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Summary 
 
Due to increasing demand and decreasing availability, the built environment and its raw material 
suppliers have become institutions and stakeholders respectively that must urgently align themselves 
with the regenerative cycles of the planet in which we live. The intelligent and environmentally 
responsible procurement of resources is a step in the right direction towards this vision. Hence. It 
becomes necessary to define a system that allows buildings' resources to be appraised and restored 
prior to their decommissioning and exhibit a cyclical pattern. The value of an asset, according to 
Damodaran (2015), is a prerequisite for making prudent property investment decisions. The asset's 
value determines the appropriate acquisition price. It is helpful when determining how to allocate 
capital and how much to pay in dividends. Moreover, Damodaran (2015) outlined three prerequisites 
for valuation: "a larger model is not always preferable because valuators experience input fatigue and 
produce irrelevant results," "valuation is not a simple science and is fraught with uncertainty," and 
"the stakeholder who employs the valuator should not introduce bias into the model." Taking these 
principles into account, the objective was to develop a procurement framework and its constituents 
that guide the value of building assets, such as systems, components, products, and materials, for their 
second use and, in turn, to create a circular ecosystem where asset value is retained whenever 
possible. This, in turn, can contribute to the development of measurable, transparent, and quantifiable 
criteria for second-use procurement. 
 
To propose a circular procurement framework, it was crucial to understand the industry's perspective 
on circularity as a concept. This was accomplished by conducting interviews. Sustainability and 
circularity were frequently associated with or confused with one another. To dispel this misconception, 
the United Nations' adopted sustainability goals have been highlighted. Numerous concepts that 
appear to indicate circularity were examined. Additionally, circularity definitions were examined using 
criteria derived from prior research to better comprehend them. At its core, circularity is about 
minimizing waste and utilizing resources ethically while maintaining consumption within the 
constraints that sustain life on earth by closing loops. In addition, it was discovered that the circularity 
and circular actions of an organization can take on a variety of forms, depending on the system it is 
focusing on and the bias or purpose that organization brings to the table. This fluidity may have a 
reverberating effect on the elements of the circular system or the surrounding environment. 
Therefore, the circular procurement process (CPP), which encompasses multiple stakeholders and 
processes, is the circularity scope for this project. All of this boils down to the standard trade scenario 
in which a vendor sells a product to a customer via a broker-facilitated process. This serves as the 
foundation for this investigation. 
 
Therefore, the first step was to examine the CE butterfly diagram in the context of CPP. Additionally, 
current circular procurement frameworks and common business models (CBMs) were investigated. On 
this basis, organizational and societal influences on stakeholders, namely a buyer and a seller, and 
some buyback principles were investigated. Using a survey and review of the relevant literature, the 
varied characteristics and preferences of stakeholders based on whether they are the seller, or the 
buyer have been investigated. This resulted in the establishment of CPP elements that can guide the 
decision-making process of the ecosystem. Based on the CPP elements and its emphasis on 
building and its constituents, the search for relevant circularity indicators were done. This 
search resulted in the categorization of CPP indicators according to their use by sellers, buyers, 
processes, and medium to make pertinent decisions in a circular ecosystem. The most important 
aspects of CPP valuation were discovered to be exit scenarios, quality, market demand, disassembly 
potential, and lifecycle sustainability analyses of diverse building assets (LCSA). Although LCSA 
examines the social, environmental, and economic effects of a system, only the economic and 
environmental effects were investigated. This resulted in the creation of the concept diagram for the 
framework. For a building asset to be circular, it is necessary to comprehend its value within a circular 
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framework that enables urban synergy, so that its value can be restored using various strategies while 
monitoring its impact on the environment, the business interests of building stakeholders, the 
economy, and society in the present and future. Based on this, an investigation was conducted into 
the current end-of-life procedures in the built environment, with a focus on demolition and 
deconstruction. Prior to demolition or deconstruction, the site is planned and inspected, and then 
building components are either discarded or sold. This resulted in the design of process diagrams of a 
near-reality CPP ecosystem that permits the adoption of both demolition and deconstruction 
methodologies to optimize a building asset's exploitation for its next life, with a primary emphasis on 
online resource trading. 
 
A site and inventory inspection database, an exit scenario and resource recovery plan, a partial 
deconstruction plan, and an online marketplace for resource trading are the principal deliverables of 
the ecosystem. These are discussed in detail in Chapter 5. All four deliverables constitute of asset 
passports that have different purpose based on the task at hand. The site and inventory section 
addresses team composition, interactions between the site and inventory inspection team 
members and their work, the mobile application, the database, and the visual quality framework. Exit 
scenario and resource recovery necessitate planning and preparation for resource recovery, as well as 
analysis to create a strategy for resource recovery. It includes the use of BIM processes to generate a 
product passport based on information from the site and inventory database, as well as the formation 
of external databases to conduct analyses. These analyses are based on the needs of stakeholders 
and employ CPP indicators relevant to sellers. Mandatory evaluations include the potential for asset 
disassembly, a product exit scenario, an analysis of market demand, and a calculation of residual value. 
It is critical to calculate environmental and economic impacts using LCA and LCCA. It is necessary to 
utilize BIM 4D and 5D capabilities to create a WBS, CBS, and OBS while developing a partial 
deconstruction plan. For resource trading, the use of QR codes to handover product information 
during trade was recommended. An analysis of existing online marketplaces to create the ideal online 
marketplace for used goods was done. The proposed trading platform should consist of fourteen key 
factors proposed through this research. Also, the marketplace can utilize CPP indicators pertinent to 
online medium and buyers.  
 
The research is investigative by design. During several levels of deconstruction, CPP employs the 
notions of circularity and sustainability. It is possible to perform additional research on LCA and LCCA 
to better include them into the framework. Also, it was found that CPP indicators and circularity 
indicators are distinct. Since the research spans the whole deconstruction phase of a building, including 
the resource trading process, it was challenging to validate the complete framework through a single 
case study. Thus, crucial aspects of the research have been designed and offered based on existing 
solutions. While this does not suggest any new methods for calculating the indicators in question, it 
does indicate that the framework can be implemented with the help of the available resources and 
data. All four deliverables have their own unique set of requirements for system design of possible 
applications that can ease the decision-making process for the stakeholders involved. 
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Abstract 

Due to rising demand and shrinking supply, the built environment, and its raw material' suppliers must 
align with the world's regenerative cycles. The aim of this research is to create a circular procurement 
framework that determine the value of building asset at its end of life and preserve that value. It thus 
creates a transparent and measurable standard for circular procurement process, thereby reducing 
waste and optimizing resource use. In a CPP, a product goes through a process chain when exchanged 
between seller and buyer through an online marketplace. CPP considers exit scenarios, quality, market 
demand, disassembly potential, and LCSA of a building asset. 

With an emphasis on demolition and deconstruction, the present end-of-life practices in the built 
environment were investigated. The ecosystem's major deliverables include a database of site and 
inventory inspections, an exit scenario and resource recovery plan, a partial deconstruction plan, and 
an online marketplace for resource trading. A vital part of making the proposed framework work is 
making sure that the asset information for each deliverable is included in the passport for that 
deliverable. The site and inventory section addresses team composition and relationship between the 
team members and delivers a site and inventory database, along with a visual quality assessment 
framework. Exit scenario and resource recovery requires planning and preparation for resource 
recovery, as well as assessment requirements to establish a resource recovery plan using indicators 
relevant for sellers. The utilization of BIM 4D and 5D capabilities to form a WBS, CBS together with an 
OBS is crucial for producing a partial deconstruction plan. For resource trading, QR codes are 
recommended to handover product information during trade. A review of existing online marketplaces 
was conducted to recommend the most appropriate platform for used goods. It encompasses fourteen 
key parameters, guided by CPP indicators pertinent to the online medium and buyer. 

The framework proposed in this research aims to use existing tools and indicators to realize a CPP. It 
also incorporates essential requirements and BIM concepts that can form the basis for the system 
design of applications that can ease the decision-making process of the stakeholders in a CPP. 

Keywords: Circular Procurement, Deconstruction, Lifecycle Analysis, Quality, BIM, Online Trading  
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of the pilot search. Selection criteria were also formed to find the relevant studies as highlighted in 
Figure 8. Hence, the pilot search provided additional information to sharpen these criteria.  

 
FIGURE 9 KEYWORD RELATIONSHIP 

 
2.2.2 Search Strings 
 
Sub Q1. Why is there a need for circular trading ecosystem? 
 
Based on the interviews conducted and the circular transition agenda which highlighted the need for 
a monitoring system and the lack of standard approach or a basic framework to procure material, it 
was important to investigate further whether a circular trading ecosystem exists in the industry or 
what guides material procurement in a circular ecosystem within the context of building and its 
components. Hence a market study was conducted using secondary search methods as highlighted in 
Figure 8.  
 
Sub Q2. How is circularity measured in the construction industry, and what circularity parameters 
are relevant while valuating building assets for procurement in a circular ecosystem? 
 
To answer the above questions, it is relevant to understand what are the factors that led to a circular 
economic model and the relevant definitions of circularity. It was important to define a circular building 
asset. Furthermore, it was vital to understand the approaches for attaining circularity in the built 
environment before focusing on parameters that characterize a circular building asset and how they 
affect its value in a CPP. Based on the information above, the following search strings were defined as 
shown in Table 2. 
 
TABLE 2 SUB QUESTION 2 SEARCH STRINGS 

S.NO THEME SEARCH STRING 
1 Guiding Principles for Circularity Sustainability, circularity 
2 Guiding Principles for Circularity Circular economy and doughnut economics 
3 Circularity and a Circular Building Asset Defining circularity 
4 Circular Approaches in the Built Environment Circular Building Products 
5 Circular Approaches in the Built Environment Circular business models 
6 Measuring Circularity in Building Components Disassembly, buildings, circularity 
7 Measuring Circularity in Building Components reuse, recycle, refurbish, repurpose 
8 Measuring Circularity in Building Components R framework, circularity, exit, materials 

 
Sub Q3. How does the valuation of second-hand products occur in the circular ecosystem? 
 
To answer this question, it is important to understand the lifecycle of building component and why it 
is classified as an asset. Further, it was important to understand the factors that are used to do price 
valuation of a product. Furthermore, a study on second-hand market economics was conducted to get 
an idea about how it is different from a newly manufactured product. Terms such as lifecycle analysis, 
product quality, salvage value, product depreciation, market demand were seen in the pilot search. 













3. Chapter 3: Circularity 
 

3.1  Introduction 
 
The chapter begins with the introduction of the guiding principles behind circularity in Section 3.2 and 
a brief discussion on scope of circularity in Section 3.3. Section 3.4 demonstrates how circularity has 
been applied to the built environment, with a particular emphasis on the circular procurement 
process. Moreover, the various methods to measure circularity are briefed in Section 3.5 that can be 
used as CPP indicators. The chapter concludes with the key elements summarized and used further 
along in the study in Section 3.6.  
 

3.2  Guiding Principles of Circularity 
 
The society we live in can seem irrational and short sighted at times. This has not only led to 
irreversible damage to humanity but also to the space we occupy. Many assert that the only way to 
eliminate inequality in society is to alter economic theory and policy by replacing concepts such as 
gross domestic product (GDP), which has been used to measure the growth of a country or 
community, with a vision that is uncompromising, regenerative, and distributive by design. This 
thought has taken many forms, that are proposed, to elevate and sustain humanity. It shows us the 
dire need to change our perspective on many things. One such proposed perspective is circularity. 
 
The thought of circularity relates to the change caused by human advancement driven by the 
exploitation of natural resources and subsequent failure of replenishing them. To understand 
circularity, it is important to understand the concepts and models that deal with the same theme. The 
current circularity models can be seen as an amalgamation of many concepts and models given over 
the decades.  
 
One concept that goes hand in hand with circularity is sustainability. Circularity is inspired from many 
old and new sustainability models (Washington, 2015). In 2015, the UN member states called for 
action to eliminate poverty and other scarcities faced by humankind, lessen discrimination, improve 
health and education, and spur economic growth by adopting 17 Sustainable Development Goals 
(SDGs). Furthermore, climate change must be addressed, and the ecosystem preserved according to 
the 2030 Agenda for Sustainable Development (United Nations, 2015). A few years prior to this, Johan 
Rockström led a group of internationally renowned scientists to identify nine processes that regulate 
the stability and resilience of the planet Earth at the Stockholm Resilience Centre (Stockholm 
Resilience Centre, 2009). This was further updated in 2015 by Steffen et al. (2015) where they 
introduced control variables for the planetary boundaries.  
 
These planetary boundaries by Johan Rockström (Stockholm Resilience Centre, 2009) combined with 
the complementary concept of twelve social boundaries inspired from the 2030 Agenda for 
Sustainable Development and its 17 sustainable development goals have given rise to and have been 
influenced by many models and led to many more economic models as shown in Table 7. These 
concepts and models promote closing resource loops in one way or another, hence influencing both 
the economic and ecological circular models suggested since the inception of circularity. 
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Preferences of a Buyer 
Another important part in any procurement process is the preference of a buyer regarding the product 
they intend to procure. To get a better understanding of it, a scenario asking what type of products 
one would prefer to buy was proposed in a small survey where 99 responses were recorded. Figure 
22 shows the type of product people preferred. Around 65.7% of respondents of the survey had no 
problem with reusing an architectural component, compared to 55.6% who preferred MEP systems 
and 52.5% who chose structural systems. 
 

 
FIGURE 22 PREFERENCE OF A BUYER FOR A SECOND-HAND CONSTRUCTION MATERIAL 

 
Furthermore, based on the interviews conducted, some common decision variables were highlighted. 
In the survey, to understand perspective of different users, those variables were ranked as shown in 
the Figure 23. 
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Preferences of a Seller 

In the survey conducted for the study, among the sample group, it was found that if the product type 
is architectural (67.7%) or MEP (64.6%) in nature, the sellers are more willing to sell as compared to 
structural elements (59.6%) as shown in Figure 25.  
 

 

FIGURE 25 PREFERENCES OF A SELLER WHEN SELLING THEIR CONSTRUCTION MATERIAL 
 
The reasons behind this choice could be systemic in nature or presence of business opportunities 
prevalent in the market or could be comfort or ease of selling one type of material over the other. 
Furthermore, the lack of quality standards may be a reason of hesitating while selling structural 
elements or lack of a market for such used products. To understand the factors that hold priority over 
others while making sales decisions, following results were obtained as shown in Figure 26.  
 

 
FIGURE 26 RANKING OF DECISION VARIABLES WHILE SELLING SECOND-HAND COMPONENTS 

  
Figure 26 shows that the demand for component in the market is the priority as marked by the sample 
size of the survey. From the chart, if we follow in order while excluding already ranked variable the 
second rank is Quality of material, followed by Price of a new component, grants and subsidies 
associated with the material and effort in removing the component from building during demolition. 
While the factors in the survey based on the interviews taken were stated, some other essential 
variables were added by the survey respondents as follows  
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required to 
produce virgin 
material 

9 Circular 
Pathfinder  
(ResCom & 
IDEAL and CO 
Explore, 2017; 
Saidani et al., 
2019) 

Questions about 
possible 
repurpose and 
current use 

It is a web-based tool for identifying an appropriate strategy for 
the subsequent use of a product based on a survey of ten 
qualitative product-related questions. 
Limitations: This is a subjective, qualitative measurement 
instrument. There is insufficient information about the 
determination of next-use paths. 

10 End of Life 
Indices 
(de Pascale et 
al., 2021; Favi et 
al., 2017) 

Material 
properties, Cost 
of repurposing 
and transporting 

These indices are fundamental metrics for the correct EoL 
management of industrial products, considering the 
opportunities offered by new circular economy business models 
and measure end of life scenarios such as recycle, 
remanufacture, reuse, recovery, and disposal. 
Limitations: These indices need disassembly cost and time 
before calculation and there is a likely chance that such 
expertise is subjective to the contractor's knowledge of building 
components and connections which is difficult to amass but not 
impossible. 

11 Product 
Recycling 
Desirability 
Index 
(de Oliveira et 
al., 2021; 
Mohamed Sultan 
et al., 2017) 

Bill of Materials, 
Material 
Separation 
Complexity, 
Material 
Security Index, 
Technological 
Readiness 

It is a combination of Complexity Index (Material Separation), 
Material Security Index and Technological Readiness.  
Limitations: It has been considered that all materials must be 
recovered to recycle items. In actuality, disassembly happens 
and certain materials are lost. In this instance, the bill of 
materials can be amended to exclude the lost components 
while still allowing evaluation using the established technique. 
The separation of materials is not a simple dichotomous 
problem and can be influenced by connecting technologies. In 
research, it has been assumed that separation is a possibility. It 
may be required to consider varying weights based on the 
reversibility of the joining/welding process employed. There is 
no consideration of partial dismantling. 

12 Economic-
Environmental 
Remanufacturing  
(de Oliveira et 
al., 2021; van 
Loon & van 
Wassenhove, 
2017) 

Number of 
reused 
components, 
Number of used 
products 

It is a straightforward tool that allows vendors to rapidly 
determine whether remanufacturing is economically and 
environmentally preferable to making new components. 
Limitations: The tool lacks inclusion of energy consuming 
products, and scenarios like direct reuse, refurbishment.  

13 Ease of 
Disassembly 
Matrix 
(de Pascale et 
al., 2021; 
Moraga et al., 
2019; Vanegas et 
al., 2017) 

Disassembly 
sequence of 
components and 
their 
connectors, 
Number of 
Connectors, 
Number of 
Product 
Manipulations, 
Tool Type, 
Identifiability 

It measures disassembly time in seconds using the Maynard 
operation sequence method. It facilitates reuse, recycling, and 
maintenance. It divides disassembly jobs into six categories and 
identifies the most time-consuming task. Utilizing the 
development of activities and basic product information, a 
spreadsheet is created to estimate disassembly time. 
Limitations: It overestimates the time required to identify 
connectors because, in actual scenarios, selective extraction 
and/or replacement of components is performed as opposed to 
complete disassembly. It does not account for the work 
required to disassemble components. It only considers screws 
to be fasteners and requires additional items with different 
connections to identify eDim more precisely. 

14 Potential Recycle 
Index 

Material Data 
provided from 

It predicts the degree of potential recycling of components 
within the product family. The recycle of components 
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(Mesa et al., 
2018) 

repurposing 
agents, Bill of 
Material 

contributes to reducing the primary extraction of raw material; 
therefore, the material follows a circular path in a new product 
lifecycle.  
Limitations: Nevertheless, the material flow balance is not 
100% conservative in the product lifecycle due to the recycling 
process efficiency, which involves an unrecoverable waste 
fraction that is generated. During use and EOL stages, the data 
is difficult to gather due to the different customer profiles, the 
intensity of use and consciousness about final sustainable 
disposal. 

15 Potential Reuse 
Index 
(Mesa et al., 
2018) 

Material Data 
provided from 
repurposing 
agents, Bill of 
Material 

It estimates the degree of potential reuse of components 
between different product variants within the product family.  
Limitations: It is a simplified reuse index and there is not 
sufficient information that quantifies the subjectivity of a user 
to reuse. 

16 Effective 
Disassembly 
Time 
(de Pascale et 
al., 2021; 
Marconi et al., 
2018) 

Disassembly 
sequence of 
components and 
their 
connectors, 
Number of 
Connectors, 
Product CAD 
Model 

It is a method for calculating the effective disassembly process 
time for industrial items using five steps to define component 
connections and obtain the most efficient disassembly process 
and time. A data mining procedure employs the DSP 
methodology and a well-defined repository (called Liaison DB) 
of information about fundamental disassembly processes. 
Limitations: This is used for mechanically connected industrial 
products. Adapting the industry to adhesives used in built 
environment products may prove to be a significant challenge. 

17 BIM-based 
Whole-life 
Performance 
Estimator 
(Akanbi et al., 
2018; de Oliveira 
et al., 2021) 

 It helps in appraising the salvage performance of structural 
components of buildings right from the design stage and can 
help demolition experts to generate a pre-demolition audit 
using a mathematical model and requires quantifiable 
parameters. 
Limitations: Various building components have different service 
lives and respond differently to various environmental 
conditions. Estimating the salvage performance of an entire 
building system is complex and may be difficult to assess 
objectively for a variety of reasons. Moreover, the focus of this 
study is limited to the material analysis of the structural 
components of buildings under normal operating conditions. 
This study did not include the building's function as a criterion 
in determining its salvageability. 

18 De milieukosten 
indicator  
(Ecochain, 2022; 
Stichting 
Nationale 
Milieudatabase, 
2020) 

Raw Material, 
Products and 
Related 
Processes, 
Energy, LCA of 
Products, 
Environmental 
Databases such 
as NMD and 
EcoInvent. 

MKI indicates the environmental impact of a building material 
or component in terms of shadow cost resulting from 11 
environmental indicators. By providing an environmental cost 
indicator for a project, the contractors can receive concessions 
and rebates. MKI focuses on the impact categories and predict 
the environmental impact only. 
Limitations: It is essential for product based MKI to have brand 
related data from specific suppliers and producers (Category 1) 
or tested generic data from industry (Category 2). Using 
untested generic data (Category 3) is not recommended as input 
while using MKI for CPP. It is also possible to levy a 'penalty' on 
the MKI for category 3 data. Also, the information contained in 
MKI calculations and LCAs is confidential to the company. 

19 Lifecycle Cost 
Assessment  
(Braakman, 
2019) 

Costs incurred 
during lifetime 

LCC aims to quantify all costs associated with the life cycle of a 
product that is directly covered by one or more of the actors in 
that lifecycle. For a CPP, It is a method for assessing the total 
cost of element ownership. It considers all costs of acquiring, 
owning, and disposing of a building or building system. LCCA is 



Building Asset Valuation in a Circular Ecosystem 

44 | P a g e  
 

especially useful when project alternatives that fulfil the same 
performance. requirements, but differ with respect to initial 
costs and operating costs, must be compared to select the one 
that maximizes net savings.  
Limitations: For CPP, the essential part of LCC is End of Life and 
future costs in a circular ecosystem and that has not been 
included in the research. 

20 Product 
Recovery Multi-
Criteria Decision 
Tool  
(Alamerew & 
Brissaud, 2019; 
de Oliveira et al., 
2021) 

EoL Impact 
Indicator, CO2 
Emissions, SO2 

Emissions, 
Energy 
Consumption, 
Net Recoverable 
Value, Logistic 
Cost, 
Disassembly 
Cost, Product 
Cost. Employees 
required to 
accomplish the 
scenario, 
Exposure to 
hazardous 
substance 

PR-MCDT is proposed for assessing product circularity strategies 
(remanufacturing, recycling, repair, and reuse) of a product at 
the end of its life. The six basic steps that guide the approach 
and are as follows: (1) selection of potential end of life 
strategies, (2) scoping of end-of-life strategies, (3) selection of 
relevant indicators, (4) assessment of end-of-life strategies, (5) 
analysis and evaluation of end-of-life strategies, (6) refinement 
of strategies and final evaluation. The strategies are assessed 
according to relevant economic, environmental, and social 
indicators. The proposed method does not take into 
consideration of rebound effects.  
  
Limitations: One of the limitations of this MCDM method 
employed in PR-MCDT is a lack of linkages between the criteria. 

21 Material 
Durability 
Indicator  
(Mesa et al., 
2020) 

Flammability 
resistance (limit 
oxygen index), 
Resistance to UV 
radiation, 
Resistance to 
water and 
Solvent, Yield 
strength, 
Fatigue 
strength, Carbon 
footprint, 
Energy 
consumption 

The material durability indicator integrates into a single 
calculation chemical and mechanical durability, together with 
environmental impacts associated with the material. The 
proposed indicator incorporates parameters such as 
flammability resistance, resistance to UV radiation, water 
resistance, resistance to organic solvents, mechanical strength, 
energy consumption, and carbon footprint. This also makes for 
some quality testing of the material.  
Limitations: The material being tested is plastics and other 
material such as ceramics, metals, polymers, and composites 
are not added. The analysis of differentiated durability 
requirements for parts or components within a product is not 
considered. The implementation of the indicator largely 
depends on the type of material considered in the selection 
process. In the case of combining different types of materials 
(e.g., composites), attention must be paid to the establishment 
of reference values. 

22 Residual Value 
Indicator 
(Jiang, 2020) 

Volume of 
materials 
without 
secondary 
finishes, Volume 
of material 
without 
hazardous 
content, total 
volume of 
material in a 
building 
component, 

Residual value Indicator assumes that the residual performance 
of building components can be predicted during the design 
phase and affected by the deterioration factor. Hence, residual 
value is expressed as a function of circular design strategies 
(Design for Disassembly and Design for Recovery) and 
deterioration factor. 
Limitations: Different strategies such as Design for Durability 
and Design for Adaptability are not considered as design 
strategies for residual value indicator. The price fluctuation and 
tax effects of material disposal are ignored. 
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deterioration 
rate of material  

23 Reusability 
Potential 
(Kentie, 2021) 

Bill of Materials The reusability potential determines the possibility that a 
building product may be reused at the end of the lifespan. The 
factors used are disassembly potential, availability of material 
passport, material toxicity, technical lifespan, residual value, 
and transportability of building product. Apart from this, the 
guarantee to return a product is one of the influencing factors 
to measure the indicator.  
Limitations: Factors affecting reusability potential were only 
briefly investigated, and correlations were not considered. No 
real-time project information was used. 

 
Figure 29 depicts the indicators (in bold) beside the CPP elements. Among all the CPP elements that 
are significant to a Seller, it is evident that these indicators can only be employed for Product-based 
characteristics. In addition, these indicators are solely applicable for describing the technical and 
environmental characteristics of a product. 

 
FIGURE 29 CPP INDICATORS MAPPED AGAINST CPP ELEMENTS FOR A SELLER 

 
Process: The process means the whole circular procurement process. It also includes the effectiveness 
and efficiency the resource restoration process. It also contains the process of contractual agreements 
between stakeholders and the relevant legal and financial constraints of CPP. Table 13 shows the 
indicators relevant for the Process part of CPP.  
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inputs and outputs, it is possible to identify waste and load flows. 
Early detection of stockpile accumulation or depletion enables 
countermeasures or future stockpiling and use (such as for urban 
mining). If MFAs are conducted over longer periods of time, 
subtle changes that are too small to assess on short time scales 
but may contribute to long-term harm become apparent. This 
can be used to navigate prices of listed goods on the trading 
platform based on supply and demand of a product. 
Limitations: MFAs have a higher chance of being subjective in 
nature. Incompleteness of flowcharts, limited data quality, and 
model assumptions reduce the reliability of MFAs. 

6 Product Level 
Circularity Metric 
(de Pascale et al., 
2021; Linder et 
al., 2017) 

Price of Product It is ratio of recirculated economic value to total product value 
as a circularity metric, using value chain costs as an estimator for 
circularity. 
Limitations: It does not include issues such as toxicity, and 
environmental impacts. It does not consider total cost of a parts 
of products if they are leased as the economic value parameter 
for leased product due to ongoing cost is unknown. Indirect costs 
used in production processes such as machinery used is not 
included in the metric. It states to be designed for keeping data 
confidentiality. However, the data from raw material suppliers 
before and during first use is still required by suppliers who 
intend to use it again. It considers two products with different 
lifespans as equals if they are obtained from the same fraction of 
recirculated material. 

7 Global Resource 
Indicator 
(Adibi et al., 
2017; de Pascale 
et al., 2021; 
Moraga et al., 
2019) 

LCIA GRI incorporates various aspects of resource appraisal to 
enhance resource characteristics. Various attributes related to 
accessibility, involving both geopolitical availability and 
recyclability of resources, constitute the multi-criteria indicator 
to complement the resources deficiency. 
Limitations: Although this is not directly beneficial for the CPP 
but a localized scope of this can be used on the trading platform 
to allocate benefits to one trading transaction over the other and 
provide a dynamic way of growth 

8 LCA- Eco-
efficiency index 
(Corona et al., 
2019; Laso et al., 
2018) 

LCA, LCC, 
Ecolabel 

Using linear programming (LP), LCIA and LCC methods are 
combined to reach an eco-efficiency index (EEI) that attempts to 
quantify circular economy. 
Limitations: The focus is on fishing industry. The methodology to 
use LCA and LCC along with Ecolabel can be way to choose 
between similar options but is quite cumbersome and time 
consuming. 

9 Linear Flow Index 
for Product 
Families 
(de Pascale et al., 
2021; Ellen 
MacArthur 
Foundation & 
ANSYS Granta, 
2019; Mesa et 
al., 2018) 

Material data 
from producer 
and during use, 
Bill of Material 

It measures the proportion of material flowing linearly, that is, 
from virgin materials and up to unrecoverable waste. It is 
calculated as the sum of the relation obtained by dividing the 
amount of the product family material flowing in a linear fashion 
by the sum of amounts of product family material flowing in a 
linear and a restorative fashion. This index is an adaptation of the 
Linear Flow Index proposed by (Ellen McArthur Foundation, 
2010). 
Limitations: The complexity of this calculation depends on the 
number of components or modules and the number of different 
manufacturing materials; hence it can vary as the products 
become more composite. 

10 Retained 
Environment 
Value 

LCA of materials 
in the product 

Retained environmental value (REV) measures the share of the 
environmental impact (EI) from the production of a material or 
product that is retained in products and materials recovered 
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According to Tingley & Davison, (2011), it is difficult to disassemble a building if products are not 
designed for disassembly (DfD) and material reuse. However, there are barriers to design a product or 
a building for disassembly as discussed in Chapter 1 and Chapter 3. These barriers are like those listed 
in the studies of Addis & Schouten (2004); Chini & Balachandran (2002); Dolan et al (1999); Guy & 
Ciarimboli (2005); Morgan & Stevenson (2005) and M. D. Webster (2005) apart from the barriers in 
the design stage of the building such as additional design costs, lack of design standards regarding 
DfD, type of connections and their accessibility. The strategies to avoid these barriers are the 
prerequisites for DfD and deconstruction. Some of the strategies are shown in Table 16 below along 
with the extent on influence (High, Moderate, Low) on the R framework strategies to optimize use 
(R3), extend product lifespan (R4 to R7) and promote smart use of material (R8,R9) as shown in Figure 
12.  

 
TABLE 16 DFD STRATEGIES AND THEIR INFLUENCE ON EXIT SCENARIOS 

S.NO STRATEGIES R3 R4-R7 R8, R9 
1 Ascertain the existence of a complete set of as-built drawings. High High High 
2 Design for maximum adaptability to preserve the structural integrity of the 

entire structure. 
High Low Low 

3 The entire design team, the client, and the contractor must all be on the 
same page. 

High High High 

4 Establish targets for the structure that can be reused. High Mod Low 
5 During the design phase, a deconstruction strategy should be developed. High High High 
6 Provide Guidance for Deconstruction High High High 
7 Provide contractors with appropriate DfD training. High High Mod 
8 Provide additional time for DfD integration. High High High 
9 Determine the design life of different components. Mod High Low 
10 The structure's components should be stratified according to their expected 

lifespan. 
Mod High Low 

11 Make geometry straightforward. High High High 
12 Utilize a structural grid standard Low Low Low 
13 Size components according to the method of handling. High High Low 
14 Create reusable, resilient components and connections. High Mod Low 
15 Make available all components and connecting points.  High High Low 
16 Provide component identification information High High High 
17 Ensure structural systems are effortlessly demountable High High Low 
18 Implement passive rather than active service components whenever 

possible. 
High Low Low 

19 Utilize connections that can be easily detached. Low Mod Low 
20 Avoid using adhesives, resins, and coatings that inhibit reuse. High High Mod 
21 Use as few connectors as possible and limit the variety. High High Low 
22 Reduce the number of employed materials. Mod High Low 
23 Provide an elaborate list of all construction materials and components. High High High 
24 Where possible, utilize prefabrication and mass production. High High Low 
25 Choose recyclable materials that are simple to sort. Low Low High 
26 Avoid composite systems. Mod High Mod 
27 Design service routes to be easily maintained and accessible. High High Low 
28 Provide adequate assembly and disassembly tolerances Low High Low 
29 Produce indivisible assemblies from the same substance. High High High 
30 Avoid use of toxic and hazardous materials High High High 
Sources: (Addis & Schouten, 2004; Cheshire, 2016; Dolan et al., 1999; Guy & Ciarimboli, 2005; Hurley et al., 
2002; Morgan & Stevenson, 2005; Storey & Pedersen, 2003; Tingley & Davison, 2011) 

 
When dealing with CPP, the transformation capability of a building is crucial. Components of a building 
with a greater tendency to transform can be disassembled more easily. A building designed with DfD 
in mind has a greater potential for disassembly. Numerous researchers have proposed disassembly 
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potential factors and weighed them using processes such as the fuzzy logic, analytic hierarchy process 
(AHP) and similar processes based on DfD strategies of Table 16. Some key researchers that propose 
and use the disassembly factors are (Arko van Ekeren, 2018; Durmisevic, 2006; van Vliet, 2018) for 
micro and nano level. The details are briefed in Appendix E (Chapter 12) 
 
At the nanoscale, product disassembly must be effortless. The disassembly time and the sequence to 
disassemble are key parameters for effortless disassembly. There have been several studies 
conducted to plan disassembly sequences and compute optimal disassembly time. For example, 
Vanegas et al., (2018) provides a measure for quantifying the disassembly time so that products can 
be dismantled for reuse, repair, and remanufacturing by calculating time taken six disassembly tasks: 
Tool change, identifying connections, product manipulation for accessibility to connections, 
positioning of tools to disassemble, actual disassembly and removing the unfastened components and 
putting them. These tasks are modelled using Maynard operation sequence method (Zandin, 2002). 
Another example is the study by Huang & Huang (2002). According to the study, the effectiveness of 
disassembly is affected by the stability of the other components after one component has been 
dismantled. Hence, they proposed a method for generating all the possible disassembly sequences for 
computer aided disassembly planning. A more recent study computing disassembly sequence and 
time is by Marconi et al., (2018). It detects the target components from the general product assembly 
by examining the virtual product model. It further defines the disassembly matrix levels and calculates 
feasible and the best disassembly sequences using data mining techniques.  
 
Furthermore, concepts like material passport, building information management, photogrammetry 
and more can help in framing and organizing the elements such as Exit Scenarios, LCSA and market 
demand of secondhand product in a CPP methodology. When these are combined with external 
databases and platforms with key impact indicators, a circular procurement ecosystem can exist. 
  

3.6  Conclusion 
 
Circularity a principle that is often employed in conjunction with other concepts. Also, it is frequently 
confused with or associated with sustainability. In addition, its roots can be traced to earlier theories 
such as spaceship Earth, steady-state economic models, ecological laws, industrial ecosystems, 
reverse logistics, and natural capitalism. Additionally, it shares principles with present theories such 
as the closed supply chain, cradle-to-cradle, performance economy, and doughnut economy. Hence, 
circularity at its core is the concept of limited resources and a systemic model that enables an 
uncompromising, regenerative distribution of resources through time.  
 
Circularity is a simple concept that can be applied to any problem or industry. This implies that the 
scope of circularity is huge, ranging from a global scale (macro) to a material scale (nano), resulting in 
varied interpretations, definitions, and methods to measure. Since this project involves the 
procurement of building parts and components from an existing structure, circularity in this 
context follows the principle that a component must be preserved by various biological and technical 
tactics to make it a circular product. This activity should be performed while monitoring its present 
and future effects on the environment and society.  
 
In context of circular ecosystem resource loops, some material flow rules were found. First, for non-
renewable resource types, the loop can be closed using various R techniques, whilst biological 
resources can be cascaded or returned to the ecological cycles of the surrounding environment via 
anaerobic digestion, regeneration, farming, or biogas production. Second, while closing the loop, it is 
essential to incentivize durable and easily recaptured commodities and prevent the devaluation of 
materials due to systemic leakage in the circular supply chain. Based on the resource flow, some 
common characteristics of the most prominent circular business models have been identified, such as 
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FIGURE 33 CONCEPT DIAGRAM FOR CIRCULAR ECOSYSTEM 
 
Figure 33 showcases the conceptual diagram for the CPP in a circular ecosystem that encompasses 
these recurring themes. There are six important milestones that a material or a product must go 
through to close the loop in a circular ecosystem. The building product and its constituents at the end 
of its first-generation use should be removed from the building and broken down (if necessary) in a 
way that are relevant for disassembling easily and smartly. Also, it is important to have all relevant 
product and material information such as its quality, its impact on environment and technical 
information along with some relevant circular assessments. The information is stored in databases to 
be used while trading. Once determined the aspects of disassembly and quality verified, it is important 
to regulate the price of the second-hand product through some cost calculations. This is further 
provided in a trading platform where the items, recovered in value, are traded for their second life 
and the cycle continues. This trading can take forms based on CBMs as established in section 3.4.4 
such as circular inputs, resource recovery, sharing platforms, product life extension and product as a 
service. 
 
In the next chapter, deconstruction and demolition is investigated in more detail to understand how 
and when the milestones mentioned in the concept diagram (Figure 33) can be retrieved and how 
they might vary based on the processes involved within the scope of this project. 
  



4. Chapter 4: Building Asset Lifecycle  
 

4.1  Introduction 
 
An asset is an item, thing, or entity that has potential or actual value to an organization, according to 
ISO (2018). In addition to tangible assets such as machines, property, raw materials, and inventory, an 
organization's assets can also include intangibles such as royalties, patents, and other intellectual 
property. A building is an asset for the owner or real estate developer in this regard. With the advent 
of circularity, the perception of a building as an asset is shifting, resulting in the emergence of new 
business models and practices. 
  

4.2  Building Lifecycle in a Linear Ecosystem 
 
Buildings and infrastructure projects alike use a lot of energy and materials, and the construction 
industry has always been one of the biggest consumers in these categories. This endeavour 
necessitates time, money, and engineering expertise. Such a product requires decades to demolish. 
But a building is not a static thing that never needs repairs. It is a product that requires an endless 
supply. Despite a limited but usually long lifespan, its value fluctuates despite being an asset for 
numerous stakeholders. According to Amadi-Echendu (2004), the lifecycle analysis of an engineering 
asset such as a building can demonstrate its fluctuating value over time.  
 

 
FIGURE 34 STAGES, PHASES AND PROCESSES INVOLVED IN A BUILDING LIFECYCLE 

 
Many scholars have classified the building lifecycle in categories that fulfil their own research purpose. 
According to Ngwepe & Aigbavboa (2015), there are six life cycle stages of building, namely, raw 
material extraction; manufacturing; construction; operation and maintenance; demolition; and 
disposal, reuse, or recycling. This division was done to highlight the environmental impact of each 
stage. According to Kwok et al. (2016), the lifecycle of a building is divided in five stages, material 
extraction and manufacturing, construction, building life, operation and maintenance and end of life 
to structure a comprehensive carbon-emission framework for a building. Traditionally, a building is 
stated to have four life cycle stages shown in the figure below namely design, construction, operation 
and maintenance and demolition stage as shown in Figure 34 and explained in Appendix F (Chapter 
13).  
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intensity of it varies based on whether it falls into the first or the second case as stated above. For sake 
of convenience, we focus on a case before agreement has been reached between owner and a 
potential contractor. 
 
For building inspection, the building heritage status is checked, the tender document is used to 
understand the time and like state of build and a visual inspection usually ensures the presence of 
hazardous material like asbestos or explosives that can cause a catastrophe during demolition process. 
Also, construction history and possible structural and demolition hazards are investigated apart from 
checking energy and water connections of the building. Risk assessment is a major step while focusing 
on tendering process for demolition. The information gained from that usually make the potential 
demolition contractor decide whether to apply for a tender or not and for decommissioning process. 
There are other factors that are considered while making the decision to apply for a tender to demolish 
like brand identity of the estate developer and reputation of owner, the need for contractor to land a 
contract and more.  
 
Once a decision is made to go further, an investigation is usually done for the permits and the costs it 
would entail, a possible demolition process (explosions and crushers are usual way to go) and estimate 
of water needed to cope up with the dust and the machinery required for the process. Furthermore, a 
waste management plan with inclusion of ownership and trade of scrap (based on tender regulations) 
is estimated. Then a schedule along with cost of demolition is worked out along with the profit from 
scrap trade after identifying potential buyers. The scrap trade is done by either the demolition 
company or the owner based on tender rules. All this information is analyzed to quote a price. Safety 
and evacuation process is sometimes asked when involved with demolition of projects that deal with 
complicated terrain, neighborhood, or presence of hazardous materials. Based on the tenders 
received, an evaluation is made, and the tender is awarded to one of the contractors. The winner then 
prepares for further negotiation and demolition phase if everything is worked out and contract is 
signed. 
 

 
FIGURE 40 DEMOLITION AND MATERIAL DISPOSAL IN LINEAR ECOSYSTEM 

 
During the demolition phase as shown in Figure 40 and in section 14.2 (Appendix), the owner is asked 
to collect personal belongings and inventory. Then a detailed site inspection is done to set up a 
demolition zone. People and traffic are restricted around and prohibited in the demolition zone. 
Objects are removed around the demolition site and the waste if any is disposed and scrap if any 
generated is recorded and sold. Afterwards, the water and energy lines are rerouted, and the soft strip 
of building (removal of accessories like door frames, windows, counters, furnishings to get the skeleton 
i.e., structure of the building) is done. This is followed or done parallel to removal of hazardous and 
toxic material. 
 
This process is then proceeded by demolition of superstructure and substructure using various 
methods as planned before while taking proper care of the short term and long-term safety of the 
neighborhood. These processes happen in parallel and successive manner. The waste generated is 
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FIGURE 43 THE RELIEFS OF THE ARCH OF CONSTANTINE, REUSED FROM BUILDINGS OF PREVIOUS EMPERORS 

 (IMAGE BY DOMINIQUE DEVROYE FROM PIXABAY) (BERTINO ET AL., 2021) 
 
In this decade as well, there have been buildings that have been deconstructed sustainably. For 
example, Circl Pavillion in Amsterdam, has interior space designed from material taken from other 
buildings. For instance, the movable walls are made from recycled aluminium and expanded metal, 
wall insulation is made from recycled jeans, window frames, hardwood flooring and internal wall 
partitions is taken from other demolition sites. Also, the wooden structures are connected using 
hollows and bolts and can be disassembled easily. 
 
Deconstruction Prerequisites 
 
Bertino et al. (2021) states that recent technological breakthroughs in BIM and photogrammetry along 
with industrial acceptance of concepts such as digital twins, web-based inventory management tool 
(WBIT), material passports and design for disassembly, it is now feasible to reuse a building fully. The 
digital twins, WBIT, and material passports help in determining the extent to which a building can be 
deconstructed. And if the building is designed to be dismantled for reuse and recycle of its assets, then 
deconstruction can be possible. If these pre-existing conditions are satisfied, then a deconstruction 
plan can already be formulated for a building alongside its construction plan. A material passport with 
list of building elements, their complete description, and their possible end of life scenarios (as stated 
in section 3.5) for restoration of their value to enable re-entry in a dynamic material market. These 
end-of-life scenarios can be categorized into four umbrella categories as shown in Figure 44.  

 
FIGURE 44 CATEGORIES OF EXIT SCENARIOS FOR DECONSTRUCTION (BERTINO ET AL., 2021) 

 
The first type is where the building is moved to a new place with no waste generation. So, the building 
is deconstructed (with removing the foundation and/ or dividing building into sub- assemblies), 
transported, stored, and constructed. It is an expensive and rare process compared to the other two 
types. The second type is where components of the building are reused in other buildings with some, 
or no energy spent on reprocessing and refurbishment. It involves deconstructing components of 
building in sequence, transporting them to various locations based on the prospective users or storing 

https://pixabay.com/users/domyd-3118263/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1633417
https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1633417
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Salvaged 
Material 

Framing Sheathing Roof systems 
Brick/Masonry Wood timbers/beams 
Wood rafters Floor joist system 

Finish flooring Appliances/mechanical 
Cabinetry Windows/doors Trim 
Fixtures/hardware Fireplace mantels 

Restriction on 
trading due to 
hazardous 
material 

High Moderate 

 
As shown from Table 20, there is more complexity involved when deconstructing structural 
components as compared to non-structural components. Hence in a disassembly sequence, 
deconstructing the non-structural elements should happen first. Dismounting all the components such 
as appliances, windows, doors, and other finishing materials, which if removed do not cause the 
building to collapse. After the non-structural deconstruction, the structural deconstruction is done. It 
is usually realized from top to bottom, starting from the removal of the roof to get to the foundations 
to avoid the collapse of the building.  
 
Another aspect is the quality of material. This is discussed in Section 3.5.Also, it should also be 
essential to understand the environmental impact of reutilization of the product The positive impact 
for salvaging second-hand product in terms of the energy saved by avoiding the energy saved during 
production of a virgin product creates a positive impact due to deconstruction.  
 
The presence of hazardous materials in a product can have severe impacts on the environment, 
requiring restrictions on the resale of such products as stated by (NAHB Research Center Inc. & Upper 
Marlboro MD, 2001) . Many older structures are coated with lead and asbestos. Lead paint is 
commonly found on windows, doors, and trim. Lead-based paint removal may be necessary for 
architectural antiques and other significant non-structural items. During structural deconstruction, 
asbestos-containing materials may be detected when removing framing or sheathing. Asbestos can 
affect non-structural deconstruction because it can be found in fixtures like boilers and ovens. Hence, 
it is essential to incorporate inspection for hazardous material while doing site inspection. 
 
Furthermore, it is essential to check for necessary permits and regulations for reuse to formulate 
resource recovery strategies as local code restrictions may not permit certain deconstruction methods 
over others.  
 
Time constraint is a big issue while deconstructing a building. Hence, apart from disassembly 
sequence, the ease to disassemble a system or a product and its components also hold an important 
place. Ease to disassemble a system or a product is influenced by factors such as time to disassemble 
a system which in turn is dependent on the transformation capacity of a building or its disassembly 
potential. Another important aspect for deconstruction, according to Bertino et al. (2021), is the access 
to deconstruction information such as technical drawings and pictures, presence of as-built BIM 
model, database for identification of components, instructions to recycle and reuse. These elements 
have already been discussed in section 3.5. One of the key factors that influences all these is the type 
of connections. The connection type also influences the exit scenario of a building assembly and quality 
of building asset. For example, load bearing brick walls are usually connected using binder such as 
mortar, lime or cement and it is difficult to remove bricks and reuse them. Hence, they usually result 
in being downcycled and used to make roads. Even if the binder is removed chemically the bricks are 
usually not used as load bearing material and the process is time consuming. Hence, such factors must 
be taken care of. On the other hand, if the brick wall uses clay or concrete interlocking blocks with 
minimum mortar in a stretcher bond, then the assembly and disassembly is easier and cheaper. Other 
examples for better disassembly due to type of connections are wooden frames connected using 
nailing and interlocking, modular pre-stressed concrete blocks, steel frames connected using bolting, 
onsite RCC components segregated via localized and smart crushing. 
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estate developer associated with the building or the prospective contractor based on who requires the 
services of inventory inspection team which comprise of surveyors, designers, and analysts. 
 

 
FIGURE 46 PRE-DECONSTRUCTION INVENTORY INSPECTION 

 
Once the client calls for inventory management, the team of surveyors go for site visits and capture as 
much information about building components as possible using phone application, and/or drone 
survey. They also check for visual quality parameters and connections in the building systems. The 
information collected is given to the designers. They investigate the building drawings and other 
pertinent information such as point clouds and put them to make a BIM model or feed them in a data 
processing platform. The team of analysts uses the BIM model and/or the data processing application 
to constitute a material passport database. They also assess the disassembly potential of the building 
along with the time and sequence for disassembly. Furthermore, if required they can use the material 
passports to create an economic and environment impact report and investigate the market for 
restoration to create an exit scenario report. Once all the information is collected, processed, and 
analyzed, this is sent to the client for further use. 
 
Deconstruction and Resource Recovery Phase 
Once the tender is awarded and contract negotiations are completed the deconstruction and recovery 
phase start, as shown in Figure 47 and section 14.5. A detailed deconstruction plan is made, and the 
client is asked to collect personal belongings. This is followed by site inspection and preparation. This 
is like demolition phase as shown in Figure 40. This step constitutes of setting up a deconstruction 
zone, creating an onsite storage space, removing people and traffic in the zone, removing objects from 
sites based on contractual agreement if any. The step ends with preparing setup for quality inspection 
before the deconstruction work starts to examine the quality of assets before and after deconstruction 
to avoid disagreements with client if the asset is damaged. 
 

 
FIGURE 47 DECONSTRUCTION AND RESOURCE RECOVERY PHASE 

 
Once finished, the utilities are processed to cut energy and water connections. The building is cleared 
of the non-structural elements and the material is either sent for upscaling or stored for trading. This 
step is followed by removal, treatment, and disposal of hazardous waste materials and then the 
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contractor based on who requires the services of inventory inspection team which comprise of 
surveyors, designers, and analysts. The team of analysts can also have the repurposing and recovery 
agents available in the market to help framing the exit scenario report. When a client requests 
inventory management, surveyors go to the location and gather as much information as they can using 
a phone app and/or a drone survey. They look at visual quality as well as system connections. Designers 
make use of the information gathered. They create a BIM model or feed a data processing platform 
using architectural drawings and other information, such as point clouds. To create a material passport 
database, analysts use BIM and/or a data processing program. They investigate the building's 
disassembly options (Appendix E/ Chapter 12), time, and sequence (section 3.5). They could use the 
material passports to create an economic and environmental impact analysis as well as an exit scenario 
report. The data is given to the client after it has been collected, processed, and evaluated. The only 
difference is the computation of percentage of system that can be disassembled and demolished at a 
system or a building level. 
 

 
FIGURE 49 PRE-PARTIAL DECONSTRUCTION PHASE - INVENTORY INSPECTION 

Figure 50 (and section 14.8) shows the second phase i.e., partial deconstruction, and optimal resource 
utilization phase. This happens after the tender is awarded and contract discussions are concluded. 
This is like deconstruction phase apart from waste disposal and downscaling of some building 
components.  
 

 
FIGURE 50 PARTIAL DECONSTRUCTION AND OPTIMAL RESOURCE UTILIZATION PHASE 

 
Before dismantling and demolishing, the client must retrieve personal items. Then comes site 
inspection and preparation. This process involves setting up a partial deconstruction zone, arranging 
onsite storage and room for waste disposal vehicles, and other deconstruction phase activities based 
on contractual agreement. The process ends with quality inspections before deconstruction and 
demolition to minimize contract disputes if assets are destroyed. Utility companies disconnect power 
and water after inspections. Soft stripping removes explosive and hazardous chemicals. Plan calls for 
partially disassembling and demolishing the superstructure and substructure. Assets are stored for 
trading or disposal after partial deconstruction and quality evaluation. Resource upscalers and 
downscalers return or trade building assets based on the contract. If the admittance requirements are 
met, all content is traded an online platform or offline sit
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FIGURE 52 DECONSTRUCTION FEASIBILITY ASSESSMENT (ENVIRONMENTAL PROTECTION AGENCY, 2012) 

 
For deconstruction to happen and CPP to finish, it is necessary to assess if it is feasible to deconstruct 
or not and what is needed to enable CPP after deconstruction, this is the main purpose for all the 
information that is needed during the end of life of a building or its assets. A deconstruction checklist 
proposed for different phases of deconstruction has been proposed by Environmental Protection 
Agency (2012) as shown in Figure 52. There have been many other frameworks proposed that can 
assess feasibility of deconstruction. However, this proposal is close to the methodological framework 
proposed in Chapter 4. Based on this checklist, a client or a real estate developer can issue tenders to 
assess feasibility of deconstruction, frame tenders for hiring contractors, site inspectors, resource 
analysts and resource traders. Furthermore, it also gives a chance to involve the local community in 
the deconstruction process and provide an economic assessment.  
 
5.2.2 Asset Information Requirements based on End Deliverables in CPP 
 
Section 4.4 outlined the processes for partial deconstruction stage, from calling for deconstruction bids 
to online resale of restored and reused items. Each task in the process requires specific indicators and 
elements (discussed in Section 3.5) for the task to be completed. The input for these elements, 
indicators, and to-be-completed tasks is the required information for the CPP. The input based on the 
different tasks of the deconstruction process can be categorized based on the principal deliverables 
which they serve. Since the CPP ecosystem proposed in the previous chapter comprises of many 
processes and information types, it is essential to identify the key milestones in the partial 
deconstruction stage to simplify the process. There are four key deliverables that can be identified- 
Site and Inventory Inspection Database, Exit Scenario and Resource Recovery Plan, Partial 
Deconstruction Plan, and Resource Trade Plan. Hence, the information needed for delivering these 
milestones is necessary for CPP to happen. Hence, the various processes necessary for these 
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FIGURE 59 EXAMPLE OF A VISUAL QUALITY ASSESSMENT CRITERIA 

 
TABLE 21 BUILDING ASSET CONDITION SCORE IN ACCORDANCE WITH NEN 2767 (A. P. M. (TON) VERBERNE, 2022)  

PROBLEM INTENSITY SCOPE OF PROBLEM 
<2% 
incidental 

2% -10% 
local 

10%-30% 
regularly 

30%-70% 
considerable 

>70% 
general 

Minor Baseline 1 1 1 1 2 
Serious 1 1 1 2 3 
Major 1 1 2 3 4 

Serious Baseline 1 1 1 2 3 
Serious 1 1 2 3 4 
Major 1 2 3 4 5 

Major Baseline 1 1 2 3 4 
Serious 1 2 3 4 5 
Major 2 3 4 5 6 

Score Level 
-1: Very good (New construction) 
-2: Good (Comparably to new construction with a little age in the components) 
-3: Reasonable (No new construction but some maintenance required) 
-4: Mediocre (Clear need for maintenance and repairs) 
-5: Bad (Mayor need for maintenance and repairs) 
-6: Very bad (No maintenance possible, replacement required) 
There are a few other levels as well. 
-8: Need another look 
-9: Not to inspect 
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FIGURE 60 P2 ENDURE SITE INSPECTION TOOL SHOWCASING GENERAL PRODUCT INFORMATION UNDER 

MAINTENANCE (GRALKA & VAN DELFT,2017) 
 
A list of defects can be seen in Figure 61, which showcases the type of defect with unique ID that can 
be scored based on the NEN2767 tool as shown in Table 21.  
 

 
FIGURE 61 P2 ENDURE SITE INSPECTION TOOL SHOWCASING GENERAL PRODUCT INFORMATION UNDER 
MAINTENANCE (GRALKA & VAN DELFT,2017) 
 
Furthermore, the tool allows the use of a BIM model to take specific quantity takeoff from the model. 
All the required and available information is synchronized with a mobile/ tablet device that helps in 
keeping the data up to date. The tool has a list of other aspects apart from technical quality assessment 
factors for overall asset assessment based on financial and economic policies of the stakeholder. 
Hence, it is important to note that the information required for the next three CPP deliverables, can 
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