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Stocks: Why are they important?
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▪ Material stocks induce long-term dynamics of resource use

▪ Material stocks can predict and localize future waste/resources

▪ Secondary materials mine (urban mining)

▪ Reduce embodied environmental impacts of the construction 
sector
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Spatial stock analysis
3

▪ Bottom-up approach consists of measuring the current 
dimensions of the infrastructure (e.g., buildings, road) and 
converting them into mass
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Spatial stock analysis (bottom-up)
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▪ General steps B
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My PhD: Spatial building stock analysis for 
advancing the circular economy
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▪ Material spatiality: How material and energy flows are 
organized and managed across different regions using physical 
and measurable aspects of space such as distances, land use, 
and institutionalized boundaries
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(Tapia et al., 2021; Schiller et al., 2025)
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My PhD: Spatial building stock analysis for 
advancing the circular economy
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▪ Material spatiality: How material and energy flows are 
organized and managed across different regions using physical 
and measurable aspects of space such as distances, land use, 
and institutionalized boundaries
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(Tapia et al., 2021; Schiller et al., 2025)

Challenges

▪ Administrative boundaries are not 
necessarily well-suited to analysis

▪ Geo-locating the stock does not 
tell us who owns and manages the 
building stock in itself

▪ And it does not tell us the 
feasibility of any interventions that 
might be made in stocks or flows



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

My PhD: Spatial building stock analysis for 
advancing the circular economy
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▪ Material spatiality: How material and energy flows are 
organized and managed across different regions using physical 
and measurable aspects of space such as distances, land use, 
and institutionalized boundaries

▪ Social spatiality: Relational arrangement of stocks in places. 
Shaped by interactions among actors, networks, and 
institutions, and constantly produced and redefined through 
boundaries, power, and governance structures 
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(Tapia et al., 2021; Schiller et al., 2025)
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Today
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Mapping operational and embodied emissions in 
relation to household and ownership profiles
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(Singhvi et al., 2025)
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Static, bottom-up, spatially-explicit residential 
building stock analysis of canton Vaud
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(Singhvi et al., 2025)

▪ Quantified material 
composition of buildings 
and embodied emissions

▪ Quantified operational 
energy demand and 
emissions

▪ Dataset = approximately 
15% of the total residential 
building stock in Vaud



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

▪ Triangulating between data at different scales in order to 
calculate the material intensity of Swiss buildings (kg/m²)

Material composition of buildings
11

An
ki

ta
 S

in
gh

vi

(Schwab, 2016; Fivet et al., 2024; Shinde et al., 2024; Singhvi et al., 2025)

+ →

Detailed case studies City scale information
Material intensity per building archetype
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Embodied emissions of buildings
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(KBOB, 2024; Singhvi et al., 2025)

→

GHG emissions per material 

category in kg CO2-eq/ton of 

material Concrete Bricks Mineral Timber Combustibles 

KBOB Ecobilans category 

reference numbers 01 02 03, 04 07 10, 11 

Minimum 62.800 57.000 13.300 97.800 95.600 

Median 148.000 196.000 362.500 311.500 7440.000 

Maximum 324.000 428.000 2380.000 1430.000 48700.000 

 1 

▪ KBOB-écobilans database provides environmental impact data for construction 
materials and building technologies available in Switzerland

▪ It covers life cycle stages from raw material extraction and processing to 
transportation and end-of-life treatment. Greenhouse gas emissions are 
expressed as global warming potential, measured in carbon dioxide equivalents 
(CO₂-eq)
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Operational emissions of buildings
13

An
ki

ta
 S

in
gh

vi

(Singhvi et al., 2025)

▪ CECB shared information on building envelopes, heating 
systems, and energy consumption for over 130,000 buildings in 
Switzerland (as of August 2022)

▪ Mandatory in canton Vaud at the sale of a house

→
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Socio-demographic information
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(Singhvi et al., 2025)

▪ The national building register (StatBL) maintained by the 
OFS contains information on buildings and dwellings, as 
well as statistics on the resident populations

→
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Territorial classification
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(Singhvi et al., 2025)

▪ OFS delineates the degree of 
urbanity for a location based 
on a combination of 
geographical contiguity and 
population density, in 
accordance with definitions 
set by Eurostat and the OECD

▪ We used geographic data on 
local administrative units 
(communes) and their 
classification as: cities, towns 
and suburbs, or rural areas
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Results: Material and energy intensity per 
construction period and per building category

16

An
ki

ta
 S

in
gh

vi

(Singhvi et al., 2025)

Panel A shows the median annual operational 
energy demand (kWh/m²). Panel B shows the 
median material stock per building (tons/building). 
Panel C shows the median operational (kg CO₂/m2) 
and embodied emissions (kg CO₂-eq/m2).
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Results: Spatial distribution of material and energy 
profiles across communes in canton Vaud
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(Singhvi et al., 2025)

Panel A shows the median annual operational 
energy demand (kWh/m²). Panel B visualises
median annual operational emissions (kg CO₂/m2). 
Panel C shows median material stock 
(tons/building). Panel D shows the median 
embodied carbon (kg CO₂-eq/m2).
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Results: Comparative analysis of occupancy 
patterns
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(Singhvi et al., 2025)



Laboratory on 
Human-
Environment 
Relations in 
Urban Systems

Results: Relationship between embodied and 
operational emissions per resident, and location
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High operational emissions →
energy efficient renovations, but: 
consider consumption patterns, 
household lifecycle and challenges 
of coordination

What does this mean?
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High embodied carbon →maintain 
and preserve the value of already 
extracted and refined material 
resources. Circular economy beyond 
material recycling

What does this mean?
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Low embodied and operational 
emissions → still approximately five 
times higher than the 210 kg CO₂-
eq/resident target from SIA

What does this mean?
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Key take-aways, why social dimensions are relevant 
in MFA & stock analyses:
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▪ Technical characteristics alone do not explain emission patterns 
• Construction period cannot fully account for differences in operational 

emissions. Even buildings with a modern envelope can have high 
emissions because of the number of inhabitants, behavioral rebound 
effects, comfort expectations

▪ Material stocks are unevenly distributed across building owners
• Ownership types (private individuals, economic entities, mixed groups) 

hold very different shares of old vs. new buildings, shaping who controls 
high-carbon stocks and who bears the burden of future retrofit or 
demolition decisions.

▪ Enables indicators and monitoring of per capita changes
• As single-person households continue to rise, interventions must target 

reducing resource and energy consumption per resident, not just per 
square metre, to meet emission targets
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From static to dynamic 
building stock model
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▪ Current rates and patterns of 
energy efficient renovation in 
residential building stock with  
panel survey data

▪ How are the rates and patterns 
of energy-efficient renovation 
in the residential building stock 
characterised across different 
household-dwelling 
relationships?

▪ http://dx.doi.org/10.2139/ssrn.
5739082 

https://dx.doi.org/10.2139/ssrn.5739082
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