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TODAY

• Background/problem

• Model outline

• Historical analysis results [no mod projections yet]



BACKGROUND: LIVING SPACE DEV
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Figure 1. 1991-2021 development of m2/cap by country and population size in EU member states. Country code denotes end of time trajectory (2021). Data source: Eurostat (2024). 



BACKGROUND: THE PROBLEM

Figure 2. Development of per-capita living space, building energy efficiency and per capita energy consumption. Published in Gräbner-Radkowitsch et al. (2022). Data sources: (AGEB, 2021; DESTATIS, 2000, 2021)



WE ALREADY HAVE BUILDING MODELS…

Complex building typologies
- By country
- SFH/MFH/AB
- Renovation status

Supply-side models (heat tech)
e.g. stock models/building-attached

Historical stock 
data t=0

Stock change 
rates (new 

build, decom., 
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ness)

Tech. 
Deployment/ 
market rates

Usage: HDD, 
temperature 

levels

Energy 
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Activity levels
- population
- m2, m2/cap

How do people 
distribute across the 

stock?



OCCUPANCY IDEA
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INHABIT – DATA BASE

• Empirical basis: 
German Socio-Economic Panel (SOEP). 

• one of the largest and longest-running 
multidisciplinary panel studies worldwide

• 30k people in 15k households, starting 1986. 

• conducted by Leibniz Association / DIW (German 
Institute for Economic Research). 



INHABIT – OPEN SOURCE DEV

•GitLab Repository

• https://gitlab.com/energy-sufficiency-model/inhabit

•ReadTheDocs

• https://inhabit.readthedocs.io/en/latest/

•Python based

•  

https://gitlab.com/energy-sufficiency-model/inhabit
https://inhabit.readthedocs.io/en/latest/


INHABIT-MATRIX

• Mother of our model calculations

• Generated from SOEP microdata

• Dimensions:

• 250 household categories

• 64 dwelling categories

• Future: +growing/shrinking; urban/rural

Household (h)
Income quintile 5 Categories
Household type Single, single parent, couple without 

children, couple parent, other
Household Size 1, 2, 3, 4, 5+

Age <40, >=40
Region growing, neutral, shrinking + urban, 

suburban, rural

Dwelling (d)
Building 

type
Single Family Houses (SFH), Multi Family 

Houses (MFH)
Ownership non profit dwelling, private owner, private 

tenant
Condition Renovated, not renovated

Number of 
rooms

1, 2, 3, 4+
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INHABIT – MODEL STRUCTURE
Inhabit matrix Ihd

Move-out 
rate Morhd

stay matrix 
Shd

Move out 
matrix Mhd

Hh search 
vector sh

Dwelling 
freed vector 

dfd

BBSR 
Household 
Projection

SOEP

Dwelling stock 
changes

Allocation 
algorithm

Move in 
matrix Mihd

Inhabit matrix Ihdt+1

t

Move in want 
matrix Miwhd

inputs

• Local advisory office
• Right to exchange flats
• Moving bonus
• Moving support

Policy inputs

• Tax relief for subleasing
• subsidy for splitting 

house
• subsidy for 

municipalities when 
building small flats

• Regulations for new 
build/demolition/renova
tion

BSI

• Incentive structures 
(e.g. tax)

• Occupation restrictions

External data inputs

Legend

Model

Policy input

Preferenc
es Phd
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EnSu, die Rolle von Energie-Suffizienz 
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SOME HISTORICAL ANALYSIS RESULTS
[as model projections still under dev]



AVG NR OF ROOMS BY AGE AND INCOME



OVER/UNDER-OCCUPANCY 1

Average underoccupation (number rooms – hh size) by age, building type, hh size, income. Values >1 = underoccupation



OVER/UNDER-OCCUPANCY 1

Average underoccupation (number rooms – hh size) by age, building type, hh size, income. Values >1 = underoccupation



OVER/UNDER-OCCUPANCY 2

Average underoccupation (number rooms – hh size) by age, building type, hh size, income. Values >1 = underoccupation



SNAPSHOT OF MOVING PATTERNS

age
Building type: MFH

Building type: SFH

Small

large
Hh size

young
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Small

high
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… MORE TO COME SOON
PROJECTIONS TO THE FUTURE FOR…

àMOVE-OUT RATES
àCHANGES IN BUILDING STOCK & POPULATION
àALLOCATION OF MOVERS TO FREED DWELLINGS
àOCCUPATION PROJECTIONS
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