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Concepts to operationalize .
A

society-nature interaction

Social metabolism Colonization of natural processes

Resources / services
gained

Natural environment

Natural ‘ Wastes and
resources : | / Emissions

Social

Natural . system
system < _
Material Flow Analysis (MFA): Human appropriation of biocapacity,
Domestic Material Consumption e.g. HANPP
eg Haberl et al 2004 Land FI_I-IF Der Wissenschaftsfonds.

Use Policy 21, 199-213.



Social metabolism: A systemic

perspective on resource use F—
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Social metabolism: relations to
sustainability and the biosphere
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Natural environment
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Sustainability problems
related to inputs

- Agriculture -
- Mining

- Resource scarcity
- Overexploitation
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Sustainability problems
related to outputs

- Waste disposal

- Waste water

- Toxic substances

- GHG emissions

Ecosystems, climate, etc.
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The classical approach: Eco-efficiency

Decoupling: can resource use and emissions decline

while the economy is growing?

Relative
decoupling:

- Resource use per
unit GDP or impacts
decline, but total
amount of resources
grows

- GDP grows faster
than resource use

Absolute
decoupling:
resource use or
impacts decline
while GDP grows
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Human well-being

Economic activity (GDP)

<[ Resource decoupling
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/ Resource use

o Impact decoupling

UNEP - International Resource Panel,
- Decoupling Report (2011)
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Environmental impact

Most sustainability or climate policies explicitly or
implicitly are focused on decoupling
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The Gospel of Eco-Efficiency is
good, but not nearly good enough ... ..o
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Observed GDP elasticities in the last decade Current sustainability
TPES Final energy Material CO2 GHG strategies rely on
ST—895—37 9.5 3.? 1(.)7 102 1%? 52 42 37 promoting a decoupling“
2- b}
1 1obii e | Feber ke ks @2 s o] [ & | |of GDP from resource use
- B ) s R et 0 {0 = or emissions
14 t : %
27 . ; ! The 1.5°C target requires
i : a linear absolute reduction
3145 2 44 2 74 68 TS 6 1 2
. . — : of CO2 by 3.3%-5% of the
T % | s g || 4|2 | [€missions in 2020 per
) | T i ot O R | IO = | |year. This requires a
An elasticity of 0.51 means that TPES increased by % qualitatively new approach
0.51% for each 1.0% growth of GDP . .
PB...production based, CB... consumption based for socm-ec_ologlcal
gl s e e e e e g e e transformation
PB CB PB CB PB CB PB CB PB CB

* erc Haberl et al., 2020, Environmental ~ TPES... total primary energy WIF oo
-csResearch Letters 15, 065003 supply, GHG... greenhouse gas '
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1.5°C target (Smlth et al. 2019 Nature Commumcatlons 10, 101)
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The stock-flow-service nexus .
A

Stocks BU|Id|ngS, |nfra- University of Natural Resources
. and Life Sciences, Vienna
structu res, maChlnery Institute of Social Ecology

Flows = - il Services
Energy, S = mmmmpey )WY Contributions
materials TN B tae USRS R to social well-
being
Fotos: Helmut Haberl
Haberl et al 2017. Sustainability 9, 1049 FLUF o wiccenschatsronds.

<= Kalt et al. 2019, Energy Res & Social Sci, 53, 47-58



Material flows (Gt yr™)

Stocks, flows and a glimpse on »

services (global 1900-2015) C—
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Maintenance and expansion: systemic

interrelations of stocks and flows

Dark blue: Maintenance & replacement of stocks
Turquoise: Expansion of stocks, black line: Mass of stocks

a) Industrial Old World b) Industrial New World
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Mapping material stocks
Austria & Germany 2018
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Innsbruck Haberl et al. 2021, Env. Sci.
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Fig 2. Three-dimensional maps of total material stocks in buildings and infrastructures in
Germany and Austria (2018; 100m resolution), measured as kt/ha (1 kt = 1,000 metric tons: 1

hﬂ. = 104 m2 = 0. 01 kmz). FI_I_IF Der Wissenschaftsfonds.



Most material stocks are in M
A

buildings and infrastructures
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Scenarios for stock development
and GHG emissions 2050 Univorsity of Natural Rosourcos
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= GDP-driven scenarios: GDP development taken from IPCC-SSP2,
assumptions on GDP per unit of stock ratio.
= A GDP-driven high: Constant GDP/stock ratio
= B GDP-driven low: Trend GDP/stock ratio, only selected results shown here

= Population-driven scenarios: Population development (UN median)
and assumptions on per capita stocks in 2050.

= C Convergence1970: Contraction-convergence of global per capita stocks at
industrial level of 1970

= D Convergence2015: Convergence of global per capita stocks atind. level of 2015

= Decarbonisation pathways

= Trend: little or no improvements in CO, intensity of TPES
= Full decarbonization of energy system in 2070, 2060, 2050, 2040 & 2030

= C emissions from cement production (calcination) and coke use
in blast furnaces continue (hard to decarbonize)*

Krausmann et al., 2020, Global Env. Change, 61, 102034 LLIF .. wiccenschafictonds.
* Davis et al., 2018, Science 360, 1419
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Global Material Stock Scenarios ~ Z s
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Scenario results:

Development of CO, emissions 1970-2050

(without additional decarbonization)
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B GDP-driven high C convergence1970 D convergence2015
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Global circularity and resource use

1900-2015

processed materials

95.0
Y,

extraction
88.9

M fossil materials
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Input cycling 43% — 27%
Output cycling 46% — 40%
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energy use interim outputs
30.6 63.8

material use

demolition

B biomass re- & downcycling 6.1 - 18.1

M metals and minerals

water vapour
9.4

emissions
14.6

solid &
liquid
outputs
33.8

Haas et al. 2020, Resources,
- Conservation & Recycl. 163, 105076
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Stocks and flows vs. social progress

Concrete stocks

a

Social progress index
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The Social Progress Index (SPI) is an outcome-based index of social

wellbeing con-sidering nutrition, shelter, water, sanitation, safety,

access to knowledge, freedom, human rights, environmental quality,

but no monetary indicators such as GDP

rc Haberl et al 2019. Nature
.. Sustainability 2, 173—184
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Provisioning systems link resource

use to societal well-being

— -
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Conceptualizing services: the energy @K”
service cascade
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Biophysical and societal structures
related to energy conversion chains

Natural Socio-technical m
resources structures .
. Functions
(patterns of (manufactured capital, {ohysical
energy sources) labor, organizational PYe -
actran Services
structures etc.) :
performed by (what is
energy chain) actually Bensfits
demanded) (contribution to m
2 - aspects o
Governance: Regulations and policy wglbeingj; Values
measures (environmental, economic,...); (individual and
Economy [investment decisions, societal
operational choices,...); valuation of
Cultural perceptions and social benefits)
movements etc.

Fig. 1. The ‘Energy Service Cascade’ (ESC) as adapted and expanded from Haines-Young and Potschin [9,18].

Understanding contributions to social well-being requires
more than just counting contributions to GDP

Kalt et al., 2019. Energy Research & LLIF .. wiccenschafictonds.
Social Sciences 53, 47-58




The social embeddedness of the SFS
nexus In provisining systems .
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‘ identifying & constructing l
== oo

stocks /
biophysical functions services
structures (physical work) (what Is demanded)
(colonized nature)

' enabling & restricting '

benefits interests &

(contribution to values
well-being) (way of life)

resources

Plank et al. 2021. Ecol. Econ., FLUF o wiccenschatsronds.
187 107093




The spiraling constriction of the

socio-metabolic corridor A
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— and Life Sciences, Vienna
Clear/al- Institute of Social Ecology
ter land Access
| Invest/Build Prc.)vi.sioning systems are
& built in several steps
Use/Produce &  (access, invest/build,
- t &€_ uselproduce, confirm,
ntinue resource i > . . .
- Camiirin S £ discontinue). Each of this
G .
E—— S rerinaE g8 steps f:reates new fixes thgt
requirements § § constrict the sociometabolic
P ‘ ‘ F— \ . corridor. How long legacies
o N —— created in such processes
Invest/Buil _ last, depends on the
% ”’ durability of the
infrastructures as well as
institutions created along
the way.
Schaffartzik et al. 2021. Sustainability Science, ST -

doi.org/10.1007/s11625-021-00952-9




Nexus approaches relating social
metabolism to services and practices

The stock-flow-service nexus:
services are derived from specific
stock-flow combinations. Purposes
of ,resource use’ are diverse and
potentially conflicting. Broadens
concepts of eco-efficiency.

The stock-flow-practice nexus:
focuses on the interrelations
between the routines of everyday
life and stock-flow constellations.
Connects theories of practice with
social metabolism thinking.

Both nexus approaches provide
heuristic models for
interdisciplinary sustainability
research to analyze the key role of
material stock patterns for
(un)sustainability.

Sozialwissenschaften
Institute of Social Ecology

Service & well-being Practice
perspective perspective
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interests
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Benefits Meaning )
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Outflows

Planetary and regional boundaries

Haberl, H., M. Schmid, W.Haas, D. Wiedenhofer, H. Rau, V. Winiwarter 2021. Ecological
Economics, 182, 106949. https://doi.org/10.1016/j.ecolecon.2021.106949
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Conclusions
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Construction of buildings and infrastructures requires
a major part of the physical resources used by societies

The dissipative use of resources (energy!) is shaped largely by the
quantity, quality and spatial patterns of society’s material stocks

Meeting ambitious climate targets will not allow any new long-lived (>8-
10 years) structures locking societies into new GHG emissions, plus
refurbishing all existing structures to zero-carbon standards in ~30 years

As long as stocks grow, full circularity is theoretically impossible. Even
if net additions to stock were zero, full circularity would still be
thermodynamically impossible (downcycling & waste can’'t become zero)

Alternative development models are needed in which a good life requires
much lower material stocks and resource flows, consistent with the
need to reduce GHG emissions to zero (or below)

I—I—I F Der Wissenschaftsfonds.
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Stock-flow relations in social metabolism

Nine world regions 1900-2015

a) Material stocks in nine world-regions, from 1900 to 2015
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The sustainability triangle @K"
.
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The Stock-Flow-Practice nexus Qu

Practices
(everyday routines of

and their regulation)

living, eating, moving ...

Material and

energy flows
(fossil fuels, biomass,
minerals...)

B SE—

>

University of Natural Resources
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Practices are routine
activities that are
embedded in social
relations, infrastructu-
res, perception and
context. Consumption
happens as part of
practices.

Material stock
pattems
(buildings, infra-
structures,
machinery...)

Fig. 1. The Stock-Flow-Practice nexus (SFP nexus). Own graph, based on the
SFS nexus graph in Haberl et al. (2017).

Haberl et al. 2021. Ecological
Economics, 182, 106949
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Remaining carbon budget in 2050 (1.5°C Qo
goal): Decarbonization pathways

Source: Own
calculations,
C budget from
IPCC 2018
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Negative values:
Cumulative emissions
exceed the available
budget of 150 GtC.
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Future services from stocks
- many viewpoints
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= Continuation of the past (plus large technol. options)
Material stocks and exergy tightly coupled with GDP; reducing
resource use will reduce wealth; only nuclear, CCS, BECCS and/or

geoengineering available to cope with climate change (many IAM runs)

= Techno-optimistic ,,eco-efficiency” view
Highly efficient systems allow delivery of simililar service levels with
half the final energy and almost zero CO2; achievable through huge
Changes in investment patterns (e.g. Grubler et al., 2018, nature Energy 3, 515)

= Socioecological transformation
Services / use values emerge in historically contingent societal
processes. Different patterns of material stocks and resource flows
co-evolve with socioeconomic institutions and structures

I—I—I F Der Wissenschaftsfonds.




