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The environmental effects of the built environment are significant. The consumption of 

resources and energy in 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 use-phase of the properties. The system was created by studying 

the previous tools for circular economy measurement, the standard related to circular 

economy, and the legislation related to sustainability reporting. Case studies were also 

utilized to test the system, by interviewing and studying actors in the built environment 

sector and their properties. 

Based on the study, the development of a comprehensive monitoring system to measure 

circular economy is needed, as the previous frameworks, standard and legislation do not 

consider circular economy holistically especially regarding the use-phase 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 economy in the 

properties. With the system, the actors in the sector can study the level and aspects of circular 

economy they have considered and direct their decision making towards circular economy 

improvement.  
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Rakennetun ympäristön vaikutuksen ympäristöön ovat hyvin merkittävät. Sektorin 

käyttämät resurssit ja kuluttama energia luovat todella suuren osuuden esimerkiksi Suomen 

päästöistä sekä vaikuttavat elinympäristöihin. Yhdeksi vaikutusten minimoinnin keinoksi on 

tunnistettu kiertotalous, jolle ei kuitenkaan ole vielä yhdenmukaista mittaustapaa. 

Tämän diplomityön tavoitteena oli luoda mittarointijärjestelmä, kiertotalouden 

mittaamiseksi kiinteistöjen käyttö- ja ylläpitoaikana. Järjestelmä luotiin tutkimalla 

aikaisempia, kiertotalouden mittaamiseen luotuja työkaluja, kiertotalouteen liittyvää 

standardia sekä kestävyysraportointia koskevaa EU-lainsäädäntöä. Tutkimuksessa 

hyödynnettiin myös tapaustutkimuksia, joissa mittarointijärjestelmän toimintaa testattiin 

haastattelemalla kiinteistöalan toimijoita sekä tarkastelemalla heidän kiinteistöjään. 

Tutkimuksen perusteella kokonaisvaltaiselle kiertotalouden mittarointijärjestelmän 

kehittämiselle on tarve, sillä aiemmat työkalut, standardit tai lainsäädäntö eivät ota 

kiertotaloutta huomioon kokonaisvaltaisesti, etenkään kiinteistöjen käyttö- ja ylläpitoaikaa 

koskien. 

Työn tuloksena saavutettiin mittarointijärjestelmä, joka huomioi kiertotalouden 

perusperiaatteet, kestävyysraportointidirektiivin kiertotalouteen liittyvät vaatimukset, sekä 

sisältää erityisesti kiinteistöjen käyttö- ja ylläpitoaikaa koskevat kiertotalouden teemat ja 

indikaattorit. Järjestelmän avulla rakennetun ympäristön toimijat voivat selvittää oman 

toimintansa ja kiinteistöjensä kiertotalouden tilan, sekä ohjata päätöksentekoaan 

kiertotalouteen liittyvien asioiden edistämiseen. 
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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 will inevitably lead to more emissions, if the 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 biodiversity of the Earth. It is estimated that 

around half of the worldôs gross domestic product (GDP) is highly or at least moderately 

dependent on nature, so destroying the ecosystems enabling our economy would be 

devastating for people as well. (European Commission, EC, 2020) 

Currently, buildings are accountable for around 40 % of the energy consumption in Finland, 

equating to 30 % of the total greenhouse gas (GHG) 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 sector. (Motiva, 2022) Also, the 

largest amounts of resources in cities are used in the construction of infrastructure and in the 

energy production (Motiva, 2024a). Around 50 % of the Earthôs natural resources are used 

in buildings and construction which means the impact on the availability of natural resources 

and on biodiversity is significant. (Finnish Ministry of the Environment, 2024) 

It has been estimated as stated in the report by the European Environment Agency (EEA, 

2016) that emissions of around 424-617 million tonnes of carbon dioxide equivalent could 

be avoided during 2015-2035 with more efficient and ambitious targets on recycling, 

packaging waste, and landfilling. In addition to the environmental benefits, the estimates for 

economic benefits of more efficient resource-use and circular economy measures such as 

recovery of resources, changing sourcing practices, and re-designing of products range from 

around 245 to 604 million euros annually. (EEA, 2016) As the built environment sector is 

one of the largest emitter of greenhouse gases and consumer of resources, 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 improved. (EC, 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 
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customers). An essential part of the revenue is also how much money is spent. By investing 

into energy efficiency and putting effort into carefully planned value retaining strategies of 

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

The existing and upcoming regulations such as the corporate sustainability reporting 

directive (CSRD) with its European sustainability reporting standards (ESRS) for circular 

economy put pressure for almost all actors in the built environment sector. However, there 

are currently very limited monitoring frameworks and tools for measuring the circularity in 

the built environment by which the goals can be set and aimed for. Existing tools are not 

specified or created for the built environmentôs use phase in general per se but rather for 

more resource intensive operations. As the sustainable reporting, including the measuring of 

such topics, becomes mandatory, adequate tools are needed. 

This thesis aims to create a monitoring system for the use-phase of properties. With the 

system, the consideration of the different aspects of circular economy in the use-phase of 

properties could be studied, to enable the property owners to gain a better understanding and 

thus improve their circularity, and to prepare for the CSRD reporting. For being able to 

measure the level of circularity and compare assets to one another, a monitoring system is 

needed and for it, a set of indicators needs to be chosen. The creation of the monitoring 

system is done by studying themes of circular economy in buildings, the previous and legal 

frameworks, and the creation principles of monitoring systems, and thereafter, based on all 

of them, by creating a list of indicators that are to be included in the monitoring system. A 

monitoring tool is created and tested on actual properties as pilot studies. Through the 

mapping, the general level of circular economy consideration in the propertiesô use-phase is 

aimed to be understood and a monitoring system to improve the circularity in the future 

created. Deep analyses on the actual environmental, social, or economic effects on each of 

the indicators of the monitoring system has been excluded from the scope of this masterôs 

thesis. It is possible to quantify and compare buildingsô carbon footprint, impacts of energy 

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, logistic, and office 

properties. It excludes buildings such as production facilities and power plants since there 

are already the previously mentioned existing indicators for the resource intensive 

operations, but the results of this study may be utilized in such operations as well. In addition 

to the buildings themselves, the people directly involved with them, such as the property 
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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 in the buildings and the strategic actions regarding them have large impacts 

outside for example the carbon stored into the building, and thus need to be taken into 

account in order to maintain the environmental, social, and economic value of the buildings. 
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2  Circular Economy 

Circular economy is an alternative system for the traditional, linear economy. In the linear 

economy, material is gathered from the environment, made into products, and then 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 Foundation, 2024a) The Ellen MacArthur 

Foundation defines circular economy based on three principles; (1) ideally waste and 

pollution are never generated, (2) productsô and materialsô value is kept at the highest level, 

and (3) environment is even regenerated. (Ellen MacArthur Foundation, 2024b) 

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, reusing, and 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 chapters, the principles and definitions of circular 

economy are explained through two well-known frameworks and by defining the cycles, it 

is shown, how the materials and products could be kept in the cycle 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 not bio-degradable, such 

as metals and plastic. The biological cycle means the materials that are bio-degradable, such 

as food, wood, and fabrics. (Ellen MacArthur Foundation, 2024c)  

To illustrate the two cycles and the circular economy strategies related to them, the Ellen 

MacArthur Foundation has created the butterfly diagram (Figure 1).  
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Figure 1. Circular economy systems diagram (Ellen MacArthur Foundation 2019.) 

 

The technical cycleôs materials are very valuable, as they uphold a lot of stored energy, 

resources, and work. Also, as they cannot usually be released back into the environment (do 

not degrade or may cause soil or groundwater contamination), it is 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 into new products, or as the last option (from a 

circular economy stand-point), recycling the materials into new use. (Ellen MacArthur 

Foundation, 2024c) 

As for the biological 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 dioxide, and nutrients. 

Prolonging the biological materialsô lifecycle is important and can be done through, for 

example maintaining the products made from it, or remanufacturing the products into new 

products, such as transforming the timber used in a wooden building into furniture. Also, the 

nutrients stored in the biological materials can be restored into the cycle through for example 
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composting biowaste which generates fertilizers, and thus regenerating the cycle. (Ellen 

MacArthur Foundation, 2024c) 

2.2  9R framework 

A more deep-diving and practical approach to the circular economy strategies is the 9R 

framework (Figure 2). The framework shows the ten core strategies from the best to the least 

effective (R0 to R9) from the circular economy stand-point, 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 example rethinking oneôs 

operations and processes. Effective 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 

(R0) as ones with the highest effectiveness in the strategy chart. 

 

 

Figure 2. 9R framework on circular economy strategies (Potting et al. 2017; Kirchherr et al. 2017.) 
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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 the parts with lifecycles left. The 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 the framework. 

The strategies from the R2 (Reduce) to R8 (Recycle) show the greatest similarities with the 

Ellen MacArthur Foundationôs butterfly model, with emphasis on the prolonging of the 

lifecycle of the products. Compared to the butterfly model the 9R principle also presents the 

R0 (Refuse) and R1 (Rethink) strategies, that improve the circularity, or in fact, prevent the 

introduction of materials and products into the cycle altogether, which is significant 

considering the resource scarcity and need for making the products.  
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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 created, which are necessary to be understood in this study. The most 

well-known tools for the circularity data collection and measuring are the Circulytics by the 

Ellen MacArthur Foundation and the CTI Tool (Circular Transition Indicators) by the World 

Business Council for Sustainable Development. The basic principles (for example the 

themes and indicators included in the tools) are reviewed and discussed below, however, the 

methodology within, for example the scoring system, each tool will not be discussed.  

The upcoming CSRD with its ESRS requirements will be a defining factor for the circularity 

as well, so their contents are studied in the following subchapters to better understand the 

themes and indicators to be included in the tool that is the result of this study. In addition 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 and thereafter improve the circularity, metrics need to be developed. 

Based on the article by Melnyk S. et al. (2004, p. 211), the metrics have three basic functions: 

controlling, communication, and improvement. Controlling relates to the evaluation and 

controlling of the performance, communication means the presentation of the performance 

to both internal and external stakeholders, and 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. 5-7) state the measurement systems 

have five roles: establishing position, communicating direction, influencing behaviour, 

stimulating action, and facilitating learning. The principle of division of the roles is very 

similar to that of Melnyk S. et al. with slightly more attention on the involvement of the 

internal stakeholders, such as the employees. 
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Without adequate measuring of the current level of circular models, it is difficult 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 meters or indicators 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 performance metering system 

should also identify the indicatorsô relation to each other and their effect on the business and 

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 and only by the 

comparison can one start creating a trend. Bourne & 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 example the companyôs history. The performance is thus compared to both 

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, target, or other benchmark. 

To end up with an adequate set of indicators, the enablers, drivers, and the sought outcomes 

may be a way to begin. The 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 stakeholders have 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 presented in the research by Tatticchi & Balachandran (2008). The 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 operation, considering the stakeholder 

perspectives, using both financial and non-financial indicators and integrating both external 

and internal parameters. (Taticchi, P. & Balachandran, K., 2008, p. 150) 
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3.2  Corporate Sustainability Reporting Directive 

The demand for reporting on sustainability issues is increasing significantly. Currently, the 

legal perspective supports not only the companiesô will to show their sustainability but also 

to become more sustainable. Non-financial reporting on sustainability will implement the 

sustainability issues into the already required financial reporting, to harmonise and disclose 

the information on the companiesô impact on people and the environment. It will thus also 

help stakeholders such as investors on their decision making, as more detailed and open 

information on the impacts is available. (EC, 2024) 

The most significant of such requirements in the Europe is the Corporate Sustainability 

Reporting Directive (CSRD), a delegated act launched by the European Commission in 

2023. It will be implemented in phases, with the first companies having to publish their 

reports of 2024 in 2025. The CSRD will ultimately cover large companies, listed small and 

medium-sized companies, and even some companies that are not based in European Union, 

but generate a significant turnover within. (EC, 2024) 

The non-financial reporting carried out according to CSRD covers all sustainability aspects 

ranging from environmental to social and governance and including strategies, business 

models, and value chains. Thus, it is a comprehensive regulation which enables the 

companies to gain a thorough understanding of both the environmental and social risks they 

may face, how their actions impact the people and environment, but also whether their 

strategies have managed the risks and impacts. Also, as the CSRD requires assurance from 

a third-party, 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 cross-cutting reporting requirements: the ESRS 1 (General requirements) 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 sub-sections according to topics, where the ESRS E1-5 cover the following 

environmental aspects: climate (E1), pollution (E2), water & marine resources (E3), 

biodiversity & ecosystems (E4) and resource use & circular economy (E5).  The social 

aspects are divided into the ESRS S1-4, which cover own workforce (S1), workers in the 
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value chain (S2), affected communities (S3) and consumers and end users (S4). The 

governances section only has on topic, the ESRS G1, business conduct. (EC, 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 the companyôs business 

models, regulatory environment, and value chain are identified, and the significant 

sustainability impacts, risks, and opportunities of both the companyôs actions and its value 

chain are identified and assessed. As the material subjects have been identified, 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 over 1 000 datapoints, 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 to be gathered as 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 information on overall sustainability. The 

Virhe. Viitteen lähdettä ei löytynyt. in the chapter 6.2 of the thesis presents the datapoints 

related to circular economy, based on the Commission 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 previous frameworks have been created mainly for material intensive processes with 

extensive emphasis on resource flows. The indicators in the studied frameworks as well as 

the newly published international standards for circular economy measuring are presented 

below. 
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 ISO 59000 standards 

International Organisation for Standardization (ISO) is well-known for establishing 

standards for a vast variety of topics and activities to be used by companies to describe the 

internationally recognised 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 standards currently consists of three standards: the ISO 59004:2024 

for the circular economy vocabulary, principles and guidance for implementation, the ISO 

59010:2024 for guidance on the transition of business models and value networks and the 

ISO 59020:2024 for measuring and assessing circularity performance. The first one is used 

in this thesis mainly to harmonize the vocabulary to meet the standard and familiarize with 

the basic principles of the standards, while the ISO 59010 is used as source material to 

identify how to implement circularity aspects in the built environment. The most applicable 

standard for the thesis, the ISO 59020 is especially used to identify ways in which circularity 

is to be measured and in aid to create the monitoring systemôs indicators and is thus presented 

more thoroughly below. (ISO, 2024) 

The ISO 59020 contains the 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, organizational, or 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 content within the system. Thereafter the circularity aspects such as reusability or 

durability should be considered. Other issues such as economic or social should also be 

considered, where applicable. (ISO, 2024) 

After the boundary has been chosen, the circularity measurement stage is initiated by 

choosing circularity indicators, followed by identifying the information that is to be 

measured, acquiring data, and calculating or aggregating. Where the data cannot be acquired 

the circularity indicator selection should be revised. (ISO, 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, but also consider 
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contribution and possible conflicting impacts to further sustainable development whether 

social, environmental, or economic. (ISO, 2024) 

In addition to the process and principles in which the measuring and assessing of circularity 

performance should be conducted, the ISO 59020 standard also sets up mandatory indicators 

to be measured. The first mandatory set of indicators are resource inflows containing 

indicators of average reused content, average recycled content and average renewable 

content of an inflow are to be measured to retain and add resource value. The other 

mandatory theme, the resource outflows and its indicators considering per cent 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 recovering purposes. The resource outflow theme 

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

relative to industry average. (ISO, 2024) 

Moreover, optional indicators in the standard include the core circularity 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 and recirculation and the economics 

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

intensity index (economic growth versus resource use). (ISO, 2024) 

The compatibility of the monitoring system created in this thesis compared to the ISO 

59020:2024 (2024) standardôs indicators are presented in the Virhe. Viitteen lähdettä ei 

löytynyt. in the chapter 6.2 .  

 Circulytics 

The Circulytics tool was first introduced in 2020 for companies to have a tool for the 

collection of circular 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 decision-making. (Ellen MacArthur Foundation, 2024d)  

The tool was closed for submissions in 2023 as the foundation saw non-financial disclosure 

initiatives and reporting frameworks taking into account the circularity as well, with the 
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ESRS being 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 Foundation, 2024d) 

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 from different themes 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 assets, Water, Energy and Finance. 

The indicators are presented in the Virhe. Viitteen lähdettä ei löytynyt. in the chapter 6.2 

with comparison to the other frameworks. (Ellen MacArthur Foundation, 2024e) 

 CTI Tool 

The Circular Transition Indicators (CTI) 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 Development (WBCSD) along 

with its 30 member companies. It currently has the fourth version published, with constant 

development ongoing. Over 2000 organizations have used the CTI tool. (WBCSD, 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 revenue (revenue created from circular flows), GHG impact and 

nature impact-land use. The first 6 listed indicators calculate the percentage of circularity 

whereas the rest use different units such as mass or currency. (WBCSD, 2022) 

The first indicators, the material circularity indicators have been created from different 

aspects of business: sourcing, 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 (non-virgin and renewable) and the material outflows and their 

recovery potential 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 
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of water outflow. It also includes the onsite water circulation meaning the water that is reused 

or recycled locally on-site. (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 

presented. (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, important materials for 

certain products and materials needed for modern technology (EC, 2024). The calculation 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 extension of products. 

Actual lifetime extension is calculated in the next indicator, in which the productsô lifetime 

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. These indicators 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 impact ï land use, quantify the saving 

potential on emissions and environmental impacts the company could have by shifting to 

more circular strategies, focusing on sustainable sourcing and land-use change respectively. 

(WBCSD, 2022) 

As well as the other frameworks, also the CTI indicatorsô compatibility are presented in the 

Virhe. Viitteen lähdettä ei löytynyt. in the chapter 6.2 with comparison to the monitoring 

system created in this thesis 
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4  Circular economy in the buildingsô use-phase 

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 % annual rate globally. 

(International Energy Agency, IEA, 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 and around 30 % of the 

emissions are created in the sector. (Motiva, 2022)  

Almost all of the life cycle energy usage within building sector falls within the use phase of 

the buildings. The share of energy consumption is typically 80-90 % but can be up to 90 %. 

(Unalan et al., 2014) Therefore it can be said that the use phase of existing buildings accounts 

up to 30 % of the global energy consumption and contribute a significant share of emissions. 

Thus, the existing buildingsô energy consumption has the greatest potential 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 significant. Buildings and construction use 50% of the 

total natural resource consumption of the world. (Finnish 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 effective use of existing resources 

and buildings holding them could greatly delay and decrease the need for new resources 

being used and the creation of emissions. (EEA, 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 demolition projects and 

the utilisation rate of the waste is currently only at around 60% in Finland. Thus, a significant 

amount of resources are wasted from the built environment. (Finnish Ministry of the 

Environment, 2024)  
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4.1  Inflows, outflows and supporting strategies 

To understand what indicators are needed to thoroughly monitor circularity, the topical 

matters need to be studied. For example, which topical matters contribute to the overlapping 

themes of circularity and the built sector, including use of resources, energy and water. The 

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 of the building sector. Such would be for 

example service-models, engagement of various actors and the implementation of various 

circular strategies. 

This chapter presents themes that relate to circularity in the building sector during the use-

phase. The inflows into the buildings include energy, water, resources and people, and 

outputs such as pollution, waste and resources. They contribute to the climate change, 

resource depletion and biodiversity loss. The topical matters also include actions, strategies 

and innovations based on the three basic circular economy principles, through which the 

problems could be addressed. The value retaining actions as well as the nature regeneration 

are presented as their own sub-chapters while the pollution and waste prevention are shown 

under several sub-chapters such as the resources. As the 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 sub-chapters, 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 procure renewable energy. 

 Energy 

The main energy end uses in buildings are heating, cooling, and electricity (Motiva, 2022) 

of which space heating is the largest energy end use with a share of around 28% of total 

energy consumption in Finland (Statistics Finland, 2024). In Finland, the most common way 

to heat buildings is district heating, used in approximately 50 % of all the buildings, with 

electric heating and ground source heating comprising approximately 27 % and 14 % shares 
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respectively (Motiva, 2022). The distribution depends on the building type and the 

mentioned also include building types outside the scope of this study. (Statistics Finland, 

2024) 

In addition to space heating, heating is also needed for water. Almost 20 % of the buildingsô 

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 water is mainly used in 

hygiene purposes, with showers taking the largest share, almost 50 % of the warm water 

consumption. (Climate guide, 2022)  

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 space heating relate to 

especially the electrification of heating, through heat pumps. (Finnish 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 the increasing 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 the primary energy 

demands and thus CO2 emissions significantly. (Chen et al., 2023, p. 2) Other types of heat 

pumps such as ones taking excess heat from production or logistics systems inside the 

building and ones creating heating or cooling from for example air, can be used. One of the 

most common heat pumps in Finland is the air source heat pump, which gathers the heat 

from the outdoor air and transports it to the indoor air. (Motiva, 2024b)  

To decrease the consumption of fossil-based energy, for example buying energy from local 

or national producers/grid, buildings can produce their own energy by utilizing energy 

production systems on-site. The appropriate application, i.e. the method in which energy is 

to be produced on-site depends greatly on the characteristics of the buildingôs energy 
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demand, for example electricity or heating, and the location of the building. (Chen et al., 

2023, p. 2) 

The most common ways in which energy is produced on-site include 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 heating water for consumption. 

(Chen et al., 2023, p. 2) In 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 stored on-site. In this way, the energy costs 

can be reduced and depending on the electricity prices, even income could potentially be 

created, by selling the possible excess energy to the grid. (Puranen et al., 2021) In 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 be to increase the buildingsô energy efficiency. 

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 technologies for the building services include for example the installation of 

new, more energy efficient systems for heating, 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 the heat and light from 

the sun in cold areas can lead to energy savings during the wintertime and solar shading 

during the cooling periods. (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 automation system handles 

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

energy can usually be saved. (Hafez et al., 2023)  
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One key challenge for the existing buildingsô energy efficiency are the controls provided for 

the asset users. Building occupants adapt for example the thermal conditions of their working 

area according to their desire, which affects the buildingôs performance, for example the 

energy efficiency. On the other hand, the behavioural and attitude changes provide the asset 

owners an opportunity to engage the occupants into creating energy savings. This could also 

be supported with adequate submetering through which all parties could be shown their 

impact on the overall consumption and invoicing done per actual consumption of each. 

(Mata et al., 2022) 

The energyôs role in buildingôs use-phase is important from circular economy perspective, 

as the basic principles include for example the minimizing of pollution. Energy production 

creates a lot of pollution, and the energy generated 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. 

 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 subject of competition 

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

and local natural habitats. (Finnish National Agency for Education, 2024)  

In commercial buildings, water is consumed based on the operations and use 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 the kitchen, toilet, and shower areas. (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 dishwashers. (EPA, 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 buildings and cause expensive repair 

needs for example for the structures. Leaks can be detected by utilizing leak detection 

systems that track the normal consumptions and alert the property managers in case of 

abnormal consumption for example during nighttime. (EPA, 2023) 

In addition to the technical systems, the behaviour of the occupants affects the water 

consumption in commercial buildings as well. By having submeters the occupantsô impact 

can be seen and discussed and thus, incentives for improvements made. (EPA, 2023) 

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 example to flush 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 down the sewers, 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 Services (HSY), 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 manoeuvring areas and installing 

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 decreased on-

site before discharging. Also, such substances may also cause harm for 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 perspective. (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, the pollutants in the sewage degrades the freshwater habitats and the soil as 

well and affect the biosphere integrity. 

The circular economyôs principles contain views regarding water as well. Through decreased 

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 the wastewater and water discharges are also 

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

 Resources 

The resource inflows into the property include for example the products such as furniture 

and equipment, building 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 length of lifecycles they have has a significant impact on the environment. (WBCSD, 

2022b) 

As circular economy is heavily linked to maintaining the value of products and materials 

and minimising waste generation, the management of resource flows, both inflows and 

outflows is of high importance. To minimise the resources flows, the productsô lifecycle 

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 products. (EEA, 2022)  

In addition to the extension of the lifecycle, aiming to close the resource loops 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 

example utilizing material passports and creating and managing an inventory of the inflows 

and the existing resources, thus aiding in utilizing them in the end of their current use or 

location. (Finnish Ministry of the Environment, 2024)  

Since resources will inevitably flow into the buildings, their sustainability should be 

maintained. Sourcing of products and materials that have been designed in a sustainable way 

or are utilized in their maximal potential will affect the sustainability of the buildingsô 
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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. The sustainability of resource inflows can be 

studied and maintained through for example environmental product declaration (EPD), life 

cycle assessments (LCA) and having higher recycled and re-used contents. (EC, 2020) 

As completely closed cycles are impossible to be arranged, the recycling of resources needs 

to be taken into account as well. It has been estimated by the European Commission (2011) 

that around 6-12 % of all resource consumption in Europe is 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 % by 2030 and the annual 

savings in the built environment, food and mobility sectors to increase to 600 Mú at the same 

timeframe.  

The resource outflows from the property include the previously mentioned products and 

resources when they are decommissioned, and the waste created from for example the 

operations in the building. To improve the recycling in the buildings, it is vital to aim to 

avoid products containing harmful substances (EEA, 2016). Such are for example the 

volatile organic substances possibly found in textiles, paint, and particleboards and polyvinyl 

chloride (PVC) with its plasticisers and toxic heavy metals found in doors, windows and 

flooring (Ellen MacArthur Foundation, 2015). Resources containing harmful substances 

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

 Value retaining 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. 

The buildingsô life cycle performance characteristics aim to prolong the lifecycle of the 

buildings and make the usage of them more efficient, thus affecting the buildingsô resource 

efficiency and carbon intensity and also affect the building usersô well-being. While several 

affects are created in the planning and construction phase, retaining the created value 

(property) is vital in the use-phase as well.  Hakaste et al. (2024) divide the characteristics 
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into three categories: reusability, adaptability, and durability and maintainability. (Hakaste 

et al., 2024) 

In the use phase of the buildings, reusability can be taken into account through utilizing 

reusable products that are capable of being disassembled. Components and systems such as 

HVAC systems & components and light-wall 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 used in another 

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 buildings and 

thus being capable of concentrating for example services into one building or area, may even 

decrease the use of vehicles and through it, the emissions as well. (Huttunen et. al., 2021) 

Also, the adaptability considers the convertibility of the building through its internal 

structure by for example having light-wall structures, technical systems and lay-outs, and 

expandability through the capability of adding new spaces or systems. The adaptability 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 used. (Hakaste et al., 2024) 

The durability and maintainability include the buildingôs resilience, i.e. the capability of 

continuous working and the security and risk management aspects, for example enduring 

various foreseeable actions such as the risks the climate change and its side-effects such 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 having features 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 features. (Hakaste 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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buildingôs, and its systemsô lifecycle length, thus decreasing the need for new systems and 

buildings to be manufactured. To effectively utilize such policies and schedules, the 

information about the building and its systems needs to be adequately stored and kept up to 

date. (Hakaste et al., 2024)  

As can be seen from the Figure 3 below, majority of the life cycle characteristics require 

some level of disassembly capabilities to be taken into efficient use and thus for the 

buildingsô use phase, are considered mainly for the internal structures and systems such as 

HVAC and light-walls.  

 

Figure 3. Life cycle characteristics of buildings (Hakaste et al., 2024) 

 Effective use of the buildings 

The characteristics of buildingsô life cycle present ways that affect not only the life cycle but 

also the utilisation of the buildings. Efficient use of buildings means they are not being built 

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 comfort, i.e. working 
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conditions in the spaces and during the times of use. (Talami et al., 2023) In addition to the 

three characteristics presented in the Figure 3, space utilisation can be improved through for 

example considering the location (for example during sourcing), accessibility, 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 %, meaning only 85 % of the office buildingsô 

rentable space is 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 restrictions have been erased 

(Peters et al., 2022). Although still higher than those of office buildingsô, the shopping 

centres have witnessed some decrease in their occupancy rates as well. Figure 4 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 MacArthur Foundation 

(2015), 60% of the offices in Europe are not used even in their working hours. 
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Figure 4. 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 property. The accessibility is affected for example by the location as the 

public transport network differs between areas, and thus the building users might not find 

the location attractive. Occupants may also arrive with private vehicles, potentially creating 

emissions and for electric vehicle users, charging stations provision may be a defining factor. 

(Hahn et al., 2023) 

The Design for All, also known as the Universal Design concept, considers and advocates 

the inclusivity factors in buildingsô design. Carlsson et al. (2022) also state that the 

accessibility for all people, regarding the capabilities (for 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 occupancy. Providing for example 

sports facilities, break-out areas and outdoor rest areas appeals to tenants, potentially 

increasing the occupancy rates. (Apostolidou & Fokaides, 2023, Carlsson et al., 2022) 

A way to increase the efficiency of building use is multi-purposing and sharing of the 

facilities, services and products. With the addition of effective repurposing of building the 

demand for new construction could be decreased. Examples of the sharing of facilities, 

services and products would be implementing micro renting such as renting smaller office 

areas or individual meeting rooms for short periods, having common areas for eating for 

several different restaurants or renting for example cars or other equipment for the building 

users.  

Multi-purposing buildings to host for example working education and sports during 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 resources. Repurposing buildings or parts of them from for 

example office use to residential or other accommodation use could create valuable living 

space for the growing population. (EEA, 2022)  

 Biodiversity 

Biodiversity is one of the key challenges that need to be addressed, and 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, fibres, and 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 reversed. (Sitra, 2022, p. 2-6)  
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The location of the building is not only a matter subject for the building users but also has 

an impact on the biodiversity. The study by Sitra (2022, p. 14) states that the building & 

construction sectorôs largest positive impacts come from decreasing the use of virgin timber 

and by increasing the population density of cities. The amount of land used for our living, 

takes away space from other species which is why it is important to carefully consider, where 

the buildings are built and from the use-phase perspective, the actual need for new buildings 

should be carefully studied prior to construction, i.e. utilizing the existing buildings 

effectively. (Sitra, 2022) As the cities are usually also built to low-elevation 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 species are usually more 

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 the built environment. (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 example developing 

wildlife crossways and urban green areas, the biodiversity loss risks can be reduced. (Arup, 

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 avoid it. Green roofs and 

permeable pavement as well as rain gardens reduce the biochemical flows and freshwater 

changes, preserving the all-important waters. The water and other biosphere habitats also 

need to be preserved through adequate sewage handling to avoid the nutrients 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 the land-use change. 

The man-made materials often used in the built environment, such as cement and 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 needs. The 

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

energy consumed. (Arup, 2021) 
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Even though wood buildings have been considered positive as they store carbon for long 

periods, it was studied by The Finnish Innovation Fund Sitra in 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 across the whole building and construction sector. 

(Sitra, 2022, p. 2-6) In addition to the construction of the buildings, the use of timber-based 

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 Sitra (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 maintaining. Recycled and re-used 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 methodology of the 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 eventually created. Virhe. Viitteen lähdettä ei löytynyt. below 

presents the process of the thesis. 

 

Figure 5. Process of creating the circularity monitoring system for the built environment 

5.1  Recognising and gathering necessary information for creating the monitoring 

system 

The process was started with defining boundaries for the system studied, in other words, the 

boundaries for the thesis were set as the buildingsô use-phase, covering the streams that flow 

in and out of them and the strategies that help support circularity improvement. 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 a too broad target as 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 the effects of various indicators in a comparable 

form. Thus, the monitoring system was created in a way that it would cover all relevant 

aspects of circular economy in the buildingsô use-phase and present to the monitoring system 

user the themes and indicators which they have currently taken into account in their 

operations and which not. 

The relevant data in order to create a circular economy monitoring tool started with defining 

the principles of circular economy. The well-known definition of circular economy by the 

Ellen MacArthur Foundation was studied and thus the basis for the monitoring system was 

created, to take into account the three principles: to eliminate waste and pollution, to circulate 

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

To understand the flows of materials and products and the strategies supporting their value, 

the butterfly diagrams by the Ellen MacArthur Foundation were studied. In order to be able 

to utilize the monitoring system to the transition from a linear to a circular economy, to the 

constant development of circularity and to more deeply understand what strategies could be 

implemented into the monitoring system, the frameworks of circular economy strategies 

were studied. In addition to the butterfly model, possibly the most well-known framework, 

the 9R framework include strategies to support the three basic principles of circular economy 

and their content was kept in the consideration when 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 included in them, 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 requirements such as especially the currently most binding for the 

European companies, the CSRD would need to be included into the monitoring system for 
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it to be able to answer the demands of the directive. Thus, the details of the CSRD and its 

reporting standards, the ESRS, were studied thoroughly. Also, 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 process: into the literature review materials 

and into the choosing of indicators. 

In order to not create an existing monitoring system again but rather expand and develop the 

existing tools to better suit the built environment and the buildingsô use-phase, the 

Circulytics and the CTI were studied to find out what matters and indicators are possibly 

missing from them. The existing tools were also compared to the CSRD to understand if 

they already comply with the reporting requirements and how they would need to be 

expanded in order to comply. Vice versa, the CSRDôs requirement was studied critically to 

identify whether they cover the aspects of circularity in the other tools. 

It was noticed that the existing tools have not been created for buildings and their use-phase 

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 systems in general, that 

detailed research was needed to gain a comprehensive understanding of the inputs and 

outputs of the built environment. Thus, the inputs and outputs in the use-phase of buildings, 

as well as the strategies that would possibly support the previously studied basic principles 

of circular economy and the strategies of 9R that would be suitable for the use-phase of 

buildings were researched. Such 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 reviews covered 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 well-known circular economy development 

company, it was assured that comprehensive and quality data were covered in order to create 

a valuable monitoring system. 
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5.2  Creating and testing the monitoring system 

The monitoring system was created by including the necessary information of the theoretical 

studies such as the indicators from the CSRD as well as the other recognised matters of 

circularity in the buildingsô use-phase into an excel tool that was created for this purpose. 

The tool has the themes and under them the set of indicators chosen for the monitoring 

system, comprising of a total of 60 indicators in 10 themes. For the indicators, a scoring 

board was created, based on whether the indicator would be fulfilled or not. The scoring 

board then calculates the overall performance of the asset in question and creates a graph, 

showing the circularity of the asset. The scoring board, the exact final list of indicators or 

the questionnaire is not presented in the thesis for business reasons, but the themes and 

indicators related to each are presented in the paragraph 6 . 

As the quantification and comparison of for example the actual environmental effect is 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 quantified effect on the three basic principles of circular economy. In case an 

indicator was identified to have at least some possibility of effect on the circular economy 

principles, it was included in the monitoring system. Thus, the scoring board was created to 

show whether data for an indicator is available (for example a strategy is in operation), 

without cross-examination of the actual environmental, social or economic effects of the 

indicators. 

After the monitoring system was created, it was tested with actual property ownersô assets. 

The properties were chosen to be different from each other in order to gain a more thorough 

understanding of the state of the properties, the information availability and suitability of the 

monitoring system and readiness for the CSRD in various building types, and on the 

readiness to further develop the tool for the use of the built sector as a whole. The property 

types that were included in the testing process included retail premises/shopping centres, 

offices and logistics/light manufacturing buildings, varying from around 3 000 m2 to around 

50 000 m2. 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 by studying the publicly available materials of the property 

owners such as sustainability reports and materials provided by the property owners of the 

properties themselves, such as technical drawings and energy data. In addition to the material 

studying, interviews for the property ownersô representatives were also carried out, covering 

all property types. The participants in the testing consisted of real estate investors working 

in Finland, and the interviewees included sustainability personnel (managers/specialists) 

responsible of the sustainability strategies and actions, and more technical personnel from 

maintenance management and long-term investment planning having knowledge about the 

technical matters and for example changes in use purpose of a property. It was agreed that 

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

reasons. 

The interviews were conducted as semi-structured online meetings in which a set of 

predetermined questions was gone through. The questionnaire comprised of 60 questions 

related to the indicators and divided into two sections: the measurable flows such as energy, 

water, and resources, and the strategies such as implementing circular economy and sourcing 

strategies into operation. Prior to the questionnaire, basic information regarding circular 

economy was presented, including for example the Ellen MacArthur Foundationôs three 

circular economy principles and the R9 framework, to actuate the conversation. Along the 

questionnaire, 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 presented. The first sub-chapter shows the themes 

and indicators chosen for the monitoring system and how the scoring is organized. The 

second sub-chapter presents how the monitoring system compares to the previous 

frameworks Circulytics and CTI, and to the ISO 59020 and CSRD requirements. The section 

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 monitoring system are: Energy, Water, Resource inflows, 

Resource outflows, Biodiversity, Nature regeneration strategies, Pollution & Waste 

prevention strategies, Value retaining strategies, Active circular economy and Sourcing. 

Each theme has its own set of indicators, varying from 3 to 8 indicators per theme, with 

biodiversity themes having the least amount of indicators and resource flows to most. The 

reasoning behind the indicators is based on the literature review and is presented below, 

divided into the three basic principles of circular economy: upkeeping resource value, 

eliminating waste and pollution, and regenerating nature. 

The majority of the indicators are presented below in the Table 1. In addition to the 42 

indicators presented below, 18 indicators additional indicators are included in the monitoring 

system. The additional 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, tenants, end-uses) or the actual content of 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 reasons. For the monitoring systems, 

the presence of such matters has been marked with an X, and for the ESRS requirements, Q 

(quantitative) or N (narrative) and also with the applicable part of the standard. 
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Table 1. The inflow indicators in the created monitoring system and the comparison to the circularity monitoring systems 
and the studied standards. 

Circularity indicators for 

the buildingsô use-phase 

Circulytics  CTI  ISO 

59020 

CSRD 

(ESRS) 

The created 

monitoring 

system 

Energy inflow monitoring  x x x Q (E1-5) x 

Energy sourcing  x x Q (E1-5) x 

Energy production x  x Q (E1-5) x 

Energy recovery x    x 

Water inflow monitoring  x x x Q (E3-4) x 

High water stress areas x   Q (E3-4) x 

Water circulation  x x x Q (E3-4) x 

Surface water  x   x 

Wastewater x x x N (E3-4) x 

Virgin r esource inflow x x x Q (E5-4) x 

Renewable resource inflow x x x Q (E5-4) x 

Critical resource inflow  x  Q (E2-5) x 

Technical resource inflow x x x  x 

Biological resource inflow x x x  x 

Timber resource inflow     x 

Logistics     x 

Virgin r esource outflow x x x Q (E5-4) x 

Renewable resource 

outflow 

x x x Q (E5-4) x 

Critical resource outflow x   Q (E2-5) x 

Technical resource outflow x x   x 

Biological resource 

outflow 

x x x  x 

Timber resource outflow   x  x 

Nature footprint     Q (E4-5) x 

Biodiversity supporting 

features 

   Q (E4-5) x 



45 

 

Circularity indicators for 

the buildingsô use-phase 

Circulytics  CTI  ISO 

59020 

CSRD 

(ESRS) 

The created 

monitoring 

system Biodiversity harmful 

features 

 x  Q (E4-5) 

N (E5-3) 

x 

Regeneration strategies    N (E4) x 

Biodiversity studies    N (E4) x 

Biodiversity maintenance    N (E4) x 

Pollution prevention 

strategies 

   N (E1, E2) x 

Waste prevention 

strategies 

x x  N (E5) x 

Pollution studies     x 

Pollution management    N (E2) x 

Efficient use studies     x 

Sharing 

economy&platforms 

x   N (E5) x 

Adaptability      x 

Durability  x x  Q (E5-5) 

N (E5) 

x 

Maintainability  x x  N (E5) x 

Reusability & end-of-use x x x Q (E5-5) 

N (E5) 

x 

CE strategy & 

implementation 

x x  N (E5) x 

Circular economy co-

operation 

x   N (E5) x 

Revenue from circularity x x x Q (E5) x 

Sourcing strategies x   N (E1, E3, 

E4, E5) 

x 

 

Categories such as energy, water, and resource inflows and outflows all include cycling of 

valuables, through aiming to keep the sourced or produced energy and water in the propertyôs 

use for prolonged periods, and conserving resources such as products based on their 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 towards the methods in which the resource 



46 

 

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 decrease for example 

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 decrease emissions to 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 resources that 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 specific biodiversity 

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 monitoring system. 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 chosen so that 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 

more impact on the themeôs score than another. As the comparison of the actual 

environmental, social or economic effects of the indicators was outside the scope of the 

thesis, the scoring per indicators has been set intuitively based on the literature review. For 

example, in the energy, water, and resource categories, more emphasis 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 

through studies, and for newer innovations such as sharing economy, instead 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 a graph to present 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 closer a certain theme is to the centre of the 

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

sub-chapter 6.3 which shows the testing of the monitoring system. 

6.2  Comparison of the created monitoring system, previous frameworks, ISO 

standard and the 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 example the energy 

consumptions related to climate change in the ESRS E1 (climate change), the mapping has 

been done throughout the reporting standard. In the Virhe. Viitteen lähdettä ei löytynyt., 

the presence of circular economy related indicators for buildingsô use-phase in the previous 

circularity monitoring systems and ISO 59020 standard, and the data gathering/reporting 

requirements of the CSRD are shown and compared to the created monitoring system.  

Inflows such as energy, water and resources as well as the outflows of the mentioned were 

implemented into all the studied systems. The circulation of such inflows was covered by all 

only for the water. Energy circulation for example through heat recovery and alternative 

water sources were not considered in the CSRD nor in either of 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 CE strategies included narratives of 

circular economy strategies and their implementation in the company structure but lacked 

details such as how the existing assets rather than inflows (in Circulytics) or outflows (in 

CTI) of resources are to be handled to enhance the circularity. Most of the systems also had 

some coverage of the sourcing strategies for example for circular resources instead of virgin, 

and through the consumed (usually sourced) 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 tools. Biodiversity was only considered in the CTI 

through calculations of land use change due to the resource sourcing and in the Circulytics 

through narrative of regenerative sourcing and biological origin of materials produced. The 

biodiversity matters are material for the buildings themselves as they may harm the habitats 

or support the ecology with various features, and for the building owners who have the 

responsibility of taking biodiversity in consideration during for example sourcing. They are 

also widely considered in the CSRD, so 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. The Circulytics and CTI had 

pollution mentioned in the resource sourcing and energy sources but no detailed 

management practices or studies for it. In the ISO standards, the pollution was mentioned in 

the wastewater discharges with requirements for the parameters such as pH covered. The 

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 CSRD while it was in the Circulytics, 

CTI and ISO standards. As the timber and timber-based resources are substantial from the 

biodiversity perspective, it was included as its own category into the created monitoring 

system. 

In addition to the indicators in the Virhe. Viitteen lähdettä ei löytynyt., the Circulytics tool 

had several narrative indicators regarding for example circular economy training, 

communication, and engagement (including sharing economy) within 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 operations in the Circulytics, CTI and in the ISO 

standards. As out of the additional indicators in Circulytics only the risks, opportunities and 

targets of the circular economy strategy, including the anticipated financial effects are found 

in the CSRD as well, only they and the co-operation (engagement) and sharing economy 

practices were included into the created monitoring system, mainly under the circular 

economy strategy indicator. 
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6.3  Testing the monitoring system in actual properties 

The next subchapters show the results of the monitoring system testing on the three property 

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 property C. The retail 

property is the largest, around 50 000 m2 and the logistics property the smallest, around 

3 000 m2, while the office property is around 10 000 m2. All properties are located in the 

Helsinki Metropolitan area. 

 Retail property 

As can be seen from the Figure 6, the retail property managed best in the energy, water, and 

value retaining strategy categories with scores of 7, 6 and 7 respectively.  

 

Figure 6. Retail property A's scoring graph 
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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. The property also had a level of energy circulation, through 

heat recovery in the ventilation through which scoring was gained. 

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 emission-free 

heating in addition to the electricity and by 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 both 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 water-stress area.  

Water categoryôs scoring could be increased by utilizing alternative water sources such as 

rainwater for irrigation of the ecological features on the property. Also, the surface water 

handling systems could be equipped 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 between technical 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 properties. Also, out of the outflows, the waste 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 present to maintain 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 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 categorisation 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 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 with for example material 

selections. Sharing economy was considered through having spaces for micro renting, such 

as meeting rooms, but more points could be gained by more comprehensive sharing economy 

and related platforms implemented 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 

circular. In addition to the companyôs/propertyôs own operations, the circularity could be 

enhanced more widespread through active co-operation 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 sourcing process. For the 

resources, sustainable sourcing for maintenance and fit-out projects 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 strategy or similar 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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 Office property 

As can be seen from the Figure 7, the Office property also managed best in the energy and 

value retaining strategy categories with scores of 6 and 7 respectively. 

 

Figure 7. Office property B'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 enhanced. Also, by sourcing 

emission-free heating in addition to the electricity and by 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 

water-stress area. 

Water categoryôs scoring could be increased by metering the tenanted areasô consumption 

as well, utilizing alternative water sources such as rainwater for irrigation of the ecological 

features on the property. Also, the surface water handling systems could be equipped 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 between technical 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 properties. Also, out of the outflows, the waste data is 

gathered with information available per waste stream and the recycling rates from which 

points were awarded. In addition to the above, the office property also had data gathered of 

the logistics servicesô emissions. 

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 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 carrying out 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 categorisation of 

chemicals stored in the property and the carbon footprint calculations. In addition to the 

studies, the office property also had more actions towards sustainable transport, by for 

example having the location against the public transport taken into account 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 vehicles. 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 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 with for example material 

selections. The 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 was however not considered in any way, and neither was studying the 

actual efficiency of usage. 

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 

circular. In addition to the companyôs/propertyôs own operations, the circularity could be 

enhanced more widespread through active co-operation 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 sourcing process. For the 

resources, sustainable sourcing for maintenance and fit-out projects 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 strategy or similar 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. 

 Logistics property 

As can be seen from the Figure 8, the logistics property also managed best in the energy and 

water categories with scores of 8 and 6 respectively.  
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Figure 8. Logistics property Cs 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 had a level of 

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 emission-free 

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 maintained, and wastewater sewerage 

system had grease separation to decrease the pollution led to the public system. The property 

is also not located on a high water-stress area.  

Water categoryôs scoring could be increased by utilizing alternative water sources such as 

rainwater for irrigation of the small amounts of ecological 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 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 properties. Also, out of the outflows, the waste 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 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 carrying out 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 categorisation 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 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 with for example 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 

circular. In addition to the companyôs/propertyôs own operations, the circularity could be 

enhanced more widespread through active co-operation 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 sourcing process. For the 

resources, sustainable sourcing for maintenance and fit-out projects 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 strategy or similar 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. 

 CSRD fulfilment in the tested properties 

The CSRD datapointsô fulfilment in the tested properties is presented in the Table 2 below 

with the symbol V showing necessary information for fulfilling the datapoint would be 

readily available and the symbol ƺ showing part of the information available. The necessity 

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 thus no datapoints have been 

excluded. 

Table 2. Data availability for CSRD datapoints in the monitored properties 

CSRD (ESRS) 

datapoint 

Indicator Retail 

property 

A 

Office 

property 

B 

Logistics 

property 

C 

Q (E1-5: 37,38) Energy inflow V  V  V  

Q (E1-5: 37) Energy sourcing V  V  V  

Q (E1-5: 39) Energy production V  V  V  

Q (E3-4: 28) Water inflow  V  V  V  
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CSRD (ESRS) 

datapoint 

Indicator Retail 

property 

A 

Office 

property 

B 

Logistics 

property 

C 

Q (E3-4: 28) High water stress areas V  V  V  

Q (E3-4: 28) Water circulation  V  V  V  

N (E3-4: AR23) Wastewater    

Q (E5-4: 31) Virgin resource inflow    

Q (E5-4: 31) Renewable resource inflow    

Q (E2-5: 32) Critical resource inflow   o  

Q (E5-5: 37) Virgin resource outflow o  o  o  

Q (E5-5: 37) Renewable resource outflow o  o  o  

Q (E2-5: 32) 

Q (E5-5: 37,39) 

Critical resource outflow   o  

Q (E4-5) Nature footprint     

Q (E4-5) Biodiversity supporting features    

Q (E4-5) 

N (E5-3) 

Biodiversity harmful features    

N (E4) Regeneration strategies    

N (E4) Biodiversity studies o  o  o  

N (E4) Biodiversity maintenance o  o   

N (E1, E2) Pollution prevention strategies o  o  o  

N (E5) Waste prevention strategies o  o  o  

N (E2) Pollution management o  o  o  

N (E5) Sharing economy&platforms o    

Q (E5-5: 36) 

N (E5) 

Durability  V  V  V  

N (E5) Maintainability  V  V  V  

Q (E5-5: 37) 

N (E5) 

Reusability & end-of-use V  V  V  

N (E5) Circular economy strategy & 

implementation 

   

N (E5) Circular economy co-operation    

Q (E5-6: 41) Revenue from circularity    

N (E1, E3, E4, E5) Sourcing strategies o  o  o  

 
























