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Introduction to the BioPhysical Economics Institute (BPEI) 

Phil Metz 

This presentation introduces the non-profit BioPhysical Economics Institute:  Vision and objectives; 

activity update; initiatives going forward; and how we can work together.  BPEI recognizes energy as 

an essential input to the human economy.  We believe that a sustainable future requires that we 

incorporate the natural sciences, especially thermodynamics, into economic decision-making.  BPEI’s 

prime focus is training and certifying corporate decision makers and investors in the application of 

biophysical economic (BPE) tools to real world problems.  To illustrate BPEI’s work, the presentation 

presents publicly available results from a commercial project that evaluated the energy savings 

associated with silicon carbide semiconductors for EV inverter applications and summarizes a recent 

paper comparing energy return on investment (EROI) for two alternative oil production 

opportunities.  Going forward, BPEI will continue to conduct proprietary projects, expand its training 

and accreditation activities, and work to develop the BPE metrics, tools and benchmark data needed 

to achieve its training objectives.  BPEI seeks to work with researchers worldwide to accomplish 

these goals.   

 

5 year Fellowship - Applying thermodynamic laws to the energy-GDP decoupling problem 

Paul Brockway 

My project is now at year 3.5 / 5 years. We have two main strands. First, we built a multi-regional 

primary-final-useful (MR-PFU) database of en/exergy, covering the complete set of IEA countries 

(155No.), IEA sectors (7No; 46 sub-sectors); IEA energy carriers (68No) and end uses (95No). The 

dataset is built in R using PSUT matrix frameworks that is robust, reproducible and modular. V1 is 

ready for use and wider application by the research community. Second, key decoupling insights are 

1. global historical absolute decoupling has not occurred (Haberl et al 2020); future models assume 

absolute decoupling, due to lack of energy-GDP connection and rebound channels (Brockway et al 

2021); and 3. Post-growth is a logical destination if decoupling cannot be achieved (Hickel et al 

2021).  

 

Title:  A Framework for Sustainability Thinking: A Student's Introduction to Sustainability 
Challenges 
Presenter:  Matthew Kuperus Heun, Calvin University 
Authors:  Jeremy Van Antwerp and Matthew Kuperus Heun 
 
We teach an introductory, one-credit seminar course on the many interrelated sustainability 
challenges humanity faces. The course is accessible to any first-year university student. The student 
learning objectives begin with (1) learning basic facts about sustainability, proceed to (2) 
comprehending the interdisciplinary nature of sustainability challenges, and end with (3) evaluating 
sustainable practices and technologies. 
 
We were dissatisfied with lecture-based pedagogy for achieving the learning objectives. Instead, we 
envisioned a course structured around an easily comprehended text that would teach “facts and 



figures” in an engaging way to achieve the first learning objective.  We could not find a textbook, so 
we wrote our own. 
 
This book makes four contributions: 
  

(1) Basic facts, figures, and information related to sustainability. Readers will gain a sense of 
scale for sustainability challenges, that is, which things are big and important and which are 
smaller and less relevant. 

(2) An explanatory framework for thinking about sustainability, primarily in Chapters 1–6. The 
IPARX identity (a version of the Kaya identity) provides scaffolding and structure for readers. 

(3) A wealth of end-of-chapter discussion questions that address moral, ethical, philosophical, 
and practical aspects of sustainability. Few questions have objective answers. Rather, they 
illustrate the importance of worldview, values, preferences, and a priori assumptions for 
each person’s approach to sustainability. 

(4) Inspiration for future sustainability-related inquiry and study. The end-of-chapter projects 
range in scope from a long homework problem to a graduate thesis. Instructors can use 
one—or perhaps more—of the projects for semester-long or capstone assignments, with 
optional in-class presentations. 

 
The book can be found at https://link.springer.com/book/10.1007/978-3-031-79179-6  

The Shift Project 

Baptiste Andrieu  

The Shift Project is a French think tank advocating the shift to a post-carbon economy. As a non-
profit organisation committed to serving the general interest, we are dedicated to informing and 
influencing the debate on energy transition in Europe. 
Inform: we set up working groups on the most sensitive and decisive issues of the transition; we 
produce robust and quantified statements; we bring forward innovative proposals. 
Influence: we launch lobbying campaigns targeting political and economic decision-makers; we host 
events designed to encourage discussion among the different stakeholders concerned with climate 
and energy issues; we build partnerships with professional organisations and academic players. 
The Shift Project is supported by economic leaders that consider the energy transition as their 
strategic priority. Since our foundation in 2010, we have significantly impacted national and 
European policy-making with regard to the climate and energy issues. 
 

Assessing the economic consequences of an energy transition through a biophysical stock-flow 
consistent model 

Pierre Jacques & Louis Delannoy 

The biophysical foundation of socio-economic systems are underrepresented in the vast majority of 

macroeconomic models. This lack is particularly troublesome when considering the links between 

energy, matter and the economy in light of the energy transition. As a remedy, we propose here a 

biophysical stock-flow consistent model combining detailed bottom-up estimates for the high capital 

intensity of renewable energies and the decreasing energy return on investment (EROI) of fossil 

fuels. We find that the completion of a global energy transition scenario compatible with the Paris 

Agreement leads to highly inflationary dynamics and requires a temporary "war economy", 

characterized by a high saving rate. Our results further indicate that macroeconomic conditions can 

be smoothed out by a reduction in the desired growth rate of the economy, and call for further work 

on post-growth scenarios studies. 

 

https://link.springer.com/book/10.1007/978-3-031-79179-6


We received many comments on our paper during the workshop, which opened up avenues for 

improving the TEMPLE model. One idea was to run the model over a historical period to assess its 

ability to accurately predict the evolution of the energy-economy system. Another advice, which was 

given by many participants in the workshop, was to endogenise a number of parameters. The 

evolution of these parameters is currently imposed exogenously, without any link between them. By 

endogenising them, we would ensure that there is no inconsistency between their respective 

evolutions. This would probably require moving from the final energy stage to the useful energy 

stage in the model. A practical way to do this would be to use the MRPFU database, which was 

presented during the workshop. 

 

MOOT - Massive Open Online Tool 

Laura Felicio 

The project presented is, in its broader form, a MOOT (Massive Open Online Tool) divided into two 

parts: a MOOC (course link: https://courses.elearning.tecnico.ulisboa.pt/courses/course-

v1:MOOCs+exergyX+2022/about ) and the online game ExergyX (game link: 

http://exergyx.tecnico.ulisboa.pt ). 

With this tool we want to make the learning process more interactive by gamifying it. Students can 

learn about the concepts and relations of exergy and economic growth, while also learning about 

scenario building, through videos and quizzes available on the MOOC. ExergyX is a game where the 

player takes the role of a decision-maker and must make decisions regarding energy-related 

investments at the sector scale. The goal is to decrease Portugal’s CO2 emissions and reach the 2050 

Carbon targets, while assuring the increase of the population’s happiness. The model behind the game 

was developed for the MEET2030 project and the data used is for Portugal due to the relations found 

between useful exergy & GDP, as well as final-useful exergetic efficiency & TFP. 

Both the MOOC and the game are available online and for free. Feedback is much appreciated (see 

ppt for contacts). 

 

2% for 2 degrees 

Pierre Jacques  

Achieving carbon neutrality implies a lot of investment. But how much, exactly? One might imagine 

that this costing was already computed at the same time as the development of the national low-

carbon strategies or multi-year energy programmes. In fact, currently such “census” does not exist 

for any national economy, despite scattered and incomplete attempts by public or private bodies to 

provide data. This inevitably leads to a form of double talk in environmental matters: promising a lot 

in terms of objectives, while mobilising little in terms of funding. Thus, the study “2% pour 2 degrés”, 

realised by the French think tank “L’Institut Rousseau” aims at closing this gap for the case of France. 

It finds that the overcost (additional cost compared to a BAU scenario) of required private and public 

investments for reaching carbon neutrality represents 2% of the French GDP each year up to 2050. 

Possible ways of financing this supplementary investment are then proposed and discussed in the 

study. 

https://courses.elearning.tecnico.ulisboa.pt/courses/course-v1:MOOCs+exergyX+2022/about
https://courses.elearning.tecnico.ulisboa.pt/courses/course-v1:MOOCs+exergyX+2022/about
http://exergyx.tecnico.ulisboa.pt/

