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There are only two possible long run 
fates for waste materials:

orrecycling / reuse dissapative loss

closed system

Marinepassage
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resource
extraction production distribution consumption dispose

Linear Economy (LE) model: “take-make-dispose”
3

source: 3  Ellen MacArthur Foundation (2013), Towards the Circular Economy vol.1 - Economic and business rationale for an accelerated transition
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input of resources output of waste streams

construction demolition

resource depletion
climate change
pollution
...

Familiar sights in the building industry:

Negative effects:
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Circular Economy (CE) model:

ultimate goal:

achieved by circularity:

“an industrial system that is restorative or regenerative 

to eliminate the concept of waste

restoration of resource flows

by intention and design”
4

5

source: 4  Ellen MacArthur Foundation (2013), Towards the Circular Economy vol.1 - Economic and business rationale for an accelerated transition
5  McDonough, W. & Braungart (2003), The Hannover Principles 10th Anniversary Edition, Retrieved from http://www.mcdonough.com/writings/from-principles-to-practices/ on 13-01-19
6  Ellen MacArthur Foundation, Granta & LIFE (2015), Circularity Indicators; An Approach to Measuring Circularity; Project Overview
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Circular Economy (CE) model:

ultimate goal:

achieved by circularity:

transition to a CE model:

“an industrial system that is restorative or regenerative 

to eliminate the concept of waste

restoration of resource flows

by intention and design”

source:

new business models
new ownership models
new actor groups

€

new products
new design strategies
new material usage strategies

4

5
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4  Ellen MacArthur Foundation (2013), Towards the Circular Economy vol.1 - Economic and business rationale for an accelerated transition
5  McDonough, W. & Braungart (2003), The Hannover Principles 10th Anniversary Edition, Retrieved from http://www.mcdonough.com/writings/from-principles-to-practices/ on 13-01-19
6  Ellen MacArthur Foundation, Granta & LIFE (2015), Circularity Indicators; An Approach to Measuring Circularity; Project Overview
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source: 7  Pomponi, F. & Moncaster, A. (2017), Circular Economy for the built environment: a research framework, Journal of Cleaner Production (143)
8  Jensen, K.G. & Sommer, J. (n.d.), Building a Circular Future, Retrieved from https://urbannext.net/building-a-circular-future/ on 13-01-19

reusable components

construction / deconstruction
8

circular building: “a building that is designed, planned, built, operated, 
maintained, and deconstructed in a manner consistent 
with CE principles”

Circularity in the building industry:
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source:

reusable components many other strategies!

construction / deconstruction

circular building: “a building that is designed, planned, built, operated, 
maintained, and deconstructed in a manner consistent 
with CE principles”

Circularity in the building industry:

7  Pomponi, F. & Moncaster, A. (2017), Circular Economy for the built environment: a research framework, Journal of Cleaner Production (143)
8  Jensen, K.G. & Sommer, J. (n.d.), Building a Circular Future, Retrieved from https://urbannext.net/building-a-circular-future/ on 13-01-19
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A GUIDANCE TOOL FOR CIRCULAR BUILDING DESIGN Jelmer Amory Faculty of Architecture & the Built Environment, Delft University of Technology 
Julianalaan 134, 2628BL Delft J.M.Amory@student.tudelft.com  

ABSTRACT 
Circularity and the Circular Economy (CE) are gaining ground across different industries, including the building 

sector. However, these terms are not clearly defined and there is a lack of proper guidance for architects to 

effectively implement these concepts into their designs. In this paper, the research question: “How can architects, 

non-expert to the CE, be stimulated and systematically guided towards circular design?” is answered through the 

development of a guidance tool for circular buildings. Firstly, the key principles of circularity are identified. 

Second, a list of ‘circular design’ and ‘circular material usage’ strategies, appearing in literature, is compiled 

and structured. These strategies, accompanied by relevant reference projects, are comprised into a framework 

(guidance tool). Last, this framework is  reflected on, in terms of its capability to answer the research question.  

KEYWORDS: Circular Economy, CE, circularity, architecture, building design, design for circularity, 

guidance tool, framework, circular design strategies, circular material usage strategies  I. INTRODUCTION 
Ever since the Industrial Revolution, a Linear Economy (LE) model was adopted, supported by an 

abundance of resources. Considering the earth as a closed system, it becomes apparent that this model 

is restricted (Braungart & McDonough, 2002, p.103-105). Due to an increase in population and global 

prosperity, a turning point was reached around the year 2000. From this moment on, resource prices 

started increasing rather than decreasing as we came to face the limitations of our planet (EMF, n.d. c). 

Since the 1950’s, conceptual frameworks have been developed to try to limit the destruction of the 

earth, such as: Regenerative Design, Performance Economy, Cradle-to-Cradle, Industrial Ecology, 

Biomimicry, Green Economy, Blue Economy and Bio-Based Economy. Many of these ideas are included 

in the Circular Economy (CE), a new economy model based on circular principles relating to 

environmental, social and financial assets (Verberne, 2016, p.12). There is both a moral obligation 

(towards future generations) and an economic incentive for the adoption of a CE model, as businesses 

that implement the CE can profit from efficiency gains and reputation gains (Reike et al., 2017, p.4). 

In the building industry, historically, the reuse of materials has been high. However, in the past decades, 

the amount of demolition waste has increased significantly (Hobbs & Adams, 2017, p.109). In recent 

years, the concept of circularity has been gaining traction. However, as the building industry is relatively 

complex and generally conservative, the transition towards a CE has been slow (BIS, 2013, p.81). 

Recently, the focus of sustainable building design has been more on energy consumption than on 

materials. As the building industry remains a key contributor to resource depletion, climate change, 

pollution, and related problems, there is an opportunity for a better integration of the CE in the building 

industry (Leising et al., 2017, p.976-977).  The CE is complex and not unanimously defined. As the term ‘circularity’ grows in popularity, without 

proper backing of a clear definition or metric, its meaning becomes vague, like ‘sustainable’ and 

‘green’. Moreover, the way to achieve circularity in a building or product is subject of debate. There is 

an increasing amount of examples of buildings that have been labelled ‘circular’, but the quantity of 

restoration of material flows is not maximised, so the term ‘circular’ only applies to an (unspecified) 

extent. The aim of this research is to provide insight in the different aspects of circularity and the CE in 

architecture, and to provide a guidance tool for architects who wish to improve the circularity, as a 

specific attribute of quality of the building design. 
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2 Development Utility

Prolong Use Recover Output

End-Of-Life

Refuse / Reduce Input

Technical Cycle

Biological Cycle

Hybrid

Research:

Design:

“How can architects, non-
expert to the CE, be stimulated 

and systematically guided 
towards circular design?”

“Can architects, non-expert 
to the CE, be stimulated and 

systematically guided towards 
circular design using the 

‘Guidance Tool for Circular 
Building Design’?”

Guidance Tool for 
Circular Building Design

research paper

‘Marinepassage’ research by design

literature study
reference project analysis
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In our discussion of the ROs, we briefly referred to the second type
of product cycle: the Product Concept and Design Life Cycle. Ideas on
prevention, and prolonging product life through design relate to much
older approaches (see Section 3). In the 1990s, material choices and
improving recyclability represented 3 out of 7 elements in the
EcoDesign Strategy Wheel (Brezet and Hemel, 1997; see also Tukker
et al., 2001). The same premises can be found in ‘Design for Environ-
ment’ approaches (Ehrenfeld, 1997; Kurk and Eagan, 2008). In later
years, the scope of these methods has been widened to include social
sustainability, renaming it as 'Design for Sustainability'. In these ap-
proaches recycling challenges have also systematically been included
(Arnette et al., 2014; Crul et al., 2009; Jawahir et al., 2006; Kuik et al.,
2011; Ramani et al., 2010; Yan and Feng 2014). Some of these alter-
native strategies for ‘redesign’ received considerable attention, like
‘Design for Remanufacturing’ (Sherwood et al., 2000) and ‘Design for

Disassembly’ (Boothroyd and Alting, 1992), the latter is found often in
relation to the automotive industry. Notably, since the early days of
industrial designer’s attention to environment and sustainability, ROs
founded on material choices and prevention have been at the heart of
their conceptual and methodological contributions.

As we stated earlier, the idea to ‘design out waste’ is crucial in CE. In
the articles analyzed, we saw that authors used different ideas to denote
ROs as part of the (re-)design of products. Particularly, ‘refuse’, reduce’
and ‘re-purpose’ represent different ideas in different contributions.
Mapping CE options as industrial designer requires a perspective where
all the RO steps are considered long before a product is first mass
produced. This distinctive life cycle aims at prevention and starts with
the design process, resulting into a realization of the design which
entails all the ROs in Fig. 3. Design is also aimed at long-lasting eco-
nomic lifespan and the most effective, repeated production and sale of a

Fig. 3. Mapping Circular Economy Retention Options: The Product Produce and Use Life Cycle.

D. Reike et al. Resources, Conservation & Recycling xxx (xxxx) xxx–xxx
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source: 9  Ellen MacArthur Foundation, Granta & LIFE (2015), Circularity Indicators; An Approach to Measuring Circularity; Project Overview
10  Reike, D., Vermeulen, W.J.V. & Witjes, S. (2017), The circular economy: New or Refurbished as CE 3.0? - Exploring Controversies in the Conceptualization of the Circular Economy through a Focus on 
History and Resource Value Retention Options, Resources, Conservation & Recycling (135)
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Circularity in diagrams:
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source: 11  Balanay, R. & Halog, J. (2016), Charting Policy Directions for Mining’s Sustainability with Circular Economy, Recycling (1, 2)
12  Saidani, M., Yannou, B., Leroy, Y. & Cluzel, F. (2017), How to Assess Product Performance in the Circular Economy? Proposed Requirements for the Design of a Circularity Measurement Framework, Recycling (2, 6), Paris

regenerative cycles

influence

Circularity is a combination of: 
andlifecycle thinking system thinking

11, 12
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regenerative cycles

influence

Circularity is a combination of: 
andlifecycle thinking system thinking

‘Shearing Layers’:
Each building ‘layer’ 
has its own lifespan

source: 11  Balanay, R. & Halog, J. (2016), Charting Policy Directions for Mining’s Sustainability with Circular Economy, Recycling (1, 2)
12  Saidani, M., Yannou, B., Leroy, Y. & Cluzel, F. (2017), How to Assess Product Performance in the Circular Economy? Proposed Requirements for the Design of a Circularity Measurement Framework, Recycling (2, 6), Paris
13  Brand, S. (1994), How Buildings Learn - What Happens After They’re Built, Viking, New York
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Circularity can be seen as a way of preserving value
System value consists of:

and
15

material value added value

(of products, components and materials)
14

source: 14  Ellen MacArthur Foundation, Granta & LIFE (2015), Circularity Indicators; An Approach to Measuring Circularity; Methodology
15  Circulardesignguide (n.d.), Understand Circular Flows, Retrieved from https://www.circulardesignguide.com/post/loops on 12-03-18
16  Geldermans, R.J. (2016), Design for change and circularity - accommodating circular material & product flows in construction, Energy Procedia (96)
17  Loppies, W. (2015), Bouwen aan de Circulaire Economie, Technische Universiteit Delft, Delft

Circularity is achieved through a combination of:
andcircular material usage circular design

16, 17
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source: 18  Braungart, M. & McDonough, W. (2002), Cradle to Cradle - Re-Making the Way We Make Things, Vintage Books, London

Circularity at material level makes a distinction between:
and

18

technical cycles biological cycles

recycle regenerate
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Biological Cycle

Hybrid

The Guidance Tool is developed in accordance with these principles

Research Circular Buildings
Guidance Tool



Development Utility End-Of-Life

Refuse / Reduce Input

Building Level

D
es

ig
n 

fo
r 

Li
gh

t-
W

ei
gt

in
g

 / M
in

ia
tu

ris
in

g

D
es

ig
n 

ou
t W

as
te

D
es

ig
n 

fo
r 

El
im

in
at

in
g 

Yi
el

d 
Lo

se
s

D
es

ig
n 

to
 F

it

D
es

ig
n 

fo
r S

ha
rin

g

M
ai

nt
ai

n 
/ P

ro
lo

ng
 U

se

Re
us

e /
 R

ed
is

tr
ib

ut
e

Re
fu

rb
is

h 
/ 

Re
m

an
uf

ac
tu

re

Re
co

ve
r O

ut
pu

t

Building Systems 
Level

Product / 
Component Level

circular
design

1

Refuse / Reduce Input
Design for Refuse and Design for Refuse and Reduce is aimed to reduce the resource use of 
buildings, systems, products and components, while maintaining performance.  This can be 
achieved in design by using regenerated inputs, by efficient design and by the increase of utility, 
through sharing economy and collaborative consumption.

Design for Light-Weigting  / Miniaturising
Optimised design in order to save material through weight-saving strategies and size reduction 
strategies.	

Building Systems Level Reference Project
RAU - Liander Headquarters (office building renovation)
The resource input for the steel roof structure over the existing buildings was reduced through 
clever engineering by  rollercoaster engineers (lightweight structure experts).
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2

Refuse / Reduce Input
Refuse and reduce the virgin material input by substituting it with recycled materials. In some 
cases, remining (gathering feedstocks from landfills) can be considered as a material source, but 
for this process human health has to be considered (Reike et al., 2017).

Reuse Materials
Refuse and reduce the virgin material input by substituting it with recycled mate-rials. In some 
cases, remining (gathering feedstocks from landfills) can be consid-ered as a material source, but 
for this process human health has to be considered.	

Technical Cycle Reference Project
Dirk Vander Kooij – Endless Chair (furniture design)
Using a self-engineered 3D printer, design furniture is manufactured from 96% recycled plastics 
(coming from old refrigerators). As this feedstock comes in different colours, every piece is an 
industrially produced ‘one-of-a-kind’ (dirkvanderkooij.com).

It contains information and inspirational reference projects

Research Circular Buildings
Guidance Tool



Development Utility

Maintain / Prolong Use Recover Output

End-Of-Life

Reuse / Redistribute Refurbish / RemanufactureRefuse / Reduce Input

Building Level

D
es

ig
n 

fo
r 

Li
gh

t-
W

ei
gt

in
g

 / M
in

ia
tu

ris
in

g

D
es

ig
n 

fo
r R

eu
se

 / 
Re

se
ll 

D
es

ig
n 

ou
t o

f  
W

as
te

D
es

ig
n 

fo
r 

Re
as

se
m

bl
e /

 
Re

di
st

rib
ut

e

D
es

ig
n 

fo
r 

El
im

in
at

in
g 

Yi
el

d 
Lo

se
s

D
es

ig
n 

fo
r P

SS
 

(P
ro

du
ct

-S
er

vi
ce

-
Sy

st
em

) /
 L

ea
si

ng

D
es

ig
n 

to
 F

it

D
es

ig
n 

fo
r R

ef
ur

bi
sh

 
/ R

es
to

ra
ti

on

D
es

ig
n 

fo
r S

ha
rin

g

D
es

ig
n 

fo
r R

em
an

uf
ac

tu
re

 
/ R

en
ov

at
io

n 
/ 

U
pg

ra
da

bi
lit

y

D
es

ig
n 

fo
r L

on
ge

vi
ty

 / 
Re

lia
bi

lit
y /

 D
ur

ab
ili

ty

D
es

ig
n 

fo
r 

M
od

ul
ar

it
y /

 
Ad

ap
ta

bi
lit

y

D
es

ig
n 

fo
r R

ep
ai

r /
 

M
ai

nt
en

an
ce

D
es

ig
n 

fo
r D

is
as

se
m

bl
y 

/ R
ev

er
si

bi
lit

y /
 R

ev
er

se
 

Lo
gi

st
ic

s

D
es

ig
n 

fo
r R

es
ou

rc
e 

C
on

se
rv

at
io

n 

Building Systems 
Level

Product / 
Component Level

circular
design

1

Re
us

e 
M

at
er

ia
ls

O
pt

im
is

e 
M

an
uf

ac
tu

re
 

Pr
oc

es
s

D
ur

ab
le

 M
at

er
ia

ls

Re
cy

cl
ab

le
 

/ R
en

ew
ab

le
 

M
at

er
ia

ls
M

at
er

ia
ls

 fo
r R

ec
yc

lin
g 

In
fr

as
tr

uc
tu

re
 / 

Se
pa

ra
bi

lit
y 

circular
material
usage

2 Development Utility

Prolong Use Recover Output
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Technical Cycle

Biological Cycle

Hybrid

The selection of strategy is determined by the future prospects of the design:

business model
ownership model
actor group

€ products
design strategies
material usage strategies
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Prolong Use Recover Output

End-Of-Life
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Technical Cycle

Biological Cycle

Hybrid

source:

19

19  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)

The selection of strategy is determined by the future prospects of the design:
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Prolong Use Recover Output

End-Of-Life
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Technical Cycle

Biological Cycle

Hybrid

Focus on narrowing resource loops

source:

19

19  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)
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Focus on slowing resource loops

Classic Long-Life 
Model

Encourage 
Sufficiency Model

Extending Product 
Value Model

Access and Performance 
Model / Product Service 

System (PSS) Model

source:

19

19  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)
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Prolong Use Recover Output

End-Of-Life

Refuse / Reduce Input

Technical Cycle

Biological Cycle

Hybrid

Focus on closing resource loops
Extending Resource 

Value Model
Industrial Symbiosis 

Model

source:

19

19  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)
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2 Development Utility

Prolong Use Recover Output

End-Of-Life

Refuse / Reduce Input

Technical Cycle

Biological Cycle

Hybrid

Possible to combine strategies

source:

19

19  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)
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Marineterrein again part of the city after 360 years...

source: 20  Remie, M. (2016), Marine weg, Van der Laan ‘zo blij als een konijn’, NRC (15-01-16), Retrieved from https://www.nrc.nl/nieuws/2016/01/15/marine-weg-van-der-laan-zo-blij-als-een-konijn-1576675-a695090 on 13-06-18
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Marineterrein again part of the city after 360 years...

source: 20  Remie, M. (2016), Marine weg, Van der Laan ‘zo blij als een konijn’, NRC (15-01-16), Retrieved from https://www.nrc.nl/nieuws/2016/01/15/marine-weg-van-der-laan-zo-blij-als-een-konijn-1576675-a695090 on 13-06-18
21  Gemeente Amsterdam (2013), Strategienota Het Marineterrein
22  Gemeente Amsterdam (2017), Principenota Marineterrein Amsterdam

Municipality ambitions:

innovation hubcar-free waterparkfrontrunner CE 2021 Amsterdam Biennial
21, 22
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Marineterrein again part of the city after 360 years...
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Ideal location for case study Circular Building

Municipality ambitions:

innovation hubcar-free waterparkfrontrunner CE 2021 Amsterdam Biennial

source:

20

21, 22

20  Remie, M. (2016), Marine weg, Van der Laan ‘zo blij als een konijn’, NRC (15-01-16), Retrieved from https://www.nrc.nl/nieuws/2016/01/15/marine-weg-van-der-laan-zo-blij-als-een-konijn-1576675-a695090 on 13-06-18
21  Gemeente Amsterdam (2013), Strategienota Het Marineterrein
22  Gemeente Amsterdam (2017), Principenota Marineterrein Amsterdam
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Marineterrein car-free waterpark
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Marineterrein car-free waterpark

parking space
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Marineterrein car-free waterpark

interrupted routing
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Marineterrein car-free waterpark

building volume between parks
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Marineterrein car-free waterpark

proposal:
continous park and routing
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Marineterrein car-free waterpark

proposal:
central location
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innovation hubMarineterrein

shared
facilities

proposal:
shared facilities
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innovation hubMarineterrein

conferences
exhibitions
events
meetings
flex work
fabrication
relaxation

shared
facilities

proposal:
shared facilities
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Marineterrein

event 
space

2021 Amsterdam Biennial

proposal:
doubles as event space
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Concept

innovation hub

passage canopy

common facilities buildings
2021 Amsterdam Biennial
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Kitchen (23m²)

Storage &
Back of House (18m²)

Women toilets (9m²)

Men toilets (9m²)

Bar
(15m²)

Makerspace
(155m²)
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Reuse existing structure
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Raised plateau for placemaking
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Lightweight roofstructure transluscent ETFE
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BankReal Estate Manager
(Stichting Marineterrein)

Architect
Manufacturer 

1
(facade)

Manufacturer 
2

(structure)
User 1

Manufacturer 
3

(installations)
User 2

Manufacturer 
4

(interior)
User ...

Manufacturer 
5

(furniture)

tenants

users

BIM manager
tenant representative

managers

ownership / responsibility
service

maintenance
installation

take-back service

owners

finance

financerspay for service pay for service pay interest

Access and Performance Model / Product Service System (PSS):

23  Bocken, N.M.P., Pauw, I. de, Bakker, C. & Grinten, B. van (2016), Product design and business model strategies for a circular economy, Journal of Industrial and Production Engineering (33, 5)
24  Brand, S. (1994), How Buildings Learn - What Happens After They’re Built, Viking, New York

€

source:
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Design for Modularity / AdaptabilitySpace Plan:
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Design for Modularity / AdaptabilitySpace Plan:
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raised floor system (500mm):
220mm existing in situ concrete floor
270mm prefab concrete floorslab patches
460x75mm slotted wooden beams (450mm grid)
130mm hemp insulation boards (Rc=3,5)
440mm air cavity
2x 20mm PureGlue plywood flooring (1350x450mm grid)
aluminium spacers

Services: Design for Modularity / Adaptability
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structural beam (27m; 5400mm grid):
750-1500x250mm dowel laminated timber (DLT)
hardwood dowels
steel pull rod stability crosses

structural column (9m; 5400mm grid):
750x250mm dowel laminated timber (DLT)
hardwood dowels
steel pull rod stability crosses

Materials for Recycling Infrastructure / Separability 
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Meeting Room 1
(30m²)

Meeting Room 2
(23m²)

1:20
DET_PLN_Plan00

Design for Standardisation and Compatibility

3m

2,7m

curtain wall panels (3000x2700mm):
195x85mm insulated aluminium 
mullions
HR++ glazing

rooftop finish:
50mm ThermoWood timber cladding
50mm ThermoWood slats
stainless steel brackets

suspended facade column (9m; 270mm grid)
300x150 wooden beam
bolted stainless steel facade connections

Skin:
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facade component (5400x2700mm):
0,8mm zinc cladding
20mm PureGlue plywood
air cavity
water barrier
130mm sheep wool (Rc=4,5)
180x100mm ‘vuren’ wooden beams
vapour barrier
20mm PureGlue plywood

roof component (2700x2700mm):
water barrier
20mm PureGlue plywood
air cavity
water barrier
250mm sheep wool (Rc=6,0)
300x100mm ‘vuren’  wooden beams
vapour barrier
20mm PureGlue plywood

facade corner element:
50mm ThermoWood timber cladding
50mm ThermoWood slats
stainless steel hinges

suspended facade column (9m; 270mm grid)
300x150 wooden beam
bolted stainless steel facade connections

Skin: Design for Standardisation and Compatibility
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Modelmaking for Recycling Infrastructure
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designed for reuse
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designed for recycling
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biological materials
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technical materials
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Conclusions and Reflection

Reflection Circular Design by Guidance Tool
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Graduation design project as a test case for the guidance tool:

+ overview of strategies
+ reminder of the essentials
+ inspirational

- overlap within strategies
- lack of definitive selection criteria
- limited scale levels

Positives: Improvement:

Conclusions and Reflection
Reflection Circular Design by Guidance Tool



Question: “Can architects, non-expert 
to the CE, be stimulated and 

systematically guided towards 
circular design using the 

‘Guidance Tool for Circular 
Building Design’?”
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Advise: Use the framework for inspiration and as an overview of circular strategies

Question: “Can architects, non-expert 
to the CE, be stimulated and 

systematically guided towards 
circular design using the 

‘Guidance Tool for Circular 
Building Design’?”

stimulated:

yes!

systematically guided:

to an extent...

...additional input required in:
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