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• Global material stocks increased have increased 23-fold from 35 Gt in 
1900 to 792 Gt in 2010.  

• Stock maintenance and expansion is also responsible for environmental 
degradation.

• Yet, 1.6 billion people lack adequate housing or 200 million hours walking 
are required to get water or go to school. 

See: Krausmann et al (2017), UNICEF (2016)

Stock, Flows and Services

• Understand:

• What are the long-term dynamics and patterns of resource use and 
service?

• What are the minimum material requirements to achieve high 
quality services? 



Stock-Flow-Service Nexus

• Captures the interconnections between
material/energy flows, material stocks
and the services that resources directly
provide.

• Provides a complementary systems-
based understanding of resource use.
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Stock-Flow-Service Nexus

What is the added value and 

shortcomings of using Societal 

Exergy Analysis to ascertain 

resource efficiency in the 

material production/ 

consumption (flows), and 

accumulation (stocks), 

resulting in the provision of 

societal services?
See e.g. Haberl et al (2017), Whiting et al (2020), Carmona et al (2021a)



Exergy can tell us:

• Both material and energy 
efficiency of resource 
production and 
consumption.

• Last step in the resource 
transformation where all 
societal activity can be 
measured under one single 
unit.

• Resources diverted into 
operations that enlarge, 
maintain, activate, recycle or 
dispose of stocks.

Exergy
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Resource efficiency (RE) Resource intensity of economy

Source: Adapted from Carmona et al (2021b)
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See Streeck et al (2020) for historical context.
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Useful exergy vs Service provision

Source: Adapted from Carmona et al (2021a) and Rodrigues et al (2022)



• Stocks and flows are equally fundamental to thermodynamic transactions and both 
must be included in efficiency calculations, if one is to comprehensively account for 
the way resources are used. 

• 90% of primary exergy was energy flows, while at the useful stage nearly 50% of 
exergy was material goods, which highlight the relevance of materials.

• To achieve climate targets for 2060, global resource efficiency needs to improve 
between 27 to 72%. However, in 100 years it was only doubled from 8% to 16%. 

• Resource intensity reduced at the primary, useful and stock level; however, resource 
metabolic rate increased substantially for useful stage and stocks. Particularly for the 
UK, stock metabolic rate shows higher reliance on material accumulation for 
provision of services (and for wellbeing?).

Conclusions



• What could be the theoretical benchmark for LEMD, CE, net-zero carbon narratives 
and scenarios?

• What is the acceptance of such indicators by policymakers, governments and 
industry heads?

• What is the interaction between useful exergy and service provision?

• How can society become more exergy efficient?
1) Provide more or a better quality of final services with the 16 percent of the useful exergy 
available. 
2) Increase the efficiency of resource transformation from primary to useful so that more exergy 
is available at the useful stage.

What’s next?
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