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The environmental effects of the built environment are significBiéé consumption of
resources and energy the sector creates a large portion of the overall emissions in for
example Finland and affects the habitats. Circular economy has been recognized as a tool to
minimise the effects but there is currently no uniform method of measuring it.

The aim of this thesis was to create a monitoring system with which the circular economy
could be measured in the ygease of the propertieshe system was created by studying
the previous toolsadir circular economy measurement, the standard related to circular
economy, and the legislation related to sustainability repor@age studies were also
utilized to test the systemybnterviewing and studying actors in the built environment
sector and their properties.

Based on the studyhe development oA comprehensive monitoring system to measure
circular economy is needed, as the previous frameworks, standard and legislation do not
consider circular economy holistically especially regarding thephase of the properties.

As a result, a monitoring system was created, which takes into account the basic principles
of circular economy, the requirements related to circular economy in the sustainability
reporting directive, and the themes and indicators related to circular negoimothe
propertiesWith the system, the actors in the sector ¢adysthe level and aspects of circular
economy they have considered and direct their decision making towards circular economy
improvement.
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Rakennetun ympadriston vaikutuksen ymparistoon ovat hyvin merkittéyéktorin
kayttamat esursdija kuluttama energiovat todella suuren osuudesimerkiksi Suomen
paastoista seka vaikuttavat elinymparistoihin. Yhdeksi vaikutusten minimoinnin keinoksi on
tunnistettu kiertotalous, jolle ei kuitenkaan ole vield yhdenmukaista mittaustapaa.

Taman diplomitydn tavoitteena oli luoda mittarointijarjestelméiertotalouden
mittaamiseksi kiinteistdjen kayttbja yllapitoaikana. Jarjestelma luotiin tutkimalla
aikaisempia, kiertotalouden mittaamiseen luotuja tyOkaluja, kiertotalouteen liittyvaa
standardia sekd kestavyysraportointia koskevaa-ldifigaadantda. Tkimuksessa
hyodynnettiin myds tapaustutkimuksia, joissa mittarointijarjestelman toimintaa testattiin
haastattelemalla kiinteistdalan toimijoita seké tarkastelemalla heidan kiinteistojaan.

Tutkimuksen perusteella kokonaisvaltaiselle kiertotalouden mittarointijarjestelma
kehittamiselle on tarve, silla aiemmat tyokalut, standardit tai lainsaadanté eivat ota
kiertotaloutta huomioon kokonaisvaltaisesti, etenkdan kiinteistdjen kdgtydlapitoaikaa
koskien.

Tyon tuloksena saavutettiin  mittarointijarjestelm@a, joka huomioi kiertotalouden
perusperiaattegkestavyysraportointidirektiivin kiertotalouteen liittyvat vaatimuksska
sisaltaaerityisestikiinteistdjen kaytté ja yllapitoaikaa koskevat kiertotaloudéeemat ja
indikaattorit. Jarjestelman avulla rakennetun ympariston toimijat voivat selvittdd oman
toimintansa ja Kkiinteistojensd kiertotalouden tilan, seka ohjata paéatdoksentekoaan
kiertotalouteen liittyvierasioidenedistamiseen.
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1 Introduction

As the population keeps on growing, more and more space for living is needed and more
energy and materials will be used. This wiktvitably lead to more emissignfthe energy

cannot be produced with renewables and the materials kept in use for as long as possible.
Also, the amount of land used for our living space and the natural resources taken into the
construction of such spaces is destroying the biodivessithge Earth. It is estimated that
around hal f gras$ domdstie predocGEDPHiSeghly or at least moderately
dependent on nature, so destroying the ecosystems enabling our economy would be

devastating for paple as well(European CommissioiC, 2020)

Currently, buildings are accountable for around 40 % of the energy consumption in Finland,
equating to 30 % of the totgteenhouse ga&sHG) emissions. A substantial share of the

life cycle energy consumption of buildings is consumed in the use phase. This is an obvious
indication of the importance of energy efficiency in the sectdntiva, 2022)Also, the

largest amounts a@ésourcs in cities are used in the construction of infrastructure and in the
energy productioiiMotiva, 2021a). Around 50 % ofth&ear t hés nat ur al res
in buildings and construction which means the impact on the availability of natural resources
and on biodiversitys significant.(Finnish Ministry of the Environmen2024)

It has been estimateas stated in the repdy the Europeanvironment AgencyEEA,
2016)that emissions of around 4847 million tonnes of carbon dioxide equivalent could

be avoided during 2018035 with more efficient and ambitious targets on recycling,
packaging wastand landfilling. In addition to the environmental benefits, the estimates for
economic benefits of more efficient resoutee and circular economy measusesh as
recovery ofresourcs, changingourcingpracticesand redesiquing of products range from
around 245 to 604 million euros annuallgEA, 2016)As the built environmentsector is

one of the largest emitter of greenhouse gases and consuraspwifcs, and since along

to these, circular economy can be used to decrease the impact on biodiversity, it is vital to

study how the circularity of the sector could be improyEq., 2020)

The real estate investors are obviously interested in making profit from their operations
Since the actors across all fields are growingly interested in environmental matters and more

widely of sustainability, these need to be taken into account in order to make profit (i.e. get



customers). An essential part of the revenue is also how much money is spent. By investing
into energy efficiency and putting effort into carefully plannatiie retaining strategies of

assets, such as maintenartbe costs can be reduced in a long run.

The existing and upcoming regulations such as dbeporate sustainability reporting
directive CSRD with its European sustainability reporting standaf@SRS for circular
economy put pressure for almost all actors inkthiét environmensector.However,there
arecurrentlyvery limited monitoring frameworks and tools for measuring the circularity in

the built environmenby which the goals can be set and aimed Existing Dols are not
specified or created f or tnremlpdrgeibluttratherfov i r o
moreresourcantensive operations. As the sustainable reporiimduding the measuring of

suchtopics becomes mandatory, adequate tools are needed.

This thesisaims to create a monitoring system for tleephase ofproperties With the

system, the consideration of the differaspectf circular economyn the usephase of
propertiexcould be studiedo enablghe property owners igain a better understanding and
thusimprove their circularityandto prepare for the CSRD reportingor being able to
measure the level of circularity and compare assets to one anothenjtaring system is

needed and for it, aet of indicators needs to be chos€he creation of thenonitoring

systemis done by studyinghemesof circulareconomy in buildingsthe previous and legal
frameworksandthe creation principles of monitoring systems, Hreteafterpased on all

of them, by creating a list of indicators that srédeincluded in the monitoring syster
monitoring tool iscreated and tested on actual properties as pilot stuiesugh the
mapping, the general level of circulareconaang nsi der at i on iphaseésshe pr
aimed to be understood andrenitoring systento improve the circularityn the future
createdDeep analyses on the actual environmental, social, or economic effects on each of
the indicators of the monitoring system h
thesis. It is possible to quantify and compare i | di ngs & c arctsafanerfyo ot p |

use, biodiversity or economic value, to name a few, by existing tools.

The scope of the study are commercial buildings in Finland, such as retail, |agidtiffice
properties It excludes buildings such as production facilities and power plants since there
are already the previously mentioned existing indicators for rés®urceintensive
operations, but the results of this study may be utilized in such operations. s addition

to the buildings themselves, the people directly involved with them, such as the property



owners and users are included into the scope of the study, as they have the potential and
responsibility to improve the circularity, through for example strategic decision making. The
operations inthe buildings and the strategic actions regarding thexwe large impacts
outsidefor example the carbon stored into the buildiagd thus need to be taken into
account in order to maintain teavironmental, sociahnd economiwalueof the buildings
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2 CircularEconomy

Circular economy is an alternative system for the traditional, linear economy. In the linear
economy, material is gathered from the environment, made into prpaindtfhen disposed

as waste. As the resources become more and more scarce and huge amounts of energy is
used and thus stored into the products, it is essential to shift away from such linear system,
into more circular ways(Ellen MacArthur Foundatign2024a)The Ellen MacArthur
Foundation defines circular economy based on three princifil¢sdeally waste and
pollutionarenever generate@2)pr oduct s6 and material sé val

and(3) environment is even regenerat@dllen MacArthur Foundatigr2024b)

Kirchherr J. et al(2017, p. 221) analysed over hundred definitions of circular economy and
found that the definition of circular economy is still quite variable. The most frequently
presented strategies included reduction, reysing recycling. The study explained that the
variance between the definition of the circular economy may limit the participation towards
development of circularity and even cause the collapse of the concept (Kirchherr J. et al.,
2017, p. 221& 227).Thus, in the next chapterdiet principles and definitions of circular
economyareexplained througlwo well-known frameworks and bgefining the cyclest

is shown, how the materials and products could be kept ircyloge for as long as

possible

2.1 Technological and biological cycles

The materials and products are made of various substances. Circularity of materials and
products can be divided into two sides of the circular economy: the technical and the
biological cycle. The technical cycle holds all the materials that are ndelgiadable, such

as metals and plastic. The biological cycle means the materials that-degbaolable, such

as food, wood, and fabricEllen MacArthur Foundatigr2024c)

To illustrate the two cycles and the circular economy strategies related to them, the Ellen
MacArthur Foundation has created the butterfly diagrfaiguiel).
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Figurel. Circular economy systems diagram (Ellen MacArthur Foundation 2019.)

The technical cycledbs materials are very

resourcesand work. Also, as they cannot usually be released back into the environment (do
not degrader may cause soil or groundwater contamingtidris important to keep them

in the cycle for as long as possible. This can be done for example by sharing products,
maintaining the products and materials to prolong their lifecycle, reusing them in for
example another sector, refurbishing them intew peoducts or as the last option (from a
circular economy stanpoint), recycling the materials into new ug&llen MacArthur
Foundation 2024c)

As for thebiological materials, the value is somewhat different. Biological materials may
have been growing for as long as thousands of years, for example, crude oil and peat.
Growing materials such as wood and plants also store energy, carbon,diogid@trients.
Prolonging the biological materi al sr | if
example maintaining the products made fronoitremanufacturing the products into new
productssuch as transforming the timber used in a wooden building intidudtenAlso, the

nutrients stored in the biological materials can be restored into the cycle tfwvoegample



12

composting biowaste which generatestilizers and thus regenerating the cyc(&llen
MacArthur Foundation2024c)

2.2 9R framework

A more deegliving and practical approach to the circular economy strategies is the 9R
framewak (Figure2). The framework shows thiencore strategies from the bestheleast

effective (RO to R9) from the circular economy stgnaiht, through which the economy can

be transformed from a linear model into the circular economy model. The higher strategies
are related to the smarter product and material use, by for exampleiren ki ng on
operations and processé&dfective use of the resources by having the intensity of use (R1)

and efficiency of resources (R2) increased follow the refusal of new resources all together

(RO) as ones with the highest effectiveness in the strategy chart.

Circular Strategies

economy Make product redundant by abandoning its function or by

Smarter offering the same function with a radically different product
product

use and Make product use more intensive {e.g. by sharing product)
manu- :

facture Increase efficiency in product manufacture or use by consu-

ming fewer natural resources and materials

Reuse by another consumer of discarded product which is
still in good condition and fulfils its original function

Repair and maintenance of defective product so it can be
Extend used with its ariginal function
lifespan of
product Restore an old product and bring it up to date
and its
parts Use parts of discarded product in a new product with the
same function

=
=
1}
=
5]
e
o
o

E
w
@
o
5]
=

Use discarded product or its parts in a new product with a
different function

Useful Process materials to obtain the same (high grade) or lower
application (low grade) quality

of mate- : : e
rials Incineration of material with energy recovery

Linear
economy

Figure2. 9R framework on circular economy strategist{ing et al. 2017; Kirchherr et al. 201L7.
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The strategies from R3 to R7 aim to extend the lifecycle of the resources by reusing them in
their original purpose, repairing and maintaining them to keep them in use for prolonged
periods and if parts of the resource are discarded, having remanufacturing and repurposing
processes for thgarts with lifecycles leftThe last two strategies (R8 and R9) relate to the
material utilization, when the products are no longer usable as they are and should be used

as the last resort according to fremework.

The strategies from theZRReduce) to R8 (Recycle) show the greatest similarities with the
Ell en MacArthur Foundationds butterfly mo
lifecycle of the product€Compared tahebutterfly model the 9R principle also presents the

RO (Refuse) and R1 (Rethink) strategies, that improve the circularity, or in fact, prevent the
introduction of materials and products into the cycle altogetlich is significant
considering the resource scarcity and need for makingrtiueigts.
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3 Monitoring and reporting circular economy

Although the measuring of circularity has not been developed enough yet, some tools and
frameworks have been createdhich are necessary to be understood in this stlidg.most
well-known tools for the circularity data collection and measuring are the Circulytics by the
Ellen MacArthur Foundation and the CTidol (Circular Transition Indicators) by the World
Business Council for Sustainable Developmériie basic principles (for example the
themes and indicators included in the tools)amwewedanddiscussed below, howevehe

methodologywithin, for examplehe scoringsystemgach tool will not baliscussed.

The upcoming CSRD with its ESRS requirements will be a defining factor for the circularity
as well, saheir contentsarestudied in thdollowing subchapters to better understand the
themes and indicators to be included in the tool that is the result of thislstadiglition to

the frameworks, basic information about the creation of monitoring systems is presented
below.

3.1 Development of monitoring and integrated metrics

In order to monitor andhereafteimprove the circularity, metrics need to be developed.
Based on tharticle byMelnyk S. et al. (2004, p. 211), the metrics have three basic functions:
controlling, communicationand improvement. Controlling relates to the evaluation and
controlling of the performance, communication means the presentation of the performance
to both internal and external stakeholdarsd improvement relates to the possibility to close

out the gaps found by measuring the performance.

In comparison or in addition to the three basic functions Melnyk S. et al. (2004, p. 211)
presented for the metrics, Bourne & Bourne (2011-p) State the measurement systems
have five roles: establishing position, communicating direction, influencaigvour,
stimulating actionand facilitating learning. The principle of division of the roles is very
similar to that of Melnyk S. et al. with slightly moattentionon the involvement of the

internal stakeholdersuch as the employees.
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Without adequate measuring of the current level of circular matlslifficult to compare

assets between each other and improve in general. Only when measured, can one track the
progress made or planned. To measure, monitoring tools are needed and to create the
monitoring tools, a variance of metensndicators are needed. (Bourne & Bourne, 2011, p.

2)

To understand what indicators are needed to measure something, the topical matters for the
business need to be studied. The themes that are material in one company or in one location
(for example a country) may differ from one another. The performanceingesystem
should also identify t he i neffectonahe busisessamde | at
strategy. (Taticchi, P. & Balachandran, K., 2008, p. 152)

When choosing the indicators, it is also important to keep in mind, to which standard,
practise, or such the performance is to be compared to. Bourne & Bourne (2011, p. 2) state
that performance measuring without comparison to such is meaningless aru dhéy
comparison can one start creating a tr&wlrne & Bourne (2011, p. 2) also state that as
performance is relative instead of absolute, the performance is to be measured in relation to
the sector and for exampl e etishhesconpangdéomothb s h
external and internal benchmarks. This is also backed up by Melnyk S. et al. (2004, p. 211),
stating that metering can be done either with numerical or nominal outcome as long as they

are compared to a standard, targebther benchmark.

To end up with an adequate set of indicators, the enabtersrs and thesoughtoutcomes

may be a way to begiihe main drivers in sustainability matters are for example regulation
and law, financing, and other external pressure of the companies to become more
sustainable. The pushing factors may come internally as well, as employees and other

internal stakeholdsrhave interest in matters such as safety. (Melnyk S. et al., 2004, p. 211)

Developing a monitoring system is a complex process to which several frameworks have
been presentdd the research by Tatticchi & Balachandran (2008g frameworks present

a large scale of factors to be considered, but they have some key elements that are featured
in most. Such are the connection of the strategy to operatosjderingthe stakeholder
perspectives, using both financial and +iim@ancial indicators and integrating both external

and internal parameters. (Taticchi, P. & BalachandrarR0Q8, p. 150)
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3.2 Corporate Sustainability Reporting Directive

The demand for reporting on sustainability issues is increasing signific@ntiently, the

legal perspective supports notonlyth® mpani es 6 will to show th
to become more sustainabMon-financial reporting on sustainability will implement the
sustainability issues into the already required financial reporting, to harmonise and disclose
the information on the companiesd I mpact
help stakbolders such as investors on their decision making, as more detailed and open

information on the impacts is availabl&q, 2024)

The most significant of such requirements in the Europe iCtrporate Sustainability
Reporting Directive(CSRD), a delegated act launched by the European Commission in
2023. It will be implemented iphaseswith the first companies having to publish their
reports of 2024 in 2025. The CSRD wiltimately cover large companies, listed small and
mediumsized companies, and even some companies that are not baseopeagUnion,

but generate a significant turnoweithin. (EC, 2024)

The nonfinancial reporting carried out according@®RD covers all sustainability aspects
ranging from environmentdb social and governance andhcluding strategies, business
models and value chains. Thus, it is a comprehensive regulatibich enablesthe
companiego gain a thorough understanding of both the environmental and social risks they
may face how their actions impact the people and environmieuat,alsowhethertheir
strategies have managtt risks and impact#\lso, as the CSRD requirassurance from

a thirdparty, the information on the sustainability reporting will become more transparent.
(EC, 2024)

To harmonise the way in which the reporting is done in practice, the CSRD aligned reporting
will be done according to the European Sustainability Reporting Standards (ESRS). The
ESRS has the crogsitting reporting requirements: the ESRS 1 (General reqaints) and

ESRS 2 (General disclosures) and along those, the three aspects of sustainability: ESRS E
(Environment), ESRS S (Social) and ESRS G (Governance). The sustainability aspects have
been divided into subectionsaccording tdopics,where theeSRSE1-5 cover theollowing
environmental aspectglimate (E1), pollution (E2), water & marine resources (E3),
biodiversity & ecosystems (E4) and resource use & circular economy (H& social

aspectsaaredividedinto theESRS S34, which cove own workforce (S1), workers in the
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value chain (S2), affected communities (S3) and consumers and end $4er¥he
governances section only has topic,the ESRS G1, business cond(EiC, 2023)

In practice, all companies subject to the reporting have to follow the general principles of
ESRS 1 and the mandatory disclosures of ESRS 2. The basis of the other standards (ESRS
E, S and G) reporting is a double materiality assessment, in which thercgmpa b usi n
models, regulatory environment, and value chain are identified, and the significant
sustainability impacts, riske nd opportunities of both the
chain are identified and assessed. As the material sub@oebeenidentified, they will

need to be reported in more detail, and explanations given on the immaterial matters. (EC,
2023)

The CSRD and its reporting standards have ow¥XQldatapoints, ranging from narrative to
numerical ones. Most of the datapoints in all sections of the ESRS are narrative, but the
environmental sections have a significant amount of numerical data téheeeghas well.

For example, the E1 has over 100 numerical datapoints and the E5 around 30. (EFRAG,
2023) Thus, the companies subject to reporting may need to gather significant amounts of
both numerical and narrative data to disclose their informatimverall sustainability The

Virhe. Viitteen lahdetta ei I6ytynyt. in the chapte6.2 of the thesipresentshe datapoints
related to circular economipased on the@nmission delegated regulation (EU) 2023/2772
(2023).

3.3 Monitoring circularity

Monitoring circular economy has not been widely used yet as there are limited amounts of
tools or frameworks presenting adequate ways to conduct the assessments and measuring.
The previousframeworkshave been created mainly for material intensive processes with
extensive emphasis on resource flows. The indicatattse studied frameworkas well as

the newly published international standards for circular economy measuring are presented

below.
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3.3.1 1SO59000 standards

International Organisation for Standardization (ISO) is Aketwn for establishing
standards for a vast variety of topics and activities to be used by companies to describe the
internationally reognised best practices to be followed under each topic and activity.
Typically, these standards are voluntary for the companies to use for benchmark. ISO
published the ISO 59000 series on circular economy in May 2024.

The ISO 59000 family of standardgrrently consists of three standards: the ISO 59004:2024

for the circular economy vocabulangyinciples and guidance for implementatidine 1SO
59010:2024 foguidance on the transition of business models and value netaoditke

ISO 59020:2024 for masuring and assessing circularity performaibe first onds used

in this thesismainly to harmonize the vocabulary to meet the standadifamiliarize with

the basic principles of the standardsjiles the ISO 59010 is used as source material to
identify how to implement circularity aspects in the built environment. The appdicable
standard for the thesis, the ISO 59020 is especially used to identify ways in which circularity
iI's to be measured and in aid to create the
more thoroughlypelow.(ISO, 2024)

The ISO 59020 contairthe principles of measuring and assessing circularity performance
that begin with setting adequate boundaries for the system that is to be measured. The system
may be for example regional, organizatigral even a product. After having focus on a
specific system, its circular goals are to be considered, for example having a larger share of
reused contenwithin the systemThereaftetthe circularity aspects such as reusability or
durability should beconsidered Other issues such @sonomic or social should also be
consideregwhere applicablgISO, 2024)

After the boundary has been chosen, the circularity measurement stewfgated by
choosing circularity indicatorsfollowed by identifying the information that is to be
measured, acquiring datnd calculating or aggregating. Where the data cannot be acquired
the circularity indicator selection should be revif¢gO, 2024)

When the measurement has been carried out, the results are evaluated and interpreted. The
assessment results and their reporting should cover the degree in which the circularity

aspects align with the objectives and principles of circular economy, buteatswder
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contribution and possible confling impactsto further sustainable developmemtether

social, environmentabr economic(ISO, 2024)

In addition to the process and principles in which the measuring and assessing of circularity
performance should be conducted, the ISO 5%@@0dard also sets up mandatory indicators

to be measuredThe first mandatory set of indicators aresource inflowscontaining
indicators of average reused content, average recycled content and average renewable
content of an inflow are to be measuredretain and add resource valuEhe other
mandatory theme, thresource outflowand its indicators considering pEgnt actual reused
products and components, and per cent actual recycled material derived from outflows as
well as the per cent actual recirculation of outflow in the biological cycle are also to be
measured for value retaining and resource recoveringppas The resource outflow theme

also consists of one optional indicator considering average lifetime of product or material

relative to industry averagdSO, 2024)

Moreover, optional indicators in the standard include the agreularity indicators on
energy, water and economics. Energy indicator relates to the per cent of energy consumed
from renewable sources, water indicators to the withdrawal from circular sources,
discharging with quality requirements and water reuse ecicculation and the economics

to the material productivity (revenue ratio by mass of linear resource inflows) and resource

intensity index (economic growth versus resource (k&Q, 2024)

The compatibility ofthe monitoring system created in this thesis compared to the 1SO
590202024 (2024)s t andar d 0 s preserded mahwidhe. ¥iitteeen [&hdetta ei
|6ytynyt. in the chapte6.2.

3.3.2 Circulytics

The Circulytics tool was first introduced in 2020 for companies to have afdoahe
collection ofcircular economy related data and receive a circularity performance assessment.
Over 2 000 companies have since signed up for the assessment, helping the actors in circular

economy development in decistamaking.(Ellen MacArthur Foundatigr2024d)

The tool was closed for submissions in 2023 as the foundation safinanaoial disclosure

initiatives and reporting frameworks taking into account the circularity as well, with the
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ESRSbeing the most significant. The methodology is still available for referencing and the
foundation currently encourages companies to use the ESRS as the framework for circularity

improvement(Ellen MacArthur Foundatigr2024d)

The Circulytics methodology has 37 indicators from 11 themes. The themes and indicators
in them have been divided into 2 categories: the enablers with 20 indicators and the outcomes
with the rest, 17 indicators. The indicators have been selected fronediffeemes with the
enablers category including 5 themes: Strategy & planning, Innovation, People & skills,
Operations and External engagement. The outcomes category includes 6 themes: Products
& Materials, Services, Plant & property & equipment assetstevy Energy and Finance.

The indicatorsaarepresented in th¥irhe. Viitteen lahdetta ei [6ytynyt. in the chapte6.2

with comparison to the other frameworkiSllen MacArthur Foundatigr2024e)

3.3.3 CTI Tool

The Circular Transition IndicatorgJT1) tool was first introduced in 2020 for companies to
have a consistent way of measuring their circularity and help their sustainability reporting.
It was created by the World Business Council for Sustainable DevelopiBSD)along

with its 30 member companies. It currently has the fourth version published, with constant
development ongoing@ver 2000 organizations have used the CTI {WwBCSD, 2022)

The CTI tool has 11 indicators, including: Material circularity, water circularity, renewable
energy, critical inflow, recovery type, onsite water circulation, actual lifetime, circular
material productivity, CTI revenugevenue created from circular flow€§HG impact and

nature impactand use. The first 6 listed indicators calculate the percentage of circularity

whereas the rest use different units such as mass or curfa@gSD, 2022)

The first indicators, the material circularity indicators have been created from different
aspects of businessourcing design for potential recovery and business model innovations
and the legal & partnership for the actual recovery. The indicator includes the material
inflows and their content (nevirgin and renewable) and the material outflows and their

recovery poterdl and actual recovery. (WBCSD, 2022)

The water circularity indicators have been chosen to lower freshwater demand and preserve

the water resources. The indicators include the circularity of water inflow and the circularity



21

of water outflow. It also includes the onsite water circulation meaning the water that is reused
or recycled locally orsite. (WBCSD, 2022)

The renewable energy indicator encourages companies to use more renewable energy. The
calculation is done by dividing the renewable energy consumption with the total energy
consumption, through which the percentage of renewable energy consumed can be
presaited. (WBCSD, 2022)

The critical inflow indicator emphasizes the risks of using certain materials, defined as
critical by the European Commission. Such are ones of economic importance and of supply
risk, for example materials that are heavily linked to an industry, impartatdrials for
certain products and materials needed for modern technology (EC, Zh&4plculation in

the indicator is done by defining the critical material mass and the total mass of linear inflows
(WBCSD, 2022).

The recovery type is the percentage of different types of recovery methods used for the
management of outflows and recovering. This allows companies to examine the strategies
in which they would have improvement potential regarding lifetime extensiorodtigts.

Act ual |l ifetime extension is calculated it
is studied. (WBCSD, 2022)

The next two indicators study the financial aspect. The circular material productivity and the
CTI revenue show the revenue the company generates on their linear inflow and the CTI
revenue from the circular product inflows and outflows, respectively. The®ators guide

to companies to focus more revenue into circularity through for example innovation on

products, improving the current products and increasing the sales of circular products.
(WBCSD, 2022)

The last two indicators, the GHG impact and the nature inigant use, quantify the saving
potential on emissions and environmental impacts the company could have by shifting to
more circular strategies, focusing on sustainable sourcing andis@nchage respectively.
(WBCSD, 2022)

As wel | as the other framewor k preseddsthe t he
Virhe. Viitteen lahdetta ei 16ytynyt. in the chapte6.2 with comparison to thenonitoring

system created in this thesis
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4 Circul ar economy-phase t he buil di

Buildings account for 30 % of the global final energy demand and create 26 % of the
emissions. Although improvements are being made towards more energy efficient buildings,
the consumption of energy in the buildings is still rising, at over a 1 % anteiglodally.
(International Energy AgencyEA, 2023, p. 51) In Finland, the share of the energy
consumption in buildings compared to other demands is even higher than the global average.
Around 40 % of the total energy is consumed in building sector emth@ 30 % of the

emissions are created in the sedttotiva, 202)

Almost all of the life cycle energy usage within building sector falls within the use phase of
the buildings. The share of energy camgption is typically 8890 % but can be up to 90 %.
(Unalan et al., 2014)herefordt can be said that the use phase of existing buildings ascount
up to 30 % of the global energy consumption and contribute a significant share of emissions.
Thus, the existing buildingenergy consumption has the gregpedential for improvement

(IEA, 2024)

Resource flow management is crucial for the built environment as the amount of valuable
resources used in the built sector is significBoildings and construction u&®% of the

total natural resource consumption of the worlBinnish Ministry of the Environment,
2024 Estimations have been made that up to 25% of the life cycle emissions of buildings in
the EU are stored in the existing buildings and thus the effeati@ef existing resources

and buildings holding them could greatly delay and decrdes@eed for new resources

being used and the creation of emissi¢B&A, 2022)

The building and construction also account for 30% of the total waste generation in the
world. Especially the existing buildings are highlighted in the waste generation, as 85% of
the building and demolition waste is generated during the repair and dempijects and

the utilisation rate of the waste is currently only at around B0®inland Thus, a significant
amount of resources are wasted from the built environn{€minish Ministry of the
Environment 2024
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4.1 Inflows, outflows and supporting strategies

To understand what indicators are needethtwoughly monitorcircularity, the topical
matters need to be studied. For example, wtuplctal matters contribute to the overlapping
themes of circularity and the built sector, including useesburcesenergy and watemhe
resources in the indicators and themes of this thesis refer to products and materials, whether

natural, technical, biological, virgin etc

To include circular economy, strategies and innovations must be considered as this aspect
does not yet have an active role in the operation obtiilding sectorSuch would be for
example servicenodels, engagement of various actors and the implementation of various

circular strategies.

This chapter presents themes that relate to circularity in the building dacditog the use

phase The irflows into the buildingsinclude energy, waterresourcesand people, and
outputs such as pollution, waste arebourcesThey contribute to the climate change,
resource depletion and biodiversity loske ppical matterslso includeactions strategies

and innovationgdasedon the three basic circular economy principtésough which the
problems could be addresséthe value retaining actions as well as the nature regeneration
are presented as their own stiapters while the pollution and waste prevensicmshown

under several subhapters such as the resouréesthe flows to and from the buildings will

occur, the sourcing strategies are also important ways to minimise the negative effects. Such
are also presented throughout the-shbpters, in for example resources and biodiversity.
The sourcing in this instance refers to especially the procurement processes the organisation
studied has to for example substitute virgin resources, procure services that comply with the
circular economy principles, or grore renewable energy.

4.1.1 Energy

The main enerngend uses buildingsareheating cooling, and electricityMotiva, 202)

of which space heating is the largest energy endmitbea share of around82 of total
energy consumptiom Finland(Statistics Finland2024). In Finland, the most common way
to heat buildings is district heatingsed inapproximately50 % ofall the buildings, with

electric heating anground sourc@eatingcomprisingapproximately\27 % and 14 % shares
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respectively (Motiva, 202). The distributiondepend on the building typeand the
mentioned also include building types outside the scope of this gi@yistics Finland,
2024)

I n addition to space heating, heating iIs &
energy is used to heat the water. As energy efficiency increases due to newer more efficient
buildings being built, the share is expected to grow. The heated iwateinly used in

hygiene purposes, with showers taking the largest share, almost 50 % of the warm water
consumption(Climate guide2022

Although district heating providers already utilize zero emission production, they also
continue to use fossil fuels which create emissions, so new technologies and alternative ways
for heating are needed. Developing and increasing technologies for gadice melate to
especially the electrification of heating, through heat puniBmnish Energy, 2024
Compared to for example gas boilers, heat pumps use up to five times less energy (IEA,
2023, p.53).

Heat pumps can also be used for cooling. As cooling is the fastest growing energy end use
in the buildings, it is important to utilize efficient methods such as the heat pumps or district
cooling. The increase in cooling demand is especially due to theagiocg amount and
intensity of heat waves, which leads to prolonged and grown cooling periods. (IEA, 2023,
p. 53)

There are also different types of heat pumps, such as geothermal heating systems, that are
used in an increasing number to produce the energy needed in the building. Geothermal
energy is mainly used for producing heating and cooling and can reduce theymimargy
demands and thus G@missions significantl(Chen et al., 2023, p. Dther types of heat

pumps such as ones taking excess heat from produmtitogistics systems inside the
building and ones creating heatiogcooling from for example air, can be used. One of the
most common heat pumps in Finland is thesairceheat pump, which gathers the heat

from the outdoor air and transports it to the indoor(Mnotiva, 2025b)

To decrease the consumption of fossiked energy, for example buying energy from local
or national producers/grid, buildings can produce their own energy by utilizing energy
production systems esite. The appropriate application, i.e. the method in lwbitergy is

to be produced e i t e depends greatly on the char
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demand, for example electricity or heatiragnd the location of the buildingChen et al.,
2023, p. 2)

The most common ways in which energy is produceditninclude solar panels and solar
thermal panels. These can either produce electricity that can be used directly in the building,
or in the case of solar thermal panels, used for example for heatiegfaratonsumption.

(Chen et al., 2023, p. ) Finland, the amount of electricity production potential with solar
panels is good during the summer months, which may even lead to excess energy being
produced that can be sold to the national grid or stomegite.In this way, the energy costs

can be reduced and depending on the electricity prices, even inoutdepotentiallybe
created, by selling the possible excess energy to the(Bridanen et al., 2021 addition

to the benefits for the building owner, the produced and sold energy may decrease the need
of energy production in large facilities, making the overall energy network more efficient

and resilient in case of production disruptions

As the energy consumption should be decreased, one of the most significant and efficient
ways of doing this has been identified to
Improvements related to for example various energy saving technologies and energy
modelling are integral to the development of the use phase of buildings towards
sustainability (Hafez et al., 2023)

Energy saving technologiésr the building servicemcludefor examplethe installation of

new, more energy efficient systems faating, ventilation, and air conditioning (HVAC)

and lighting for example, but improvements can also be done through the existing systems,
by for example circulation and recovering of heat from for example the ventilation and
utilizing free cooling. Also, utilizing passive energy systems such as tharaght from

the sunin cold areasan lead to energy savingsiring tre wintertime and solar shading

during the cooling period¢Hafez et al., 2023)

Energy modelling and through it optimizing is an efficient way of improving the energy
efficiency without investments made into new systems or costly changes into the existing
technical systems. By for example checking whether the building automatiom $ystdles

the heating and cooling energies properly and adjusting accordingly, a significant amount of

energy can usually be savéHafez et al., 2023)
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Onek ey chall enge for the existing buildings
the asset users. Building occupants adapt for example the thermal conditions of their working
area according to their desir eforexampleche af f
energy efficiency. On the other hand, the behavioural and attitude changes provide the asset
owners an opportunity to engage the occupants into creating energy saékisgsutl also

be supported with adequate submetering through wdiicparties could be shown their

impact on the overall consumpti@nd invoicing done per actual consumption of each
(Mata et al., 202)

The ener gy o6s r ephase idimportant fromdirculag €cenomy perspective,

as the basic principles include for example the minimizing of pollution. Energy production
creates a lot gbollution, and the energgenerated is of high value, and thus minimizing the
energy consumption, keeping the energy in efficient circulation for prolonged periods, and
selling the excess energy produced to be used on other sites would be wise from circularity

perspective.

4.1.2 Water

Although water is often not seen as a perishable resource in Finland, since we have abundant
water reserves for our own consumption, it is important to take into account the over
consumption of water in Finland as well. Not only may it become a subjeongjetition

globally, but it also affects our energy consumption, wastewater treatment, nutrient flows

and local natural habitatginnish National Agency for Educatip®024)

In commercial buildings, water is consumed based on the operatidose purpose of the
building. For example, restaurants tend to use more water and into different purposes than
for example warehouses. Majority of the water in the commercial buildings in general is
used in thekitchen, toilet, andshowerareas.(United States Environmental Protection
Agency EPA), 2023)

The amount of water consumed is also dependent on the type of water appliances, for
example the flush volume of the toilets and urinals and the flow rates of showers, hand

washing taps and water efficiency of the dishwasi{ERA, 2023)
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As the water appliances mentioned above and the water supply system in general could
potentially leak, proper maintenance is important in order to save water, as leaks may
account to several percent of the consumption in the buildindscause expensive repair
needs for example for the structurégaks can be detected by utilizing leak detection
systems that track the normal consumptions and alert the property managers in case of

abnormal consumptioior exampleduring nighttime (EPA, 2023)

In addition to the technical systems, the behaviour of the occupants affects the water
consumption in commerci al buil dings as wel

can be seen and discussed and thus, incentives for improvement$ERa#]e2023)

Savings in water consumption can also be created by reusing the water. Recycling the
greywater and harvesting and using rainwater are ways to decrease the clean water
consumption in buildings. By using greywater to for exantplélush toilets and using
rainwater for example for cleaning purposes or irrigation of green areas, a significant amount
of clean water could be saved and even larger environmental benefits such as habitats saved
or recreated(EPA, 2012)

Since the water consumed is eventually mainly flushed dowsetves, the amount of
wastewater from buildings is large as well. Wastewater needs to be treated, which consumes
energy, and even though treated, the wastewater may cause harm for the environment when
discarded trough for example the high concentration of harmful substances and nutrients in
it. (Helsinki Region Environmental Servic@4SY), 2024)

In the buildings, the wastewater may contain light liquids from the parking areas and greases
from the restaurants. By proactively maintaining the sewage systems and installing oil
separators into the sewage systems of the parking areas and manoeuasiaga@rastalling

grease separators into the sewage systems of the kitchen areas, the amount of harmful
substances that need to be handled in the wastewater treatment plants can be deereased on
site before discharging. Also, such substances may also bausefor the pipelines,
decreasing their lifetime and in potential decay situations, even cause a leakage and through
it, a larger problem, so installing the separators into the source of the potential pollutants is
important from the circular economy peestive.(Designing Buildings, 2020)

Sewage is also a major pollution source for the environment, as it for example contains a lot

of nitrogen and phosphorous, also contributing to eutrophication, and to the ocean
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acidification, which then creates further carbon dioxide emissions. In addition to the marine
environment, thgollutantsin the sewage degrades the freshwater habitats and the soil as

well and affect the biosphere integrity

The circular economyos pri nci pghreughdeceaseda i n
consumption of water, valuable resources that is the water could be saved, but as the water
extraction may cause changes for habitats, limiting the amount of it may be vital for
biodiversity.Also, the pollutions contained in tiveastewateand water dischargese also

to be considered as stated in the basic principles of circular economy.

4.1.3 Resources

The resourcénflows into the poperty include for example the products such as furniture

and equipmentpuilding services such as lighting fixtures and ventilation machines
including their parts and structural/interior products such as windows and internal walls. As
the products contain a lot of energy and valuable, even scarce natural resources, the amount
or lengthof lifecycles they have has a significant impact on the environment. (WBCSD,
202D)

As circular economy is heavily linked to maintaining the value of products and materials
and minimising waste generation, the managemenmesdurceflows, both inflows and
outflows is of high importance. To minimise thesource f | ows , the prod
should be extended, which is one of the key strategies of circular economy. Prolonging of

the lifecycles can be done by for example proper maintenance of prddiits.2022)

In addition to the extension of the lifecycééming toclose theresourcdoops by identifying

the inflows and outflows from the asset, as well as having knowledge of their source and
recovery rate after the decommissioning is of high importance. This can be done by for
exampleutilizing material passports amgeating and managing an inventory of the inflows
and the existingesourcs, thus aiding in utilizing them in the end of their current arse

location (FinnishMinistry of the Environment2024)

Since resources willnevitably flow into the buildings, their sustainability should be
maintained. Sourcing of products and materialstithae been designed in a sustainable way

or are wutilized in their max i mal potent.i

-

C
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resource flows. Higher renewable and recycled contents in the resources, several lifecycles,
prolonged and effective usage and minimised carbon footprints are ways to decrease the
negative environmental effects of the flows. Thetainallity of resource inflowsan be
studied and maintained through for examge@ironmental product declaration (EPD), life
cycle assessments (LCA) ahdving higher recycled and-tsed contentgEC, 2020)

As completely closed cycles are impossible to be arranged, the recyalespofce needs

to be taken into account as well. It has been estimated by the European Commission (2011)
that around 6.2 % of allresourceconsumptionn Europes avoided by recycling and there

is still some more potential to it even with the current technologies. Value chain
improvements could improve the percentage to as high as 24 % bya@83Be annual
savings in the built environment, food and mobility sectorsto inctease 6 0 0 Mu at t

timeframe

The resourceoutflows from he property include the previously mentioned products and
resources when they are decommissioned, and the waste created from for example the
operations in the buildinglo improve the recycling in the buildings, it is vitaldon to

avoid products containing harmful substan¢E&A, 2016) Such are for example the
volatile organic substances possibly found in textiles, panut particleboards amqablyvinyl

chloride (PVC) with its plasticisers and toxic heavy metals found in doors, windows and
flooring (Ellen MacArthur Foundation, 2015Resources containingalmful substances

may not be recyclable and are difficult to handle as waste as well.

4.1.4 Valueretaining strategies

In addition to the resources inflows and outflows that occur during the use phase of the
properties, the buildings themselves need to be considered and maintained, in order for their

lifecycle to be as long and efficient as possible.

T he b uilife dyclenpgréoinance characteristics aim to prolong the lifecycle of the
buil dings and make the usage of them more
efficiency and carbon i nt ens tbeing.Waile sevesal s 0 &
affects are created in the planning and construction phesening the created value

(property) is vital in the usphase as wellHakaste et al. (2024)ivide the characteristics
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into three categories: reusability, adaptahilégd durabilityand maintainability.(Hakaste
et al., 2024)

In the use phase of the buildings, reusability can be taken into account through utilizing
reusable producthat are capable of being disassembled. Components and systems such as
HVAC systems& components and ligiwall structures can be reused in another building or
part of the building thus decreasing the need for new ones. Reusability also includes the
ability to relocate parts of the building or even the building as a whole, to be usethierano
location.(EEA, 2016

In addition to using the building in another location, the variance and change in use purpose
can be considered. The adaptability of the building into new or variable use includes the
multi-usability or versatility in which the building is used in several different ways without
large changes into the systems or structures, such as open spaces that can be fitted out or
divided into smaller areas to fit the purpose. By having various uses of the buildthgs a
thus being capable of concentrating for exampiéices into one building or area, may even
decrease the use of vehicles and through it, the emissions a@uwtlinen et. al.2021)

Also, the adaptability considers the convertibility of the building through its internal
structure by for example having lighall structures, technical systems and-¢ays, and
expandability through the capability of adding new spaces or systems. dptalztity of
buildings affects the length of lifecycle of the buildings and thus decrease the need for new
buildings, but also minimise the inefficient use of the building by improving the rates in
which the buildings are usefHakaste et al., 2024)

The durabiltyandmai nt ai nabi |l ity include the build
continuous working and the security and risk management aspects, for example enduring
various foreseeable actions such as the risks the climate change andettesidesuch as

the natural hazards. A durable building has the ability to maintain its performance and use
under such conditions by having features that prevent damage. The maintainability of the
building includes the prevention of failures by havingtdess that are maintainable, and

also the actions that can be taken to restore the features to a working state in order to continue
the use of the building and its featur@4akaste et al., 2024)

Proper maintenance of buildings and their systems is key to prolonging the lifecycle. Having

adequate maintenance guidelines and preventive maintenance scheduling affect the
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buil dingbdés, and its systemso |ifecycle | el
buildings to be manufactured. To effectively utilize such policies and schedules, the
information about the building and its systems needs to be adequately sibiezpaup to
date.(Hakaste et al., 2024)

As can be seen from thl&gure 3 below, majority of the life cycle characteristics require

some level of disassembly capabilities to be taken into efficient use and thus for the
buil dingsd use phase, are considered mainl
HVAC and lightwalls.

Life cycle
characteristics of
buildings
|
| | |
T S Durability &
Reusability Adaptability maintainability
|
| 1
*Reusability of the e
systems and *Relocatability MUlE\IﬁfUnL:_ll(TF\:lllly *Convertibility Technical durability *Maintainability
components fversatiiity
|
| | ]
*Internal o . e
convertibility *Expandability *Contractability

*Requires disassembly capabilities

Figure3. Life cycle characteristics of buildings (Hakast@., 2024)

4.1.5 Effective use of the buildings

The characteristics of buildingsdé |ife cyc
also the utilisation of the buildingBfficient use of buildings means they are not beinidf b

and maintained and thus creating emissions and using energy unnecessarily. In addition to
the energy wasted by for example unnecessarily heating empty spaces, the changes in

occupancy rates create challenges in ensuring adequate occupant comfandrkireg
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conditions in the spaces and during the times of use. (Talami et al.,|I&GRR}ition to the
three characteristics presentedhaFigure3, spacauitilisation can be improved through for
exampleconsidering thdocation (for example during sourcingaccessibility, and service

provision.

Currently in the Helsinki metropolitan area in Finland, the vacancy rate, i.e. the rate in which
office buildings are not tenanted is at 14.6 %, meanmg8 5 % of t he of f i c
rentable spaces in use There are significant differences between the areas in Helsinki,
showing that the location of the asset is an important factor in planning and owning the
properties(KTI, 2024)

The changing working practices such, for example remote and hybrid working has decreased
the property occupancy rates especially in the office buildings, and the lower occupancy
rates in them are expected to continue even after the pandemic restrictieheéa erased
(Peters et al.,, 2022A1 t hough st i | | hi gher than those
centreshave witnessed some decrease in their occupancy rates aSiguek4 shows the
development of occupancy rates of office, retail and industrial assets in Helsinki
metropolitan area from 2010 to 2023 with clear decrease in all, even if the pandemic era
from 2020 onwards is excluded. (KTI, 2024) According to the Ellen MacARbundation

(2015), 60% of the offices in Europe are not used even in their working hours.
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OCCUPANCY RATES OF OFFICES, RETAIL AND
INDUSTRIAL IN THE HELSINKI METROPOLITAN
AREA
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Figure4. Occupancy rates of offices, retail and industrial in the Helsinki metropolitan area. (KTI, 2024)

The accessibility of the building is an important factor in occupancy rates and overall
attractiveness of the properiyhe accessibility is affectddr exampleby the location as the
public ransport network differs between areas, and thus the building users might not find
the location attractiveDccupants may also arrive with private vehicles, potentially creating
emissionsand Dr electric vehicle users, charging statipnesvisionmay be a definig factor.

(Hahn et al., 2023)

The Design for All, also known as the Universal Design concept, considers and advocates
the inclusivity factors i n 2paisolstdté thghed6 de
accessibility for all people, regarding the capabilitidsr (example regarding age,
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disabilities) also needs to be covered in order to be socially sustainable. In addition to the
transport network and related provisions, other provisions such as social facilities, suitability
of working spaces and closeness of amenities affect the oayuPaovidingfor example

sports facilities, breakut areas and outdoor resteas appeals to tenants, potentially
increasing the occupancy rates. (Apostolidou & Fokaides, 2023, Carlsson et3l., 202

A way to increase the efficiency of building use is mplirposing and sharing of the
facilities, services and products. With the addition of effective repurposing of building the
demand for new construction could be decreased. Exampliém afharing of facilities,
services and productgould be implementing micro renting such as renting smaller office
areas or individual meeting rooms for short periddgs/ing common areas for eating for
several different restaurants or renting for example cars or egoggment for the building

users.

Multi-purposing buildings to host for example working education and sphanitsy daytime

and events such as culture or classes during evenings. Also, as the educational facilities often
have sports facilities, they could be utilized after the primary use by sports teams or
individuals.(Ellen MacArthur Foundation, 2015b)

As the teleworking has increased, the office spaces and even buildings as a whole may sit
empty and should thus be repurposed to decrease the need for new construction and thus
decrease the intake of new resourcespwRposing buildings or parts of them from for
exampleoffice useto residential or other accommodation use could create valuable living

space for the growing populatiafeEA, 2022)

4.1.6 Biodiversity

Biodiversity is one of the key challenges that need tadoieessedand circular economy is

an efficient way of doing so. The main drivers and sectors with the largest potential of
handling biodiversity loss through circular economy include the building and construction,
food and agriculture, forests, fibremnd textiles sectors. By rethinking the consuming of
resources and ways in which and places into which we build, biodiversity loss can be tackled

and even reverse(Sitra, 2022, p. B)
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The location of the tilding is not only a matter subject for thailding users but also has

an impact on the biodiversity. The study by Sitra (2022, p. 14) states that the building &
construction sectords | argest positive | mg
and by increasing the population densitycibies. The amount of land used for our living,
takes away space from other species wisiethy it is important to carefully considevhere

the buildings are buikind from the usphase perspective, the actual need for new buildings
should becarefully studied prior to construction, i.e. utilizing the existing buildings
effectively. (Sitra, 2022) As the cities are usually also built to-evation areas such as
coastal areas and floodplains, which are usually also high in biodiversity, the consequences
of destruction of natural habitats is emphasized. As the invasive speciesiale nmre
adaptable to different areas and humans also import for example animals and plants, the
natural habitats and species are altered greatly in the and due to teabrolhment(Arup,

2021)

Planning the built environment as part of the nature, not against or over it can be done by
utilizing existing urban areas more efficiently and creating habitats in them and routes
through them enhances the preservation of valuable species. By for extaweleping
wildlife crossways and urban green areas, the biodiversity loss risks can be réduged.

2021)

Green areas in the urban planning also play a key role in water management. As the non
permeable surfaces create flooding and through them, increase the nutrient and pollution
flows into the environment, it is important to create features that avoideienGoofs and
permeable pavement as well as rain gardens reduce the biochemical flows and freshwater
changes, preserving the-aliportant waters. The water and other biosphere habitats also
need to be preserved through adequate sewage handling to aidrtants from harming

the habitats(Arup, 2021)

The extraction and use of materials such as timber also degrade valuable environments, for
example forests, especially if harvested unsustainably, which affects to theskantdange.

The manmade materials often used in the built environment, such asnteand asphalt

also have the tendency of absorbing more heat than natural land, which creates heat islands,
contributing to the climate change through increased ventilation and cooling féeds.

green areas in the cities also further cool down the enilironment, which leads to less

energy consumedArup, 2021)
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Even though wood buildings have been considered positive as they store carbon for long
periods, i was studied byrhe Finnish Innovation Fund Sitia 2021, that increasing the
demand of wood used for construction has a negative impact on biodiversity. And actually,
decreasing the use of virgin wood material and increasing the population density have the
highest positive impact on biodiversity acrdlsse whole building and construction sector.
(Sitra, 2022, p. b) In addition to the construction of the llings, the use of timbdrased
products need to be taken into account in the use phase of the buildings. Through for example
sourcing strategies, the sustainability of the wood can be supported, and negative effects

minimised.

The study by Sitr§2022)also states that circular economy practices such as effective and
prolonged use of existing buildings and preserving the resources bound to and in them has
significant effects on the biodiversity maintainif@ecycled and reised timber products

was also found effective for the built environment, to minimise the extraction of timber.
Such matters need to be considered in the sourcing processes for both buildings, and their

equipment and internal structures.
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5 Methodology

In this section, the ethodology othe thesis study is presented. The data gathering including
for example studying and reasoning certain frameworks, as well as the choosing of the
indicators and themes are shown to transparently present the steps through which the
monitoring system was entially createdVirhe. Viitteen lahdetta ei 16ytynyt. below

presents the process of the thesis.

L VENq e UT & Nl e TR W Tq W G
W7 2 R0 kelft @515 1c ¢ Od @B Y G RID IRFIQIVEI R qIdAE R 0 2R Gows OBt

VE q 2l @ 680R1 AsRivellY Wit & @ 1dlanidwyl Al R@ R1 YOG W0 q

v 1311 g R | 9 & B8 q t

VE g ¢ UTre¥HRW AEHIVCAE DR @I ¢ t 2t REEIAMM M

VAT 1J2 RTIEHIR HaaVRORMIY! IRGMDR 1 # 2 di O ToloAN

vi U] Wi q] & 8 alGG Y1 q IR ¢ @IEDQEDIFIE 'oflll + Y I R 2 WWiet BidR!I0 N

VE 13 G 13 1 @aRa0IDe IR (T R Phéay 8EDYI0 R qtY !l 1RdAIDE VI WBHGIR a 1J] & RIJE
W Y210k R @ IG10¥HmEEI) D ddue RI DG IU0qt
V9 Y 2 13 b 80V oR N U RRSUH cROFel aiff@Ga 10 2RIV e & 10 sh el Rige VlGAe i@ R1 %06 100 q

VE 10 1 e R U B RRYEBH RApdEIIY U R aiY!l IREBDEIH 2 @ 30 0 10T
cop v Ot 0 6800 R sldn WY B R Y 107R @ Ete bt ILLID ¢ call Y IR oY ! 1R GNMOLLIDLE Foyl a8y
J/

N
VE G DG RGO YUt aqyiod ¢ BIDde T ¢ 620 6 O R 6 )0 R @ didf illdd0oo #6 U R &6 @yt 2 A G&RMRUDN
9 ¢ 1 1 Y oD 2 H¥ole 1D Ry | e HRYG d IDIM2YRRLE B¢ #OdHa Y tRIgHaRE R ad RWaMN 13 & & Wdndfidy IR qiY !l {RGHKDLL
t 2t q¢ RUGIHERR Ranld@Id I0HEWO 01D G

J

N
ot 13tat6RIOD R FeeUd YUT R nvordul 17 RO D R Hccd WD d DR GETIY D¢ R BV BRIV qUIb2 RIS
J

vt Ot 106 6REOGENIE B R OE0R qlonElq 6 1€ & & 616t of Vel Gi ¥ G kel R0 R @ & B ISRV q 162 RIS 1 )
VA 1ID2 RIGR6RIT O 21l IRIUDGU) q IV E DR LB |+
i Uq 1l €08 R 10 ot 6RX OV20lHEI0+ 5 131 +

VA I GY lqapiRaG 0 &ld ap )

Figureb. Process of creating the circularity monitoring system for the built environment

5.1 Recognisingand gatheringiecessary informatiofor creatingthe monitoring

system

The process was started with defining boundaries for the system studied, in other words, the
boundaries for the t he-phase, caveringdghe streams thas flow h e
in and out of them and the strategies that help support circulagiypvement. Thus, the

system boundary was not the buildings per se, but rather the buildings and in addition, the
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people directly dealing with them (owners and users), as they have the ability to control the
system that is the building.

It was defined in the beginning of the thesis study that quantifying all data for the monitoring
system to a comparable form would be aliooad targets it would demand for example
conducting LCA studies for the flows to recognise their actual environmental effect. A
calculation matrix would also need to be implemented into the monitoring system in order
for it to work in a way that would present thigeets of various indicators in a comparable

form. Thus, the monitoring system was created in a wayitthaduld cover all relevant
aspects of <circul ar -phaseandpmgentitorthe mdnigoring systdmd i n
user the themes and indicators which they have currently taken into account in their

operations and which not.

The relevant data inrder to create a circular economy monitoring tool started with defining
the principles of circular economyhe weltknown definition of circular economy by the
Ellen MacArthur Foundation was studied and thus the basis for the monitoring system was
createdtotake into accourthe three principles: to eliminate waste and pollution, to circulate

products and materials at their highest value and to regenerate nature.

To understand the flows ofiaterials ad productsand the strategies supporting their value

the butterfly diagrams by the Ellen MacArthur Foundation were studied. Intorderable

to utilize the monitoring system to the transition from a linear to a circular economy, to the
constant development of circularity andore deeplynderstand what strategies could be
implemented into the monitoring system, the frameworks of circular economy strategies
were studiedln addition to the butterfly model, possiblyet most welknown framework,

the9R framework include strategies to support the three basic principles of circular economy

and their content was kept in the consideratibien creating the monitoring system.

As the details in the different monitoring systems vary, an understanding of the creation of
monitoring systems was sought in order to be able to choose adequate indicators. The basic
principles of monitoring systems and metrics that need to be includedrnm and how to

implement the metrics and systems into use were studied through a literature review.

During the review and from the research questions of the thesis, it was understood that the
indicators from legal requiremenssich asespecially thecurrently most binding for the

European companies, t@&SRD would need to be included into the monitoring system
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it to be able to answer the demandshefdirective Thus, the details of the CSRD and its
reporting standards, the ESRS, were studied thorougldp, as the ISO standards for
measuring and assessing circularity were just published while conducting the thesis, they
were also studied and included into the thesis proaassthe literature review materials

and into the choosing of indicators.

In order to not createn existingmonitoring systenagainbut rather expand and develop the
existingtoolst o better suit the built -phasevther o n me
Circulytics and the CTI were studied to find out what matters and indicators are possibly
missing from them. The existing tools were also comparededdCSRD to understand if

they already comply with the reporting requiremeatsl how they would need to be
expanded in order to compl ywassiudiederiticallgtos a, t
identify whether they cover the aspects of circularity in the other tools.

It was noticedhatthe existing tools have not been created for buildings and thephase

per se and are more suitable for more material intensive processes such as manufacturing
Also, it was noticed during the study on creation of monitoring sysiangeneral that
detailed research was needed to gainomprehensiveinderstanding of the inputs and
outputs of the built environmenthus, the inputs and outputs in the4pdase of buildings,

as well as the strategies that would possibly supportrthequisly studied basic principles

of circular economy and the strategies of 9R that would be suitable for Hphase of
buildings were researche8uch were for example well known flows of energy, water and
resources, but also more detailed circular economy related strategies that may not be widely

used currently.

As the literature reviewsovered the most important legal requirements, the recently
published international standards for circularity, and the existing frameworks such as the
Circulytics created by arguably the most weilbwn circular economy development
company, it was assurdaat comprehensive and quality data were covered in order to create

a valuable monitoring system.
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5.2 Creating and testintipe monitoring system

The nonitoring system was created by including the necessary information of the theoretical
studies such as the indicators from the CSRD as wehesther recognised matters of
circul ari ty i-phase nteadxaelitdoldhatrwgsscieated foethis purpose

The tool has the themes and under thems#teofindicators chosen for the monitoring
system comprising of a total of 60 indicators in 10 thentésr the indicators, a scoring

board was created, based on whether the indicator would be fulfilled oFheoscoring

board then calculates the overall performance of the asset in question and creates a graph,
showing the circularity othe assetThe scoring boardhe exact final list of indicatorsr

the questionnaire is not presented in the thesis for business relbgbtise themes and

indicatorsrelated to each are presented inpgheagrapl6 .

As the quantification and comparison of for example the actual environneffatdlis out

of the scope of a single thesis study, the themes and indicators that were identified during
the literature review were implemented into the monitoring system regardless of their
estimated quantifiedffect on the three basic principles of circular economy. In case an
indicator was identified to have at least some possibility of effect oaitti@dar economy
principles, it was included in the monitoring systdrus,the scoring board wageatedo

show whether datfor an indicatoris available(for example astrategy is in operatign
without crossexamination of the actua@nvironmental, social or economeéfects of the
indicators.

After themonitoring systemwvas created, it was tested with actual properto wn e s.s 6 a s
The properties were chosen to be different from each other in order to gain a more thorough
understanding of the statetbk properties, theformationavailability and suitability of the
monitoring system and readiness for the CSRD in various building typespraride
readiness to further develop the tool for the use of the built sector as a Wiwlaroperty

types that were included in the testing prodestuded retail premisestioppingcentres
officesand logisticlight manufacturinduildings, varying fromaround3 000 nt to around

50 000 nt. All the properties studied are located in the Helsinki Metropolitan area, to
conduct a more comparable study between the building types, as the location of the building
has some effect on the circular economy matters, through for example the scoring of

biodiversity related matters.
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The testing was carried out Isyudying the publicly available materials of the property
ownerssuch as sustainability repodadmaterials provided by the property ownefghe
properties themselvesi,ch agechnical drawingandenergy data. In addition to the material
studying, nterviews forthe propertyowneés r epr esent ati v ecevermgr e a
all property typesThe participants in the testing consisted of real estate investors working

in Finland, andhe interviewees included sustability personne(managers/specialists)
responsible of the sustainability strategies and actamgs,more technical personnel from
maintenance managemaertd longterm investment planning having knowledge about the
technical matters and for example changes in use purpose of a pripeay agreed that

the participants or the specific properties would not be named for business and privacy

reasons.

The interviews were conducted as seatnuctured online meetingst which a set of
predetermined questiongas gone throughThe questionnaire comprised @ questions
related to the indicators anivided into two sections: the measurable flows such as energy,
water, and resourcesind the strategies suabimplementing circular economy and sourcing
strategies into operation. Prior to the questionnaire, basic information regarding circular
economy was presented, including for example the Ellen MacARhmru ndat i ond s
circulareconomy principles and the R9 framework, to actuate the conversaliog the
guestionnaire, free form discussion was held to get more information about the exact

processes and strategies.
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6 The created circular economy monitoring system

In this chapter the results of the thesis are presentediirstsubbchaptershows the themes

and indicators chosen for the monitoring systemd how the scoring is organized. The
second swuthapter presenthiow the monitoring systemcompars to the previous
frameworks Circulytics and CTand to thelSO 59020 an€€SRD requirements. Thsection

after it shows the testing of the monitoring system created, with the results of the three

different property types chosen for the testing.

6.1 The structure and principles of the monitoring system

The 10 themes included in the monitorireystemare Energy, Water, Resource inflows,
Resource outflows, Biodiversity, Nature regeneration strategies, Pollgtiowaste
prevention strategies, Value retaining strategies, Active circular economy and Sourcing.
Each theme has its own set of indicators, varying fBoto 8indicators per themewith
biodiversity themes having the least amount of indicators and resource flows tol heost
reasoningoehind the indicators is based on the literature review ancegepied below,
divided into the three basic principles of circular economy: upkeeping resource value,

eliminating waste angdollution, and regenerating nature.

The majority of the indicators are presented below inTihlele 1. In addition to the 42
indicators presented below, 18 indicators additional indicators are included in the monitoring
system. Theadditional indicators relate to the presented ones but take a more profound view
on the properties and strategies. They include for example the scale in which Energy inflow
monitoring has been implemented (property, tenantsusaed) or the actual conteof a
strategy, for example Sourcing strategy having certain aspects covered, responsibilities, and
targets set. All unpresented indicators are more detailed than for example ESRS
requirements and are thus not presented for business relBgpiise monibring systems,

the presence of such matters has been marked nvithand for theESRS requirement§

(quantitative) or Nnarrative) and also with the applicable part of the standard.
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Tablel. The inflow indicators in the created monitoring system and the comparison tortudarity monitoring systems
and thestudiedstandaids.

Circularity indicators for | Circulytics | CTl | ISO CSRD The created
t he bui |-ghase g 59020| (ESRS) | monitoring
system
Energy inflow monitoring X X X Q (EL5) X
Energy sourcing X X Q (E15) X
Energy production X X Q (E15) X
Energy recovery X X
Water inflow monitoring X X X Q (E34) X
High water stress areas X Q (E34) X
Water circulation X X X Q (E34) X
Surface water X X
Wastewater X X X N (E34) X
Virgin r esource inflow X X X Q (E54) X
Renewable resource inflow X X X Q (E54) X
Critical resource inflow X Q (E25) X
Technical resource inflow X X X X
Biological resource inflow X X X X
Timber resource inflow X
Logistics X
Virgin r esourceoutflow X X X Q (E54) X
Renewable resource X X X Q (E54) X
outflow
Critical resource outflow X Q (E25) X
Technical resourceoutflow X X X
Biological resource X X X X
outflow
Timber resource outflow X X
Nature footprint Q (E45) X
Biodiversity  supporting Q (E45) X
features
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Circularity indicators for | Circulytics | CTI | ISO CSRD The created
t he bui |-ghase g 59020| (ESRS) | monitoring
Biodiversity harmful X Q (E45) X
features N (E53)
Regenerationstrategies N (E4) X
Biodiversity studies N (E4) X
Biodiversity maintenance N (E4) X
Pollution prevention N (E1, E2) X
strategies
Waste prevention X X N (E5) X
Pollution studies X
Pollution management N (E2) X
Efficient use studies X
Sharing X N (E5) X
Adaptability X
Durability X X Q (E55) X
N (E5)
Maintainability X X N (E5) X
Reusability & end-of-use X X X Q (E55) X
CE strategy & X X N (E5) X
implementation
Circular economy co X N (E5) X
operation
Revenue from circularity X X X Q (E5) X
Sourcing strategies X N (E1, E3, X
E4, B5)

Categories such as energy, water, and resource inflows and outflows all include cycling of
valuabl es, through aiming to keep the sour
use for prolonged periods, and conserving resources such as prodedtsiéseir source

and value. The water category also considers future changes such as rainfall increasing due
to climate change, which is possibly destructive for the value of the properties. The value

retaining strategy category is the most detailed tdsvéhe methods in which the resource
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value is kept at a high level, with several aspects taken into account, ranging from
considering the need for new assets (such as properties) to having them endure and manage

wear, all the way to considering the next lifecycles.

Pollution and waste prevention are also considered in the flow categories of energy, water
and resources, through encouraging emission free energy to be used and emphasis put on
renewable resources, as well as minimising the consumption of such, to eéareasmple

the emissions from the generation of the flows. The indicators in the water category aim to
decrease emissions to the water and land systems with technical equipment such as oil
separators and the indicators in energy category to decreasgogm®ito air with emission

free energy systems. The pollution prevention strategies again support the prevention
through studying the material risks associated with pollution and encourages properties to
take preventive action to such and minimising resesithat contain possible pollutants.

The nature regeneration was included in the monitoring system as well, as it has not been
considered thoroughly yet in the built environment. With indicators regarding biodiversity
included in these types of monitoring systems in addition to more spbmfitversity

studies, the importance of the nature and its regeneration can be highlighted. Studies related
to the existing biodiversity, its support, and harming are the basis of regeneration and are
thus also the key indicators in the created monitasiygiem. As the biodiversity has been
studied thoroughly, strategies to maintain it and even enhance it become more effective and

easier to be created.

The scoring of the indicators has been chasetnat each of the 10 themes has a maximum
score of 10 points, thus making the maximum score of the overall score 100 points. Thus,
none of the themes have a particular weighting but an indicator within a theme may have
mor e i mpact o n tameanotheh eAm ¢hé sommarsonr of thet dctual
environmental, social or economic effects of the indicators was outside the scope of the
thesis, the scoring per indicators has been set intuitively based onréueiléeeviewFor
example, in the energy, water, and resource categor@s, @mphasis has been given for

the renewability of the flows as they would probably create less new emissions. In the
strategies, more emphasis has been given for the target setting, performance monitoring
throughstudies, and fonewer innovations such as sharing econdnstead of for example

responsibilities in the policy or scale of the users of the policy.
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Based on the scoring in each theme, the monitoring system creates @ogpapdent the

results. The results are shown as radar charts with the highest possible scores of each theme
shown on the outer circle. Thus, the more circular economy positive the property is, the
larger and more circular the graph is and the closertaicgheme is to the centre of the

graph, the more improvements are needed for the theme. The graphs are presented in the

subchapter 6.3 which shows the testing of the monitorirsgesy.

6.2 Comparison of thereatedmonitoring systemprevious framework 1SO
standarcandthe CSRD

In addition to the monitoring systems, the CSRD also has several circularity related themes,
indicators and datapoints. As the CSRD has many circular economy related matters outside
the ESRS E5 (resource use and circular economy) section, for examplaettyy e
consumptions related to climate change in the ESRS E1 (climate change), the mapping has
been done throughout the reporting staddin theVirhe. Viitteen lahdetta ei 16ytynyt.,

thepr esence of <circul ar econo mhaseiethgaevieud 1 nd
circularity monitoring systemand ISO 59020 standardnd the data gathering/reporting
requirements of the CSRD are shown and comparéte created monitoring system

Inflows such as energy, water aresourcess well aghe outflows of the mentionedere
implemented int@ll the studied systemghe circulation of such inflows was covered by all
only for the water. Energy circulatidior example through heat recovery and alternative
water sourcesvere not consideredn the CSRDnor in eitherof the previous monitoring

systems.

Similarities were also found in the value retaining strategies such as considering the
durability, maintainability, and reusability of the resources as well as the overall circular
economy (CE) strategy and its implementation. The C&egies included narratives of
circular economy strategies and their implementation in the company structure but lacked
details such as how the existing assets rather than infiaw&irculytics) or outflows (in

CTI) of resourcesire to be handled to enhance the circulakityst of the systems also had
some coverage of the sourcing strategies for exampberéotar resources instead of virgin,

and through the consumed (usuaturcel) energy.
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Although being one of the basic principles of circular economy, the regeneration of nature
was missing in both previous monitoring toolsodversitywas only considered in the CTI
through calculations of land use change due to the resource scamdimg the Circulytics
through narrative of regenerative sourcing and biological origin of materials prodineed
biodiversity matters ammaterial for the buildings themselves as they may harm the habitats
or support the ecology with various featyrasd forthe building owners who have the
responsibility of taking biodiversity in consideration during for example sourcing. They are
alsowidely considered in the CSRIBp they were included into the created monitoring

system.

Another missing perspective from the studied systems was the pollution prevention and
management which was only again found in the CSRD. Cineulytics andCTI had
pollution mentioned in the resource sourcing and energy sources but no detailed
management practices or studies folnithe ISO standards, the pollution was mentioned in
the wastewater discharges with requirements for the parameters such as pH dineered.

waste prevention strategies were however found in all studied systems.

Minor differences were found in the categorisation of resources into for example technical
and biological as such categories are not present in the @&Rbit was in the Circulytics,

CTI and I1SO standard#\s the timber and timbdyased resources are substantial from the
biodiversity perspective, it was included as its own category into the created monitoring

system.

In addition to the indicatoiig theVirhe. Viitteen lahdetta ei I6ytynyt., theCirculytics tool

had several narrative indicators regarding for example circular economy training,
communication and engagemen(including sharing economyyithin the monitored
company. The engagement for example was divided into supplier, customer, policy maker,
and financier narratives. Also, there was a quantified indicator regarding the company
revenue from circular economy positive operationghe Circulytics CTI and in the 1ISO
standardsAs out of the additional indicators in Circulytics only tieks, opportunities and
targets of the circular economy stratepeluding the anticipated financial effeete found

in the CSRD as well, only they and theaweration (engagemerand sharing economy
practiceswere included into the created monitoring systenainly under the circular

economy strategy indicator.
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6.3 Testing the monitoring system actual properties

Thenext subchapters show tresults of thenonitoring systentesting on théhree propest
types.As mentioned in the methodology section, it was agreed due to business and privacy
reasons that the actual properties or their owners would not be presented. Thus, the retail
property has been named A, the office property B, and the logistics properhe Cetail
property is the largest, arou® 000 nt and the logistics property the smallest, around
3000 nt, while the office property is around D00 m?. All properties are located in the
Helsinki Metropolitan area.

6.3.1 Retail property

As can be seefnom theFigure®, the retail propertynanagedestin the energywater, and

value retaining strategyategories with scosef 7, 6 and7 respectively.

Retail: Retail property A

Energy

Sourcing Water

Active circular economy Resource inflows

Value retaining strategies Resource outflows

Pollution prevention strategies Biodiversity

Nature regeneration strategies

Figure6. Retail propertyA's scoring graph
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In the energy category, tlgood scoring was reached through the level of monitoring of
energy usage, renewable energy souranigelectricity, and own renewable energy
production with solar panel3he property also hadlavel of energy circulation, through

heat recovery in the ventilatidhrough which scoring was gained

More points could have been reacheakganding thenergy meteringnto the energy end
usesin addition to the already metered tenanted areas. Alsgourcing emissicfree
heating in addition to the electricignd by producing the heat energy in the property by for
example geothermal heatingpre points could be gained

In the water category, points were gained from metering the wat&oth property and
tenant level. The rainwater and surface water were maintained, and sewerage system had
grease separation to decrease the pollution led to the public system. The property is also not

located on a high watestress area.

Water categoryods scoring could be increas
rainwaterfor irrigation of the ecological features on the property. Also, the surface water
handling systems could be equipped with oil separatiod the wastewater handling
possibilities on the property studidd, further decrease the chances of polludonessing

the nature and the amount of pollution and wastewater led to the public sewage system.

Both the resources categories, inflow and outflow gained rather low scoresdatailed
information was gathered of the resource flows. Separation between virgin and renewable
resources was not made, nor was separation between technical and biological er timber
based and in general the data management on the flows was lackiagis Datwever
gathered from the properties sourced, divested and decommissioned, including the numbers,
value, and ownership lengths of the properties. Also, out of the outflbe/syaste data is
gathered with information available per waste stream and the recycling rates from which

points were awarded.

The biodiversity categories were the lowest scoring theme in the property, as no information
was available of for example the nature footprint of the property, the amount and types of
biodiversity supporting features were not vast, and the harmful features for biodiversity were
not studied either. Also, no biodiversity strategies were preserditdaim and enhance the

regeneration of the nature. The score was gained from studying relevant matters during the
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sourcing processes of properties, such as carrying out environmental due diligence studies

which includefor examplethe assessment of endangered species near the area.

During the sourcing of the properties in the environmental due diligence studies, the
pollution related matters are also being considered and thus, score was gained to the pollution
prevention category. The pollution studies carried out also include cdatggm of
chemicals stored in the property and the carbon footprint calculations. More points could be
reached by creating detailed strategies to manage and minimize the pollution risks and waste
generation, as well as studying and managing the crigsalurces outside the chemicals

stored.

The value retaining strategies category saw scoring from occupancy rate studies, adaptability
studies and comprehensive maintenance of both the properties and their technical systems.
Also, the durability of assets was consideredhia propery with for example material
selections. Sharing economy was considered through having spaces for micro renting, such
as meeting rooms, butare points could be gained byre comprehensive sharing economy

and related platforms implemented into the company/propertsatbpes and bystudying

the efficiency of usage more thoroughly

The actual circular economy strategies were not found. Such strategies would include clear
responsibilities, targets and metrics as well as performance monitoring to become more
circul ar. I n addition to the conhpcaudypés/ pr

enhanced more widespread through activemeration across the supply and value chains.

The last category, the sustainable sourcing strategy was present, with clear responsibilities
for personnel. The sourcing strategy was however not thorough as it covered energy and
properties, with climate risk assessments as fixed part of the sourciogsgfeor the
resourcessustainable sourcing for maintenance anauit projects was included, but all
aspects such as sourcing resoufoas renewable and/or reused sources could be included,

as well as demanding the supply chain to use the stratesgyitar one of their own. In the

core of increasing the sustainability of sourcing would also be clear targets and monitoring

of their fulfilment, which was currently not present.
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6.3.2 Office property

As can be seen from thegure7, the Office propertyalsomanaged best in the energyd

value retaining strategy categories with score® and7 respectively

Office: Office property B

Energy

Sourcing Water

Active circular economy Resource inflows

Value retaining strategies Resource outflows

Pollution prevention strategies Biodiversity

Nature regeneration strategies

Figure?. OfficepropertyB's scoring graph

As was the case in the retail property, the office property gained good scoring in the energy
category through the level of monitoring of energy usage, renewable energy sourcing of

electricity, and own renewable energy production with solar panels.

More points could have been reached by expanding the energy metering into the energy end
uses in addition to the already metered tenanted areas and in the case of office building, the
energy circulation through for example heat recovery could be enhaisedby sourcing
emissionfree heating in addition to the electncéndby producing the heat energy in the

property by for example geothermal heating, more points could be gained

In the water category, points were gained from metering the water on property level, having

the rainwater and surface water maintained, and sewerage system having grease separation
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to decrease the pollution led to the public system. The property is also not located on a high

waterstress area.

Water categoryods scoring could be increas
as well, utilizing alternative water sources such as rainwater for irrigation of the ecological
features on the property. Also, the surface water handling systemsbeoatiipped with

oil separation and the wastewater handling possibilities on the property studied, to further
decrease the chances of pollution accessing the nature and the amount of pollution and
wastewater led to the public sewage system.

Both the resources categories, inflow and outflow gained rather low scores, as no detailed
information was gathered of the resource flows. Separation between virgin and renewable
resources was not made, nor was separation betigeknical and biological or timber

based and in general the data management on the flows was lacking. Data is however
gathered from the properties sourced, divested and decommissioned, including the numbers,
value, and ownership lengths of the properifdso, out of the outflows, the waste data is
gathered with information available per waste stream and the recycling rates from which
points were awardedh addition to the above, the office property also had data gathered of

the | ogisticms. servicesbd6 emi ssi

The biodiversity categories were the lowest scoring theme in the property, as no information
was available of for example the nature footprint of the property, the amount and types of
biodiversity supporting features were not vast, and the harmful feé&ukdediversity were

not studied either. Also, no biodiversity strategies were present to maintain and enhance the
regeneration of the nature. The score was gained from studying relevant matters during the
sourcing processes of properties, such as cayryut environmental due diligence studies

which include for example the assessment of endangered species near the area.

During the sourcing of the properties in the environmental due diligence studies, the
pollution related matters are also being considered and thus, score was gained to the pollution
prevention categoryThe pollution studies carried out also include categorisation of
chemicals stored in the property and the carbon footprint calculatiom@sldition to the
studies, the office property also had more actions towards sustainable transport, by for
example having the location against the public transport tateraccount in the sourcing

process, having facilities such as dressing rooms for pedestrians and cyclists and having
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electric vehicle charging stations to support the use of less emitting veMdes points
could be reached by creating detailed strategies to manage and minimize the pollution risks
and waste generation, as well as studying and managing the critical resources outside the

chemicals stored.

The value retaining strategies category saw scoring from occupancy rate studies, adaptability
studies and comprehensive maintenance of both the properties and their technical systems.
Also, the durability of assets was considered in the property withxeomgle material
selectionsThe furniture and such reusable equipment were actively guided towards reuse in
their existing purpose during for example tenant projects, supporting the circular economy.
Sharing economy wasowever notconsideredn any way, ad neither wastudying the

actualefficiency ofusage

The actual circular economy strategies were not found. Such strategies would include clear
responsibilities, targets and metrics as well as performance monitoring to become more

circul ar. I n addition to the conypcaudypés/ pr
enhanced more widespread through activemeration across the supply and value chains.

The last category, the sustainable sourcing strategy was present, with clear responsibilities
for personnel. The sourcing strategy was however not thorough as it covered energy and
properties, with climate risk assessments as fixed part of the sourciogsgrd-or the
resources, sustainable sourcing for maintenance aodtfprojects was included, but all
aspects such as sourcing resources from renewable and/or reused sources could be included,
as well as demanding the supply chain to use the strategyitar one of their own. In the

core of increasing the sustainability of sourcing would also be clear targets and monitoring

of their fulfilment, which was currently not present.

6.3.3 Logistics property

As can be seen from tlrégure8, thelogisticspropertyalsomanaged best in the energyd

watercategories with scores ofe#1d6 respectively.
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Logistics: Logistics property C

Energy

Sourcing Water

Active circular economy Resource inflows

Value retaining strategies Resource outflows

Pollution prevention strategies Biodiversity

Nature regeneration strategies

Figure8. Logisticproperty Gs scoring graph
In the energy category, the good scoring was reached through the level of monitoring of
energy usage, renewable energy sourcing of electricity, and own renewable energy
production with solar panels and with geothermal heating. The property also hadd level
energy circulation, through heat recovery in the ventilation and by utilizing the geothermal
heat for both cooling and heating.

More points could have been reached by expanding the energy metering into the energy end
uses in addition to the already metered tenanted areas. Also, by sourcing efression
heating in addition to the electricity, more points could be gained.

In the water category, points were gained from metering the water on both property and
tenant level. The rainwater and surface water were maintainedyasidwateisewerage
system had grease separation to decrease the pollution led to the public system. The property

is also not located on a high wastress area.

Water categorydés scoring could be increas
rainwater for irrigation of themall amounts ofcological features on the property. Also, the

surface water handling systems could be equipped with oil separation and the wastewater
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handling possibilities on the property studied, to further decrease the chances of pollution
accessing the nature and the amount of pollution and wastewater led to the public sewage

system.

Both the resources categories, inflow and outflow gained rather low scores, as no detailed
information was gathered of the resource flows. Separation between virgin and renewable
resources was not made, nor was separation between technical and biolotiroaes

based and in general the data management on the flows was lacking. Data is however
gathered from the properties sourced, divested and decommissioned, including the numbers,
value, and ownership lengths of the properties. Also, out of the outflbe/syaste data is
gathered with information available per waste stream and the recycling rates from which

points were awarded.

The biodiversity categories were the lowest scoring theme in the property, as no information
was available of for example the nature footprint of the property, the amount and types of
biodiversity supporting features were not vast, and the harmful fe&ulaediversity were

not studied either. Also, no biodiversity strategies were present to maintain and enhance the
regeneration of the nature. The score was gained from studying relevant matters during the
sourcing processes of properties, such as cayryut environmental due diligence studies

which include for example the assessment of endangered species near the area.

During the sourcing of the properties in the environmental due diligence studies, the
pollution related matters are also being considered and thus, score was gained to the pollution
prevention category. The pollution studies carried out also include catdgm of
chemicals stored in the property and the carbon footprint calculations. More points could be
reached by creating detailed strategies to manage and minimize the pollution risks and waste
generation, as well as studying and managing the crigsalurces outside the chemicals

stored.

The value retaining strategies category saw scoring from occupancy rate studies, adaptability
studies and comprehensive maintenance of both the properties and their technical systems.
Also, the durability of assets was considered in the property withx@mge material

selections. Sharing economy was however not considered in any way, and neither was

studying the actual efficiency of usage so more points could be gained by implementing
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sharing economy and related platforms into the company/property operations and by

studying the efficiency of usage more thoroughly.

The actual circular economy strategies were not found. Such strategies would include clear
responsibilities, targets and metrics as well as performance monitoring to become more
circul ar. I n addition to the conhpcaudypés/ pr

enhanced more widespread through activemeration across the supply and value chains.

The last category, the sustainable sourcing strategy was present, with clear responsibilities
for personnel. The sourcing strategy was however not thorough as it covered energy and
properties, with climate risk assessments as fixed part of the sourciogsgrd-or the
resources, sustainable sourcing for maintenance aodtfprojects was included, but all
aspects such as sourcing resources from renewable and/or reused sources could be included,
as well as demanding the supply chain to use the strategyitar one of their own. In the

core of increasing the sustainability of sourcing would also be clear targets and monitoring

of their fulfilment, which was currently not present

6.3.4 CSRD fulfilmentin the tested properties

The CSRD dat apiothentdasteddpropettiésipresented im th€able2 below

with the symbolV showing necessary information for fulfilling the datapoint would be
readily available anthe symboe s howi ng part of .Theeecessityf or m;
of the data fulfilment would be determined by the double materiality assessment and thus
many datapoints might be left out for the studied companies/properties. The double
materiality analysis is outside the scope of this thesis and thuatapoihts have been

excluded.

Table2. Data availability for CSRD datapoints in the monitored properties

CSRD  (ESRS) Indicator Retall Office Logistics
datapoint property | property | property
A B C
Q (E25: 37,38) | Energy inflow \% \% \%
Q (EX5: 37) Energy sourcing V \% \%
Q (EX5: 39) Energy production \Y, \Y, \Y
\% \% \%

Q (E34: ) Water inflow
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CSRD (ESRS) Indicator Retall Office Logistics

datapoint property | property | property
A B C

Q (E34: 28 High water stress areas \% \% \%

Q (E34: 28) Water circulation \% \% \%

N (E3-4: AR23) | Wastewater

Q (E54: 31) Virgin resource inflow

Q (E54: 31) Renewable resource inflow

Q (E25: 32) Critical resource inflow o]

Q (E55: 37) Virgin resource outflow 0 o] o]

Q (E55: 37) Renewable resourceutflow 0 o} o]

Q (E25: 32)| Critical resource outflow o]

Q (E55: 37,39)

Q (E45) Nature footprint
Q (E4-5) Biodiversity supporting features
Q (E45) | Biodiversity harmful features
N (E5-3)
N (E4) Regeneration strategies
N (E4) Biodiversity studies 0 o] o]
N (E4) Biodiversity maintenance 0 o]
N (E1, E2) Pollution prevention strategies 0 o] o]
N (E5) Waste prevention strategies 0 o] o]
N (E2) Pollution management 0 o] 0
N (E5) Sharing economyé&platforms 0
Q (E55: 36)| Durability \% \% \%
N (E5)
N (E5) Maintainability \% \% \%
Q (E55: 37)| Reusability & end-of-use \% \% \%
N (E5)
N (E5) Circular economy strategy &

implementation
N (E5) Circular economy cooperation
Q (E56: 41) Revenue from circularity

N (E1, E3, E4, E5] Sourcing strategies 0 o] o]





































