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Introduction: basic discussion

• This paper discussed key issues of energy efficiency research such as concepts, indicators 
and methodological issues. We can note that there is not one grand way to analyse 
energy efficiency. All dominant approaches have their advantages and weaknesses. 

• Different levels of energy economy require tailored concepts, indicators and 
methodologies. For example, with regard to the energy intensity we can only provide 
indirect and delayed evidence of technological and engineering energy efficiency of 
energy conversion processes, which entails some shortcomings for management and 
policymaking in energy efficiency policies. 

• Nowadays thermodynamic indicators describing energy efficiency at the physical, 
technological, enterprise, sub-sector, sectoral and national levels can be very important 
part of energy efficiency analysis.  

• Because we need to have pig picture of energy efficiency, we must calculate some 
detailed analyses with economic and financial attributes, but in the final stage need 
critical approach in interpreting the final results and energy policy implications. This is 
not an easy task for energy research professionals. 



System boundary analyses of energy efficiency: 
feedbacks or no feedbacks between energy systems

Isolated systems Interactive systems

No feedbacks Interactive feedbacks

To develop industrial ecology and integrated systems in this field, feedback mechanisms are needed.



Detailed aggregation of energy systems

• An aggregate in economics is a summary measure describing a market or 
economy. 

• Macroeconomy vs. microeconomy?
• The aggregation problem is the difficult problem of finding a valid way to treat an 

empirical or theoretical aggregate as if it reacted like a less-aggregated measure, 
say, about behavior of an individual agent as described in general microeconomic 
theory. 

• Examples of aggregates in micro- and macroeconomics relative to less aggregated 
counterparts are: (1) Food vs. apples, (2) Price level and real GDP vs. the price 
and quantity of apples, (3) Capital stock of energy production vs. the value of 
computers of a certain type in energy production and the value of steam shovels 
in energy production, (4) Money supply vs. paper currency and (5) General 
unemployment rate vs. the unemployment rate of energy civil engineers. 



An example about the solution of 
aggregation: World governance model

Cabinet portfolio of a typical government 
based on the median numbers of ministries 
per function system within our sample of 201 
governments worldwide

Source (2018): Steffen Roth, La Rochelle Business School, 
France, and Yerevan State University, Armenia
Teemu Santonen, Laurea University of Applied Sciences, 
Finland
Maximilian Heimstädt, University of Witten-Herdecke, 
Germany
Carlton Clark, University of Wisconsin-La Crosse, 
United States of America
Nikolay Trofimov, Russian Academy of Sciences, Russia
Jari Kaivo-oja, University of Turku, Finland
Arthur Atanesyan, Yerevan State University, Armenia
Balazs Laki, Central European University, Hungary
Augusto Sales, KPMG Global Strategy Group, Brazil



Synergy analyses of energy and social systems: 
positive synergy, negative synergy and no synergy



Critical analysis of urban and industrial metabolism: 
various approaches and perspectives are available
• The analysis of circular economy has many links to urban and 

industrial metabolism
• Cradle to cradle
• Performance economy
• Biomimicry
• Industrial ecology
• Natural capitalism
• Blue economy
• Regenerative design



System dynamics of energy systems: key issues 
and challenges
• Circles of causality
• Reinforcing feedback (+)
• Balancing feedback (-)
• Delays
• Archeotypes: The Accidental Adversaries structure, Balancing process 

with delay, the Balancing Loop, The Drifting goals, Limits to growth, 
Shifting the burden, Eroding goals, Escalation, Success to successful, 
Tragedy of the Commons, Reinforcing Loop, Fixes that fail, Growth 
and underinvestment



Example A: The Accidental Adversaries 
structure 
The Accidental Adversaries structure is a composed of three 
reinforcing loops and two balancing loops. Overall system 
growth is driven by a global reinforcing loop. Two local 
reinforcing loops create balancing loops which then limit the 
growth of the overall system. This is by far not one of the 
easiest archetypes to understand.



Example B: The Balancing Loop 

The Balancing Loop attempts to move some current state to a 
desired or reference state though some action. The structure 
may begin with the current state greater or less than the 
desired state, in which case the current state may approach the 
desired state from above or below.



Example C: The Drifting Goals

The Drifting Goals structure is composed of two balancing 
loops which interact in such a way that the activity of one loop 
actually undermines the intended balance the other one seeks 
to achieve.



Resilience analysis of energy systems: Current 
challenges (Special Issue on the Resilience of Energy 
Systems, 2017) 
• Architecture of resilient energy systems
• Reliability of energy services in extreme and/or unpredictable 

conditions
• Structural vulnerabilities of energy systems
• Energy systems and climate adaptation
• Preparing energy systems for unexpected effects
• Resilient strategies for managing supply risks 
• Adaptive and flexible power generation for resilience
• Adaptive and flexible network design (power, gas, heat)
• Limits of predict and control strategies for energy systems



Resilience analysis of energy systems: Current 
challenges (Special Issue on the Resilience of 
Energy Systems, 2017) 
• Storage and intelligent control of production and demand for greater resilience
• Resilience through diversification, scalability and modularity of energy systems 
• Centralization and decentralization of energy systems in view of vulnerability 

and resilience
• Cellular design of energy systems for resilience 
• Interoperation and combined resilience of power, heat and gas infrastructures
• Trade-offs between resilience, efficiency, costs and environmental performance
• Political and economic instruments to foster resilience of energy systems
• Resilience as a guiding principle in innovation processes
• The role of different stakeholder groups for resilience of energy systems
• Methods for assessing the resilience of energy systems



Example of conventional resilience analysis: 
Hirchman-Herfindahl Index
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Comparative advantage analysis based spatial energy 
systems: Example of comparative advantage analysis, 
Region’s Relative Specialization Index (RRSI) based on 
Balassa-Hoover Index

𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝑠𝑠 = ∑𝑖𝑖=1𝑛𝑛 1 − 𝐵𝐵𝐻𝐻𝐻𝐻𝑖𝑖 2
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Gross rebound analyses of energy systems 
(Vehmas, Luukkanen & Kaivo-oja 2004)



Conclusions

On the basis of our current scientific 
understanding, promising energy policy research 
approaches are: (1) System boundary analyses of 
energy efficiency, (2) detailed aggregation of 
energy systems, (3) synergy analyses of energy 
systems, (4) critical analysis of urban and 
industrial metabolism, (5) system dynamics of 
energy systems, (6) resilience analysis of energy 
systems, (7) comparative advantage analysis of 
energy systems and (8) rebound analyses of 
energy systems. 
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