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to a Sustainable Society: the Stock-Flow-Service Nexus

Understanding the Role of Material Stock Patterns for the Transformation .
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Sustainability Transformations
require a re-configuration of stock-
flow-service nexuses to achieve
higher wellbeing for all, at much
lower levels of resource use and
emissions.

Research within the project across
spatio-temporal scales, using a
variety of (inter)disciplinary
approaches and methods
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Observing and modelling the socio-economic metabolism of nations
through economy-wide material and energy flow analysis
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First steps towards integrating material stock dynamics
and opening the black box in economy-wide material and energy flow analysis

Dynamic Material Inputs, Stocks and Outputs: MISO-1.0

Fully consistent extension of economy-wide MFA

Combines mass-balanced accounting with
inflow-driven dynamic MFA modelling principles

Implemented in Matlab
Sensitivity testing of model parameters
Monte-Carlo Simulations to propagate uncertainty

Global Sensitivity Analysis: attribution of the sources of
model output uncertainty to model input parameters
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A number of global to world-regional investigations
based on based on MISO 1.0 %

Global socioeconomic material stocks rise 23-fold over

the 20th century and require half of annual
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Towards the country-level using ODYM-MISO-2.0
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Aim: Develop comprehensive long-term estimates of the major (bulk) material cycles, =cology
differentiate end-uses and the dynamics of socio-economic material stocks of nations

Objectives:

= Step 1: develop a robust, transparent and comprehensive database on primary material cycles for 14
materials, 177 countries and 200 years, incl. systematic uncertainty assessment (Plank et al., in prep)

= Step 2: develop robust, transparent and transferable methods to discern end-uses of final product stocks
in inflow-driven dynamic MFA (Streeck et al., in prep)

= Step 3: Build on ODYM framework to develop ,,ODYM-MISO-2.0"
a) Including several specific sub-modules from MISO-1.0 model
b) Specify technial systems definition for modelling & data work
c) Implement Monte-Carlo Simulations to propagate and quantify uncertainty (as in MISO-1.0)
d) Model stocks-flows for all 14 materials, an intermediate number of end-uses, across space & time
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Step 1: robust and transparent primary materials database,
incl. uncertainty assessment
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Step 2: towards robust and transferable methods to
derive product end-uses in inflow-driven dynamic MFA

Basic unit

Data format

Analytical
Approach

Physical Monetary

Industry Input-Output
shipments Tables

Hashimoto et al., 2007. Waste Management. DOI: 10.1016/j.wasman.2006.10.009.
Nakamura et al., 2007. Journal of Industrial Ecology. DOI: 10.1162/jiec.2007.1290.

Cao et al., 2017. Resources, Conservation and Recycling. DOI: 10.1016/j.resconrec.2017.01.021.
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Currently running method comparison
for USA as data-rich case

Transfer to EXIOBASE for global
coverage - rather coarse end-use
sectors

Potentially combination of different
data/methods to derive more detailed
product split

Streeck, Wieland, Plank, Wiedenhofer, (in prep)



Step 3a:

from conceptual ew-
MFA definitions

towards more
technical and specific
systems definition

for ODYM-MISO-2.0
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Step 3b: Adapting & implementing ODYM-MISO-2

University of Natural Resources
and Life Sciences, Vienna

USG Of ODYM MOdellng Framework (Pauliuk & Heeren 2020) Department of Economics and Social Sciences

Institute of Social Ecology

= Object definition, data loading and formatting according to modeling backbone:
ODYM_Classes & ODYM_Functions
= |nflow-driven modeling via ODYM_dynamic_stock_model

ODYM-MISO-2 framework needs include several sub-modules developed previously (wiedenhofer et al. 2019; Laner et al. 2014))

= Dynamic modelling of foundation- and sub-base requirements

= Physical demand-supply module for virgin aggregates versus recycled & downcycled materials

= |nput of semi-quantitative uncertainty assessment of datapoints and translation to coefficients of variaton
= Monte-Carlo Simulations to propogate and quantify uncertainty

Pauliuk & Heeren, 2020. Journal of Industrial Ecology. DOI: 10.1111/jiec.12952.
Wiedenhofer et al. 2019 Ecological Economics. DOI: 10.1016/j.ecolecon.2018.09.010
Laner et al. 2014 Journal of Industrial Ecology. DOI: 10.1111/jiec.12143




Ongoing work ...
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= |mplementing Monte-Carlo Simulations (MCS) into ODYM-MISO-2.0

Many thanks to the original developers and contributors of ODYM

Many thanks to Christoph Helbig for sharing some ODYM-MCS code and his reflections on using it
Inclusion of various probability distributions for lifetimes and MCS

optimize for reasonable computing time for 14 materials, 177 countries, 200 years and >10*3 MCS

= Developing an energy & GHG emissions module to address materials-energy-emissions nexus
= Developing “our” specific sub-modules far enough, to provide as sub-modules for general ODYM use

= Publish intermediate steps, results and developed methods in peer-reviewed journals, as feasible in
#0penAccess & #OpenData
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