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A project born from the industries’ motivation for circular economy

Resource supply/consumption and environmental impacts

» The construction industry is responsible for (Becqué et al., 2016):
» 25% of human induced CO, emission
* 40% of materials produced and consumed globally (by volume)
* 40% of the worlds waste generation (by volumne)

 Demand for construction has increased by 80% from 1980 to 2008 (OECD, 2015).

* Agreat amount of materials ever extracted in human history are located in the built environment
(Sanchez and Haas, 2018)

» Itis estimated that the anthropogenic stock outweighs the natural resource stock (Oezdemir et al., 2017)
ie. future resources need to be extracted from our buildings (we need to rethink!)

Politics and legislation:

o Circular Economy Advisory Board’s recommendations for the government 2017

» The danish governments circular economy strategy 2018

» Danish Standardisation 2018 A need to prepare for the future!
 EU waste directive 2018


Presenter
Presentation Notes
Det hele started med det her billede der skabte en Motivation for at gøre noget anderledes , men hvor meget kan CØ egentlig afhjælpe disse problemer og hvor ligger værdien henne for branchen?




y"’. MTHgjgaard

The concpet of circular economy
In the buildings

“an industrial economy that is restorative and regenerative by intention
and design and which aims to keep products, components and materials
at their highest utility and value at all times” (Webster, 2015).

Circular economy within the built environment is about managing the
constant flow of resources within a regenerating capacity thereby
avoiding depletion and reducing burdens of the flows. Hence, design of
buildings is about which resources to use, where to extract them and
how to use them. In a circular economy, buildings will be designed for
whole life cycle not simply end of use. (Rovers, 2018).

How to design for circular economy in buildings?
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Where it all began

A business case

Life cycle assessment (LCA)
« EN 15978 Construction

. CI\/IL-bFsdin@ﬁﬂc(Dlﬁﬁi.CﬁO@dDiQK —‘

 Ecoinvent 3.2 database

Dem(ilition Disasslembly
Selective ijemolition Relocl:ation

Down-cycling Reijse
-16.000.000 DKK 35.000.000 DKK

How much will design for disassembly decrease
environmental impacts compared to traditional
construction?

Case study

e Office building

e 37839 m2

» 80% prefab-concrete
e Lifespan: 80 years

Estimated reuse:

90% of slabs

60% of roof slab

90% of steel beams

80% of concrete beams
80% of core walls

90% of concrete columns



Presenter
Presentation Notes
MT Højgaard was interested in finding out if there was a positive business case to CE in the construction sector, and found that demolition of this office building in the future would be very costly compared to if you could disassemble the internal prefabricated concrete structure and resell it on the market. Then we started asking how we could assess the the environmental impact savings potential was.
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Building components

Environmental Resource use Toxicology
impacts impacts Impacts
A A A
| M I 1
. o .
Reusable Use Impact saving [%o] V‘;f:::g:zd
components | cycles [ GWP ODP POCP AP EP ADPe ADPf FAETP HTP MAETP TETP savinlg)s [%]
Floor slabs §
Core walls 2
3
Roof slabs §
Columns 2 20-30
3 10-20
Bearms 2 0-10
3 =0

Note: Weighted impact savings are calculated as the average impact savings of each reusable component compared to no reuse using equal
weighting factors for each environmental impact category assessed, this includes: GWP, ODP, POCP, AP, EP, ADPe, ADPf, FAETP,
MAETP, HTP and TETP.

(Eberhardt, Birgistdottir & Birkved 2018)
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Presentation Notes
The proposed allocation method was then tested on the office building in terms of reusing the concrete structure in subsequent buildings. The method resulted in considerable savings for all reusable component groups compared to no reuse in all impact categories assessed. 
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The buildingsmaterial composistion is a determining factor

B u | | d | N g Environmental Resource use Toxicology
Impacts Impacts impacts
| | |
I N N 1
Impact saving [%] Weighted

Building | Use . |
scenario | cycles GWP | ODP | POCP AP EP ADPe ADPf | FAETP | HTP | MAETP | TETP

80 50|80 50|80 50| 8 50|80 50| 80 50|80 50|80 50 |80 50| 8
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=
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50-60
40-50
30-40
20-30
10-20
0-10

Abbreviations.: DID = design for disassembly: Ol = optimization scenario (concrete columns); O2 = optumization scenario 2 (steel columns): O3 =
optimization scenario 3 (wooden columns); O4 = optimization scenario 4 (bubble decks).

Note: Energy consumption during operation 1s not included.

Note: Weighted impact savings are calculated as the average impact savings of each building scenario compared to no reuse of the reusable compo-
nents using equal weighting factors for each environmental impact category assessed, this includes: GWP. ODP. POCP, AP, EP, ADPe, ADPf,

FAETP. MAETP. HTP and TETP. (Eberhardt, Birgistdottir & Birkved 2018)
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Presentation Notes
Considering the overall building, we tried out different scenarios, not only design for disassembly of the concrete structure, but substituting the structure with materials such as glass facades, wooden structures, steel structures etc. but we could see that the magnitude of the potential savings varied very much between impact categories as well as between the scenarios, as material composition had a significant influence on the building’s embodied environmental impacts and greatly depended on the number of component reuse cycles, the material’s life span and the building’s lifespan. It tells us that optimization of a single component group leading to potentially high environmental impact savings within that group, as seen from the previous table, may not necessarily benefit the overall building to the same extent and that material composition has a lot to say. 



* Many materials with
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different characteristics

Concept challenges

e For which building components

does this apply?
 When is economic and
environmental value gained?

Building elements in relation to lifespan adapted from S. Brand 1994.

Conceptualization of the value of recycling and reuse degree. Authors interpretation of Akanbi et al 2017.


Presenter
Presentation Notes
Research to date has largely been focused on establishing high recycling rates of construction and demolition waste however a more economically and environmentally beneficial use of recovered building materials is direct reuse of materials and components e.g. by the means of designing for disassembly. However, reuse of entire buildings are believed to have the highest economic and environmental benefits.

However, the economic benefit of reuse is only realised upon retrieval of the building materials and components and for long-lived materials and components this could potentially be decades into the future which misfits the industries interest in generating short-term profit.

On the other hand buildings are complex products that consists of a multitude of other products that each delivers different functions with different characteristics and rates of replacement. 

The suggestion is to combine different short- and long-term CE principles that fit the characteristics of the different types of materials, components, buildings and even investors, to satisfy both stakeholders and sustainability goals. 
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Concept challenges
The building metabolism

® Number of replacements

Varnish
Asphalt paving 17
Ventilation
unit
Varnish Ventilation g Varnish Varnish v Varnish
i arnish :
Varnish Asphalt roof © dn‘fussers Asphalt roof _ Paint
I Varnish 3
2
. l I .
_—,-,-, - m 6
6 61 66 71 76
Varnish Varnlsh Varnish Varnish Varnish Varnish Varnish
Paint Ealnt fl Paint Paint Paint ; \P/Zm; r barrier in roof Asphalt paving
Wp otxy oor Asphalt roof Epoxy floors Asphalt paving Asphglt roofl ! : Asphalt roof
ater pump Ext. solar shading Brick shells Ext. doors P
Toilets . . | I Epoxy floor
. Heating system  Windows Glass walls .
Washbasins ilati i Ext. solar shading
Hot water tank Internal doors ~ Ventilation unit I
Insulation Ventilaiton diffusser§YyPsum walls
Gypsum ceilings  Ventilation ducts Heating system
Floor tiles Down pipe Water pipes
Sprinklers system Drain pipes cvoatt\évratirr;ank
Epoxy floor Toiletsp P
\_/r\g?ll';et;pump Washbasins
Washbasins

A potential for circular economy strategies throughout the building lifespan


Presenter
Presentation Notes
Vi kan se at der sker materiale udskifninger løbende under hele byggeriets levetid 
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Concept challenges

Limitations restricting the practical application of LCA to aid building design decisions:

Time consuming

Complex

Requires an LCA expert

Data intensive (data not available untill the end of construction)

LCA knowledge not available
in the design stage

Construction

End of life

10

Problem: Design decisions often
determines buildings’ environmental
performance up to 80% and if
resources can be reused/recycled

Next product system

e

LCA performed


Presenter
Presentation Notes
LCA er et godt værktøj til at kortlægge bygningernes materialeudskiftninger og fundet ud af for hvilke af dem der er et potentiale for ressource og miljø besparelser, difficulties and limitations exist restricting the practical application of LCA to aid building design decisions: time consuming, complex, requires an expert to perform. Also The amount of project specific data needed to get the full picture of a buildings environmental performance* is not available before the end of construction phase where everything about the project is known. In other words, *the valuable LCA knowledge that the designers need in the design stage is not available. This poses a big problem as the decisions made in the design stage often determines the environmental performance of the building sometimes up to 80%, * and what will happen to the materials during use of the building, at the end-of-life and even if they can be reused or recycled later on. 


y"’. MTHgjgaard

PhD proj ect Develop method for quantifying the
environmental benefits of CE in buildings

The goal is to
develop a design tool that support the building
designers select circular economy strategies

Buildings :

: : : Circular
with the aim of environmental economy
improving environmental performance of buildings performance strategies

profile ¢

by studying
the link between circular economy strategies and the
environmental performance of building typologies

New design strategies
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Buildingtypologies’ environmental

performance p
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Systematic literature review

Registration of:

Building type

Location

Year of origion
Number of storeys
Material composition
Floor area
Functional unit
Service life
Environmental hotspot:
Life cycle stage
Building
component/material

Preliminary findings:
Concrete buildings
Production stage

12
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Presentation Notes
We registered many different parameters thought to be of potential importance to the buildings environmental performance. 

We found that because the studies were dominated by concrete buildings, these parameters had little influence e.g. because of the concrete for most of the studie it was the production stage that had the highest environmental impacts. And when looking at the building components it was for almost all cases the buildings structure that had the highest impacts compared to the rest of the building components and materials. Which gives us the impression that using concrete in buildings results in high environmental impacts an this is where we should focus, however we cannot see if there are e.g. specific parts of the structure we should be focusing more on improving, or if multistorey buildings are worse than single storey buildigns e.g., it also gives us the impresseion that concrete buildings are trending.

To dig futher into this matter, we have collected data on four company building cases: hospital, office, residential and school,  that we will perform LCA on outselves to see if we can uncover some trends from these cases. 
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School Hospital Office Residential
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Circular economy strategies

Systematic litterature review

Different ways of achieving CE: How is CE being
used in building design?

Ranked according to the strategies most used

We have primarily focused on design for disassembly
The strategies are connected

Studies suggest to create new design strategies
through a combination of several circular economy
strategies to reduce environmental impacts and

create value for the construction sector

An example: Circle House (x)

©OCooO~NO O, WDN PR

10
11
12
13
14
15
16
17

18
19

Design for assembly/disassembly
Design for material selection/substitution
Design for adaptability and flexibility
Design for product-service-systems
Design in modularity

Design for prefabrication

Design for standardization

Design for secondary materials

Design for optimized shapes/dimensions
Design for material passport

Design for material optimisation

Design for accessibility

Design for durability

Design using BIM

Design in layers

Design for material storage

Design reusing existing
building/components/materials

Design for symbiosis

Design out secondary finishes

20 Design for use

XXX XX X X X

X

X X

14
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Presentation Notes
Baseret på nogle meget specifikke søgekriterier har jeg evalueret ca. 500 artikler. Vi har kunnet kategorisere de eksisterende CØ design strategier i 18 kategorier baseret på deres karakteristika og formål hvoraf de her er rangeret efter dem der er mest anvendt i branchen. Ifølge nyeste forskning er der mange forskere, som foreslår at man bliver nødt til at sammensætte flere af disse strategier til nye design strategier for at nedbringe miljøpåvirkning og skabe værdi  byggebranchen. I dette projekt har vi primært kigget på design for adskillelse som også rangere højest på listen, men jeg kunne godt tænke mig at høre fra jeres perspektiv om I har nogle bud på hvilke af disse strategier som ville være interessante både for branchen/ men også MTH, her tænker vi f.eks. også på nøgle kunderne? 
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2020 Circle House 1 Design for assembly/disassembly
_ _ _ _ 2 Design for material selection/substitution
60 social housing residents, 90% of the materials can be 3 Design for adaptability and flexibility
reused or recycled without loss of value 4 Design for product-service-systems
Realisation: Collaboration between client, architect, municipality, 2 B::gg :‘grm?gflgs:ilct:)gtion
researchers, manufacturers, industry partners, consultants etc. . Design for Etan dardization
_ o 8 Design for secondary materials
Location: Lisbjerg, Denmark 9 Design for optimized shapes/dimensions
Client: Lejerbo 10 Design for material passport
_ _ 11 Design for material optimisation
Funding: DK EPA (6.9 mio) 12 Design for accessibility
Realdania (3 mio) 13 Design for durability
14 Design using BIM
Analysis: Construction techniques, value chains, 15 Design in layers
business odels, business cases, legislation 16 Design for material storage
17 Design reusing existing
Tender: 2018 building/components/materials
Construction: 2019 18 Design for symbiosis
19 Design out secondary finishes
Finish: 2020

20 Design for use

XXX XX X X X

X

X X
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Danmarks første cirkulære bygning
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Next step: creating new meaningful design strategies specific for the construction sector!
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Thank you for the attention!
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Kontakt

LEONORA CHARLOTTE
MALABI EBERHARDT
+45 60937085

Icl@mth.dk



Presenter
Presentation Notes
Det er vores tanker og visioner, men jeg kunne godt tænke mig at høre fra jer hvad jeres tanker om det her her og om I kan komme med nogle inputs til mig som jeg kan tage med mig her i dag når jeg begiver mig videre med dette projekt. 
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