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Abstract 
World environmental crisis has forced the nations to outline action plans to keep the negative 
impacts within a sustainable limit. Identifying main unsustainable industries, built 
environment contributes to highest shares in any aspect from resource consumption to waste 
production. Although targets have been set in Europe to achieve 100% circular economy, 
there seems to be not enough time for so much targets to be achieved. In the Netherlands, 
government has introduced a general action plans for circular economy, while local 
government authorities have started with blueprints of assessing urban mining potentials 
(referring to PUMA by municipality of Amsterdam). The PUMA report has identified lack of 
information as the main dilemma to accurately assess the urban mines of Amsterdam, hence, 
the urgency to establish an information system is discussed. In this study, the potential of total 
of six specially selected locations for both buildings and underground metal stocks have been 
assessed. The assessment consists of obtaining data from various sources to quantify and 
monetize the existing metal stocks in buildings (copper and steel), and underground cables 
(aluminium). Lastly, the attained information is linked to a web map using GIS tool that 
delivers the required information in a well-organized order to users. The users vary from 
designers who are designing buildings and look for second-hand material, to recycle plants 
who wish to collect cables in a more efficient way. The digital platform gives the opportunity 
for unlimited improvement to fit the information that any designer wishes to receive in order 
to rely on a second-hand building element.  

Keywords: Circular economy, Urban mining, Digital construction hub, Information system, 
Web mapping, GIS, Building passport, Material passport 
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Summary 
The modernization that has been followed by massive industrial development in the previous 
century, resulted in significant increase in population and exponentially the rise of needs for 
resources. Exploring the fascinating properties of certain metals caused recklessness and 
negligent over their extraction that eventually led to scarcity of certain metals. The more 
precious metals have become rare decades ago and therefore, the industry had no other way 
than reclaiming them from the no longer in-use devices that contained them. The concept of 
ǳǊōŀƴ ƳƛƴƛƴƎ Ƙŀǎ ǊŀƛǎŜŘ ŦǊƻƳ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŀǊƻǳƴŘ ǘƘŜ мфулΩǎ ŦƻǊ ǘƘŜ ƳƻǊŜ ǇǊŜŎƛƻǳǎ ƳŜǘŀƭǎ 
and has recently been discussed for other relatively less precious (but tediously in use) metals 
such as copper, steel, and aluminium.  

As a result of environmental movements, circular economy concept has gained attention 
widely and has identified construction industry as one of the most resource consuming of all. 
Simultaneously, the construction and demolition wastes (CDW) have large share of waste 
amongst other identified waste sources. It is no longer an argument whether actions toward 
a more efficient and sustainable construction process should be taken or not. Many practices 
and achievements have led towards great success in development of various advance building 
technologies; however, the industry is still exploring and introducing new ideas and plans. 
Indeed, the results are not expected to happen overnight and developments may take years 
to maturely evolve. Although incredible methods and ideas have been introduced and already 
being in place for practice, there are still many gaps to be assessed and resolved.  

Urban mining is a process that is dependable to attributes and characteristics of a city. 
Therefore, prospects of each city might be different from another. In the city of Amsterdam, 
where the focused area of this study is, the city has encountered lack of information as the 
main obstacle for a beneficial and productive urban mining approach. Furthermore, absence 
of an information system that hosts and uniformly makes information accessible is highlighted 
in the Prospecting the Urban Mines of Amsterdam (PUMA).  

This research aims to introduce a centralized information system that is managed by a local 
authority, here referred to Municipality of Amsterdam as urban planner and coordinator 
among industry players. The research begins by suggesting the path towards exploring, 
identifying, collecting, and processing necessary information to find the urban mines 
constituted in underground (mainly power cables) and building stocks. Followingly, there has 
been six locations particularly selected to be assessed for their urban mine potentials. The 
assessment is conducted referring to, and obtaining information from various source and 
processed into an outcome that provides quantification of stocks in the selected locations. 
Although weakness and lacks have been encountered in the available data, it is still better that 
nothing and the assessment could be made. It is no argument that the data need to be 
improved in terms of accuracy and validity to be fit for a practical urban mining approach.  

As the first step to assess the metal contents, the results highlighted the different potential 
amongst the selected locations. Comparison of metal contents with regards to length and also 
monetization of them, provides a better view of which makes decision making process easier. 
The result showed the aluminium content of as high as 48tons for Karperweg with total length 
of 310meter, to as low as 899kg for Titiaanstraat with 260meter length, concentrated in 
underground stocks. Considering the capacity of understocks per length of streets, the 
outcomes showed approximately 15tons and 1,7 tons per 100meter length for Karperweg and 
Prinses Irenestraat respectively. On the other hand, around 200kg per 100meter length for 
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Pieter Cornelisz Hooftsrtaat. The analysis obviously gives the idea to focus on Karperweg and 
Prinses Irenestraat for urban mining approach as they offer more revenue in possibly an easier 
extraction process due to allocation in a much less dense area. In addition to quantifications, 
the aluminium contents for underground stocks have been monetized to assess the revenue 
of stock recovery, put aside the exploitation cost. The outcome shows that in Karperweg the 
revenue can be as high as almost ϵ29000 for 310meter length, and nearly ϵ6800 for the whole 
650meter length of Prinses Irenestraat. At this moment, financial feasibility can clarify 
whether or not to perform the urban mining, depending majorly on exploitation costs; and if 
yes, what procedures and considerations should be undertaken to conduct the mining 
operation.  

Last but not least, as the main contribution of this study, the attained information is then 
linked to a map for enhanced comprehensibility of the potential users. The users, proposed 
recyclers for underground stocks and designers for building stocks, are given the opportunity 
to seek proper information in a well-organized manner for the stocks that become available 
in the area they are looking for. The map is created using GIS tools by attributing data to 
allocated locations, buildings as points, and underground stocks as lines representing the 
streets. The digital platform is part of the information system that requires to be verified and 
validate by a central organization. The parties involved need to provide verified and validated 
detailed information such as bill of material (BOM) to the system at the start of the primary 
use-cycle, and continuously track of action such as repair or maintenance to be recorded and 
upgraded in the digital platform. Towards the end of the primary use-cycle the defined 
secondary users are then able to access information of the material that will be available to 
be mined. It is crucial for the system to have all the parties involved in the life-cycle of a 
material to cooperate with the central organization to supply the unified standard information 
that can be accessible to everyone in a global format. 

It is no doubt that only a proper information system in place is not sufficient to activate the 
industry actors to deploy urban mining approach. The culture needs to be framed in the 
system with the use of tools in hand such as policies and legislations, taxation and/or incentive 
defined within forms of contracts. As the concept of urban mining suggests, this needs to be 
initiated and coordinated with the help of central and local government authorities; namely 
the municipalities.  
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1. Urban mining; why?  
In this chapter, the general concept behind the urban mining and benefiting from it as one of 
the approaches to a circular economy is discussed. More specifically in the research problem, 
the obstacles and difficulties in achieving a full-scale urban mining will be mentioned, followed 
by the structure of the research through the research questions. Lastly, the overall framework 
of the research and how the findings assist the industry to improve efficiency in urban mining 
of Amsterdam, will be presented. 

1.1. Background 
The world population, expecting to reach 9.7 billion by 2050 (United Nations, 2019); and in 
the meantime, urbanization, expecting to be at 68% (6.6 billion) by 2050 (United Nations, 
2018), are rising so rapidly that coping with their needs for resources, and handling their waste 
production  is becoming a world crisis. Together with rise in GDP, which brings along increase 
in per capita income, comes increase in demand for resources and of course increase in 
material consumption. If this process continues as it is, it brings along more dreadful 
environmental impacts caused by climate change, pollution and so on. With current pace, it is 
estimated that equivalent to resources of three planet earth will be required to satisfy the 
consumption of the world population by 2050 (European Commission, 2021).  

In order to avoid such unsustainable growth, the resource consumption is required to be 
within the planetary boundary (European Commission, 2021), simply meaning the 
consumption needs to within a safe environmental limit based on sustainable developments 
(Steffen, et al., 2015). Planetary boundary (Status as of 2015, shown in Figure 1) demonstrates 
nine environmental processes that regulate the stability and resilience of the earth system 
(Stockholm Resilience Centre, 2015). As Figure 1 suggests, four of the nine boundaries have 
surpassed the safe limit for earth ecosystem. For the consumption to be within the safe 
environmental boundary, estimates notify that the resource efficiency is required to increase 
four-tenfold by 2050 (European Commission, 2021).  

 
Figure 1: Planetary boundaries-status as of 2015 (Source: Stockholm Resilience Centre) 
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The crisis has pushed the European Union to introduce a roadmap to set in motion the 
resource efficiency initiative which was then followed by the circular economy initiative, 
resulting in Circular Economy Action Plan (CEAP) in 2015. As a result, the European Green Deal 
sets the vision of EU member states to achieve a climate neutral, resource efficient and a 
circular economy. In relation to the priorities addressed, the focus of the 2020 action plan is 
on design and production, together with aiming to maintain the material within the use cycle 
as long as possible. The design and production focus of industries are meant to achieve major 
waste prevention and management (European Parliament, 2021). Hence, setting the target of 
a 100% circular economy and climate neutrality by 2050 (Rijksoverheid, 2018).  

On the basis of 2020 circular economy action plan, the products are designed to be sustainably 
durable, suitable for reuse, repair and recycle. Amongst the various measures that are 
considered within the action plan, one is being to focus on key value-chain (European 
Commission, 2021). Therefore, the calculations and estimates point out that the embedded 
potential for circular economy and resource productivity of three sectors of food, mobility, 
and built environment account for 60% of EU household budget and 80% share in resource 
consumption (European Commission, 2021).  

Amongst the EU member states, Netherlands, with 28,5%, is having the highest circular 
material use rate. Meanwhile, being the largest exporter of waste with nearly 5,6 million 
tonnes in 2019 (European Commission, 2021). As a result, construction and demolition waste 
is accountable for the largest waste stream with 25 million tons in 2018, which is 40% share 
of the total waste produced (Wildeboer & Savini, 2019). Although, with more than 95% recycle 
rate in construction and demolition waste (Rijkswaterstaat, 2015), the Netherlands has 
already achieved the EU 2020 mandatory target to reach 70% re-use, recycle, and other 
recovery rate (Hu, Yang, & Xicotencatl, 2020), there are arguments that this rate includes 
downcycling while some materials can be qualified to be reused. Figure 2 demonstrates a 
conventional way of waste treating of construction and demolition waste (CDW) where 
Reinforced concrete is crushed; steel reinforcement possibly sold to recycling plants, and 
crushed concrete downcycled as base material for road construction. 

 
Figure 2: In-situ demolition waste treatment in the Netherlands (Den Bosch, April 2021) 

Promoting the use of secondary materials is on trend more than ever in order to bring the 
human operations back in a sustainable use margin. Several motives have come together to 
introduce urban mining as an efficient and potential approach for the achievement of a 
circular economy, targeting the approaches in the ladder of circularity 
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(EllenMacarthurFoundation, 2013). Lack of resources, especially metals, high cost and 
negative environmental impacts of transportation, unsustainable conventional mining and so 
on, are some of the pushing factors for urban mining to shine. 

In theory, urban mining is referred to as reclaiming the material from compounds and 
elements present in the anthroposphere in the form of urban stocks such as buildings, 
infrastructure, and so on (Ghosh, 2020). The large concentration and intensity of metals in the 
anthroposphere due to the needs of the constantly increasing population is the reason behind 
the motivation to re-use and re-cycle the metals after their primary consumption cycle. 
Between 1990 to 2015, the raw material consumption increased by 26%, from 274ktons to 
345ktons, and the population grew by 22% within the same period (Lederer, et al., 2019). 
Hence the development of the urban mining concept (Koutamanis, van Reijn, & van Bueren, 
2016).  

1.2. Research problem 
Construction industry, in the Netherlands, plays an important role in the material flow of 
cities, taking into account for 50% of raw material consumption (Rijksoverheid, 2018). As 
present in Figure 3, in 2018 in Amsterdam, the volume of metals such as steel, and copper 
used in the built environment was respectively 15, and 1 kilo tons (Gemeente Amsterdam, 
2020b). The built environment sector, comprised of buildings and infrastructure, is 
accountable for consuming more than 50% of the metals, such as steel, copper, aluminum, 
and zinc, globally (Beers & Graedel, 2007). As the numbers suggest, the material flow shows 
interest in implementing the urban mining approach. The Netherlands has been a pioneer in 
initiation and implementations of advanced circular methods in construction sector.  

 
Figure 3: Material consumption in built environment sector, Amsterdam 2018 (Source: Amsterdam Circulair Monitor) 

The development of methods and tools in the building technology commend the true 
potential to propose convincing and promising methods for sustainable construction 
developments. Various research and measurements have been conducted to quantify the 
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stock in urban areas; such as PUMA (Prospects of urban mines Amsterdam) and REPAiR (M. 
Alvarez-Mendez, 2020). Cities and municipalities have started to develop a road map towards 
the promotion of more circular construction that oversees urban mines as the potential source 
of raw material in the near future. Amsterdam as the initiator and the largest city of the 
country, followed by Rotterdam, Utrecht, and Amersfoort have taken steps and shown 
interests. According to an evaluation conducted in 2018 in Amsterdam, validated by one 
hundred Amsterdam expert organizations, circular economy was identified to be feasible and 
profitable (Gemeente Amsterdam, 2020c). The city of Amsterdam took the first step towards 
setting vision and roadmap for the circular economy in the Netherlands. Consecutively, the 
municipality of Amsterdam is assigned to have the stimulating and facilitating role to inform 
and activate the parties along (Gemeente Amsterdam, 2020c). With this regard, the city of 
Amsterdam has published four complementary documents to describe the strategies steps 
toward the 100% circular economy in 2050. The first document describes the 2020-2025 
strategy to outline why and how Amsterdam is becoming circular. Second, the innovation and 
implementation program 2020-2021 that discusses in depth about the detail of projects and 
procedure that are taking place to accelerate the shaping of the circular economy. Third is the 
Monitor and describes how the circularity of Amsterdam can be measured. Lastly, the 
Amsterdam city doughnut model presents how the economic development is satisfied while 
the limits of the planet and society are not at risk (Gemeente Amsterdam, 2020a). In the first 
document, 2020-2025 strategy, three main sectors to focus have been identified and built 
environment is one of them. Furthermore, three ambitions have been described for the built 
environment to focus circular development, circular procurement policies, and circular 
upgrading of existing building environment (Gemeente Amsterdam, 2020a). The three 
ambitions are briefly described below: 

- First ambition: The transition to circular development requires a joint effort 
- Second ambition: The city sets the right example by formulating circular criteria 
- Third ambition: A circular approach to the existing city 

The process of urban mining for the built environment sector deals with challenges that are 
unique from other industries, for instance electronics. Scattered information about the 
quantity and other attributes of the material and components, imprecise estimations of the 
quantities are some of the factors which make it unfavorable for users to consider urban 
mining as integral part of their businesses. Furthermore, not only the unavailability of open 
data, but also the lack of these data is also what the industry is struggling with at the moment 
(van der Voet, et al., 2017). In addition to that, although a digitalized system is probably well-
known and available within every organ involved in the life cycle of a material, they are not 
well-integrated together. In other words, information is often kept within one sector and not 
transferred to the others (Pehlken & Baumann, 2020). Absence of a central authority that 
generates the integration and cooperation among various parties involved in the demolition 
is another cause of complication. In order to efficiently benefit from the urban mining 
approach and define it as a feasible process, transparency and accuracy in data needs to be 
assured for the parties involved. Since the urban mining is not a very new concept and it has 
already been used for decades in the electronics industry mainly due to scarcity of the metals 
involved, it is also expected to happen soon for the less precious metals such as copper and 
steel in other industries. However, in order to expect the reclamation of the mines in the 
following decades, the platform for a smooth and profitable process needs to be built now.   
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There are various tools, methods and concepts flourishing in the built environment sector that 
a combination of them can lead us to an efficiency along the construction processes. Building 
Information Management (BIM) is already advancing and being widely used in the design 
phase prior to construction. Pehlken and Baumen (2020) emphasize on the importance and 
necessity of bill of material (BOM), of which can be generated from the BIM model, to be 
issued by the manufacturer and to be shared with other parties involved in the material life 
cycle (Pehlken & Baumann, 2020). Conceptually similar to the bill of material, material 
passport is introduced to provide clear identity of products and components that are used in 
a building or a service (Blok(3), Schouten, & Dasnois, 2020b). BIM models are also being used 
in the construction processes assisting logistic and project monitoring. Other tools such as 
Virtual Reality (VR), sensors in IoT, Geographical Information System (GIS) and many more are 
being extensively used for varieties of purposes in the built environment. For instance, the 
department of infrastructure and water management (Rijkswaterstaat) in the Netherlands, is 
already using sensors and IoT to collect data from their assets throughout the country, of 
which are then analyzed and provide pragmatic insights on operation, maintenance and 
replacements. In line with targets to improve design and resource efficiency in construction, 
it has become possible through the use of BIM for the  

Furthermore, there are already many pilot projects involved in creating a platform of available 
stocks for potential reuse approach, like a market place of construction material; however, 
the lack of information and automation in the process is still missing. Although the progress is 
admirable and is one step forward towards the target, it is not what an actual user in real 
world industry would be willing to look for in a decent construction scale. It is understood that 
the user requires a smooth, easy, and properly informed process in order to be assured and 
encouraged for the transition. All in all, it should not be forgotten that with all being said, as 
long as the end price is not compatible, using new virgin material is rational, no matter how 
much effort is put into implementing a competent urban mining approach.  

1.3. Research objective and questions 
As discussed in section 1.2, the city of Amsterdam is the initiator for circular economy acts in 
the Netherlands. Followingly various studies and assessments have taken place in various 
sectors; namely the PUMA for assessment of urban mines in Amsterdam. With regards to the 
contribution of urban mining in a circular economy, it focuses on reuse and recycling of 
material or construction elements. Accordingly, being the most populated city in the 
Netherlands, of which the share of construction and demolition waste (65% of overall 
(Gemeente Amsterdam, 2020b)) is more than the national average (40% of overall (Wildeboer 
& Savini, 2019)), alongside the existence of urban mines assessments such as PUMA, makes 
Amsterdam the focused city of this research than can be used as a reliable model for other 
cities.  

In accordance with current studies being conducted mainly in quantifying the available or 
hibernated stocks of material (mainly metals). This research aims at taking it one step further 
to sooth the needs and desires of the end user (or better say the new user) of the newly 
becoming available stocks. The end user might vary from a developer, designer, contractor, or 
a recycling company; however, in a more specific objective context, and that the reclaimed 
material are fit for reuse or at last recycling, the utilizers are described thoroughly below: 

1. Designers: It addresses designers of structure and architecture of a building. The 
designer, needs to be given the assurance to reuse the elements that can be fit within 
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the requirements. For instance, if steel structure elements of a building to be 
demolished in the next one or two years fits within their requirements, with flexibility 
in design, they can use the same element in their design. The central digital hub 
provides them the assurance to verify, communicate, and procure the elements.  

2. Recyclers: For less durable stocks that are no longer suitable to be reused, recycling is 
the next sustainable option. Cables, wires, pipes and so on, fall within this category. 
The platform assists the recycling plants to get involved in a more systematic collection 
of no longer feat for use metals. 

Hence, the main objective of the research would be to provide a platform where the user is 
well informed of not only the quantity, but also the location, availability, and other attributes 
assigned to the material or elements they are looking for. It is not within the scope of this 
study to provide all of the mentioned information, but to introduce a publicly accessible 
platform for it. The acquired information is required to be provided and structured by parties 
along the supply chain, namely producer, designer, operator, and others if any. So basically, 
the ones that are going to use it later as well. To be more precise, the platform targets to 
deliver most useful, perhaps filtered, information to the designers who are willing to design 
and build a ōǳƛƭŘƛƴƎ ǘƘŀǘ ƛǎ ƎƻƛƴƎ ǘƻ ōŜ ƭƻŎŀǘŜŘ ƴŜŀǊōȅ ǘƘŜ ǳǊōŀƴ ƳƛƴŜ ǘƘŀǘ ƛǘǎΩ ŎƻƳǇƻƴŜƴǘǎ 
are going to be available by the time the new project is going to be realized. In other words, 
the buildings act as temporary material storage for the future buildings.  

With the research objective defined, the research questions are structured as below: 

Main question: How can the information on urban mines in the built 
environment be delivered to users efficiently? 

Sub-question 1: How to quantify stocks (in use) for both buildings and underground 
services of Amsterdam with available open information? 
Sub-question 2: What are the necessary tools or methods that need to be utilized 
and applied in the informative platform to the future users? 

1.4. Research approach 
In this section, the overall layout of the research, that guides through answering the research 
questions, is going to be briefly discussed in phases. In addition, Figure 4 represents the flow 
diagram of this research approach and will be referred to in the following chapters in the given 
order. 

Phase 1: The research begins with identifying available information and databases to help 
allocate and quantify the stocks in both buildings and underground services of the city of 
Amsterdam. In accordance with certain criteria, such as function integration, and quantity, 
various locations are chosen to be assessed. The assessment consists of collecting 
information, sometimes from various sources, and measuring the quantity of stocks on 
selected locations. One of the main purposes of this step is to demonstrate the effort that is 
required to quantify the stocks while the information is already available, but scattered. This 
phase focuses on answering research sub-question 1. 

Phase 2: Then, the research is followed by preparing and organizing the measured 
assessments as a dataset that can be imported by a GIS software. GIS, as it will be discussed 
later in chapter 2, is one of the main tools to be utilized for urban mining. One of the main 
processes of this part is to generate the geographical coordinate points for every single 
building plot. For the underground services; however, the platform offers information to 
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street level. With that regard, information on dataset is allocated to a street segment, which 
consists of a number of sub-postcodes (i.e., 1071BM).  

Phase 3: Once the datasets are prepared separately for buildings and underground stocks, 
they are added to the GIS software used (here QGIS 3.16) as two separate layers to the open 
street map. The processes comprise of different approach since the data types were differed. 

- For buildings: The features are attributed as points to allocated building plots. 
- For undergrounds: The features are addressed to a segment of the street that consists 

of a number of postcodes. Hence, the measured characteristics, are attributed to that 
segment of the street using the street network map. The method will be discussed in 
chapter 3 more deliberately.  

Phase 4: The last phase of the research is to create a web map of the outputs in GIS, so that it 
is open to public, and it can be accessed by users. The layers of buildings and underground 
services will be presented as layers in separate maps.  
Below, the flow diagram of the approach is demonstrated: 

 
Figure 4: Research approach flow diagram 

The phases briefly discussed above, will be described more thoroughly in chapter three, and 
the results and outcome of findings will be presented in chapter 4. Lastly, the research 
questions will be addressed and discussed through the context of the study.  
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2. The evolution of urban mining 
This chapter represents the literature review of this study. It starts by discussing the concept 
and history of urban mining, and why it is beneficial. Then the current practices occurring in 
the Netherlands toward the achievement of the urban mining approach is presented.  

Moving forward, the chapter argues the outcome of previous studies and what their highlights 
about the feasibility of urban mining in various locations are. The argument then flows into 
the methods and tools available in the industry and how they can be used in order to fill the 
identified gaps in the circular construction industry.  

2.1. Urban mining; the history and concept 
The concept of urban mining was ƪƴƻǿƴ ǘƻ ōŜ ŦƛǊǎǘ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘŜ мфулΩǎ by Professor 
Hideo Nanjyo of the Research Institute of Mineral Dressing and Metallurgy at Tohoku 
University. It was initially implemented in practice and argued for the recovery of rare metals 
stocked in electrical and electronics wastes. The potentials of the urban mining concept led 
towards the re-availability of some rare metals such as europium and terbium (Recupel, 2015). 
Therefore, for some of these rare metals, urban mining is becoming the only source. Aside 
from that, the pureness of these rare and expensive metals from urban mining deposits is 
much richer than that of extracted natural ores, where there is 5grams of gold in a ton of its 
natural ore versus 200-250grams per ton in PC circuits, and 300-350grams per ton in cell 
phones (Caffarey, 2012). Therefore, not only urban mining helps the recovery of rare and 
valuable metals, but also it is more beneficial in terms of processing of natural ores, let aside 
the transportation. Adding to that, the negative environmental impacts implicated throughout 
the life cycle of elements is saved by the benefit of urban mining of them.  

Through the past few decades, as a result of very high consumption and catastrophic 
extraction process of minerals from natural ores (De Haes, 2018), the concept of urban mining 
has evolved and found its way through to less valuable metals that are being at the edge of 
scarcity. These metals are widely used in cities with a high rate of urbanization and 
modernization. Although there are still many limitations and difficulties with implicating this 
concept in the real life, its publicity and rapid evolution is clearly giving the hint to act on it. 

2.1.1. What is the difference between urban mining and waste management? 

The difference between urban mining and waste management is drawn by a very thin line. 
Figure 5 displays the linear economy from d1 to d5, while for a circular economy, the scenario 
ŎƘŀƴƎŜǎ ŀǘ Řо ǿƘŜƴ ǘƘŜ ǿŀǎǘŜ ǊŜƎŀƛƴǎ ƛǘǎΩ ǾŀƭǳŜ ŀƴŘ ŜƴǘŜǊǎ ǘƘŜ ǳǊōŀƴ ƳƛƴƛƴƎ system at d4. It 
is then decided to whether re-enter the material into use cycle (reuse or recycle), or else to 
send for treatment (d6) prior to landfill sink. Of course, as recognized, the recovery stage, 
which is defined as gaining energy from the no longer capable material to be reused or 
recycled, is missing here.  

It clarifies the decision and intention of what the materials and elements are going to end up 
after their primary use cycle. In the traditionally described definition of linear economy, waste 
is referred to material ending up on landfills after their primary use cycle (Cossu, Salieri, & 
Bisinella). As development in technology and limitations in raw material, concepts of recovery 
(Biomass), and then recycling have been introduced and are now widely being implemented. 
While they fit in the concept of circular economy, they are still not sustainably good enough 
because they lose their primary properties and value to produce energy or to be downcycled, 
while being reused maintains their initial embedded value.  
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Figure 5: Role of urban mining in material life cycle (Source: 
https://www.urbanmining.it/public/documents/simposio/introduction-to-the-concept-of-urban-mining.pdf) 

Some of the concepts introduced in the ladder of circular economy 
(EllenMacarthurFoundation, 2013) (see Figure 6), such as reusability, repair, refurbish, 
remanufacture, repurpose, and recycling of elements are what shine as the true meaning of 
urban mining. In the Figure 5, R3 to R8 are referred to as efficient approaches to urban mining.  

 

 
Figure 6: Ladder of Circular Economy (Source: PBL Netherlands Environmental Assessment Agency) 

2.1.2. How can the society benefit from urban mining? 

The main purposes behind urban mining are conservation of resources for the future, 
implication of less negative impacts on environment, and lastly the economic value that it 
brings by stocks exploitation (Ghosh, 2020). In addition, it is expected that in the next fifteen 
years the classic mining will not be able to meet the fast-growing need for certain metal 
supplies such as electrical appliances. Even so, this is already the case for some rare metals 
that the urban mining is becoming the only source (Recupel, 2015). Although conceptually 
convincing, recent studies show that the urban mining approach is not always economically 
beneficial. The study of Angelis-Dimakis et al, (2017) on assessing the urban mining potential 
in the city of Huddersfield suggests that due to features and characteristics of urban 
developments such as high density and complexities, the recovery of iron stocks is not 
economically feasible in the case of separate extraction (Holland & Angelis-Dimakis, 2017). In 
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addition, Krook et al., (2010), conducted a study on urban mining of metals in Sweden, and 
the study concluded that in cities, it is only profitable when integrated recovery of cables is 
performed for copper mining; however, in rural areas, both separate and integrated recovery 
seem to be profitable (Krook, Carlsson, Eklund, Frändegård, & Svensson, 2011). Separate 
recovery of stocks is basically digging the ground solely for the purpose of mining, or stocks 
extraction, while integrated recovery of stocks means the recovery that is done together with 
digging for the purpose of maintenance or installation (Holland & Angelis-Dimakis, 2017).   

As Figure 5 demonstrated, in the linear economy, the materials and elements used to end up 
in landfills after their use cycle. The concept of material flow analysis (MFA) is developed in 
order to clarify the stream of material flow into a system (a country, city, etc.), which believes 
to be the fundamental and basic approach towards efficient urban mining. The material flow 
analysis is a widely used quantitative method to determine material flow stream (Wallsten, 
Magnusson, Andersson, & Krook, 2015). MFA, if done accurately, together with GIS allows a 
reliable estimation of mines, also known as stocks, and visualization of their location and 
routing throughout the city; however, it is not enough to enable profitable urban mining. 
Mainly because there is not enough information and grounds that guarantees the process to 
identify and collect the suitable elements.  

The report of PUMA (Prospecting the urban mine of Amsterdam) (van der Voet, et al., 2017) 
suggests a two-step process to assess the potentials and limitations of urban mines as 
secondary sources of metals. The first phase is to build a database and construct a geological 
map of the mines in Amsterdam. This is done through analysis of material flow paired with GIS 
to map and locate the mines. The second part is the exploration and assessment the 
exploitation of the urban mines, which play a crucial role in the feasibility assessment of the 
urban mining approach (van der Voet, et al., 2017). The first part of the approach is discussed 
to be not fairly accurate to provide an aggregate outcome of the assessment. The GIS mapping 
often provides the database on urban or district level, however, for a proper assessment of 
urban mines, higher resolution of spatial distribution of mines, perhaps to street level, is 
required (Wallsten, Magnusson, Andersson, & Krook, 2015). All being said, GIS assessment is 
believed to be a useful tool to visualize geographical and spatial data (Chang, 2008), hence 
providing information to identify potential areas within a city for urban mining practices. 
Figure 7 demonstrates some fragments of the GIS map for steel and copper in Amsterdam.  

 
Figure 7: Fragments of copper (blue), and steel (red) presence in buildings, Amsterdam (Source: PUMA published by AMS) 
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It has already been discussed why GIS is essential as the first step towards urban mining 
potential assessment.  The study by (Wallsten, Magnusson, Andersson, & Krook, 2015) 
combines MFA and GIS to evaluate the quantity and characteristics of hibernating stocks, 
which in their method introduction is referred to as phase 1, and then to assessing feasibility 
of stocks recovery, both technical and economic. The stocks that are no longer in use cycle 
and also have not entered the waste stream yet, are categorized as hibernating stocks 
(Bergbäck & Lohm, 1997), which are the target of Wallstern et al., 2015 case study in the city 
of Linköping, Sweden. The bottom-up MFA approach together with GIS analysis provided an 
aggregated characteristic and measure of the no longer in use cables underneath the city. An 
estimated 123tonnes of copper (1kg per person) was identified to be available for recovery. 
However, it is presented that not even for a single cable, it is profitable to perform a separate 
recovery. Figure 8 shows a scatterplot of cable revenue against its extraction cost in Swedish 
Krone. As it can be seen, all the values are negative. Therefore, it is suggested to perform an 
integrated recovery of hibernated cables (Wallsten, Magnusson, Andersson, & Krook, 2015).  

 
Figure 8: Copper content of hibernated stocks vs. Economic outcome for separate recovery of stocks (Source: (Wallsten, 
Magnusson, Andersson, & Krook, 2015))  

Another study conducted identical to the study of Wallsten et. al., 2015 for Linköping, Sweden; 
was conducted for the manufacturing city of Huddersfield in north England. The study focused 
on mapping the spatial distribution of hibernating stocks such as power grids, 
telecommunication cables, water mains and natural gas supplies, all together constituting 
copper, aluminum and iron, followed by assessing exploitation options (Holland & Angelis-
Dimakis, 2017). Likewise, this study also argues the cruciality of the extraction process. It 
identifies the extraction implications to be dependent on two parameters, first, urban relief; 
referring to density of the city (Holland & Angelis-Dimakis, 2017), and second, surface 
material; referring to the ground condition and its level of difficulty for digging (Wallsten, 
Magnusson, Andersson, & Krook, 2015). All in all, the study concluded that the approach of 
the urban mining for this case is also feasible only when an integrated process is undertaken. 

Urban mining, in general, offers benefits in two ways, one is direct economic benefit from the 
value of stocks (monetization), and the other is the prevented negative environmental 
impacts. The negative environmental impacts are translated into costs for better 
comprehensibility and tangibility. These costs are called shadow costs, defined as an 
indication of the environmental quality of a material or element (de Bruyn, et al., 2010). In 
other words, it translates the negative environmental impacts of a good throughout its life 
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ŎȅŎƭŜΣ ǘƻ Ŏƻǎǘ ƛƴŘƛŎŀǘƻǊǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƛƳǇŀŎǘǎΩ ǿŜƛƎƘǘŀƎŜ as one unified impact category 
(Hillege, 2019). 

The recently published article from metabolic assessed the value of the more than 2 million 
tons of secondary material that become available in Northern Dutch provinces until 2030 from 
building demolition as ϵ136 million, and also an equivalence of ϵ4 million as environmental 
costs benefits (Blok(4), 2021). By all means, as discussed previously, the urban mining 
feasibility is not only the value reclaimed from the secondary material, but also the 
exploitation costs of them. Separate recovery of stocks (visualized in Figure 8) versus 
integrated recovery of them makes a big difference in bringing mining of underground services 
into practice. For the case study of Wallsten et. al., 2015 for the city of Linköping, the 
profitability of integrated recovery of underground cables is presented in a scatterplot in 
Figure 9. As outlined by the plot, only 2% (2.2 tons) of the total hibernated stocks identified 
are profitable to be mined in integration with other maintenance works which involve digging 
of the ground (Wallsten, Magnusson, Andersson, & Krook, 2015).   

 
Figure 9:Copper content of hibernated stocks vs. Economic outcome for separate recovery of stocks (Source: (Wallsten, 
Magnusson, Andersson, & Krook, 2015)) 

2.1.3. Current practices in the Netherlands 

The city of Rotterdam has set a target to reduce the use of raw materials by 50% in 2030 
(Blok(4), 2021). The municipality estimated that by 2030, nearly 817,000 tons of material will 
become available upon demolition works in Rotterdam, of which 28,000 tons of steel and iron, 
144 tons of copper, and 610 tons of aluminum will be available (Metabolic, 2020). In the urban 
mine of Rotterdam, the city has modeled the transition of buildings that are going to be newly 
built (green), demolished (red), renewed (yellow), or transformed (orange) (See Figure 10). 
This allows them to monitor and plan for the stream of waste and their end-of-life scenario. 
The environmental impacts and their recovered cost are also calculated for better 
understanding of the wealth they are dealing with. The analysis is narrowed down to 
construction elements and provides their amount of availability by 2030.  
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Figure 10: Planned construction, demolition, transformation, and renovation projects in Rotterdam until 2030 (Source: De 
urban mine van Rotterdam) 

There is a solution offered for the city to establish a hub where the opportunity to reuse and 

recycle the construction elements at the highest possible rate is offered to consumers. Figure 

11 draws the concept of this construction hub. It clearly demonstrates the streams of 

demolished material and how they can be of benefit for their secondary life cycle.  

 
Figure 11: Demonstration of the role of a construction hub in a circular construction (Source: De urban mine van Rotterdam) 

The conducted research indicates that reuse of only 1% of the waste (out of 817,000 tons) 
contributes to 8% to the prevention of harmful environmental impacts and nearly ϵ43 million 
of value recovery. As discussed before, reusing of material allows us to maintain significant 
amount of value, such as embodied energy, transportation, and so on.  

It should not be neglected that no matter how efficient and circular the construction sector 
becomes, with rapid growth in the region and the need for housing, offices and so on, the 
































































































































