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Abstract

In urban environments, region-specific knowledge of building material intensities and

stocks is vital for efficient resource recovery in the construction sector, especially

for city regeneration and redevelopment. Previous studies often relied on general-

ized data, leading to inaccuracies due to local variations in construction practices,

materials, and urban density. This study addresses these limitations by developing a

locally refined inventory through a GIS-based, bottom-up material stock analysis that

integrates archetype-specific building design data, demonstrated with evidence from

HongKong’s public rental housing (PRH). The results show thatmaterial intensities for

Hong Kong PRH buildings range from 1567 to 2386 kg/m2, with a total stock of 60.85

megatons as of 2022. Up to 46.95 megatons may have recycling potential over the

next three decades, offering significant opportunities for sustainable resource man-

agement. Spatiotemporal and hotspot identification reveals a shift in material stock

distribution toward thenorthern territories, reflecting urbandevelopment trends. This

research enhances the accuracy of material stock assessments and supports strate-

gic planning for achieving a circular economy, particularly in densely populated areas

like Hong Kong. By promoting circular and generative city concepts and establishing

benchmark archives for key constructionmaterials, the study advances practical appli-

cations for sustainable urban resource management, aiding policy development for

efficient spatial planning and urbanmining strategies.

KEYWORDS
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1 INTRODUCTION

Human activities, particularly fossil fuel combustion, release greenhouse gases, leading to global warming, rising sea levels, and extreme weather.

Industrial processes contribute 58% of global emissions (Ritchie & Roser, 2024). In response, the United Nations’ Sustainable Development Goals

(SDGs) advocate for social, economic, and environmental sustainability (Lim et al., 2018). Industrial ecology (IE) emphasizes circular materials use,
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inspired by natural ecosystems (Korhonen, 2004; Lowe & Evans, 1995; Saavedra et al., 2018). Urban areas, consuming a large share of global

resources and emitting substantial greenhouse gases, play critical roles in sustainable resourcemanagement efforts.

Understanding in-use material stocks (MS) within buildings and infrastructure is essential for sustainability (Barles, 2010; Kennedy et al., 2011;

Li &Kwan, 2018; Sun et al., 2023; Zhang et al., 2015). These stocks represent secondary resources that canbe reclaimed throughurbanmining, a key

component of the circular economy (CE) (Bender & Bilotta, 2020). With urban population growth outpacing new construction, redevelopment and

demolition are accelerating globally (Fernández, 2007; Ichimura, 2003). To optimize resource recovery and reuse, detailed knowledge of material

stocks is needed (Hertwich et al., 2019; Li et al., 2023; Miatto et al., 2019; Wuyts et al., 2022). However, robust data on location-specific material

inventories are often lacking (Pei et al., 2024), complicating circular economy initiatives in construction. Accuratematerial stockmapping, anchored

in local building characteristics, is essential for advanced resourcemanagement.

Various approaches havebeendeveloped for quantifying buildingmaterial stock (Arbabi et al., 2022;Augiseau&Barles, 2017; Lanauet al., 2019).

Among these, material flow analysis (MFA) is a prevalent top-down method. It utilizes government data to track material inflows and outflows

(Bergsdal et al., 2007;Hu et al., 2010;Müller, 2006;Wittmer et al., 2007). However,MFA’s accuracy depends on the reliability of the data, which can

vary between locations (Baars et al., 2022). In contrast, bottom-up inventory modeling offers an alternative approach by using dimensional floor

areas in combination with material intensity (MI) factors. While both approaches have limitations, bottom-up modeling can be more precise when

detailed spatial and material-specific data are available (Gao et al., 2020; Lanau & Liu, 2020; Mollaei et al., 2021; Ortlepp et al., 2016). Nighttime

light satellite imagery has also supported methods that infer gross floor area (GFA) from radiance and combine it with material intensities (Haberl

et al., 2021; Hsu et al., 2013; Liang et al., 2023; Peled & Fishman, 2021; Rajaratnam et al., 2023). To further refine estimates, archetype-based

modeling has emerged as a significant advancement in estimating material stock by classifying structures into predefined typologies (de Tudela

et al., 2020; Ergun&Gorgolewski, 2015;Mataet al., 2014).While thismethod requires extensivedata collection toaccuratelydefine archetypes, it is

increasingly recognized for its effectiveness in urbanmaterial bankestimation. Recent studies highlight that archetypeuse enhances the granularity

of stock assessments by differentiating material used according to building type, age, and function (Akin et al., 2023; Alrasheed &Mourshed, 2024;

Pristerà et al., 2023; Slavkovic et al., 2022). More recently, machine learning algorithms have shown promise for stock prediction at the individual

building scale by applying regression analysis to easily accessible predictor variables (Yuan et al., 2023). Advances inMFA, such as deep learning and

computer vision techniques (Dai et al., 2024; Raghu et al., 2023), highlight the evolving capabilities ofmachine learning in enhancing stockmodeling

accuracy and efficiency.

Collectively, these inventory methods afford diverse data sources and geographic coverages to quantify constructed material holdings. A com-

parison of these methods highlights the strengths and limitations of top-down versus bottom-up approaches. While top-down methods like MFA

provide broad geographic coverage, they often lack the granularity offered by bottom-up techniques, which can leverage detailed spatial data from

geographic information system (GIS) technologies. GIS-based methods, particularly when integrated with statistical analysis, offer enhanced pre-

cision and adaptability to local conditions. Despite these advancements, a key limitation across methods is the reliance on generalized material

intensity data. Many studies adapt these intensities from different regions or times, potentially compromising accuracy due to regional differences

in construction practices, climate, and regulations. Such variations impact material usage, leading to inaccuracies in stock assessments and land

use planning. Therefore, addressing these data gaps through the development of regional-specific, up-to-date inventories and material intensity

benchmarks is crucial for reliable stock estimates at finer geographic scales.

This studyaddresses these limitationswith aGIS-based, archetype-enabledapproach todevelopa secondary resource inventory for public rental

housing (PRH) in Hong Kong. The study considers the future recycling feasibility and circular use of these critical construction materials. It pro-

motes the concepts of circular and generative cities, especially in densely populated areas like Hong Kong, where recycling is more necessary and

challenging. Leveraging extensive data from the affordable housing sector, PRH structures are systematically classified into 24 distinct archetypes,

which are further organized into eight age categories that reflect historical construction techniques and architectural styles. The material stocks

are quantified based on design plans and geospatial data, establishing a benchmark archive for key materials, including steel, concrete, and timber.

Hotspot identification further determines areas with high recycling potential, offering insights into recyclable waste quantities and locations. The

findingswill support policy development formore efficient spatial planning andurbanmining strategies duringPRH redevelopment, advancing both

methodology and practical applications for sustainable urban resourcemanagement.

2 METHODS

2.1 Analytical scope

Given the increasing demand for housing units and the emphasis on sustainable construction, Hong Kong’s PRH sector presents a typical area for

assessing construction material stocks and exploring the potential for recycling secondary resources through urban mining and strategic waste

management (Sections 1 and 2 of Supporting Information S1). This study focused on analyzing the built environment stock of PRH in Hong Kong

as of the end of 2022, encompassing 238 estates and over 2000 building blocks (including demolished and reconstructed buildings), housing more
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1384 LIU ET AL.

than 2 million individuals, as illustrated in Figure S2 of Supporting Information S1 (HKHA, 2023a, 2023b). In this context, the term “built environ-

ment stock” refers specifically to buildings within the PRH sector, excluding infrastructure like roads or utilities. The analysis quantified building

stocks and critical constructionmaterials in terms of dimensional floor area andmass, with results presented at both district-level and region-level

spatial resolutions. Material stocks were assessed based on the superstructure designs of PRH buildings, with a particular emphasis on the vertical

distribution of materials above ground.

2.2 Bottom-up material stock mapping

To accurately assess and map material stocks, a GIS-enabled bottom-up approach was implemented, allowing for precise spatial distribution of

material stocks across the study area. Bottom-up stock mapping overcomes deficiencies in top-down methods reliant on aggregate material flow

data (Augiseau&Barles, 2017; Schiller,Müller et al., 2017). It involvesdisaggregating thebuilt environment into constituent building samplesbefore

quantifying stocks based on parameterizing each sample. Recent advancements have further refined this approach by integrating GIS with remote

sensing data, such as nighttime light imagery, to enhance material flow and stock analysis (Haberl et al., 2021; Liu et al., 2023; Peled & Fishman,

2021; Rajaratnamet al., 2023;Wang et al., 2025;Wurmet al., 2021). These studies demonstrate the efficacy of combining spatial datawithmaterial

intensity factors formore accurate assessments. This study utilizedGIS databases of building footprints, heights, and addresses as key data sources.

Material intensities, calibrated against primary building plans, provided essential composition parameters for quantifying stocks in archetypes and

synthetic building groups. A hybrid archetype modeling technique was applied, classifying PRH structures into predefined typologies to capture

variations in dimensional attributes, material specifications, and intensities. Material stocks are calculated following Equation (1):

MSi,j (PRH) = FS
(
PRHsynth,j

)
×MIi

(
PRHsynth,j

)
(1)

whereMS is the overall material stock mass in megatonnes (mt); i represents the collection of construction material aggregation; j is the collection

of synthetic PRH buildings according to different age categories; PRH is public rental housing; FS is dimensional floor space in square meters; and

MI is thematerial intensity indicator (kg/m2 or t/m2 FS).

2.2.1 Archetype classification, synthetic building groups, and samples selection

An in-depth investigation into the PRH building stocks was conducted, spanning from its initial establishment in 1950 through to the end of

2022, covering a significant number of individual building blocks. In material stock and flow analysis, classification typically relies on building use

(residential/non-residential) and construction type (Augiseau & Barles, 2017). For residential buildings, construction type and age serve as primary

classification criteria. Due to the demonstrable relation between archetypes and period of construction, age is themost frequent and reliable factor

considered inmaterial flow and stock analysis (Kleemann, Lehner et al., 2017; Schiller, Gruhler et al., 2017).

To systematically analyze PRH material stocks, buildings were classified by age categories and archetypes, reflecting construction techniques

and styles from different historical periods. This framework categorized all building stocks into 24 archetypes and grouped them into eight age cat-

egories for detailed assessment (Section 3 of Supporting Information S1).Within each age category, representative building samples were selected

as case buildings (CBs), covering dominant archetypes and different construction styles from each period (Mohammadiziazi & Bilec, 2022). The

chosen case buildings were curated to represent the dominant architectural styles, structural configurations, and technical specifications charac-

teristic of their respective eras, sharing the inherent homogeneity prevalent in the construction techniques. The analysis notably benefits from

the relatively fixed building layouts characteristic of PRH (e.g., trident, harmony, slab, etc.), which maintain stability over defined periods, thereby

enhancing the reliability of the findings. To underpin this comprehensive analysis, a detailed quantification of material stocks for the selected CBs

was performed through the examination of architectural, structural, and technical documentation sourced from the online building archives of the

Hong Kong Housing Authority (HKHA) (HKHA, 2014). The weighting factors applied to the selected CBs for creating the synthetic building groups

are determined by the frequencywithwhich each specific archetype occurs (Section 3 of Supporting Information S1). In this approach, the resulting

material stocks represent the weighted average stocks of the analyzed CBs. Figure 1 depicts the overall concept of investigation.

2.2.2 MIs per floor area and PRH building stocks

Material intensities are fundamental for quantifying the average quantities of constructionmaterials embedded per unit floor area, forming a basis

for bottom-up stock quantification. This study advances the understanding ofMIs by refining age-category archetype-specific values derived from

sampled PRH buildings, enabling comprehensive estimation of total stock holdings across the entire PRH portfolio. By aligning overall floor areas

with assigned archetype classifications, it was possible to systematically apply the relevant average MIs’ multipliers, facilitating the calculation
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LIU ET AL. 1385

F IGURE 1 Concept for investigation of material intensities (MIs) andmaterial stocks (MS) for public rental housing (PRH).

of material stock tonnages for each age-category PRH building. These intensities, which indicate the quantity of construction materials required

per square meter during specific periods, serve as the foundation for detailed stock quantification. The aggregation of building-scale results yields

portfolio-scale MIs, expressed as the total amounts of constituent resources per square meter of PRH constructed floor space. This approach not

only enhances comparability across different contexts but also assists in identifying potential hotspots for resource recycling initiatives. To ensure

the accuracy and contextual relevance of the MIs to the Hong Kong setting, calculations were conducted using detailed PRH architectural and

structural drawings, construction specifications, and local standards, with detailed assessments conducted for different components. This process

ensured that the calculations accurately reflect the unique characteristics and requirements of the region by cross-referencing local building codes

and guidelines. It also provides a reusable benchmark for monitoring changes as the PRH building stock evolves. Due to the diversity in building

component designs, structures with identical architectural designs may exhibit different structural elements across periods, such as variations in

roof coverings and facade designs. Therefore, ideally, comparisons should be conducted at the level of individual building sections and components.

To fully utilize the data on building floor area, number of floors, and units, above-ground buildings are conceptually divided into three parts for

calculatingMIs (Lanau& Liu, 2020): (1) the “upper section,” including roof coverings and roof structures; (2) the “vertical section,” including external

walls, internal walls, windows, and doors; (3) the “horizontal section,” including the slab of intermediate floors and beams. The specific calculations

on materials consider basic structural elements such as frame (slab, beam, and column), roof, structural walls, stairs and landings, balustrade and

handrails, structure sundries, aswell as non-structural elements such as externalwalls (non-structural), windows, and doors. The intensity of critical

materials stocked in each case building wasmodeled as Equation (2):

MIiCB =
MSiCB
FSCB

=
∑

MSi
FSCB

=

∑
i

(
MSUSi +MSVSi +MSHSi

)
FSCB

(2)

where MIiCB is the intensity of specific material i stocked in the case building in kg/m2; MSiCB is the mass of specific material i in kg; MSUSi is the

upper section’s material stock of material i in kg; MSVSi is the vertical section’s material stock of material i in kg; MSHSi is the horizontal section’s

material stock of material i in kg; FSCB is the overall dimensional floor space (overall internal living space) of the case building in m2.

To enable comparison with previous studies and enhance result transferability, age-related MIs are expressed in kilograms per square meter of

floor area. These material intensity values are determined by aggregating the intensity results for each case building across different archetypes

through respectiveweight factors.With increaseddetail, thematerial stock results aredeemedmore reliable. Thebuilt environmentofPRHreflects

typical residential building techniques in Hong Kong and their evolution, providing the possibility for future MIs to be directly transferred to the

entire residential building sector.

2.3 Hot-spot material stock recycling potential

Hot-spot identification was conducted to reveal spatial patterns of material recycling potential across the PRH building stock. This is a useful tech-

nique for identifying statistically significant spatial clusters of high and low values that warrant further investigation (Cheng et al., 2018; Jana &
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1386 LIU ET AL.

Sar, 2016; Wang & Varady, 2005). In this study, detailed building blocks were used as the analytical index. The Getis-Ord Gi* statistic was then

applied to these intensity figures mapped across urban areas, evaluating whether aging building blocks and construction materials are intensely

stocked or sparsely stocked in non-random spatial patterns, following the Equation (3) (Getis & Ord, 1992). Identified hot and cold spots revealed

where intensification or relaxation of aging targets which potentially to be demolished and recycled through planning adjustments. This afforded

empirical evidence to better target policies promoting sustainable construction adapted to local urban densities.

G∗i =
∑n

j=1 wi,jxj − X̄
∑n

j=1 wi,j

S

√
n
∑n

j=1 wi,j
2−(

∑n
j=1 wi,j)

2

n−1

(3)

where G∗i statistic represents the z-score, xj is the attribute value for feature j,wi,j is the spatial weight between feature i and j (years), n is equal to

the total number of feature, and

X̄ =
∑n

j=1 xj
n

(4)

S =

√∑n
j=1 xj

2

n
−
(
X̄
)2

(5)

The building age is used as attribute values for the variable x (in years) and applied weights based on the distance factor.Within this approach, if

the building age shows average high values in the study area, the target featurewill be labeled as a hot spot. The clustering of hot spots signifies the

presence of aging buildings with substantial demolition, redevelopment, and recycling potential.

2.4 Data preparation

To develop a robust urban secondary resources inventory and conduct spatial analyses, a comprehensive integration of various complementary

data sources was necessary. A hybrid GIS-based and bottom-up building archetype modeling approach was employed for material stock analysis

(MSA), which relied on two primary data categories. First, spatial inventory data included property databases and census shapefiles from local

planning authorities, offering high-resolution details such as building footprints, precise addresses, and housing unit counts for PRH structures (Esri

China, 2022; LD, 2022). Second, archetype-based building information like dimensional attributes, structural plans, architectural plans, technical

documentations, andmaterial take-offs was derived through the assessment of selected case buildings of PRHbuildings, complemented by archival

records, to characterize compositions underlying the typological classification (HKHA, 2014).

3 RESULTS

3.1 Material intensities and material stocks

3.1.1 Intensity inventory of critical construction materials

MIs are coefficients utilized to determine totalmaterial stocks and flows bymultiplying themwith building dimensions, such as floor space in square

meters, serving as input data for bottom-up MFA/MSA. In this research, MIs are empirically examined for case buildings and assessed by applying

weighted factors to age-category building archetypes. This approach determines (1) specific material stock and intensity for case buildings, and (2)

general MIs for age-category building archetypes, calculated using weighted factors, as shown in Figure S5 of Supporting Information S1. The MIs

for different age categories are classified by constructionmaterial groups, as shown in Table 1.

The MIs in PRH buildings range from 1567 to 2386 kg/m2 of floor area. Although variations in reference areas impede detailed comparisons,

these values align with MIs of similar building structures, such as apartment buildings and multifamily houses from other studies (Cheng et al.,

2018; Gontia et al., 2018; Lanau & Liu, 2020; Liang et al., 2023; Ortlepp et al., 2018; Teng & Pan, 2019). By considering concrete grades, the study

provides an understanding of differences in aggregates and cementitious materials composition, highlighting the future implications for recycling

feasibility and circular management in the construction industry.

HigherMIs compared to other Asian regions are due to reference floor area being internal living space rather than gross floor area. Additionally,

low brickmaterial intensities can be attributed to PRH practices, where concrete blockwalls are used between kitchens and bathrooms, and bricks
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LIU ET AL. 1387

TABLE 1 Age-categories critical constructionmaterial intensities (MIs) inventory.

Critical construction

materials (kg/m2)

PRHBuildings in Different Age-categories

1950–1959 1960–1969 1970–1979 1980–1989 1990–1999 2000–2009 2010–2019 2020–pres

Total 1587 1567 1586 1597 2235 2386 2174 2066

Concrete* 1493 1483 1506 1519 2137 2283 2073 1970

Aggregate 813 799 965 892 1077 1110 1016 976

Cementitious 209 209 201 209 312 344 325 308

Steel 75 66 64 61 85 87 84 80

Glass 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85

Timber 5.09 6.38 6.04 6.42 4.77 6.47 6.32 5.87

Brick and tiles 11.34 9.95 8.25 8.65 7.22 8.30 8.71 7.68

Bricks 4.88 1.11 1.00 0.58 0.52 0.46 0.53 0.46

Ceramic tiles 3.49 4.90 4.33 4.28 3.83 4.53 5.80 5.67

Roof covering 2.96 3.95 2.91 3.79 2.87 3.30 2.38 1.55

Concrete*, concrete block walls (internal walls) are included.

are used mainly in mechanical rooms. Lower wood intensities are due to the exclusion of wood formworks. A notable increase in MIs from 1990

onward is attributed to improved structural strength. Concrete has been the primary building material in Hong Kong since the 1950s, particularly

for building frames, roof flat slabs, stairs, and intermediary floors inmultifamily buildings. Construction evolved from reinforced parapets to shaped

concrete facades and from in-situ casting to precastingmethods. A decrease inMIs is observed beginning from2010, compared to the previous age

categories. This trend is primarily attributed to advancements in construction technologies, such as thedevelopment of high-performancematerials

and the implementationof prefabrication techniques,whichhave facilitatedmore efficient building practices. The increased adoptionof sustainable

materials, including recycled aggregates and low-carbon cement, has further contributed to the reduction in MIs. Additionally, stricter regulations

and an emphasis on sustainability have driven the optimization of material usage, promoting the adoption of resource-efficient designs.

3.1.2 Material stocks of PRH

Material stocks for CBs are derived through an empirical review of construction documents (Sections 3 and 4 of Supporting Information S1). Mate-

rial descriptions were analyzed at the level of building elements such as frames, external walls, windows, internal walls, doors, staircases, and roofs.

When documentation was inadequate, especially for aging buildings, assumptions were formulated based on local practices and regulations. All

assumptions are documented in SI_1.4.3. Material stocks were typically quantified based on MIs using key metrics such as floor area or gross vol-

ume. Although gross volume closely relates to the overall size of a building, floor area is the metric that is more prevalently reported. Given the

prevalence of floor area and its widespread inclusion in previous studies, this study will leverage the relationship between material stocks and

dimensional floor area as a reliable indicator for conducting future analyses with consistency.

The development of building MS illustrates the timeline of major PRH construction in Hong Kong, spanning age categories from 2 to 74 years.

Between1952 and2022, 60.85megatons ofmaterial stocks accumulated, reaching an average of 28.73 tonnes per capita,with significant increases

in 1980 and 2001. Buildings from the 1950s and 1960s contribute minimally, while those from the 1980s and 1990s formed the second and third

largest stocks. New constructions in the 2000s account for the highest material stocks. During the past decade, the growth in PRH flats and the

authorized population led to a reduction in average household size, whilematerial stocks per capita rose, highlighting ongoing expansion and inten-

sification in PRH construction (see Figure S7 of Supporting Information S1). As shown in Figure 2b, 58.06megatons of concretemake upmore than

90% of the total stock. Steel and bricks account for 2.31 and 0.25 megatons, respectively, while timber and glass together account for 1%. Con-

crete stock in PRH is noticeably higher than in other studies because concrete blocks are used for internal partitions, compared to clay bricks used

elsewhere. Urban stocks differ from primary ores as they become available only at the end of a building’s lifecycle (Lederer et al., 2016). Figure 2a

shows that older resources become available sooner, and over the next decade, about 1.36 megatons of secondary resources could be extracted

from buildings over 50 years old. Long-term, up to 46.95 megatons of construction materials in PRH buildings may become extractable over 30

years.

Figure 3 provides a detailed view of the locations, quantities, and densities ofmaterial stocks accumulated, highlighting the involved relationship

between these stocks and the surrounding infrastructure. The data reveal a strong positive correlation between the densities ofmaterial stocks and

the road network, as well as bus stop densities within the PRH environment (see Figures S8 and S9 of Supporting Information S1). In regions like
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1388 LIU ET AL.

F IGURE 2 (a) Accumulated constructionmaterial stocks of public rental housing (PRH) from 1952 to 2022, highlighting potential extractable
secondary resources over decades; (b) evolution of critical constructionmaterial compositions in PRH across different age categories (underlying
data for this figure are available in Table 1 of Supporting Information S3). MS, material stocks.

F IGURE 3 The densities of accumulatedmaterial stocks in public rental housing (PRH) buildings across Hong Kong, highlighting the
relationship between stocks and the surrounding infrastructure (underlying data for this figure are available in Table 2 of Supporting Information
S3).

Kowloon and the New Territories, particularly in Kwun Tong (9.84 megatons), Wong Tai Sin (6.10 megatons), and Kwai Tsing (7.38 megatons), the

abundance of secondary resources is supported by flat terrain and efficient transport links, facilitating easy access and distribution. Western New

Territories, such as Tuen Mun and Yuen Long, also host numerous stocks due to their available land and lower prices, reflecting the government’s

strategy to alleviate urban housing pressures. OnHongKong Island, althoughwithwell-developed transportation networks, stocks are sparse, con-

strained by high land prices and limited land availability driven by its commercial and financial role. Material stock distribution in PRH buildings has
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LIU ET AL. 1389

shifted fromaggregation to dispersion over decades, as depicted in Figure 4,mirroringHongKong’s urban development. Growth initially focused on

the center ofHongKong Island andKowloon, later expanding to theNewTerritories, shaping the current urban layout by2022. This trendhighlights

potential future urbanmining locations.

3.2 Hot-spot identification

Using spatial analysis, this study identifies clusters of aging PRH buildings, particularly those over 50 years old, as prime areas for potential short-

term urban secondary resource extraction. As shown in Figure 5, red hotspots signify clusters of older secondary resources, while blue cold spots

represent newer ones. Regions with clustered hotspots are identified as potential urban mineral deposits. Specific buildings are classified into dif-

ferent levels based on material stocks per block, as depicted in the small diagram in Figure 5. Hong Kong Island (Southern, Eastern, Central, and

Western),Wong Tai Sin, and Kwun TongDistrict are especially rich in extractable urban secondary resources, with 0.45, 0.35, and 0.32megatons of

construction material stocks, respectively. Wong Tai Sin’s material stock density is about 38,153 tons per square kilometer, 3.82 times that of the

SouthernDistrict, suggestingmore efficient extraction. In themid-to-long term,material stocks in Kwai Tsing, Sha Tin, and Yuen Long, are expected

to grow, while Kwun Tong District will remain the richest in resources, with a projected 6.75 megatons (see Figure S13 of Supporting Information

S1). This information is valuable forHongKong’s recycling facilities, given the potential formaterial recovery fromconcrete demolitions. The richest

urban secondary resource areas will shift over time, providing planners with insights into suitable areas for future exploitation based on demand.

3.3 Uncertainty analysis

Material stock assessments often depend on assumptions and approximations thatmay introduce inaccuracies, particularly in urban settingswhere

precise data are critical. Therefore, uncertainty analysis was performed to ensure the reliability of the MS estimates in the study. To enhance the

robustness of the findings, the analysis focuses on two key types of uncertainties: parameter uncertainty andmodel uncertainty (Laner et al., 2014).

Parameter uncertainty examines the accuracy of the input data, specifically MIs, and whether the chosen case buildings accurately represent the

overall stock. Model uncertainty evaluates the assumptions made in the model, particularly the use of MIs categorized by building age, and how

this approach compares to using a single averageMI for all building types. The goal is to systematically identify andminimize these uncertainties to

provide robust and reliable results forMSA (Danius & Burström, 2001;Wang &Ma, 2018).

3.3.1 Parameter uncertainty

Parameter uncertainty is introducedwhen selecting input data, such asMIs for constructionmaterials. In this study,MIs are assessed by evaluating

case buildings (CBs) selected based on the assumption that their average material content mirrors that of buildings constructed during the same

period andwith similar architectural forms. To validate this hypothesis, theMIs are comparedwith values calculated fromother data sourceswithin

the same target area and time frame (Yang & Kohler, 2008). Differences in the definition of “building area” between case buildings (which include

total internal living area) and testedbuildings (which includegross floor area) introduce somevariation. Living spaceaccounts for about64%of gross

floor area in PRH buildings, leading to a 1.56 times difference between the two. After adjusting for these differences, the uncertainty in material

content is estimated to be lower than 5%.Despite these variations, there is convergence inmaterial composition between tested buildings and case

buildings constructed between 1990–2009, confirming the robustness of the input data (Section 7 of Supporting Information S1).

3.3.2 Model uncertainty

Model uncertainty in this study arises from the assumptions made when calculating MIs based on the age of buildings. Buildings constructed in

different periods often use varying types and amounts of materials due to changes in construction practices, architectural designs, and materials

availability (Kleemann, Lederer et al., 2017; Ortlepp et al., 2016, 2018). This study adopts an age-based approach to categorizeMIs, as it is believed

to provide a more accurate representation of the actual material stocks compared to using a single, generalized MI for all buildings. To test this

assumption, the study compares the results from the age-based model to those obtained using a simplified, single average MI set (Fishman et al.,

2014; Tanikawa et al., 2014). The findings show that the age-based method results in more accurate estimates, with a total material stock of 60.85

megatons, compared to 57.98 megatons using the generalized approach—showing a difference of 5%. However, the uncertainties vary by material

group: Concrete shows a difference of 5%, timber 13%, and bricks and tiles 7%. These results suggest that accounting for building age provides a

moreprecise assessmentofmaterial stocks, as it reflects historical changes in constructionpractices that affect the types andquantities ofmaterials

used over time.
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1390 LIU ET AL.

F IGURE 4 The evolution of the distribution pattern of material stocks in public rental housing (PRH) buildings from 1950 to 2022 illustrates a
shift from central aggregation to broader dispersion, with the color gradient from dark to light representing dense to sparse stocks over time
(underlying data for this figure are available in Table 3 of Supporting Information S3).
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LIU ET AL. 1391

F IGURE 5 Hot spot identification for the urbanmineral deposits, with high extraction potential in clustered red hotspots (underlying data for
this figure are available in Table 3 of Supporting Information S3). MS, material stocks.

4 DISCUSSION

4.1 Comparison with other studies

This study compares totalMS in PRH buildings, using age-associatedMIs calculated from the research, with estimates from several existing studies

in similar regions. These studies employed various methods and data. For instance, Cheng et al. (2018) estimated urban ores in Taipei using statis-

tical and spatial analysis. Teng and Pan (2019) assessed material composition and embodied carbon in typical Hong Kong’s prefabricated buildings

with a five-level framework. More recently, Liang et al. (2023) mapped building material stock in China’s coastal areas using nighttime light data. Li
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1392 LIU ET AL.

et al. (2023) used a bottom-up approach for estimating material stocks in Chinese cities, while Song et al. (2021) evaluated provincial stocks with

integrateddata. Sun et al. (2023) createdpixel-level datasets fromexisting studies for nationwide coverage andHuang et al. (2024) usedbig geodata

and machine learning to analyze built environment stocks in 50 Chinese cities, revealing per capita patterns driven by rapid urbanization. In exam-

ining buildingswith comparable structural forms in constrained urban contexts (Cheng et al., 2018; Liang et al., 2023; Teng&Pan, 2019), the results

indicate varying differences in total andmajor constructionmaterial stocks (Section 6 of Supporting Information S1). The differences in total stocks

with Liang’s study are minimal due to similar reference metrics, particularly in the definition of floor area. However, discrepancies arise in specific

materials due to differences in construction techniques. Aligning the reference metrics with the other two studies on a similar scale reduces the

overall stock differences, though significant discrepancies remain in individual materials. This is primarily because theMIs in this study are derived

from different age categories rather than an average value, as well as the adjustment of the reference key metrics based on an average empirical

value. When compared to other large-scale studies (Huang et al., 2024; Li et al., 2023; Song et al., 2021; Sun et al., 2023), the observed differences

increase due to variations in methodology and data sources. Nevertheless, the average discrepancies aremaintained within 20%, suggesting a gen-

eral alignment of the findings with the existing literature. This variation emphasizes the impact of urbanization and economic development on MS

estimates, advocating for tailored approaches in different urban scale environments.

The bottom-up MSA offers a detailed representation of MIs across different age groups, considering architectural designs, structural forms,

and primary materials. Selected case buildings encompass most of the reference total areas within the target time frame, ensuring methodological

reproducibility. TheMIs represent the weighted average of PRH building types, reflecting the technical and social development of affordable hous-

ing. Although theseMIs are not directly transferable to other regions, the approach provides a foundation for adaptation. Future studies can adapt

MIs based on similarities in design, structure, and floor area, using similar methods to analyze uncertainties and determine applicability.

4.2 Validation and uncertainty

Accurately estimatingMIs is sometimes challenging due to the lack of detailed records in official statistics. To confirm the robustness and accuracy

of MS estimates in this study, identifying and reducing these uncertainties is essential. Methods for addressing uncertainty include examining the

uncertainty caused by input parameters and model design, as mentioned in Section 3.3. Typically, parameter uncertainty is estimated by compar-

ing data from independent sources or through sensitivity analysis. To evaluate the robustness and accuracy of MS estimates, a sensitivity analysis

was further conducted, with details in Section 7 of Supporting Information S1. By adjusting MIs for certain materials by 10% while keeping other

parameters constant, the analysis aimed toobserve the impact on totalMSquantification.Generally, these adjustments resulted inminor variations,

typically less than 1%. However, significant deviations were observed for concrete (9.539%), separately with an aggregate of 5.029%, and cement

of 1.392%, indicating more substantial effects. These results underscore the robustness of the findings against variations in input parameters,

enhancing the credibility of the employedmethodology. Detailed results of the analysis are provided in Table S5 of Supporting Information S1.

4.3 Transitioning to circular economy

Figure 6 illustrates the carbon emissions associated with material flows in PRH buildings over the next decade (2022–2032). It captures both the

inflowof2.4megatonsof constructionmaterials required for anadditional 43,000 residential units and theoutflowof approximately2.15megatons

from the demolition and rebuilding of around 32,400 old units. The figure also reflects the environmental impact of these material flows, including

critical construction materials, such as concrete, steel, timber, glass, bricks, and tiles. Disposal and recyclable rates of construction and demolition

(C&D)waste, essential for estimating recycling potential, are sourced from local government reports and literature specific toHongKong to ensure

regional alignment. Emission factors are primarily drawn from the Ecoinvent database (Wernet et al., 2016), ensuring methodological rigor. Key

parameters are detailed in Table S6 of Supporting Information S1, aligning with regional standards to provide a robust foundation for estimating

recycling potential and environmental impact.

Without considering any specific strategies for C&Dwaste management, as shown in Figures 6c,d, these inflow and outflow activities will result

in 6.163E+05 tons of carbon emissions. When considering the current recycling rate for C&D waste in Hong Kong, carbon emissions are reduced

to 6.159E+05 tons, indicating that recycling has only a minimal impact on reducing carbon emissions. This limited impact is primarily due to the

significant embodied carbonofnewlyaddedconstructionmaterials and theenergy-intensivenatureof the collection, sorting, disposal, and recycling

processes for demolished materials. The energy consumption and greenhouse gas emissions associated with recycling processes further diminish

the carbon-saving potential.

However, compared to landfilling, increasing the recycling rate does lead to a reduction in carbon emissions, with further mitigation achievable

through the utilization of end-products derived from recycled C&D waste. To facilitate a transition toward a circular economy, future research

should prioritize the development of efficient sorting systems, the amplification of recycling proportions, and the promotion of recycled materials

in new construction. This study employs a bottom-up analysis of PRH buildings, underscoring the practical implications for development and man-

agement. By focusing on the sector related to people’s livelihoods, it aims to better promote the concepts of circular construction and generative

cities while attending to the needs of the populace.
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LIU ET AL. 1393

F IGURE 6 Carbon emissions contributed bymaterial flow activities (inflows for new construction and outflows for demolition and renovation)
for the period of the next 10 years (underlying data for this figure are available in Table 4 of Supporting Information S3).

5 CONCLUSION

This study establishes a secondary resources inventory for PRH buildings in Hong Kong using a GIS-enabled bottom-upMSAmethod. This method

integrates empirical data from case buildings with weighted factors based on age-category building archetypes. This hybrid approach enabled

a detailed quantification of material stocks and intensities across various construction periods, providing a robust framework for assessing the

sustainability of the built environment.

The findings reveal that the material intensities (MIs) in Hong Kong’s PRH buildings range from 1567 to 2386 kg/m2, which are higher than

those in other Asian regions. TheseMIs align with similar building types in Europe and Asia, reflecting both regional construction practices and the

unique characteristics of Hong Kong’s built environment. Since the 1950s, concrete has been the dominant building material, comprising over 90%

of the material stock, followed by steel, bricks, timber, and glass. Advances in construction techniques, such as the transition from in situ casting to

pre-castingmethods and the use of shaped concrete elements for facades, indicate both functional and aesthetic improvements in building design.

The material stock distribution in Hong Kong’s PRH buildings has shifted from central aggregation to broader dispersion, highlighting potential

sites for future urbanmining. Over the next three decades, up to 46.95megatons of constructionmaterials may have recycling potential from older

PRH buildings. Given the critical role of PRH as a public welfare component in Hong Kong, understanding the evolution and quantity of its stock is

crucial. This knowledge informs policy-making by ensuring efficient resource allocation and enhancing housing sustainability, ultimately benefiting

the socio-economic well-being of residents.

However, uncertainties in building area definitions and measurement errors pose significant limitations in estimating MIs. The hybrid bottom-

up MSA method developed in this study provides detailed and region-specific MIs, yet applying this framework to other regions requires careful

adjustments to account for local construction practices and building characteristics. Material inflow and outflow activities in Hong Kong’s PRH

sector will result in significant carbon emissions over the next decade. Although recycling can reduce emissions compared to landfilling, the impact

is limited by the emissions associated with the recycling process itself. More efforts are needed to improve sorting systems, increase the recycling

rate, and utilize recycledmaterials to advance circular economy goals.
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1394 LIU ET AL.

While this study makes significant contributions in providing region-specific material intensity data for Hong Kong’s PRH, advancing the hybrid

bottom-up MSA methodology, and offering practical insights into sustainability and the circular economy in the construction industry, there are

areas for improvement. The results are specific to Hong Kong, and the transferability of thematerial intensity framework to other regions is limited

bydifferences in constructionpractices, regulations, andmaterial usage.Additionally, the study relies onavailable data andcertain assumptions that

may not fully capture the complexities of older buildings or future construction trends. Future research could expand the geographic scope ofmate-

rial intensity studies, improve data availability or reduce data requirements, and refine methodologies to better address uncertainties. For a more

effective circular economy through secondary resource reuse, efforts should also focus on developingmore efficient sorting systems, increasing the

proportion of recycledmaterials, and promoting the use of recycled constructionmaterials to achieve true circularity.

ACKNOWLEDGMENTS

The authors express gratitude for the support received through the research postgraduate scholarship from theHongKong Polytechnic University,

and funding support fromResearch Centre for Resources Engineering towards CarbonNeutrality (RCRE) at theHongKong Polytechnic University.

They also appreciate the editors and reviewers for their insightful feedback, which enhanced the quality of this paper.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The detailed data related to building blocks are available upon request from the corresponding author. The data are not publicly available due to

privacy or ethical restrictions.

ORCID

Shu-ChienHsu https://orcid.org/0000-0002-7232-9839

REFERENCES

Akin, S., Nwagwu, C. C., Heeren, N., & Hertwich, E. (2023). Archetype-based energy and material use estimation for the residential buildings in Arab Gulf

countries. Energy and Buildings, 298, 113537. https://doi.org/10.1016/j.enbuild.2023.113537
Alrasheed, M., & Mourshed, M. (2024). Building stock modelling using k-prototype: A framework for representative archetype development. Energy and

Buildings, 311, 114111. https://doi.org/10.1016/j.enbuild.2024.114111
Arbabi, H., Lanau, M., Li, X., Meyers, G., Dai, M., Mayfield, M., & Densley Tingley, D. (2022). A scalable data collection, characterization, and accounting

framework for urbanmaterial stocks. Journal of Industrial Ecology, 26(1), 58–71. https://doi.org/10.1111/jiec.13198
Augiseau, V., & Barles, S. (2017). Studying construction materials flows and stock: A review. Resources, Conservation and Recycling, 123, 153–164. https://doi.

org/10.1016/j.resconrec.2016.09.002

Baars, J., Rajaeifar, M. A., & Heidrich, O. (2022). Quo vadis MFA? Integrated material flow analysis to support material efficiency. Journal of Industrial Ecology,
26(4), 1487–1503. https://doi.org/10.1111/jiec.13288

Barles, S. (2010). Society, energy and materials: The contribution of urban metabolism studies to sustainable urban development issues. Journal of
Environmental Planning andManagement, 53(4), 439–455. https://doi.org/10.1080/09640561003703772

Bender, A. P., & Bilotta, P. (2020). Circular economy and urbanmining: Resource efficiency in the construction sector for sustainable cities. In Sustainable cities
and communities (pp. 68–81. Springer. https://doi.org/10.1007/978-3-319-95717-3

Bergsdal, H., Brattebø, H., Bohne, R. A., & Müller, D. B. (2007). Dynamic material flow analysis for Norway’s dwelling stock. Building Research & Information,
35(5), 557–570. https://doi.org/10.1080/09613210701287588

Cheng, K.-L., Hsu, S.-C., Li, W.-M., & Ma, H.-W. (2018). Quantifying potential anthropogenic resources of buildings through hot spot analysis. Resources,
Conservation and Recycling, 133, 10–20. https://doi.org/10.1016/j.resconrec.2018.02.003

Dai, M., Jurczyk, J., Arbabi, H., Mao, R., Ward, W., Mayfield, M., & Tingley, D. D. (2024). Component-level residential building material stock characterization

using computer vision techniques. Environmental Science & Technology, 58(7), 3224–3234. https://doi.org/10.1021/acs.est.3c09207
Danius, L., & Burström, F. (2001). Regional material flow analysis and data uncertainties: Can the results be trusted. In Proceedings of 15th International

Symposium on Informatics for Environmental Protection (pp. 609–616). Metropolis Verlag.

de Tudela, A. R. P., Rose, C.M., & Stegemann, J. A. (2020). Quantification ofmaterial stocks in existing buildings using secondary data—A case study for timber

in a London Borough. Resources, Conservation & Recycling: X, 5, 100027. https://doi.org/10.1016/j.rcrx.2019.100027
Ergun, D., & Gorgolewski, M. (2015). Inventorying Toronto’s single detached housing stocks to examine the availability of clay brick for urban mining.Waste

Management, 45, 180–185. https://doi.org/10.1016/j.wasman.2015.03.036

Fernández, J. E. (2007). Resource consumption of new urban construction in China. Journal of Industrial Ecology, 11(2), 99–115. https://doi.org/10.1162/jie.
2007.1199

Fishman, T., Schandl, H., Tanikawa, H., Walker, P., & Krausmann, F. (2014). Accounting for the material stock of nations. Journal of Industrial Ecology, 18(3),
407–420. https://doi.org/10.1111/jiec.12114

Gao, X., Nakatani, J., Zhang, Q., Huang, B., Wang, T., & Moriguchi, Y. (2020). Dynamic material flow and stock analysis of residential buildings by integrating

rural–urban land transition: A case of Shanghai. Journal of Cleaner Production, 253, 119941. https://doi.org/10.1016/j.jclepro.2019.119941
Getis, A., & Ord, J. K. (1992). The analysis of spatial association by use of distance statistics. Geographical Analysis, 24(3), 189–206. https://doi.org/10.1111/j.

1538-4632.1992.tb00261.x

 15309290, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jiec.70063 by H

O
N

G
 K

O
N

G
 PO

L
Y

T
E

C
H

N
IC

 U
N

IV
E

R
SIT

Y
 H

U
 N

G
 H

O
M

, W
iley O

nline L
ibrary on [30/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-7232-9839
https://orcid.org/0000-0002-7232-9839
https://doi.org/10.1016/j.enbuild.2023.113537
https://doi.org/10.1016/j.enbuild.2024.114111
https://doi.org/10.1111/jiec.13198
https://doi.org/10.1016/j.resconrec.2016.09.002
https://doi.org/10.1016/j.resconrec.2016.09.002
https://doi.org/10.1111/jiec.13288
https://doi.org/10.1080/09640561003703772
https://doi.org/10.1007/978-3-319-95717-3
https://doi.org/10.1080/09613210701287588
https://doi.org/10.1016/j.resconrec.2018.02.003
https://doi.org/10.1021/acs.est.3c09207
https://doi.org/10.1016/j.rcrx.2019.100027
https://doi.org/10.1016/j.wasman.2015.03.036
https://doi.org/10.1162/jie.2007.1199
https://doi.org/10.1162/jie.2007.1199
https://doi.org/10.1111/jiec.12114
https://doi.org/10.1016/j.jclepro.2019.119941
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x


LIU ET AL. 1395

Gontia, P., Nägeli, C., Rosado, L., Kalmykova, Y., & Österbring, M. (2018). Material-intensity database of residential buildings: A case-study of Sweden in the

international context. Resources, Conservation and Recycling, 130, 228–239. https://doi.org/10.1016/j.resconrec.2017.11.022
Haberl, H., Wiedenhofer, D., Schug, F., Frantz, D., Virág, D., Plutzar, C., Gruhler, K., Lederer, J., Schiller, G., & Fishman, T. (2021). High-resolution maps of

material stocks in buildings and infrastructures in Austria and Germany. Environmental Science & Technology, 55(5), 3368–3379. https://doi.org/10.1021/
acs.est.0c05642

Hertwich, E. G., Ali, S., Ciacci, L., Fishman, T., Heeren, N., Masanet, E., Asghari, F. N., Olivetti, E., Pauliuk, S., & Tu, Q. (2019). Material efficiency strategies to

reducing greenhouse gas emissions associated with buildings, vehicles, and electronics—A review. Environmental Research Letters, 14(4), 043004. https://
doi.org/10.1088/1748-9326/ab0fe3

Hong Kong Housing Authority. (2014). Housing electronic building records. HKHA Housing Electronic Building Records Online Systems. https://eservices.

housingauthority.gov.hk/hebros/

Hong KongHousing Authority. (2023a). Annual report 2022/23. HKHA. https://www.housingauthority.gov.hk/mini-site/haar2223/en/index.html

HongKongHousingAuthority. (2023b).Housing authority’s public rental housing stock. DATA.GOV.HK. https://data.gov.hk/en-data/dataset/hk-housing-emms-

emms-housing-stock

Hsu, F.-C., Elvidge, C. D., & Matsuno, Y. (2013). Exploring and estimating in-use steel stocks in civil engineering and buildings from night-time lights.

International Journal of Remote Sensing, 34(2), 490–504. https://doi.org/10.1080/01431161.2012.712232
Hu,M., VanDer Voet, E., &Huppes, G. (2010). Dynamicmaterial flow analysis for strategic construction and demolitionwastemanagement in Beijing. Journal

of Industrial Ecology, 14(3), 440–456. https://doi.org/10.1111/j.1530-9290.2010.00245.x
Huang, Z., Bao, Y., Mao, R.,Wang, H., Yin, G.,Wan, L., & Liu, G. (2024). Big geodata reveals spatial patterns of built environment stocks across andwithin cities

in China. Engineering, 34, 143–153. https://doi.org/10.1016/j.eng.2023.05.015
Ichimura, M. (2003). Urbanization, urban environment and land use: Challenges and opportunities. In Asia-Pacific Forum for Environment and Development,

Expert Meeting, (Vol. 23, pp. 1–14).
Jana,M.,&Sar,N. (2016).Modelingofhotspotdetectionusing clusteroutlier analysis andGetis-OrdGi* statistic of educational development inupper-primary

level, India.Modeling Earth Systems and Environment, 2, 1–10. https://doi.org/10.1007/s40808-016-0122-x
Kennedy, C., Pincetl, S., & Bunje, P. (2011). The study of urbanmetabolism and its applications to urban planning and design. Environmental Pollution, 159(8-9),

1965–1973. https://doi.org/10.1016/j.envpol.2010.10.022

Kleemann, F., Lederer, J., Rechberger, H., & Fellner, J. (2017). GIS-based analysis of Vienna’s material stock in buildings. Journal of Industrial Ecology, 21(2),
368–380. https://doi.org/10.1111/jiec.12446

Kleemann, F., Lehner, H., Szczypińska, A., Lederer, J., & Fellner, J. (2017). Using change detection data to assess amount and composition of demolition waste

from buildings in Vienna. Resources, Conservation and Recycling, 123, 37–46. https://doi.org/10.1016/j.resconrec.2016.06.010
Korhonen, J. (2004). Industrial ecology in the strategic sustainable development model: Strategic applications of industrial ecology. Journal of Cleaner

Production, 12(8-10), 809–823. https://doi.org/10.1016/j.jclepro.2004.02.026
Lanau, M., & Liu, G. (2020). Developing an urban resource cadaster for circular economy: A case of Odense, Denmark. Environmental Science & Technology,

54(7), 4675–4685. https://doi.org/10.1021/acs.est.9b07749
Lanau, M., Liu, G., Kral, U., Wiedenhofer, D., Keijzer, E., Yu, C., & Ehlert, C. (2019). Taking stock of built environment stock studies: Progress and prospects.

Environmental Science & Technology, 53(15), 8499–8515. https://doi.org/10.1021/acs.est.8b06652
Lands Department. (2022). Building. Hong Kong Common Spatial Data Infrastructure. https://portal.csdi.gov.hk/geoportal/#metadataInfoPanel

Laner, D., Rechberger, H., & Astrup, T. (2014). Systematic evaluation of uncertainty in material flow analysis. Journal of Industrial Ecology, 18(6), 859–870.
https://doi.org/10.1111/jiec.12143

Lederer, J., Kleemann, F., Ossberger, M., Rechberger, H., & Fellner, J. (2016). Prospecting and exploring anthropogenic resource deposits: The case study of

Vienna’s subway network. Journal of Industrial Ecology, 20(6), 1320–1333. https://doi.org/10.1111/jiec.12395
Li, H., & Kwan,M.-P. (2018). Advancing analytical methods for urbanmetabolism studies. Resources, Conservation and Recycling, 132, 239–245. https://doi.org/

10.1016/j.resconrec.2017.07.005

Li, X., Song, L., Liu, Q., Ouyang, X., Mao, T., Lu, H., & Liu, G. (2023). Product, building, and infrastructurematerial stocks dataset for 337 Chinese cities between

1978 and 2020. Scientific Data, 10(1), 228. https://doi.org/10.1038/s41597-023-02143-w
Liang, H., Bian, X., Dong, L., Shen, W., Chen, S. S., & Wang, Q. (2023). Mapping the evolution of building material stocks in three eastern coastal urban

agglomerations of China. Resources, Conservation and Recycling, 188, 106651. https://doi.org/10.1016/j.resconrec.2022.106651
Lim,M.M., Jørgensen, P. S., &Wyborn,C.A. (2018). Reframing the sustainable development goals to achieve sustainable development in theAnthropocene—A

systems approach. Ecology and Society, 23(3). https://www.jstor.org/stable/26799145
Liu, Z., Saito, R., Guo, J., Hirai, C., Haga, C., Matsui, T., . . . & Tanikawa, H. (2023). Does deep learning enhance the estimation for spatially explicit built

environment stocks through nighttime light data set? Evidence from Japanese metropolitans. Environmental Science & Technology, 57(9), 3971–3979.
https://doi.org/10.1021/acs.est.2c08468

Lowe, E. A., & Evans, L. K. (1995). Industrial ecology and industrial ecosystems. Journal of Cleaner Production, 3(1-2), 47–53. https://doi.org/10.1016/0959-
6526(95)00045-G

Mata, É., Kalagasidis, A. S., & Johnsson, F. (2014). Building-stock aggregation through archetype buildings: France, Germany, Spain and the UK. Building and
Environment, 81, 270–282. https://doi.org/10.1016/j.buildenv.2014.06.013

Miatto, A., Schandl, H., Forlin, L., Ronzani, F., Borin, P., Giordano, A., & Tanikawa, H. (2019). A spatial analysis of material stock accumulation and demolition

waste potential of buildings: A case study of Padua. Resources, Conservation and Recycling, 142, 245–256. https://doi.org/10.1016/j.resconrec.2018.12.011
Mohammadiziazi, R., & Bilec, M. M. (2022). Building material stock analysis is critical for effective circular economy strategies: A comprehensive review.

Environmental Research: Infrastructure and Sustainability, 2(3), 032001. https://doi.org/10.1088/2634-4505/ac6d08
Mollaei, A., Ibrahim,N., &Habib, K. (2021). Estimating the constructionmaterial stocks in twoCanadian cities: A case study ofKitchener andWaterloo. Journal

of Cleaner Production, 280, 124501. https://doi.org/10.1016/j.jclepro.2020.124501
Müller, D. B. (2006). Stock dynamics for forecastingmaterial flows—Case study for housing in TheNetherlands. Ecological Economics, 59(1), 142–156. https://

doi.org/10.1016/j.ecolecon.2005.09.025

Open geospatial by Esri China (Hong Kong). (2022). Buildings in Hong Kong. Esri China. https://opendata.esrichina.hk/maps/buildings-in-hong-kong

 15309290, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jiec.70063 by H

O
N

G
 K

O
N

G
 PO

L
Y

T
E

C
H

N
IC

 U
N

IV
E

R
SIT

Y
 H

U
 N

G
 H

O
M

, W
iley O

nline L
ibrary on [30/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.resconrec.2017.11.022
https://doi.org/10.1021/acs.est.0c05642
https://doi.org/10.1021/acs.est.0c05642
https://doi.org/10.1088/1748-9326/ab0fe3
https://doi.org/10.1088/1748-9326/ab0fe3
https://eservices.housingauthority.gov.hk/hebros/
https://eservices.housingauthority.gov.hk/hebros/
https://www.housingauthority.gov.hk/mini-site/haar2223/en/index.html
https://data.gov.hk/en-data/dataset/hk-housing-emms-emms-housing-stock
https://data.gov.hk/en-data/dataset/hk-housing-emms-emms-housing-stock
https://doi.org/10.1080/01431161.2012.712232
https://doi.org/10.1111/j.1530-9290.2010.00245.x
https://doi.org/10.1016/j.eng.2023.05.015
https://doi.org/10.1007/s40808-016-0122-x
https://doi.org/10.1016/j.envpol.2010.10.022
https://doi.org/10.1111/jiec.12446
https://doi.org/10.1016/j.resconrec.2016.06.010
https://doi.org/10.1016/j.jclepro.2004.02.026
https://doi.org/10.1021/acs.est.9b07749
https://doi.org/10.1021/acs.est.8b06652
https://portal.csdi.gov.hk/geoportal/#metadataInfoPanel
https://doi.org/10.1111/jiec.12143
https://doi.org/10.1111/jiec.12395
https://doi.org/10.1016/j.resconrec.2017.07.005
https://doi.org/10.1016/j.resconrec.2017.07.005
https://doi.org/10.1038/s41597-023-02143-w
https://doi.org/10.1016/j.resconrec.2022.106651
https://www.jstor.org/stable/26799145
https://doi.org/10.1021/acs.est.2c08468
https://doi.org/10.1016/0959-6526(95)00045-G
https://doi.org/10.1016/0959-6526(95)00045-G
https://doi.org/10.1016/j.buildenv.2014.06.013
https://doi.org/10.1016/j.resconrec.2018.12.011
https://doi.org/10.1088/2634-4505/ac6d08
https://doi.org/10.1016/j.jclepro.2020.124501
https://doi.org/10.1016/j.ecolecon.2005.09.025
https://doi.org/10.1016/j.ecolecon.2005.09.025
https://opendata.esrichina.hk/maps/buildings-in-hong-kong


1396 LIU ET AL.

Ortlepp, R., Gruhler, K., & Schiller, G. (2016). Material stocks in Germany’s non-domestic buildings: A new quantification method. Building Research &
Information, 44(8), 840–862. https://doi.org/10.1080/09613218.2016.1112096

Ortlepp, R., Gruhler, K., & Schiller, G. (2018). Materials in Germany’s domestic building stock: Calculation model and uncertainties. Building Research &
Information, 46(2), 164–178. https://doi.org/10.1080/09613218.2016.1264121

Pei, W., Biljecki, F., & Stouffs, R. (2024). Techniques and tools for integrating building material stock analysis and life cycle assessment at the urban scale: A

systematic literature review. Building and Environment, 262, 111741. https://doi.org/10.1016/j.buildenv.2024.111741
Peled, Y., & Fishman, T. (2021). Estimation and mapping of the material stocks of buildings of Europe: A novel nighttime lights-based approach. Resources,

Conservation and Recycling, 169, 105509. https://doi.org/10.1016/j.resconrec.2021.105509
Pristerà, G., Allacker, K., Rock,M., & Sala, S. (2023). Archetype selection process for the development of a building stockmodel. In IOP Conference Series: Earth

and Environmental Science (Vol. 1196, No. 1, p. 012013). IOP Publishing.

Raghu, D., Bucher, M. J. J., & De Wolf, C. (2023). Towards a ‘resource cadastre’for a circular economy–urban-scale building material detection using street

view imagery and computer vision. Resources, Conservation and Recycling, 198, 107140. https://doi.org/10.1016/j.resconrec.2023.107140
Rajaratnam,D., Stewart, R. A., Liu, T., & Vieira, A. S. (2023). Building stockmining for a circular economy: A systematic review on application of GIS and remote

sensing. Resources, Conservation & Recycling Advances, 18, 200144. https://doi.org/10.1016/j.rcradv.2023.200144
Ritchie, H., & Roser, M. (2024). Sector by sector: Where do global greenhouse gas emissions come from?Our World in Data, https://ourworldindata.org/ghg-

emissions-by-sector

Saavedra, Y. M., Iritani, D. R., Pavan, A. L., & Ometto, A. R. (2018). Theoretical contribution of industrial ecology to circular economy. Journal of Cleaner
Production, 170, 1514–1522. https://doi.org/10.1016/j.jclepro.2017.09.260

Schiller, G., Gruhler, K., & Ortlepp, R. (2017). Continuous material flow analysis approach for bulk nonmetallic mineral building materials applied to the

German building sector. Journal of Industrial Ecology, 21(3), 673–688. https://doi.org/10.1111/jiec.12595
Schiller, G., Müller, F., &Ortlepp, R. (2017). Mapping the anthropogenic stock in Germany:Metabolic evidence for a circular economy.Resources, Conservation

and Recycling, 123, 93–107. https://doi.org/10.1016/j.resconrec.2016.08.007
Slavkovic, K., Stephan, A., & Mulders, G. (2022). A parametric approach to defining archetypes for an integrated material stocks and flows analysis and life

cycle assessment of built stocks. ASA 2022, 55.
Song, L., Han, J., Li, N., Huang, Y., Hao, M., Dai, M., & Chen, W. Q. (2021). China material stocks and flows account for 1978–2018. Scientific Data, 8(1), 303.

https://doi.org/10.1038/s41597-021-01075-7

Sun, J., Wang, T., Jiang, N., Liu, Z., & Gao, X. (2023). Gridded material stocks in China based on geographical and geometric configurations of the

built-environment. Scientific Data, 10(1), 915. https://doi.org/10.1038/s41597-023-02830-8
Tanikawa, H., Managi, S., & Lwin, C. M. (2014). Estimates of lost material stock of buildings and roads due to the Great East Japan Earthquake and tsunami.

Journal of Industrial Ecology, 18(3), 421–431. https://doi.org/10.1111/jiec.12126
Teng, Y., & Pan,W. (2019). Systematic embodied carbon assessment and reduction of prefabricated high-rise public residential buildings inHongKong. Journal

of Cleaner Production, 238, 117791. https://doi.org/10.1016/j.jclepro.2019.117791
Wang, X., & Varady, D. P. (2005). Using hot-spot analysis to study the clustering of Section 8 housing voucher families. Housing Studies, 20(1), 29–48. https://

doi.org/10.1080/0267303042000308714

Wang, Y., Liang, H., Dong, L., Bian, X., Chen, S. S., & Liu, G. (2025). Comprehensive maps of material stock dynamics reveal increasingly coordinated urban

development in the Yangtze River Delta of China. Resources, Conservation and Recycling, 212, 107925. https://doi.org/10.1016/j.resconrec.2024.107925
Wang, Y., &Ma,H.-w (2018). Analysis of uncertainty inmaterial flowanalysis. Journal of Cleaner Production,170, 1017–1028. https://doi.org/10.1016/j.jclepro.

2017.09.202

Wernet, G., Bauer, C., Steubing, B., Reinhard, J.,Moreno-Ruiz, E., &Weidema, B. (2016). The ecoinvent database version 3 (part I): Overviewandmethodology.

The International Journal of Life Cycle Assessment, 21(9), 1218–1230. http://link.springer.com/10.1007/s11367-016-1087-8Accessed 15 August 2024

Wittmer, D., Lichtensteiger, T., & Wittmer, D. (2007). Exploration of urban deposits: Long-term prospects for resource and waste management. Waste
Management & Research, 25(3), 220–226. https://doi.org/10.1177/0734242×07079183

Wurm, M., Droin, A., Stark, T., Geiß, C., Sulzer, W., & Taubenböck, H. (2021). Deep learning-based generation of building stock data from remote sensing for

urban heat demandmodeling. ISPRS International Journal of Geo-Information, 10(1), 23. https://www.mdpi.com/2220-9964/10/1/23#

Wuyts,W.,Miatto, A., Khumvongsa, K., Guo, J., Aalto, P., &Huang, L. (2022). How canmaterial stock studies assist the implementation of the circular economy

in cities? Environmental Science & Technology, 56(24), 17523–17530. https://doi.org/10.1021/acs.est.2c05275
Yang,W., &Kohler, N. (2008). Simulation of the evolution of theChinese building and infrastructure stock.Building Research& Information,36(1), 1–19. https://

doi.org/10.1080/09613210701702883

Yuan, L., Lu, W., Xue, F., & Li, M. (2023). Building feature-based machine learning regression to quantify urban material stocks: A Hong Kong study. Journal of
Industrial Ecology, 27(1), 336–349. https://doi.org/10.1111/jiec.13348

Zhang, Y., Yang, Z., & Yu, X. (2015). Urban metabolism: A review of current knowledge and directions for future study. Environmental Science & Technology,
49(19), 11247–11263. https://doi.org/10.1021/acs.est.5b03060

SUPPORTING INFORMATION

Additional supporting information can be found online in the Supporting Information section at the end of this article.

How to cite this article: Liu, X., Ye, Z., Hsu, S.-C., & Poon, C.-S. (2025). Recycling potential of secondary resources in built environment

stocks: Evidence fromHong Kong public rental housing. Journal of Industrial Ecology, 29, 1382–1396. https://doi.org/10.1111/jiec.70063

 15309290, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jiec.70063 by H

O
N

G
 K

O
N

G
 PO

L
Y

T
E

C
H

N
IC

 U
N

IV
E

R
SIT

Y
 H

U
 N

G
 H

O
M

, W
iley O

nline L
ibrary on [30/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1080/09613218.2016.1112096
https://doi.org/10.1080/09613218.2016.1264121
https://doi.org/10.1016/j.buildenv.2024.111741
https://doi.org/10.1016/j.resconrec.2021.105509
https://doi.org/10.1016/j.resconrec.2023.107140
https://doi.org/10.1016/j.rcradv.2023.200144
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://doi.org/10.1016/j.jclepro.2017.09.260
https://doi.org/10.1111/jiec.12595
https://doi.org/10.1016/j.resconrec.2016.08.007
https://doi.org/10.1038/s41597-021-01075-7
https://doi.org/10.1038/s41597-023-02830-8
https://doi.org/10.1111/jiec.12126
https://doi.org/10.1016/j.jclepro.2019.117791
https://doi.org/10.1080/0267303042000308714
https://doi.org/10.1080/0267303042000308714
https://doi.org/10.1016/j.resconrec.2024.107925
https://doi.org/10.1016/j.jclepro.2017.09.202
https://doi.org/10.1016/j.jclepro.2017.09.202
http://link.springer.com/10.1007/s11367-016-1087-8
https://doi.org/10.1177/0734242%D707079183
https://www.mdpi.com/2220-9964/10/1/23%23
https://doi.org/10.1021/acs.est.2c05275
https://doi.org/10.1080/09613210701702883
https://doi.org/10.1080/09613210701702883
https://doi.org/10.1111/jiec.13348
https://doi.org/10.1021/acs.est.5b03060
https://doi.org/10.1111/jiec.70063

	Recycling potential of secondary resources in built environment stocks
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Analytical scope
	2.2 | Bottom-up material stock mapping
	2.2.1 | Archetype classification, synthetic building groups, and samples selection
	2.2.2 | MIs per floor area and PRH building stocks

	2.3 | Hot-spot material stock recycling potential
	2.4 | Data preparation

	3 | RESULTS
	3.1 | Material intensities and material stocks
	3.1.1 | Intensity inventory of critical construction materials
	3.1.2 | Material stocks of PRH

	3.2 | Hot-spot identification
	3.3 | Uncertainty analysis
	3.3.1 | Parameter uncertainty
	3.3.2 | Model uncertainty


	4 | DISCUSSION
	4.1 | Comparison with other studies
	4.2 | Validation and uncertainty
	4.3 | Transitioning to circular economy

	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


