nl.
Maps.amsterdam.nl.

plans

in

Amsterdam

area.
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Figure 30. Noise from railway traffic during daytime in the
surroundings of Hoge Karspel. Maps.amsterdam.nl.

Figure 29. Housing plans in the surroundings of Hoge
Karspel. Maps.amsterdam.nl.

In the area of Hoge Karspel, there are newly
completed housing projects, and also a couple
of large ones under construction. Several projects will be started in the near future, and further additional housing is being explored. The
plans include new supplementary construction
and several transformations of office buildings.
Some of the obsolete office buildings that are
under research, are planned to be demolished
and replaced with new construction.
Since Hoge Karspel is located next to the railway and busy roads, it is exposed to noise
from the traffic, especially during daytime. The
noise pollution that the building faces at daytime varies from 55 to 65 dB. It approaches
from all sides of the building, except from the
northwest.

Figure 31. Noise from roads in the surroundings of Hoge
Karspel. Maps.amsterdam.nl.
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Figure 32. Carbon emissions of buildings in Amsterdam.
Maps.amsterdam.nl.

The electricity and gas use of buildings is high
especially in the central area of Amsterdam,
Figure 33. Carbon emissions of buildings in the surroundings of Hoge Karspel. Maps.amsterdam.nl.

where the buildings were built mostly before
the Second World War. Most of buildings in the
region emit more than 100.000 m³ of CO2, and
more than 15 m³ per m².
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Figure 34. District heating network in the Amsterdam
area. Maps.amsterdam.nl.

On the map, it can be clearly seen that this
number is smaller in the areas that use district
heating. Hoge Karspel is not connected to district heating network, and despite it being built
only in the 90’s, it emits up to 200.000 –
500.000 m³ of CO2.

Hoge Karspel's basement level occupies almost the entire lot, and the aboveground parts
are placed close to the borders, forming a Ushaped inner courtyard on the southside,
above the parking lot. The borders of the lot
restrict the expansion horisontally in some
parts of the building, but there is a lot of space
for extension above the basement floor.

Figure 16. District heating network in Amsterdam.
Figure 35. The lot ofMaps.amsterdam.nl.
Hoge Karspel.
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Shadow analysis of the building is done to illustrate the movement of the sun and shadows
on 1st of August, from 7 am to 7 pm. The roof
tops have sunlight during the whole day, as
well as the courtyard, that is facing south.
Evening sun is still available at most of the roof
tops, but the couryard is almost entirely in
shade at 7 pm.

Figure 36. Shadow analysis.
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4.1.2

Structure

Hoge Karspel is a large office building of
15.100 m², and it has total of 9 storeys, including the basement level. The main structure of
the building is made of reinforced concrete,
partly with pre-cast elements and partly with
components cast on site. The building includes three different wings, that each consist
of two volumes with different height. All these
volumes each form their separate units, with
a square-shaped plan and a load bearing core
in the middle and load bearing facades.
There are two separate elevator lobbies, that
connect the different wings of the building to
one another. These elevator towers have reinforced concrete slabs, that are connected to
the ones of the main building, but they have
Figure 37. Vertical load bearing structure of Hoge
Karspel.

Figure 39. Load bearing slabs and beams.
Figure 38. Horizontal load
bearing structure of Hoge
Karspel.
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Figure 40. Location of the vertical load bearing
structure and load bearing slabs and beams in
the floor plan of one of the building wings.

separate, non-load bearing facades made of

only part of the building that has columns as

glass and steel. On top, each unit have a

supportive structure. The inner courtyard,

crown-like part, a top floor with separate glass-

where the main entrances are, is built on top

steel structure. Each wing has one top floor

of the parking lot.

with office space inside and one reserved for

The loads are distributed to supportive walls

technical space.

and columns with reinforced concrete slabs
and beams. Beams are supported by the load

The vertical load bearing structure consists of

bearing core at the other end and by the fa-

the load bearing facades and the cores inside

cade at the other. The slabs are supported

which each unit's staircase, sanitary facilities

from two ends, by the beam and by the facade.

and facility shaft are located. The basement
level, where the parking lot is placed, is the
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The foundation of the building consists of

square-shaped plan of slightly over 6 x 6 me-

square-shaped underground concrete piles,

tres.

foundation bases and a concrete slab. The
thickness of the piles varies from 290 mm to

The facades and core walls are made of pre-

400 mm and height from 14.75 metres to 20.50

fabricated elements, and the slabs are made

metres. R-value of the base floor is approxi-

of wide slab floors: a floor structure that has a

mately 2,72 m²K/W and the current demand is

pre-fabricated base, but the top part is cast on

3,5 m²K/W.

the site.

The concrete slabs between storeys are 190
mm thick and the beams are 310 mm thick.
The core walls are 200 mm thick, and the facades’ load bearing concrete is 190 mm thick.
The storey height at the basement level and
on the 8th and 9th floor is 3 metres, on the
street level it is 3.85 metres and from 1st to 7th
floor the storeys are 3.5 metres high.
Each unit of the building has a square-shaped
floor plan that is connected into a modular grid.
These squares are 19.8 x 19.8 metres big, and
each wing of the building has two of them overlapping one another. The cores also have a
Figure 41. Load bearing structure of the facade.

-

+
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4.1.3

Skin

The skin of the building includes stone cladding, large surfaces of fixed steel-glass structure, windows with aluminum framing and a
hybrid roof structure, with partly gravel roof
and partly metal sheet roofing. The skin is unbroken and in good shape.
The elevator towers are covered with steelglass facades and a gravel roof, and the rest
of the building is covered with stone cladding,
windows and gravel roofing. Exception to this
are the smaller top floors of each unit, where
the facade is made of glass and steel, and the
roof is made of metal panels.
Figure 42. Facade of an elevator tower.

There are two main plate sizes and two types
of stones in the façade. Plates are mainly 800
x 700 mm or 1200 x 700 mm big, and they are
made of two types of granite, Rosa Porinho
and Balmoral. Between the stones there is a
thin line of black grey joint sealant. The window frames, the steel parts of the façade, and
the metal roofs are black grey, the code of the
colour is RAL 7021. Underneath the cladding,

Figure 43. Facade cladding and connection to windows.

there is an insulation layer of 60 mm thick polystyrene, behind which is the main concrete
structure.

44. Entrance
Roof of Hoge
Karspel.
Figure 30.
shelter.
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Figure 45. Facade grid principle of Hoge Karspel.

The windows are connected to the same fa-

inside. The height of the windows is 1400 mm

çade grid as the stone cladding, and the part-

except on the street level 2100 mm or 2450

ing of the framing repeats the stone sizes. The

mm. The width is either 2000 mm or 2800, ex-

windows are mostly fixed, with a part that can

cept in the corners of the top floors, where

be opened to a ventilation position towards the
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there are corner windows with each side 3500
mm wide.
At the entrances, there is clear insulating
glass, and in the office floor windows and elevator towers, sun reflective glass is used.
The entrances are covered with shelters, that
are mostly surfaced with metal panels, but with
a square pyramid shaped steel-glass structure
in the middle. At the entrances below the shelters, the façade is made of steel and glass,
and the entry is through a revolving door.
R-values, ergo the heat resistance values of
Figure 46. Entrance floor's steel glass facade structure.

the façade and roof are insufficient according
today’s building regulations. The existing façade’s R-value is approximately 2,46 m²K/W,
and the current demand is 4,5 m²K/W. The existing roof has R-value of approximately 2,68
m²K/W, which is substantially lower than the
nowadays demanded 6,0 m²K/W.

Figure 47. Shelter roof.

Figure 48. Entrance.

Figure 49. Entrance revolving door.
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Figure 50. Ventilation
within a building wing.

4.1.4

Services

The building is heated or cooled with water
that is connected to the ventilation system and
a radiator network, and the heat is created by

The building has a mechanical ventilation sys-

boilers that use gas. Water is transported ver-

tem, with both incoming fresh air and exhaust

tically along the building cores and horizontally

air going through the technical room on the

under the slabs, behind suspended ceilings.

roof top. The ventilation shafts are placed inside the cores, each of the three wings having

The electric cables are also placed according

the other core for exhaust air shaft, and the

to the building cores, they ascent inside the

other core for fresh air shaft. The supply air

cores and the rails for electric wires are placed

valves are placed around the office space,

around and between the cores. The wire rails

close to the windows, and the exhaust air de-

are behind the suspended ceilings, from

vices are placed close to the cores that are in

where the electricity is provided to lighting and

the centre of each unit of the building. The ven-

other installations that is integrated in the sus-

tilation ducts are placed under the load bear-

pended ceilings or inside the cores. Also, elec-

ing concrete slabs and covered with sus-

tricity for the wall plugs located along the exte-

pended ceilings. The ducts for fresh air are

rior walls, under the radiator covers, is taken

covered with a layer of mineral wool insulation.

from the cores with rails, that go across the
space behind the suspended ceiling.
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Figure 51. Entrances, stairways and fire exits, floor plan
of street level.

from the inner courtyard and one from the
other side. Also, the elevators are placed in
4.1.5

Space & Stuff

these lobbies, other one having two elevators
and other having one. From two of the building

At the street level, there are two lobbies, both
between two of the three wings of the building.
In both lobbies there are two entrances, one

cores, the staircase also leads to the lobby.
The four other building cores also have their
own staircases and separate entrances, so
each core also serves as a fire exit.
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4.1.6
All office floors, as well as the parking lot in the

Flex 4.0 scoring of current Hoge
Karspel

basement, are accessible by wheel chair with
the elevator. To the technical spaces of the top

approximate indication of the flexibility of

floors, the access is only by stairs. An acces-

Hoge Karspel is given by filling in the assess-

sible toilet is situated on the first floor, on the

ment forms of Flex 4.0 questionnaire, which is

office floors the toilets are smaller, and hardly

introduced earlier in the research. Hoge

accessible by wheel chair.

Karspel was measured with ‘Generally Applicable Flexibility Indicators’ as well as with

The floors are separated into a series of office

‘Specifically applicable indicators’.

rooms and aisles, and other assisting rooms.
Horizontal access between different wings of

After 12 different generally applicable indica-

the building is possible through aisles, that

tors were assessed, with varying weighting

connect each unit to one another.

factors considered, Hoge Karspel received the

Except of the cores, the walls inside the build-

total score of 89. This score put the building in

ing are light, non-load-bearing walls, made of

the ‘class 3’, described as ‘limited flexible’.

metal frames, mineral wool insulation and

Also, the 32 different specifically applicable in-

plasterboard. They are screwed to the con-

dicators categorized Hoge Karspel as limited

crete structure and painted white, like almost

flexible, being part of the ‘class 3’, with its

all the interior walls. The non-load-bearing

score of 250.

walls of the sanitary units, placed inside the
cores, are made of bricks and surfaced with

With classes varying from 1 to 5, the scorings

ceramic tiling.

of Hoge Karspel fell right in the middle of flexibility ratings. Hence, according to the flexibility

Inside doors are made either of wood or lami-

assessment tool Flex 4.0, the building has an

nate, with wooden or white color. The floor is

average adaptive capacity, with many good

covered with stone tiles on the street level, and

qualities. The building can be rearranged in

with carpet on the other floors, except in the

many ways, giving the possibility to host differ-

basement, where the concrete structure is vis-

ent functions and to adapt to changing de-

ible. The floors in the sanitary units are cov-

mands. However, like most existing buildings

ered with ceramic tiles. The radiators, that are

it has restricting elements, but it does offer

placed in front of the windows on the office

good potential for a circular transformation.

floors, are covered with white laminate plates.
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4.1.7

Summary of analysis
Regarding material use, the greatest ineffi-

After analyzing the different layers of Hoge

ciency is the fact that the building, with all in-

Karspel, conclusions on its energy and mate-

vested materials, is obsolete and therefore un-

rial use and flexibility are made. By looking at

used. The building includes many high eco-

the building’s current yearly CO2 emissions of

cost materials such as reinforced concrete,

over 200.000 m³, it is clear that the building is

stone cladding, plaster, steel and glass. Some

unsustainable. It uses gas for heating and

of them are easier to reuse, some of them like

electricity from the grid, both unsustainable

plaster boards from interior walls, are bound to

sources of energy. Its energy consummation

be downcycled, since the current design did

is gratuitously large, due to inefficient systems

not have the dismantling of end-of-life phase

like radiators and a ventilation system with no

integrated in it. A product with very high eco-

heat-recovery. Insufficient insulation of the

cost - reinforced concrete, has different mate-

building envelope causes heat losses during

rials mixed together, and it is difficult to opti-

cold seasons. Lack of insulation also causes

mally reuse of recycle. Therefore, it is favora-

over-heating during summer, which leads to

ble to extend its use to cover its whole tech-

the need to artificially cooling down the build-

nical lifespan, meaning as long as the product

ing.

is physically fit to serve its function.
Figure 52. Energy and material use and flexibility of current Hoge Karspel.
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Fortunately, Hoge Karspel possesses many
features that increase flexibility, which gives
many different possibilities for rearrangements. Hence, it can be transformed to meet
current demands regarding its functionality
and energy use.
Aspects that add Hoge Karspel’s adaptive capacity, are for instance its multifunctional location, good access and network of elevators
and stairways, its obstacle-free floor plans,
good access to daylight and modularity.
Square-shaped floor plans, connected to a
modular grid, make the rearrangements of
space easier, as well as the generous 3500
mm floor height of most floors. Also, the fact
that the layers, services, space and stuff are at
infill level, and not mixed with the structure,
add the building’s adaptive capacity. Good access inside the building and independence of
the facilities of building wings, create possibilities for rejecting or expanding parts of the
building. The site also allows to expand the
building in many ways.
Features that restrict the transformation of
Hoge Karspel are for instance the load bearing
facades, and the placing of load bearing core
walls, as well as the placing of steel cables and
reinforcements inside the concrete walls and
slabs.
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4.2

Future state of a circular Hoge Karspel

bigger than Hoge Karspel. Hence, substantial
improvements with energy efficiency can be
done.

A fully circular Hoge Karspel would fulfill Circular building principles of all three aspects:

The need for energy for heating and cooling,

energy use, material use and flexibility.

can be done by enhancing the insulation and
air-tightness of the building envelope of Hoge

4.2.1

Karspel, or adding a double-skin facade. Dur-

Energy use

ing most of the year in the Netherlands, the
aim is to keep the warmth inside, but also over

A circular Hoge Karspel would be at least net

heating during the summertime should be

zero-building, or even energy positive, which

avoided, in order to avoid the need for cooling.

means that it would produce more energy than

Insulation and air-tightness helps with this as

it consumes, supplying the surplus to the grid.

well, but blocking the sunshine with shading is

This would be done by producing energy from

also an efficient and passive way to avoid the

renewable sources on site, such as solar en-

heat.

ergy with use of solar panels, or wind power
with small-scale wind turbines. However, as

With smart design and advanced and efficient

suggests the earlier introduced ‘Trias Energet-

technology, it is possible to optimize the use of

ica’, use of renewable sources is not the only

energy of Hoge Karspel, lowering the overall

measure in approaching sustainable energy

consumption. For instance, a heat recovery

use, but the first step is to reduce the energy

system exploits the waste heat from ventilation

consumption in the first place.

exhaust air and uses it to warm up the incoming air, instead of releasing the heat outside.
Hoge

With automated LED lighting systems and

Karspel consume 8.000.000 – 25.000.000

high-performance installations, the electricity

kWh of electricity per year and emits 200.000

consumption can be reduced.

According

to

maps.amsterdam.nl,

– 500.000 m³ of CO2 per year, due to its use
of gas. With making future Hoge Karspel en-

Also, a low temperature heating or high tem-

ergy-efficient and producing all the needed en-

perature cooling requires less energy than the

ergy on site with renewable energy, the build-

currently used radiators, that need a large dif-

ing would be circular regarding its energy use.

ference in the temperature to influence the in-

For comparison, the earlier introduced Liander

door temperature. A floor heating and cooling

Office was transformed to be energy positive,

system, that distributes heat or cooling to a

by producing 1.500.000 kWh of energy per

broad area, directly where people operate, re-

year, even though it is approximately 8 000 m²

quires little difference in the temperature and
is even experienced more comfortable, while
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giving the architectural freedom of not having

building, in order to keep track of the used ma-

radiators.

terials, and to enable their future reuse.

4.2.2

4.2.3

Material use

Flexibility

Management of material flows and the prod-

The third aspect of circular building, flexibility

ucts used in the transformation, has to be

should equally be fulfilled. Hoge Karspel is al-

carefully considered, when aiming to create a

ready obsolete, only after 26 years after being

circular building. Parts that are demolished

built. Transforming the building in order to

should be used in the new design as efficiently

serve new changed demands, with the less in-

as possible, and new products added should

tervention possible, saves the energy, labor

be part of circular models and use as little ma-

and CO2 emissions invested in it.

terial as possible, preferably second life materials.

The new design should also promote flexibility
and enable future adaptations of the building,

The changes that are made in the building,

to avoid future obsolescence and to maintain

should be done with components that can later

the building’s economic and social value.

be deconstructed and either reused in the

However, in a transformation project, the

technosphere, or brought safely back to the bi-

building already exists with all its unique fea-

osphere, as Cradle to Cradle advises. Re-

tures, that were not necessarily designed with

moved parts, that cannot be utilized in the new

flexibility in mind, so its future adaptivity can

design, should be forwarded to reuse or recy-

also be restricted.

cling. Also, water use of Hoge Karspel, could
be minimized by collecting rain water and us-

New components that are added to Hoge

ing greywater system, that reuses the water

Karspel, should be separated into support and

from sinks, dishwashers, showers and baths.

infill, like in the Open Building concept. So, the

This grey water, after cleaning it, can be used

base building, the structure and communal

in the toilets and outside taps.

spaces can be rigid and unchangeable, but the
user units should be easily modified. The use

To enable the maximum reuse of the building

of demountable components not only affects

components, just like the Liander Office, a cir-

the building’s material use, but also makes it

cular Hoge Karspel would also serve as mate-

easier to rearrange the building in the future.

rial bank, where the added products would be
retrieved by their producers after their use. A

Dry connection details and modular and stand-

material passport would be created for the

ardized components can be detached and
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used elsewhere in the building or in other pro-

increase the adaptive capacity of the building,

jects. Also, moveable separations in the lay-

and they should be valued when designing the

outs enable even daily adaptation of the

transformation for new functions.

space, maximizing the possibilities for different
use.
Keeping the layers with different life-cycles
separate, allows minimum intervention on the
other layers, when a certain layer must be
changed or renewed. For instance, if new installations are added, they should not be integrated in the load bearing structure, but they
should be easily accessible and at infill level.
New facility shafts and installations should
preferably be placed at unit level, as well as
controlled at unit level.
Current floor plan of Hoge Karspel is fairly obstacle free from load bearing structure, since
the load bearing walls are placed at the cores
and in the façade. The building also has a
good network of entrances, stairways, elevators and corridors, making it both vertically and
horizontally

accessible.

These

aspects

Figure 53. Demands regarding energy and material
use and flexibility for a circular Hoge Karspel.
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environmental impact. Material use is thought
4.3

Transformation

of on a system level, from the point of view of
circular economy, not only a level of a single
building.

In a circular transformation of Hoge Karspel,
different measures are done to minimize the
energy use of the operational phase of the
building.
Regarding material use, the whole circular
loop of products is considered, including the
embedded energy and carbon dioxide emissions. Building components and materials
have an influence on the building’s energy
consumption, but the energy required to produce and transport them, affects the overall

Figure 54. Transformation of Hoge Karspel.
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When it comes to flexibility, many features are

4.3.1

Material use

already fixed in a transformation project, so
creating a building that covers all the aspects

4.3.1.1 A new function – Optimizing the use
of existing building stock

of flexibility is most likely impossible. However,
it is important to embrace the characteristics of
the building that add the adaptive capacity in

Most importantly, Hoge Karspel needs to

the future, as well as making the new parts

adapt to serve other functions, since it is no

flexible.

longer desired as an office building, and therefore it has become obsolete. With transforming

Due to the large size of Hoge Karspel, this the-

it to meet the current demand, instead of de-

sis project focuses on one of the three building

molishing this huge investment of resources,

wings. The exterior architecture and distinction

substantial savings are done on the overall

of functions inside the building is examined as

material and energy consumption.

a whole, but a more elaborate design is done
for one of the wings.

Since there are many housing plans in the
area, and Hoge Karspel is in fact currently being transformed into apartments, this thesis
will also include a design for transforming the
building into an apartment building.
However, since new inhabitants will be moving
to the surroundings, due to new housing in the
area, new services are likely to be welcomed.
In addition to the increasing number of resi-

Figure 55. Window opening is expanded downwards to fit a
door.

dents in the area, the building’s location
makes hosting of services like cafés, restaurants and shops a viable solution. Hoge
Karspel is has good public transportation connections, and it is situated right next to a metro
station.
Also, the building’s characteristics and its orientation that creates a wide and sunny inner
courtyard, offers possibilities for pastime activities and interaction. The parking area underneath the courtyard can be used for both the
residents and clients of the enterprises.
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Introducing different functions, will increase
social and cultural diversity of the place.
The street level can be easily rearranged to
host restaurants, cafés and shops, since it is
accessible from the courtyard, and therefore
parts of it can be separated from the rest of
the building. Hence, it is possible to separate
the business spaces from the communal areas of the housing, ensuring the privacy and
safety of the residents. Terraces and other
recreational areas can be brought to the
south-facing courtyard. In the design, the
street level floor is thus partly transformed
into business spaces.
In order to add the comfort to the new dwellings, balconies are added to of the south facing facades of two of the building units. To
provide access to the balconies, some expansions to the existing openings are
needed, in order to replace one of the dwelling’s windows with a door.
Additional comfort of living and possibility for
interaction is provided by adding greenhouses or roof terraces on the top floors.
Each wing of the building has one unit’s top
floor reserved for technique space, but the
other one’s top floor is currently office space
and can be easily rearranged.

Figure 20. Office spaces of top floors are removed, and
greenhouses and balconies are added.

Figure 56. Office top floors of three unit are removed, and greenhouses & balconies are added.
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Figure 57. Greenhouse on the top floor.

The rearranging of the space to serve housing,

Everything that is removed from the existing

requires demolishing of parts of the interior of

building, will primarily be used again in the

the building, such as interior walls and sus-

transformation project. Preferably as a refur-

pended ceilings, as well as the surface mate-

bished product, secondly as downcycled ma-

rials.

terial. Reusing products inside the project also
diminishes the need for transportation during

4.3.1.2

Implementation - Optimizing the use
of existing products

Existing facility shafts and ventilation ducts are
preserved as much as possible, to minimize
demolition and the need for new products.
They are used for communal spaces of the
building, as well as the business spaces on the
0 floor. The new dwellings will each be provided with a new shaft.

construction. The products that are not reused
within the project, are reused or recycled
somewhere else. The closer the better, again
to reduce the need for transportation.
In the transformation, most parts of the stone
façade cladding are dismantled. These stone
plates will be used as paving of the courtyard.
Hence, the valuable material does not go to
waste, and the rearranged courtyard gets a
stylish new surface. The new insulation of the
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facades is made of the mineral wool that is in-

steel structures, and for instance repetitive,

side the demolished interior walls. New bal-

pre-fabricated bathroom elements are used in

cony doors, as well as new windowsills on the

the dwellings, to achieve maximum reuse rate

façade, will be custom made of the glass and

in the future. New facility shafts for the dwell-

metal structures that are demolished from the

ings are integrated in the bathroom elements,

top floors. Interior doors that are removed from

with other facility equipment. Kitchens are

the office spaces are refurbished and used in-

placed next to the bathrooms, so they can be

side the new dwellings. Also, the suspended

easily connected to the facility supplies and

ceilings from the office floors are removed.

sewage system, that is located inside the floor

The mineral wool panels of the ceilings will be

of the element. Ventilation ducts are located

upcycled and turned into acoustic panels, that

inside the bathroom’s ceiling.

are used in the new business spaces and communal spaces of the building.

New interior walls are made of prefabricated
partition walls with special dismountable con-

4.3.1.3 New additions – Considering the
whole life cycle
New products that are added to the building,
are all part of a circular model, meaning that
they can be safely brought back to the biosphere or used again in the technosphere.
Everywhere possible, the added components
are made of second life materials.
The future reuse of the products that are
added into Hoge Karspel is considered when
choosing them. For instance, mineral wool of
the interior walls is used in the extra insulation
of the façade, but where new insulation panels
are needed, plastic-based insulation is used.
This is because it is easier to dismantle and
reuse in the future, decreasing the overall environmental burden of the plastic-based insulation.
Also, standardized, project independent components and connections are used in the new

nections, so they can be relocated in the future. The new façade is made of a renewable
material: wood, which can be safely brought
back to biosphere or used for heating. However, to make the most of a biological product,
the best is to cascade it through different reuse
loops. Therefore, the façade is made of prefabricated wood elements, that can be dismounted and reused as such, before they are
downcycled or brought back to nature.
Charred wood is used, to have a beautiful surface, and a natural, non-toxic protection
against UV radiation and weather conditions.
Charring also protects the wood against insects.
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Wood is also used in the slabs of the new balconies, together with supportive steel structure. Cross Laminated Timber is used as
slabs, providing a strong and durable structure. Compared to a conventional, reinforced
concrete structure, steel-CLT structure is easier to reuse since it is lighter, and materials are
not mixed with each other. Also, a lighter construction is easier to transport and mount at
the site. Not to mention the savings in embedded energy and emissions, when concrete is
replaced with wood. On the balconies, even
the thermal mass of concrete, that has a positive effect on energy-efficiency, would not be
beneficial.
To ensure that the products will be reused,
Hoge Karspel is provided with a material passport. Its developers will use it as a resource
bank, where they have their products stored,
Figure 58. Charred wood facade. Dezeen.com.

Figure 59. Cross Laminated Timber (CLT). Solidtimber.nl.
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and retrieve them after they are removed.

the existing gravel. Two layers of 100 mm thick

Such an approach requires, that companies

XPS insulation changes the current R-value

that are part of the project have a common

from ~2,68 m²K/W to ~8,09 m²K/W, above the

goal and circular ambitions. Cooperation and

currently demanded 6,0 m²K/W.

business models that differ from the traditional
linear ones, are needed in the transformation

To reduce the heat losses through the facades

project.

during cold periods, and over-heating during
hot periods, extra insulation to the façade is

4.3.2

Energy use

added. This requires dismantling of the façade
cladding and adding new insulation. On two of
the south facing facades, a sort of continuation

The energy-efficiency of Hoge Karspel is improved with smart design, that will lower the
energy consumption with passive solutions.
This refers to solutions that do not need an energy consuming, active system behind them,
but they work solely according physics and
natural phenomena.
However, the building needs electricity, and
for instance ventilation that only uses gravity,
might not be sufficient, and it would result in
substantial heat losses. To produce and use
energy in an optimized way, active systems
and smart technology are needed.

of the roof top’s greenhouse, a line of glazed
balconies is added, covering the whole façade
except the street level.
These balconies will also serve as buffer
zones for the building envelope, reducing the
heat losses in the winter, and therefore the existing façade is kept intact in these parts. Glazing of the balconies creates a semi warm
space in between interior and outdoors, and
therefore the balcony can serve as a pleasant
extra room. The glazing is movable, so during
hot weather breeze of fresh air can enter.
What is more, during the summer, when the
sun is shining from high up the sky, the 2,5

4.3.2.1 Passive solutions – Smart design

metres deep balcony slabs create shading that
stops direct sunlight from entering the dwell-

In addition to comfort of living, a greenhouse

ings through the windows. This prevents over

covering the roof increases the energy-effi-

heating of apartments during summertime but

ciency of the building, since it serves as a

does not prevent the low shining winter sun

buffer zone and reduce the heat losses

from heating the apartments, resulting in sav-

through the roof. A greenhouse is added on

ings in the energy use.

three of the building units. On three of the six
roof tops on which a greenhouse is not added,
an extra layer of insulation is simply laid under
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Figure 60. Access of sunlight on
the facades with balconies.
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During hot seasons, glazed balconies and the

terrace, the rising warm air will suck in fresh air

roof terrace will have excess heat, and they

through the opened glazing, creating an effi-

can be naturally ventilated by opening parts of

cient exchange of air.

the glazing. The balcony lines have movable
glazing from 1200 mm up, and the top parts of
the greenhouse roofs have ventilation windows. Balconies are small enough to be ventilated with the breeze of air. On the roof

Figure 61. Natural ventilation
of balconies and greenhouse.
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4.3.2.2 Active solutions – Smart technology

it from the viewer of the building, and does not
affect the architecture. To decrease the need

To avoid heat losses through ventilation, a

for water, rainwater collection systems, as well

heat recovery system is added. This way the

as greywater systems are added. New facili-

incoming fresh air can be heated with the heat

ties will be efficient and will have surplus ca-

from exhaust air, lowering the need for heat-

pacity, in order to add flexibility and possibili-

ing. The existing technique rooms will be used,

ties for future use. Also, the new facility com-

the old machinery is simply replaced by new,

ponents will be made of completely dismount-

efficient equipment.

able parts.

Also, the existing radiators are replaced with a

To further promote sustainability, more bicycle

more efficient heating system. A hydronic un-

storage space is created on the basement

derfloor heating system is introduced, to pro-

floor and ground floor, and chargers for elec-

vide energy-efficient, low-temperature heat-

tric cars are added in the parking area.

ing.
The lighting system of the building is changed,
and an automated LED lighting system with
motion detectors is adopted, to avoid unnecessary use of electricity. Long lasting LED
lights provide energy-efficient lighting, that is
automatically switched off where it is not
needed.
The building’s source of energy, which is currently gas, is replaced with renewable ones. A
geothermal heat pump will be added to provide the heating and cooling, and it is connected to the underfloor heating system.
Electricity is produced on site, by solar panels
and possibly small-scale wind turbines. Solar
panels are placed on the three roof tops that
do not serve as a greenhouse. Roof tops have
perfect access to sunlight and wind, hence
production of electricity is maximized. Also,
placing this equipment high on the roof, hides
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Figure 62. Location of new
shafts.

4.3.3

Flexibility

pierce existing reinforcements, beams or cables. The measuring and control of the facilities will also be at unit level.

The stairways and elevator towers will be kept
in place, since reducing the access to the

New additions are made of dismountable com-

building and inside the building, would de-

ponents with dry connections such as screws

crease its future adaptivity.

and bolts. This is not only for the reuse of the
materials, but also to ease the dismantling of

Adding new facility shafts at dwelling level has
a positive effect on the flexibility of Hoge
Karspel, since it will have more possibilities for
rearrangement of space. New shafts are located in the way, that there is no need to

components and rearranging of the building.
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Figure 63. Influence of the transformation of Hoge
Karspel regarding its energy and material use.

4.3.4

Measures

To sum up, the circular transformation of Hoge
Karspel includes the changes and additions

4.3.4.1 To improve material use
1. Rearranging the building to dwellings
and to cafés, restaurants and/or
shops

that are listed below, that aim to improve the

2. Adding a rainwater collection system

operational performance of the building.

3. Adding a greywater system

Implementation of the transformation and

4. Turning the building into a resource
bank and creating a material passport

choosing of the products and materials that
are used, are done according to the principles
of circular economy.

4.3.4.2 To improve energy use
5. Adding roof terraces and/or greenhouses on the top floor
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Figure 64. Influence of the transformation of
Hoge Karspel regarding its flexibility.

6. Adding balconies and French balconies and renewing windows where
needed

4.3.4.3 To further promote sustainability

7. Adding insulation to the façade
8. Integrating a heat recovery system to
the ventilation system

13. Adding chargers for electric cars
14. Adding storage space for bicycles

9. Introducing an underfloor heating system
10. Switching the heat production from
gas to a geothermal heat pump
11. Own production of electricity with solar panels and possibly wind turbines
12. Adding an automated LED lighting
system

4.3.4.4 To add cultural diversity and interaction
15. Rearranging the inner courtyard to
host recreational activities
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4.3.5

Final design & Elaboration

a streamlined appearance to the building. The
new façade cladding is made of charred, verti-

4.3.5.1 Architecture of the building

cal boarding, that includes boards of different
width and depth, creating an interesting play of

In the new design, many aspects of the exist-

shadows on the otherwise simple façade.

ing architecture are kept alive, such as simple

The building stands out from the architecture

and rectangular shapes and large surfaces of

of the area, with its wooden skin. This renew-

glass with repetitive steel grid. Existing win-

able material is rarely used for the facades of

dows are preserved, maintaining a beautiful

buildings in Amsterdam, which even highlights

rhythm of the façade. The new greenhouses

the building’s ecological approach. Dark grey

on the top floors take their form from the exist-

colour of the charred wood gives the building

ing outlines of the top floors. The old façade is

a unique look, as it highlights the transparency

kept behind glazed balcony lines, representing

of the glass structures of the façade.

the building’s history in the ever-changing
world.

The greenhouses continue the outer walls of

Compared to the old version of the building,

the square shaped building units, and two of

the new design has a more peaceful appear-

them extend to create solid looking balcony

ance, with its monochromatic wooden façade.

lines on the south side of the building. With

Edge of the façade on the top floor is levelled,

balcony lines on the two facades that border

to form a solid base for new greenhouses and

Figure 65. Transformed Hoge Karspel and its courtyard.
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the courtyard, the building has beautiful glass
frames, that add an accent to the otherwise repetitive architecture. The greenhouses’ tilted
roofs, formed of four triangle shaped planes,
repeat the forms of existing roof tops. However, the large sleek surfaces of glass that are
used in the greenhouses, gives a more solid
and calm look to the entirety.
The two balcony lines, supported by rectangular columns, both descend until the 1st floor,
creating a passage underneath. This together
with new steel glass shelters on the street
level, add cosiness to the courtyard’s recreational space. The paving, made of the granite
cladding that is removed from the facades,
connects the courtyard to the unchanged façade of the basement floor. Paving, lawn and
the terraces on the courtyard have bevelled
shapes, adding a contrast to the mostly rectangular shapes of the building’s architecture.
Figure 66. New exterior design of Hoge Karspel.
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Figure 67. Example floor plan for floors 1-5.

4.3.5.2 Rearranging to new functions
In this project, rearranging of one of the building wings to serve new functions is included.
Due to the size of this thesis project, drawings
are not made of the whole building wing, but of
the most relevant parts of the design. The floor
plans represent an example solution of how
the building wing can be rearranged into a
functional housing block. The same floorplans
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Figure 68. Example floor plan for 6th floor.

can be adjusted and adapted to fit the other
two building wings.
A more elaborate floor plan is drawn of the
floors that are rearranged into dwellings. A
rougher plan, suggesting how the floor is divided into different business spaces, is drawn
of the street floor. At the basement level the
changes are explained on the report instead of
drawings. Original drawings are included in
the appendix of the thesis report.
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Floors from 1 to 5 are similar with each other,
and they include 11 apartments of different
sizes. Communal spaces of these floors include storage space, in addition to the stairways, corridor and elevator lobby. On the 6th
floor, the other half is reserved for apartments,
and the other one for the communal roof terrace / greenhouse. Four of the six dwellings on
the 6th floor are similar to the ones below on
floors 1 to 5. The remaining two, located next
to the greenhouse, are adjusted in a way that
they border the square shaped building units.

Figure 69. Example floor plan
for Street level.
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Figure 70.
Dwelling
types.

Figure 71. Division
of space.

Figure 72. Space
for non-residential
functions.

As mentioned before, the stairways and eleva-

On the dwelling floors, these areas are trans-

tor lobbies are kept intact, and the new corri-

formed into storage space and space for

dor is placed similarly to the existing one. The

maintenance. Residents can store outdoor

mainly 1500 mm wide corridor is located cen-

equipment such as baby carriages inside the

trally inside the wing, so that all the window

storage space, and cleaning equipment can

surface is used for apartments. It spreads

also be stored there. More storage space is

around the building cores, where the stair-

designated for each dwelling on the basement

ways, facility shafts for communal spaces, and

floor, where also the parking and bike storage

the control of these facility shafts are placed.

is located.

The existing toilets are removed from inside

Since the existing windows are kept in place,

the load bearing cores, except on the 0 floor,

they partly define the placing of walls. Hence,

where they can serve for the business spaces.

the windows affect both the division into
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apartments, and the floor plans of individual

the connection point of the public roof terrace

dwellings. In the new design, each dwelling

area. The roof terrace includes two storage

has good access to daylight. Many of apart-

rooms of 5,5 – 6,3 m², and a pergola.

ments have windows opening to two directions, some smaller ones to one direction.

On the south side, the façade glazing of the

Spaces that do not need daylight, ergo en-

greenhouse and balconies can be opened

trances and bathrooms, are placed close to

from 1200 m up, in order to connect to the out-

the corridor. Bed rooms and living rooms all

door space, and to add comfort on hot sum-

have access to daylight, and in most apart-

mery days. On the roof terrace it is possible for

ments also the kitchen. However, in two of the

the residents to grow vegetables, organize dif-

dwellings per floor, due to other aspects of the

ferent events, or just relax and interact with

design, the kitchen could not be placed close

other residents. This top floor greenhouse is

to the windows.

362,0 m² wide, so it provides plenty of space
for all the residents of the 61 new dwellings of

In addition to the windows, the floorplan was

the building wing.

influenced by the fact that all the bathrooms
are the same size, since they are made with

This design included balconies to only a small

prefabricated elements. Therefore, the bath-

part of the dwellings, since many residents

room cannot be adjusted to fit a floor plan. In-

might not want to pay extra for a balcony, es-

stead, the floor plan must be adjusted to in-

pecially with possibility to use the roof terrace.

clude this project independent bathroom. Also,

If desired, more balcony lines could be added.

the placing of the bathroom is affected by the

However, it would require rethinking the archi-

existing reinforcements and beams inside the

tectural figure of the building.

load bearing slabs, since new shafts cannot
pierce the reinforcements.

The street level drawing shows an example of
how the floor can be divided into business

In the example solution of the floor plan, on the

spaces, that can host for instance restaurants,

floors from 1 to 5, there are 11 dwellings of dif-

cafes or shops. Each business space has ac-

ferent sizes: 2 studios, 3 two-room apart-

cess from Karspeldreef, through the courtyard,

ments, 5 three-room apartments and one four-

except for one that is accessed from Hoptil-

room apartment. Dwelling sizes vary from 28,0

lepad, on the north side of the building. At the

m² to 69,5 m², and three dwellings include a

south facing courtyard, there are shelters and

balcony.

terraces for cafes and restaurants. The trans-

On the 6th floor, there is one studio, 2 two-room

formed courtyard also includes lawn, play-

apartments and 3 three-room apartments, that

ground and a paved square with benches, and

vary from 34,0 m² to 58,0 m². Two of the dwell-

it offers a perfect place for recreational activi-

ings have a balcony, that provides privacy in

ties.
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Figure 73. Site plan of transformed Hoge Karspel.

stairways are separated from the business
This new place of interaction is easily accessi-

spaces of the ground floor. To one of the busi-

ble by foot or bike or with public transportation,

ness spaces (Business space 4), there is a

but parking space on the basement floor can

possibility to keep the access from with the

also be used by clients of the business spaces.

two-way elevator or lock it with a chip key ac-

From the parking lot, there is an elevator con-

cess.

nection to the street level, and through the elevator lobby clients can access the courtyard

The current infrastructure at the Karspeldreef

and the business spaces. To ensure the resi-

side is adjusted to provide a safe access for

dents’ safety, each dwelling floor is separated

pedestrians. The existing sidewalk is ex-

from the elevator tower with a door that can be

panded to reach from the Bullewijk metro sta-

opened only with a chip key. Also, the

tion to Horstenberg footpath. A crosswalk is
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added where the sidewalk crosses the parking

approximately 7,18 m²K/W, even with parts

lot traffic.

that have mineral wool, approximately 5,88

4.3.5.3 Materials & Products
The new exterior walls consist of the existing
190 mm thick concrete structure, two layers of
insulation, either of the mineral wool from old
interior walls, or two 140 mm thick panels of
new extruded polystyrene insulation, also
known as XPS. On top of the insulation layer,
dismountable wooden cladding elements are
laid, with a framing that provides an air gap behind the cladding. The air gap creates ventilation inside the façade and allows the wood to
get rid of extra moisture and stay in good
shape. The new R-value of the façade is

Figure 74. New façade structure.

m²K/W should be achieved. Current Dutch demand for the façade is 4,5 m²K/W, so this demand is easily exceeded with the new insulation.
In order to fit the balcony doors, extensions to
the window openings are done, and cutting of
the existing window frames. Also, new window
windowsills are installed, to match with the
new thicker façade. Parts from the demolished
top floor steel-glass and aluminium structure is
used to custom make new doors and windowsills.
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resistance up to EI90. In the new design of
Interior walls are made of special partition

Hoge Karspel, the walls between dwellings

walls, that are prefabricated and attached in a

and corridor are 175 mm thick, have sound in-

way that they can be removed and reused

sulation of Rw,P 57 dB and are fire resistant up

somewhere else. The walls are connected to

to 60 minutes. Inside the dwellings, 105 mm

the floor and ceiling with rails, that give a rigid

thick walls are used, with sound insulation of

a dry connection, that enables future disloca-

Rw,P 47 dB. With real wood veneer as surface

tions.

material, it is possible for the residents to attach paintings or mirrors etc. on the wall.

For instance, a German company called Feco
produces solid partition walls, that have sound
insulation capacity up to 57 dB and fire

Figure 75. Structure of greenhouse roof.
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Figure 76. Structure of new shelters on courtyard.

In the new steel-glass structures are made of

250 mm pillars are supporting the roof above

steel square tube pillars and beams of stand-

of the load bearing core of the building. On the

ardized sizes and connection details. No weld-

1st floor, where the lowest balconies are, a 600

ing is used, but bolt and screw connections, in

x 200 mm big steel beam is placed, spreading

order to dismount and reuse the products.

the loads to four 400 x §§400 wide concrete

150 x 150 mm sized steel pillars with maxi-

pillars, that take the loads further to the foun-

mum 2500 mm distance are supporting the

dation.

greenhouse roof and the balconies. They are
placed along the load bearing facades and on
the border of the balcony line. Also, five 250 x
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Figure 77. Section drawing of
the new façade, balconies and
glassroof.
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There are four primary beams for the greenhouse roof, and they are 400 x 150 mm big.

4.3.6

Flex 4.0 scoring of transformed Hoge
Karspel

Between each pillar and the primary beam,
there is a 150 x 150 mm steel beam. Along
these beams and pillars, that form vertical
lines, there is an aluminium framing. Additional
support to the glass panels is provided with
150 x 100 mm steel beams, forming horizontal
division in between the tilted primary beams.
Along these horizontal lines, no framing is
used, but joint sealant, to create a sleek surface to the planes. Tempered and laminated
safety glass is used in the new structure.
The CLT balcony slabs are connected to the
steel structure with steel beams. A frame of
steel beams is mounted and connected to the
existing concrete slabs with Schöck Isokorb®
type QS, load bearing thermal break elements,
and the 125 mm thick wooden slabs are then
placed between the beams.
In the two new shelters of the courtyard, steel

With taking into account all transformation
measures, a new analysis with Flex 4.0 was
done. Several aspects of flexibility were improved, and the scoring went up, and only one
feature worsened, due to new more specific
facilities of the building. However, the flexibility
class of transformed Hoge Karspel stays in the
class 3, ‘Limited flexible’, with both ‘Generally
Applicable Flexibility Indicators’ and ‘Specifically Applicable Flexibility Indicators’.
With generally applicable indicators, Hoge
Karspel’s scoring increased with 3 points, from
89 to 92. Limit for the next class 4, ‘Very flexible’ would have been 123 points. With specifically applicable indicators, the scoring increased with 24 points, from 250 to 274. To
reach class 4, 323 points is required with specifically applicable indicators.

glass structure is used, similarly to the roof
structure. Pillars of size 150 x 150 mm are
used, together with primary beams of 400 x
150 mm and smaller supportive beams of 150
x 100 mm. On the shelters, glass sheets are
equally made of tempered and laminated
glass.

Figure 78. Flex 4.0 flexibility class
of transformed Hoge Karspel with
Specifically Applicable Flexibility
Indicators. Flex 4.0.
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4.4

Conclusions

innovations and technology that help saving
energy and money, many transformation projects include measures that add energy-effi-

‘How can obsolete office buildings be trans-

ciency. New buildings in the European Union

formed applying the theories on circular build-

are expected to be nearly zero-energy build-

ing?’

ings by the end of 2020, but this demand does
not cover buildings that are transformed.

After performing the research, analysis and
creating an example design for a case build-

However, transformation that is done accord-

ing, an answer to the above-mentioned main

ing to circular building principles, includes

question can be given.

changing the existing building into at least net
zero-energy building, meaning that it is entirely

A circular transformation, just like any other

independent regarding energy use. Hence, the

transformation project, starts with a careful

building produces its own electricity and heat

analysis on the building, and with defining the

with renewable sources and supplies possible

reasons and demands for the transformation.

surplus to the grid.

In the case of an obsolete office building, new
viable use for the building must be determined,

To achieve a zero-energy building, an analysis

in order to extend its lifespan.

of current use of energy is made: What are the
sources of energy, and how are the used? An

Understanding of the reasons behind the

examination on the facilities is done to point

building’s obsolescence is needed, to know

out how the building uses energy. Heating and

what would make the building prosperous

ventilation systems, and use of electricity and

again. If there is no need for office space in

water are investigated, after which solutions

this particular area, what would be the possi-

for more energy-efficient systems can be rec-

ble new functions in the current economic and

ommended.

social situation? Information on the municipality’s agenda and existing urban structure give

Special equipment with smart technology is

information on what is needed in the neigh-

compulsory in a circular building, since it must

bourhood. Particular to circular transformation

generate its own electricity from renewable

is, that it not only transforms the building to

sources like sun, wind or water. Smart and ef-

meet current demands, but also anticipates fu-

ficient technology also help to reduce the en-

ture changes in the building.

ergy consumption, as they can be integrated
for instance in the ventilation system to lower

With tightening regulations and increasing

the heat losses, or in the lighting system to re-

awareness on the unsustainability of the exist-

duce the need for electricity. Advanced

ing

building

stock,

together

with

new
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systems can also enable the storage of sur-

the biosphere. In a circular transformation, in

plus energy.

addition to choosing new additions that are
part of circular models, the use of existing

In addition to active systems and advanced

products is optimized by reusing and preserv-

technology, passive solutions for saving en-

ing the old.

ergy are considered, when aiming to efficiently
reduce the overall consumption. Pinpointing

New use for demolished materials and prod-

all the spots where the heat losses or over-

ucts asks for imagination and might require

heating occur, shows the weak spots in the de-

manual labour and custom-made products,

sign, regarding energy-efficiency. Thermal re-

since the precedent designs have not had the

sistance of components and their ability to ab-

end-of-life phase integrated in them. There-

sorb heat, air-tightness of the building enve-

fore, economical savings of reuse of materials

lope and access of sunlight are all things to be

are diminished by the cost of extra labour and

considered.

time. With further adoption of circular building,
the reuse will be easier, since waste is already

To avoid heat losses through the exterior

‘designed out’ before construction.

walls, roofs and floors, extra insulation can be
added, and air-tightness can be improved if

Material properties of building components

necessary. Sun is a natural source of light and

have an effect on the building’s operational en-

heat energy, that can partly replace the need

ergy use, but their eco-costs and length of their

for energy, but it can also cause over-heating

lifespans are also to be considered. Produc-

in hot weather conditions. Hence, allowing or

tion and transportation of construction materi-

blocking sunlight access should be carefully

als affect the overall effect on environment.

considered. Also, use of natural ventilation can

Low eco-cost products should be favoured, as

be used in hot weather conditions. In the areas

well as local products. However, using dura-

with seasonal temperature differences, both

ble, high eco-cost products with long lifespans,

cold and hot periods have to be taken into ac-

can sometimes be more sustainable than the

count. Use of adjustable mechanisms with for

use of low eco-cost products of a short

instance ventilating or sun shading can be a

lifespan. Hence, understanding of the build-

suitable option.

ing’s whole lifespan, and the differing lifespans
of the building layers, together with knowledge

Regarding material use, in a circular building,

on possibilities for end-of-life use of materials,

all materials are part of a circular model, so

help defining the most sustainable materials

they can be either dismantled and reused as

for each purpose.

durable products of the technosphere, or they
are so-called consumable products, that are

Preventing future obsolescence is another

non-toxic and can be safely reintroduced to

main characteristic of circular transformation.
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To be suitable for future generations and ever-

Finally, to enable execution of circular trans-

changing demands of the society, a building

formation, the different parties of the project

must be flexible. The longer a building, with all

must have circularity as a common goal. Cir-

invested material in it, is able serve changing

cular building differs from conventional build-

needs, the smaller the environmental impact

ing with its business and ownership models,

of the production phase is. Also, the less inter-

and it requires new kind of collaboration, in-

vention needs to be done into the building dur-

vesting and data collection. A circular building

ing the rearrangements, the more savings in

will serve as a resource bank, which makes it

energy, materials and labour is achieved.

a long-term investment for its producers, instead of a quick and efficient way to make

Of the aspects of circular building, flexibility is

money. For circular building to become main-

the most abstract, and is the most difficult to

stream, it has to be economically profitable.

unambiguously measure. The assessment

Therefore, developing and mainstreaming cir-

tool Flex 4.0, released in 2016 by Delft Univer-

cular economy strategies, and increasing

sity of Technology, can be for identifying fea-

awareness of it in the business world, is vital

tures that influence the building’s adaptive ca-

in the building industry’s transition from linear

pacity. Fundamental theories behind Flex 4.0,

to circular model.

support-infill by Habraken, and Shearing Layers, by Brand and Duffy give knowledge on
how to make flexible buildings. Also, looking
into reference buildings, projects that have already been made with circular ambitions, examples for successful solutions can be found.
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The world is facing a growing risk of deple on of raw materials due to
the current ’take-makedispose’ pa ern of the exis ng linear economy.
Replacing the exis ng model of linear economy, where products are
manufactured, consumed and then discarded with a circular one, that
is restora ve or regenera ve by inten on and design, is oﬀered as a
solu on to the sustainability issues of current economy.
The building industry is playing an important role in introducing
circular economy into its policies, since buildings are responsible for a
third of all global energy use, and for 25-40 per cent of global carbon
dioxide emissions.
While the built environment represents a great stock of used natural
resources, there are buildings that become obsolete far before their
technical lifespan come to an end. This is the
case especially with oﬃce buildings.
Hoge Karspel is an obsolete oﬃce building in southeast Amsterdam,
built in 1992 and designed by ZZ+P architecten, a Dutch architecture
oﬃce founded in 1954. Hoge Karspel is situated in Karspeldreef 15, in
southeast Amsterdam, right next to Bullewijk metro sta on,
approximately 10 kilometres from Amsterdam central sta on.
A lot has been done to transform obsolete oﬃce buildings in the
Amsterdam region, and many transforma ons are currently under
progress. However, there is s ll a lot of vacant oﬃce space in the
Amsterdam area.
The electricity and gas use of buildings is high especially in the central
area of Amsterdam, where the buildings were built mostly before the
Second World War. Most of buildings in the region emit more than
100.000 m³ of CO2, and more than 15 m³ per m².
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There is a large number of housing plans of diﬀerent sizes in the area
of Amsterdam, and in the area of Hoge Karspel, there are newly
completed housing projects, and also a couple of large ones under
construc on. Several projects will be started in the near future, and
further addi onal housing is being explored.
Hoge Karspel is accessible by public transport with metro and bus, the
tramlines of Amsterdam do not reach southeast Amsterdam. By car
and by bicycle it is equally easy to access.
Hoge Karspel's basement level occupies almost the en re lot, and the
aboveground parts are placed close to the borders, forming a Ushaped inner courtyard on the southside, above the parking lot.
Hoge Karspel is a large oﬃce building of 15.100 m², and it has total of
9 storeys, including the basement level. The main structure of the
building is made of reinforced concrete. The building includes three
diﬀerent wings, that each consist of two volumes with diﬀerent
height. All these volumes each form their separate units, with a
square-shaped plan and a load bearing core in the middle and load
bearing facades.
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In a circular transforma on of Hoge Karspel,
diﬀerent measures are done to minimize the
energy use of the opera onal phase of the
building. Also, future adap vity is
considered in the transforma on.
Following measures are included in the
transforma on:
To improve material use
1. Rearranging the building to dwellings and
to cafés, restaurants and/or shops
2. Adding a rainwater collec on system
3. Adding a greywater system
4. Turning the building into a resource bank
and crea ng a material passport
To improve energy use
5. Adding roof terraces and/or greenhouses
on the top ﬂoor
6. Adding balconies and French balconies
and renewing windows where needed
7. Adding insula on to the façade
8. Integra ng a heat recovery system to the
ven la on system
9. Introducing an underﬂoor hea ng system
10. Switching the heat produc on from gas
to a geothermal heat pump
11. Own produc on of electricity with solar
panels and possibly wind turbines
12. Adding an automated LED ligh ng
system
To further promote sustainability
13. Adding chargers for electric cars
14. Adding storage space for bicycles
To add cultural diversity and interac on
15. Rearranging the inner courtyard to host
recrea onal ac vi es
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In the new design, many aspects of the exis ng architecture are kept alive, such as simple and rectangular shapes and large surfaces of glass with repe

ve steel grid.

The new greenhouses on the top ﬂoors take their form from the exis ng outlines of the top ﬂoors. The old façade is kept behind glazed balcony lines, elsewhere a charred
wooden facade is laid to provide a peaceful appearance.
The building stands out from the architecture of the area, with its wooden skin. Dark grey colour of the charred wood gives the building a unique look, as it highlights the
transparency of the glass structures of the façade.
The greenhouses con nue the outer walls of the square shaped building units, and two of them extend to create solid looking balcony lines on the south side of the building.
With balcony lines on the two facades that border the courtyard, the building has beau ful glass frames, that add an accent to the otherwise repe ve architecture.
The two balcony lines, supported by rectangular columns, both descend un l the 1st ﬂoor, crea ng a passage underneath. This together with new steel glass shelters on the
street level, add cosiness to the courtyard’s recrea onal space.
This new place of interac on is easily accessible by foot or bike or with public transporta on, but parking space on the basement ﬂoor can also be used by clients of the
business spaces of the street level.
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In this project, rearranging of one of the building
wings is done, in order for the building to serve
new func ons. The ﬂoor plans represent an
example solu on of how the building wing can
be rearranged into a func onal housing block.
A more elaborate ﬂoor plan is drawn of the
ﬂoors that are rearranged into dwellings. A
rougher plan, sugges ng how the ﬂoor is divided
into diﬀerent business spaces, is drawn of the
street ﬂoor.
Floors from 1 to 5 are similar with each other,
and they include 11 apartments of diﬀerent
sizes. Communal spaces of these ﬂoors include
storage space, in addi on to the stairways,
corridor and elevator lobby.
On the 6th ﬂoor, the other half is reserved for
apartments, and the other one for the
communal roof terrace / greenhouse. Four of
the six dwellings on the 6th ﬂoor are similar to
the ones below on ﬂoors 1 to 5. The remaining
two, located next to the greenhouse, are
adjusted in a way that they border the square
shaped building units.
In the project, steel-glass sturctures for new
roo ops, balcony lines and shelters was
designed. CLT-is used in the balcony slabs.
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1. Introduction
Backgroung Information
The world is facing growing risks of depletion of raw materials due to the current ’take-make-dispose’ pattern
of the existing linear economy. On the other hand, there is an increasing volume of waste streams entering
the landfills, even though large amount of this material could be reused, recycled or used for energy. (Ellen
MacArthur Foundation, 2013.) In addition to the material consumption, the current way of living that is
mainly based on the consumption of fossil fuels, is highly pollutive (Eurostat – Statistics explained, 2017).
With a rapidly growing world population and increasing welfare, a change in the use of natural resources is
inevitable (Ellen MacArthur Foundation, 2013).
Replacing the existing model of linear economy where products are manufactured, consumed and then
discarded, with a circular one that is restorative or regenerative by intention and design, is offered as a
solution to the sustainability issues of current economy and consumption patterns (Ellen MacArthur
Foundation, 2013). Theories on circular economy give tools for overcoming the contradiction that exists
between economic and environmental prosperity (Pomponi et al., 2016).
The building industry is playing an important role in introducing circular economy into its policies, since
buildings are responsible for a third of all global energy use, and for 25-40 per cent of global carbon dioxide
emissions (Pomponi et al., 2016). In addition, 40 per cent of all material entering the global economy is
building related, and only an estimated 20-30 per cent of this material is reused or recycled at the end of a
building’s life cycle (Leising et al., 2017). Also, an important amount of waste streams come from demolition
and construction phase of buildings. This provides a large stock of potential resource, with embedded energy
and labor. (Ellen MacArthur Foundation, 2013.) In ‘Circular building’ buildings are considered as material
banks, where materials are only temporarily stored, and will be used in another place when this part is
disassembled (Leising et al., 2017).
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2. Description of the Thesis problem
While the built environment represents a great amount of used natural resources, there are buildings that
become obsolete far before their technical lifespan come to an end. This is the case especially with office
buildings. For instance, in the Netherlands, in the Amsterdam region there was approximately 1.5 million m²
of vacant office space in 2016 (Dynamis, 2016) and in Finland, in the Helsinki region the number was 1.25
million m² in 2014 (Suomen Itsenäisyyden Juhlarahasto, 2014). Adaptation of these buildings into other, more
needed functions such as apartments instead of demolition, would not only save material and labor
embedded in them and therefore the environment, but would require less capital than the construction of a
new building (Suomen Itsenäisyyden Juhlarahasto, 2014). This research investigates the possibilities of
transforming this kind of obsolete office buildings in a sustainable way, with applying theories on circular
building.
Main research question:
How can obsolete office buildings be transformed applying the theories on circular building?
Research sub-questions:
What is circular building?
What can we learn from already made circular buildings?
What is the current state of the case building ‘Hoge Karspel’?
What would a circular ‘Hoge Karspel’ be like?
Which measures are needed in order to turn ‘Hoge Karspel’ into a circular building?
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3. Description of the goal
The goal
Result of the thesis project is a report explaining ways how obsolete office buildings can be transformed
applying theories on circular building, including a case example.
Scope
The research will include analysis of theories on circular building and their relation to current regulations,
analysis of existing circular buildings and analysis of the selected case building ‘Hoge Karspel’ and developing
a proposal for its transformation. Emphasis of the analysis is on the buildings’ energy and material use and
flexibility.
The research will focus on a European context, more particularly on the Finnish and Dutch preconditions. A
European point of view is present throughout the research, since both countries are largely influenced by the
European Union, that they are part of.
The research has a broad and general scope on the chosen aspects, giving an overall perspective rather than
going into much detail in the different variables. Also, since the theories on circular building industry are
relatively recent, the research focuses mainly on the current state of building industry and the future visions,
instead of analyzing the history.
Research framework
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4. Methodology
In order to approach the answer to the main research question in a systematic and logical way, a chain of
steering sub-questions is set. The reasons and demands for the sub questions are described in the following
tables, as well as strategies for finding the answers.
Research methods include literature and internet research, interviewing specialists, analysis and inventory
of reference buildings and a case building and comparative analysis between different research objects and
made conclusions. Case building analysis includes use of ’Flex 4.0’, a tool for assessing the flexibility of a
building.
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5. Description of milestones & timetable
Working on the thesis will take place from the end of January 2018 to the beginning of July 2018, including
all phases from planning to presentation. The work is roughly divided in preparation of the research,
conducting the research, designing and developing solutions, elaborating these solutions in detail and
presenting the work to an audience. Timing of these milestones during the working period is illustrated in
the scheme below.

8

Plan of Approach

Bachelor’s Thesis

Hanna Raatesalmi

6. Reference
Dynamis, 2016. Sprekende Cijfers - Kantorenmarkten.
Ellen MacArthur Foundation, 2013. Towards the circular economy - Economic and business rationale for an
accelerated transition.
Leising, E., Quist, J., Bocken, N., 2017. Circular economy on the building sector: Three cases and a
collaboration tool. Journal of Cleaner Production.
European Parliament and Council, 2010. Directive 2010/31/EU of the of 19 May 2010 on the energy
performance of buildings.
Eurostat – Statistics explained, 2017. Consumption of energy. Available at:
http://ec.europa.eu/eurostat/statistics-explained/index.php/Consumption_of_energy. Accessed 22
February 2018.
Eurostat – Statistics explained, 2017. Greenhouse gas emission statistics - emission inventories. Available
at: http://ec.europa.eu/eurostat/statistics-explained/index.php/Greenhouse_gas_emission_statistics__emission_inventories. Accessed 22 February 2018.
Pomponi, F., Moncaster A., 2016. Circular economy for the built environment: A research framework.
Journal of Cleaner Production.
Suomen Itsenäisyyden Juhlarahasto, 2014. Kiertotalouden mahdollisuuksia Suomelle - Sitran selvityksiä 84.

9

Appendix 4.
572

Flex 4.0 analysis on
existing Hoge Karspel

Rob Geraedts / Energy Procedia 96 (2016) 568 – 579

Figure 2: T he ‘support’ part of FLEX 4.0; 12 generally applicable flexibility indicators, including 4 assessment values for each indicator and
some explaining remarks

3.2. Specifically applicable indicators: 32
The second category consists of 32 flexibility performance ind icators - the so-called ‘infill’ category - that are
specifically applicable for a certain type of real estate. They are based on the underlying research in practice by
Carlebur on school build ings and Stoop on office build ings [6, 7]. They can be used likewise according to the
demands of the users of this instrument, like real estate owners or project developers . For the readability of this
paper the 32 indicators are presented in two separate figures (see figure 3a and 3b).

Rob Geraedts / Energy Procedia 96 (2016) 568 – 579

Figure 3a: T he ‘infill’ part of FLEX 4.0. 32 specifically applicable flexibility indicators, including 4 assessment values for each indicator and
explaining remarks (part 1: indicator 1 - 16)

3.3. Assessment values
Figures 2 and 3a,b also show the assessment values of all flexib ility performance indicators, varying fro m 1
(Bad), 2 (Normal), 3 (Better) to 4 (Best). A visual presentation of these assessment values can be found in figure 4
and will be used to make a gap analysis between the requested flexib ility by owners or users and the offered
flexibility of buildings (figure 5).
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Figure 3b: T he ‘infill’ part of FLEX 4.0. 32 specifically applicable flexibility indicators, including 4 assessment values for each indicator and
explaining remarks (part 2: indicator 17 - 32)

Figure 4: Visual representation of the four possible assessment values of the flexibility key performance indicators, from 1 = Bad to 4 = Best .
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Figure 6: Example of a fictive assessment of a building with the 12 generally applicable flexibility indicators, each with different weighting
factors, the corresponding assessment value, the total flexibility score (69) and the corresponding flexibility class (2).

Similarly an assessment form is available for the 32 specifically applicab le flexib ility key performance indicators.
Figure 7 shows a fictive assessment of a certain building with FLEX 4.0. Each of the 32 specifically applicable
flexib ility performance indicators has been given a weight relat ive to the other indicators, varying fro m weighting 1
to 4. Each indicator is assessed, varying fro m assessment level 1 (Bad) to 4 (Best). This leads to a score per indicator
(weighting x assessment), wh ich adds up to a total flexib ility score. A theoretical min imu m score of (1 x 1 x 32 =)
32 and a maximu m score of (4 x 4 x 32 =) 512 can be found. With these two borders a class table can be made with
five d ifferent flexibility classes ranging from 32 to 512. In figure 7 the total Flexibility Score is 186. Looking up this
number in the class table, the related Flexibility Class = 2. The building is hardly flexible.
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Figure 7: Example of a fictive assessment of a building with the 32 specifically applicable flexibility performance indicators, each with different
weighting factors, the corresponding assessment value, de total flexibility score (186) and the corresponding Flexibility Cla ss (2)

5. Example in construction
The next figure 8 shows an examp le fro m construction practice to illustrate the different assessment values
connected to the flexibility performance indicators. In this case flexibility ind icator nr. 25: Accessibility of facilities
components. On the left a traditional concrete construction floor with facilities components located inside
(assessment value 1: Bad) and on the right a prefab floor co mpletely assembled with demountable components
(assessment value 4: Best).
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Figure 2: T he ‘support’ part of FLEX 4.0; 12 generally applicable flexibility indicators, including 4 assessment values for each indicator and
some explaining remarks

3.2. Specifically applicable indicators: 32
The second category consists of 32 flexibility performance ind icators - the so-called ‘infill’ category - that are
specifically applicable for a certain type of real estate. They are based on the underlying research in practice by
Carlebur on school build ings and Stoop on office build ings [6, 7]. They can be used likewise according to the
demands of the users of this instrument, like real estate owners or project developers . For the readability of this
paper the 32 indicators are presented in two separate figures (see figure 3a and 3b).

Rob Geraedts / Energy Procedia 96 (2016) 568 – 579

Figure 3a: T he ‘infill’ part of FLEX 4.0. 32 specifically applicable flexibility indicators, including 4 assessment values for each indicator and
explaining remarks (part 1: indicator 1 - 16)

3.3. Assessment values
Figures 2 and 3a,b also show the assessment values of all flexib ility performance indicators, varying fro m 1
(Bad), 2 (Normal), 3 (Better) to 4 (Best). A visual presentation of these assessment values can be found in figure 4
and will be used to make a gap analysis between the requested flexib ility by owners or users and the offered
flexibility of buildings (figure 5).
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Figure 3b: T he ‘infill’ part of FLEX 4.0. 32 specifically applicable flexibility indicators, including 4 assessment values for each indicator and
explaining remarks (part 2: indicator 17 - 32)

Figure 4: Visual representation of the four possible assessment values of the flexibility key performance indicators, from 1 = Bad to 4 = Best .

576

Rob Geraedts / Energy Procedia 96 (2016) 568 – 579

92
3

Figure 6: Example of a fictive assessment of a building with the 12 generally applicable flexibility indicators, each with different weighting
factors, the corresponding assessment value, the total flexibility score (69) and the corresponding flexibility class (2).

Similarly an assessment form is available for the 32 specifically applicab le flexib ility key performance indicators.
Figure 7 shows a fictive assessment of a certain building with FLEX 4.0. Each of the 32 specifically applicable
flexib ility performance indicators has been given a weight relat ive to the other indicators, varying fro m weighting 1
to 4. Each indicator is assessed, varying fro m assessment level 1 (Bad) to 4 (Best). This leads to a score per indicator
(weighting x assessment), wh ich adds up to a total flexib ility score. A theoretical min imu m score of (1 x 1 x 32 =)
32 and a maximu m score of (4 x 4 x 32 =) 512 can be found. With these two borders a class table can be made with
five d ifferent flexibility classes ranging from 32 to 512. In figure 7 the total Flexibility Score is 186. Looking up this
number in the class table, the related Flexibility Class = 2. The building is hardly flexible.
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Figure 7: Example of a fictive assessment of a building with the 32 specifically applicable flexibility performance indicators, each with different
weighting factors, the corresponding assessment value, de total flexibility score (186) and the corresponding Flexibility Cla ss (2)

5. Example in construction
The next figure 8 shows an examp le fro m construction practice to illustrate the different assessment values
connected to the flexibility performance indicators. In this case flexibility ind icator nr. 25: Accessibility of facilities
components. On the left a traditional concrete construction floor with facilities components located inside
(assessment value 1: Bad) and on the right a prefab floor co mpletely assembled with demountable components
(assessment value 4: Best).

