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In Exergy Economics, there are several long-run projects underway. These projects cover many years 
(50 to hundreds); cover all stages of the energy conversion chain ((primary, final, useful); cover both 
energy and exergy quantifications of energy; include both final and useful as the last stage of the 
ECC; include all three methods of quantifying the primary equivalent of renewable electricity (PCM, 
RCM, PSM); and cover as many countries as possible (> 150). The previous analysis tools 
(spreadsheets) are insufficient to create and store these data. To enable these databases, new data 
structures and computational tools are required. 
 
Two things are needed: a way to simplify calculations and a way to organize data and calculations. 
To simplify calculations, I developed matrix math and the PSUT framework. To organize data and 
calculations, we use (a) an innovative data structure ("magic spreadsheets" enabled by the matsindf 
package), (b) new R packages (matsbyname and Recca), and (c) the {{targets}} package for 
computational pipeline management. 
  
Next steps include: 

 Adding allocation and efficiency information for more countries to the database 

 Using the framework developed with long-run database (1800–2019) 

 Extending to exergy of material flows 
 
 
Presenter: Ella Jennings 
Title: Analysing energy conversion pathways: efficiencies, morphology, and prevalence over time 

The basis for this project is to consider the global energy system through a novel, holistic lens – 
abstracting up from engineered devices to fundamental energy types (i.e. mechanical, thermal, 
electromagnetic energies etc.) and the conversions between them.  These conversions are linked 
through the global energy system into conversion pathways. These pathways were analysed for 
efficiency and prevalence from 1900 to 2019. But efficiency is only part of the story. To create a robust 
and secure energy system, energy conversion pathways must also have a high power output, flexibility 
and usability, reduced negative externalities, social acceptability, and the ability to be transported and 
stored. Next, the energy conversion system should be assessed for these other variables.   
 
 
Presenter: Ravshonbek Otojanov  
Title: The role of energy transition in the Industrial Revolution 

In this paper we investigate the role of energy transitions in the British Industrial Revolution. Access 
to cheap energy, in particular, coal was pivotal for the early industrialisation of Britain. We empirically 
test the conjecture that switch to coal from wood use in the industry was driven by relative factor 
prices. Besides, England had high labour cost but easy access to low cost coal, and hence the cost of 
physical capital was low. Relatively expensive labour induced innovations in energy technologies that 
saved labour and used energy i.e. steam technology. Using a flexible four factor CES production 
function we derive four factor-augmenting technology indexes. We then assess whether technology 
indexes (reflecting efficiency innovations/technical change) respond to changes in relative factor 



costs. Our preliminary results find support for the induced innovation hypotheses that divergence in 
factor costs spurred innovations that put Britain’s economy on a higher capital-labour equilibrium. 
 
Presenter: Laura Felício 
Title: The impact of electrification in the decarbonization of the Portuguese energy System 1960-
2016  

To evaluate the impact of electrification on the decarbonization, in this study we estimated Portugal’s 
aggregated carbon intensity at the useful stage (ACIuseful), as well as for electricity alone and all other 
energy carriers, from 1960 to 2016, performing afterwards a decomposition analysis considering 5 
factors. The relationship of electricity’s and the other energy carriers’ ACIuseful showed the relative 
environmental benefit/cost of electrifying, while an index decomposition analysis (IDA) identified 
ACIuseful’s main driving factors.  
 
Electricity’s ACIuseful had an 8-fold increase until 1990s, up to 400 tonCO2eq/TJ in 1992 and then, 
decreased from 2000s, with lowest point in 2010 of 200 tonCO2eq/TJ. Electricity’s increasing ACIuseful 
until 1990s was due to demand and Portuguese policies leading towards fossil fuels consumption was 
not contributing to decarbonization directly; however, having a much lower ACIuseful than the other 
carriers it contributed indirectly to lower total ACIuseful. Only after the 2000s, with policies towards 
consumption of renewable resources, electricity’s decreasing ACIuseful contributed to decarbonization 
directly. The main factors influencing ACIuseful are related to consumption of fossil fuels and the 
structure and efficiency of the energy system. 
 
 
Presenter: Sofia Henriques 
Title: Long-run energy decoupling and decarbonization in Europe: the role of electrification 
Author: Sofia Teives Henriques, Zeus Guevara, Tânia Sousa, Ricardo Pinto e Laura Felício 

Electricity is considered key for decarbonization and meeting European green deal zero carbon goals 
for 2050. While the long-run impact of electrification on economic development has been studied 
from various angles the historical impact of electricity on energy efficiency or emission intensity has 
been less studied, which is surprising given that many European countries have witnessed a long-run 
decoupling of energy and emissions with economic development from 1900 onwards. Using societal-
exergy analysis methods this paper compares the long-run exergy efficiency and Co2 intensity of 
electricity use in three European countries, Portugal, Sweden and the UK with distinct resources 
endowments and climate, degrees of electrification and patterns of development. We find out that 
the structure of the economy and end-uses has had a strong impact in long-run efficiency of final to 
useful electricity, with Sweden exhibiting increasing efficiency, while Portugal decreasing efficiency. 
As for the carbon intensity of electricity use, we have different patterns depending on the energy mix 
and electricity efficiency of the countries. Our goal is to expand these metrics to other energy carriers, 
so we understand the overall impact of electricity in efficiency and decarbonization. 
 


