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Stock-Flow-Service Interactions in the Global and the UK Social Metabolisms: An Exergy Approach 

Gabriel Carmona, with Kai Whiting, Barbara Rodrigues, Tânia Sousa, Dominik Wiedenhofer & Fridolin 

Krausmann 

Energy and materials are required to produce food, maintain and expand buildings and 

infrastructure, and to provide services. Using an exergy-based approach, global and UK resource 

flows and stocks are analysed in order to explore questions such as “What are the long-term 

dynamics and patterns of resource use?” or “What are the minimum resource requirements to 

achieve socioeconomic development?” The analysis covers resource extraction (primary exergy), 

energy and material end-uses (useful exergy) and material accumulation (exergy embodied in 

stocks). In this way, one is able to consistently trace exergy once it's harvested from nature, 

consumed, stored, and recycled or destroyed. As society becomes dependent on stock, more exergy 

is consumed to expand, maintain, activate, or dispose of present stock, putting pressure on future 

resource demand. To accomplish climate and sustainability goals, we need to better understand the 

link between useful exergy, exergy of stocks and service provision. 

 
The evolution of rail transport in the World from 1835 to 2020 

Bernado Tostes, Tânia Sousa, Paul Brockway , Sofia Henriques and Matthew Heun 

The transport sector has been evolving from  low efficient steam engines to the new electrical fueled 
vehicles, that seems to be the future. Rail transport was the fastest and most reliable in the 19th 
century, as compared to animal transport, however until today many countries rely on trains to 
move people and goods. Transport is mainly quantified in energy service, whereas final and useful 
energy are unknown. Both passenger and freight services provided by railways have been growing 
through time at World scale and more countries have been increasing their share in the rail traffic. 
Major economic crises greatly impact rail transport, and those disturbances are easily noticed in 
energy service evolution. Final energy consumption was estimated for the US using data on energy 
service and energy intensities. Technology transitions had a significant impact on the final energy 
demand, namely the transition from steam to diesel engines, when the increase in efficiency 
contributed to reduced energy intensity on railways. Even though electricity has been growing its 
share in final energy demand, freight transport still remains much dependent on liquid fossil fuels, 
decreasing its significance in the US. Future work consists in scaling the final energy estimations to 
the World scale, and calculating useful energy of the transport sector. 
 

Electricity consumption of computers - the theoretical and practical limits for thermodynamic 

efficiency  

Ricardo Pinto, Tiago Domingos, Paul Brockway, Tânia Sousa 

Demand for ICT services is expected to grow significantly in the future. However, studies about ICT 

future electricity demand have some contradictory results in the literature mainly because of the 

assumptions made about the future evolution of ICT efficiency. Furthermore, ICT energy efficiency is 

hard to define since unlike other machines the useful output that comes out (of a computer for 

example) is not energy but information. So, we propose that the theoretical minimum (Landauer 

limit) should be used to calculate the energy efficiency of computers. This efficiency can be 

calculated by dividing the Landauer limit by the actual amount of energy a computer uses to process 

a bit of information. Preliminary results show that computer have significantly increased their 



efficiency in the last 80 years (14 order of magnitude) but are still less efficient than the human brain 

and much less efficient than the theoretical limit. 

 

Pathways for the impacts of digitalisation on energy demand 

Tim Foxon and Noam Bergman, SPRU, University of Sussex 

We describe ongoing work developing and examining pathways for the impacts of digitalisation on 

energy demand for a net zero transition. This builds on work within the theme and related work 

within CREDS which has developed Low Energy Demand scenarios for the UK to 2050 (Barrett et al., 

2021). 

Our work identifies a number of direct, indirect and rebound, and economy-wide effects of 

digitalisation on energy demand, drawing on recent leading international and UK net zero transition 

scenarios (Bergman and Foxon, 2022). We then examine the drivers of these effects in more detail in 

relation to the CREDS UK Low Energy Demand scenarios and potential pathways for digitalisation. 

We argue that the Transform demand scenario requires a more socially-oriented pathway for 

digitalisation that would enhance the effects leading to reductions in energy demand, and recognise 

and prioritise social, environmental and economic co-benefits.  

 

 

https://low-energy.creds.ac.uk/the-report/
https://low-energy.creds.ac.uk/the-report/
https://www.sussex.ac.uk/webteam/gateway/file.php?name=2021-09-bergman-and-foxon-(002).pdf&site=18

