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A B S T R A C T

Resource extraction to facilitate urban growth exerts significant environmental pressure. Formulating targeted 
Circular Economy strategies to reduce cities’ primary material consumption requires knowledge of existing urban 
building stocks and the most resource-intensive spatial patterns of construction and demolition.

This paper presents a spatially explicit and temporally dynamic study of Vantaa, Finland. The research targets 
the city’s residential building stock, the embedded materials, and their development between 2000 and 2018.

Over the study period, material inflows of 4.0 Mt correspond to an increase in the per capita material stock by 
14.3 %. This development was catalyzed by the ongoing densification of material stock clusters and the resur
gence of blocks of flats. Overall, three spatial patterns are distinguished by variations in population growth, 
material flows, residential floor area, and housing typology. In conclusion, spatial distinctions in urban building 
and material stock development call for location-specific circular approaches to mitigate cities’ environmental 
footprints.

Abbreviations
BS Building Stock
CE Circular Economy
GFA Gross Floor Area
GFARB Gross Floor Area in residential buildings
GIS Geographic Information System
MFA Material Flow Analysis
MIC Material Intensity Coefficient
MS Material Stock
MSRB Material Stock in the residential building stock
RBS Residential Building Stock
TFA Total Floor Area
UM Urban Metabolism

1. Introduction

Resource extraction to satisfy the demands of an ever-urbanizing 
global society imposes profound strains on environmental systems 
(UNEP, 2024). This calls for a more responsible resource management, 
especially of the urban built environment. In response, applying the 
principles of a Circular Economy (CE) to buildings means to prioritize 

the utilization of spatial and material reserves of existing building stocks 
over new construction (Kuittinen, 2023). The reuse of elements and 
components, the extension of building and material life spans, an in
crease of material efficiency, and the regeneration of the biosphere are 
further strategies to address the exploitation of natural resources 
(Circular Design Institute, 2021).

The processes behind material flows and the accumulation of mate
rial stocks (MSs) in the form of construction and demolition are highly 
location and context specific. It is crucial to unravel their mechanisms, 
to understand drivers and enabling factors, and to discover patterns in 
the development of urban building and MSs. The most effective CE ap
proaches can then be formulated as a direct response to these context- 
specific phenomena.

In the course of Finland’s ongoing urbanization, the Nordic country 
has become the world’s third-largest consumer of non-metallic minerals 
per capita (Schiller and Roscher, 2023). In Finland, residential buildings 
cover 62.4 % of all current building gross floor area (GFA), and 85.9 % of 
all buildings (Statistics Finland, 2024a). The target of this research is the 
country’s fourth-largest city Vantaa. More specifically, this paper pre
sents a study of the city’s residential building stock (RBS), construction, 
and demolition as well as therein embedded construction materials. The 
underlying research questions are: 
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