3RD INTERNATIONAL EXERGY ECONOMICS WORKSHOP
Instituto Superior Técnico, Universidade de Lisboa,
13-15 May 2018

WELCOME
The last two decades have seen increasing interest in analysing the relation between energy and the
economy by focusing on the useful exergy (also called useful work) metric. Useful exergy (UE) looks at energy
at the use stage (beyond the primary and final stages) and looks at exergy, i.e., the capacity of an energy flow
to produce work (this changes the way heat and work are added up, reflecting the fact that, by the 2nd Law
of Thermodynamics, work can be completely converted to heat, but heat cannot be completely converted
to work).
Building on the pioneering work of Robert U. Ayres, Benjamin Warr, Reiner Kummel and Dietmar
Lindenberger, among others, the last years have seen the creation of a burgeoning community interested in
developing the use of exergy to understand industrial and economic systems. The creation of this community
has been catalysed by the two successful International Exergy Economics Workshops held at the University
of Leeds, 2014, and the University of Sussex, 2016.
Following on this past work, a 3rd International Exergy and Economics Workshop is organised in Lisbon, 1315 May, with the general aim of consolidating this research community, fostering collaborative research work
and application to funding streams. Funding has generously been supplied by IST, the Centre for Innovation
and Energy Demand (CIED) and the Centre for Industrial energy, Materials and Products (CIEMAP).
This general aim translates into the following specific topics:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Economics – I: Creating exergy-economy modelling frameworks
Human Well-Being: Linking useful exergy to human well-being and development
Industry: Exergy mapping at the industrial scale
History: Constructing a long-run World Primary-Final-Useful (WPFU) exergy dataset
Economics – II: The role of energy efficiency in economic growth
Analysis: Applying a physical supply use table (PSUT) framework approach to exergy
Materials: Developing an exergy framework for sustainable materials
Engagement: having greater impact to the mainstream modelling-to-policy chain

Key questions that frame these topics include:
(1)
(2)
(3)
(4)
(5)

What is the state-of-the-art and strengths and weaknesses of current exergy economics research?
What are the conflicts and synergies between exergy economics and mainstream energy economics?
What are the contributions of exergy economics to climate change and sustainability analysis?
What are the potential policy implications of this work?
What future research directions in this area appear most promising?

A key objective of this workshop is to identify potential research collaborations that can form the basis for
future funding bids.
We hope you will enjoy the workshop and look forward to welcoming you to Lisbon.
Best wishes
The Organizing Committee,
Tiago Domingos, Paul Brockway, Jonathan Cullen, Tim Foxon, Matt Heun, Tânia Sousa, Miguel Alves.
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WORKSHOP THEMES
Theme 1 – Economics -I: Creating exergy-economy modelling frameworks
Lead: Tiago Domingos (tdomingos@tecnico.ulisboa.pt) & Gregor Semieniuk (gs53@soas.ac.uk)

Recent years have seen great progress in the research approach pioneered by Robert U. Ayres, Benjamin
Warr and Reiner Kummel in using useful exergy as an explanatory factor for economic growth. Two key
aspects have come up in recent work: (1) the possibility that there is a minimum amount of useful exergy per
unit of GDP; (2) two contrasting approaches to considering the role of energy in economic activity (as an
additional factor of production, alongside capital and labour; as a measure which itself replaces the
contribution of capital to economic output). This opens up several avenues for future research:






Why is there a minimum amount of exergy per unit of GDP?
How do we empirically estimate prices for useful exergy?
How do we integrate the EROI (net energy) approach with the useful exergy approach?
What production functions should we consider and how should we estimate them?
How do we take this approach beyond the neoclassical approach, to also consider heterodox models,
such as Keynesian, Marxist and classical?

This theme will firstly review recently completed modelling work in this area, and secondly consider plan
collaborative work moving forwards which includes some of the avenues highlighted.

Theme 2 – Human Well-Being: Linking useful exergy to human well-being and
development
Lead: Lina Brand Correa (eelibc@leeds.ac.uk) & Karla Cervantes Barrón (kc512@cam.ac.uk)
What can useful exergy (energy services) be an important concept in light of Sustainable Development Goal
7 (Ensure access to affordable, reliable, sustainable and modern energy for all)? This theme will look at recent
contributions on useful exergy and/or energy service use in developing countries. By doing so, it will
necessarily address challenges around the measurement of useful exergy, but perhaps even more so of
energy services, in developing countries, where data availability and quality are an issue. However, the focus
of this theme will be on the human well-being implications of provision and access to the different categories
of useful exergy (different types of energy services). In other words, this theme will explore questions such
as: are there some useful work categories (types of energy services) that have a greater impact on human
well-being? Can we think of useful work (energy services) as the engine of well-being? As an output, the
attendants will plan a collaborative paper around this topic.

Theme 3 – Industry: Exergy mapping at the industrial scale
Lead: Jonathan Cullen (jmc99@cam.ac.uk)

Growing interest is being placed in the use of exergy analysis within industrial sectors, to map energy and
material flows in equipment, processes and plants. Interest is coming plant managers, industry sector groups
and policy-makers, where resource efficiency analysis metrics are being promoted as a tool for assessing the
efficiency of the industrial sector. This theme reviews the work that has been done in this area by those
active in the exergy economics network: e.g. the UK steel sector and links to European Commission
(Cambridge), and the MEET project in Portugal (IST). Considering the lessons learned, this theme will then
sketch out the plan for an identified collaborative output: e.g. a Policy Brief or Briefing Note aimed at industry
and/or policy-makers.
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Theme 4 – History: Constructing a long-run World Primary-Final-Useful (WPFU)
exergy dataset
Lead: Tânia Sousa (taniasousa@tecnico.ulisboa.pt) and Sofia Henriques (sofia.henriques@ekh.lu.se)
Three factors motivate this theme. First, energy historians have given us a very rich and importantly long run
view (over 200 years) of economic activity and energy use through to energy services in selected countries
including the UK (Fouquet), Sweden (Kander) and Portugal (Henriques). Second, whilst long-run exergy-based
research has recently shown great advances (Serrenho, Eisenmenger, Ayres), a long-run global / world
dataset does not yet exist. Third, advances on exergy-based methodology / accounting (Serrenho, Sousa,
Miller) means such a goal is now within reach. Bringing these together, Theme 3’s end goal is the construction
of a long-run (e.g. 1850-2010) World Primary-Final-Useful (PFU) exergy dataset. This theme will progress in
two parts. First, we will select or estimate from proxies the appropriate long-run energy datasets for world /
sectoral primary and final energy, and their allocation to end uses. Second, we will make progress on resolving
residual methodological issues for a WPFU dataset, including: (1) the method to estimate primary electricity,
(2) the method to estimate exergy efficiency in industry; (3) the definition of exergy efficiency for electronic
devices such as computers and TV's and (4) exergy efficiency in cars. Making sufficient progress in these areas
will allow a publicly available long-run WPFU dataset to be constructed, and a scientific paper written on its
construction.

Theme 5 - Economics – II: The role of energy efficiency in economic growth
Lead: Paul Brockway (p.e.brockway@leeds.ac.uk) and Steve Sorrell (s.r.sorrell@sussex.ac.uk)

Following on from / complementing Theme 1 (role of useful exergy as explanatory factor in economic growth)
is Theme 2: the role of thermodynamic efficiency and rebound in economic growth. Despite wide-scale
energy efficiency policies and investment, at the global level only weak energy-GDP decoupling has occurred:
primary energy consumption is still rising, slightly behind GDP growth. Two pivotal agents which influence
energy-GDP are energy efficiency improvements and energy rebound: the extent to which energy savings
from efficiency are ‘taken back’ by behaviour changes. Mainstream energy economics use proxies (e.g.
economic, physical) for thermodynamic efficiency. We can therefore offer an alternative approach by being
able to use thermodynamic (exergy) efficiencies (primary-to-useful, or final-to-useful). Several aspects are
worthy of consideration within Theme 2:




To review recently completed efficiency-rebound work using exergetic efficiency (within aggregate
production functions and econometrics models),
Exploring the underlying mechanisms for the role of increasing exergy efficiency in promoting
economic growth; is it just a price mechanism or is it something else?
How can we assess the size of overall / total economy-wide energy rebound?

At the end, we will plan a collaborative paper to progress this important area of research.

3

Theme 6 – Analysis: Applying a physical supply use table (PSUT) framework
approach to exergy economics
Lead: Matthew Heun (mkh2@calvin.edu)
Recently, input-output techniques from economics have been applied to the energy conversion chain (with
or without the rest of the economy) to advance the field of societal exergy analysis and develop deeper
understandings of relationships among en/xergy provision, en/xergy consumption, en/xergy services, and
economic activity. Theme 3 will review recent progress in this area and convene those interested to push
beyond what has been done before. Participants will define a paper or series of papers to extend the
applications of and analysis techniques for input-output analysis on the energy conversion chain and
beyond. Example subjects for papers could include multi-region input-output analyses; new, exergy-related
metrics for input-output matrices; applications at different levels (societal, plant, machine); and linkages
between the newly-developed techniques and traditional exergy analysis techniques.

Theme 7 – Materials: Developing an exergy framework for sustainable materials
Lead: Kai Whiting (whitingke@yahoo.co.uk) & Gabriel Carmona Aparicio (lugacapa@gmail.com)
As of 2018 societal exergy accounting for materials has been overlooked and under-studied. Sustainable
strategies tend to focus on energy savings and improving energy efficiency. However, in certain cases, energy
efficiency carries a material cost and can actually exacerbate problems e.g. the electric car saves energy, cuts
emissions but increases impacts on vulnerable ecosystems such as the Bolivian Salar. It also impacts
indigenous and other marginalised communities. It thus appears that whilst there can be no materials
without energy and no energy without materials, the way that sustainability is being evaluated is creating
conflict and trade offs between the two. Can exergy be used to balance energy and material efficiency? What
can we do about the material rebound effect? How efficiently can we use materials? And how do energy and
material services link together? Can exergy accounting provide any insights? Can we come to a consensus on
the kind of data we need, if there is not a database out there to serve the exergy economics community?
And, what do we do about embodied exergy when it comes to material accounting at the national level? We
hope that these questions lead to a discussion and a paper proposal between colleagues.

Theme 8 – Engagement: having greater impact to the mainstream modelling-topolicy chain
Lead: Tim Foxon (T.J.Foxon@sussex.ac.uk)
There is increasing policy interest, both in the UK and in Portugal, in the implications of incorporating energy
into meso- and macro-economic analysis. In the UK, this relates particularly to understanding the implications
of a low carbon energy transformation on economic growth, job creation and well-being in the context of
the recently announced Clean Growth Strategy and Industrial Strategy. This theme will discuss how the ideas
discussed under the previous theme, particularly relating to the relation of energy and economic growth, can
inform these debates. What can the analytical and modelling tools and approaches being developed in this
community tell us about these policy challenges? What further work is needed to enable this? This theme
will focus on producing a policy brief, though this may be subsequently developed into an academic paper.
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IEEW 2018 PROGRAMME
Sunday, 13 May 2018
All day Check-in to accommodation (Please advise us if you are arriving late)
20:00 Evening meal, Holiday Inn, Lisbon

Monday, 14 May 2018
08:30 Registration, coffee
09:00 Welcome, aims, and objectives

Tiago Domingos

09:15 Overview of programme

Jon Cullen

Plenary I (20-minute intro to topic (1 slide, 2 minutes per speaker) + 10-minute discussion)
09:30 (1) Economics – I: Creating exergy-economy modelling frameworks

Tiago Domingos

10:00 (2) Human Well-Being: Linking useful exergy to human well-being and development

Lina Brand Correa

10:30 Coffee break
11:00 (5) Economics – II: The role of energy efficiency in economic growth

Paul Brockway

11:30 (6) Analysis: Applying a physical supply use table (PSUT) framework approach to exergy

Matt Heun

12:00 Lunch
Parallel Session A (format to be defined by theme leader)
13:30 (1) Economics – I: Creating exergy-economy modelling frameworks

Tiago Domingos

13:30 (2) Human Well-Being: Linking useful exergy to human well-being and development

Lina Brand Correa

15:00 Break
Parallel Session B (format to be defined by theme leader)
15:30 (5) Economics – II: The role of energy efficiency in economic growth

Paul Brockway

15:30 (6) Analysis: Applying a physical supply use table (PSUT) framework approach to exergy

Matt Heun

Summary and social activities
17:00 Feedback (1 slide from each theme -- outline of paper?, 5 minutes/theme)
17:30 Optional activity (walk & pub)

João Santos

20:30 Workshop dinner, Tágide
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Tuesday, 15 May 2018
09:00 Coffee
Plenary III (20-minute intro to topic (1 slide, 2 minutes per speaker) + 10-minute discussion)
09:30 (3) Industry: Exergy mapping at the industrial scale

Jon Cullen

10:00 (4) History: Constructing a long-run World Primary-Final-Useful (WPFU) exergy dataset

Tânia Sousa

10:30 Coffee break
11:00 (7) Materials: Developing an exergy framework for sustainable materials

Kai Whiting &
Gabriel Carmona

11:30 (8) Engagement: having greater impact to the mainstream modelling-to-policy chain

Tim Foxon

12:00 Lunch
Parallel Session C (format to be defined by theme leader)
13:30 (3) Industry: Exergy mapping at the industrial scale

Jon Cullen

13:30 (4) History: Constructing a long-run World Primary-Final-Useful (WPFU) exergy dataset

Tânia Sousa

15:00 Break
Parallel Session D (format to be defined by theme leader)
15:30 (7) Materials: Developing an exergy framework for sustainable materials

Kai Witing/Gabriel
Carmona

15:30 (8) Engagement: having greater impact to the mainstream modelling-to-policy chain

Tim Foxon

Summary and social activities
17:00 Feedback (1 slide from each theme -- outline of paper?, 5 minutes/theme)
17:30 Final wrap-up, future plans, thanks
19:00 TBD Activity / Dinner

João dos Santos
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ABOUT LISBON

Lisbon is the capital and the largest city of Portugal, with an estimated population of 552,700 within its
administrative limits in an area of 100.05 km². About 3 million people live in the Lisbon Metropolitan Area.
Roman authors of the first century AD referred to popular legends that the city of Lisbon was founded by the
mythical hero Odysseus on his journey home from Troy. Although modern archaeological excavations show
a Phoenician presence at this location since 1200 BC, neither of these folk etymologies has any historical
credibility.
Most of the Portuguese expeditions of the Age of Discovery departed from Lisbon during the period from the
end of the 15th century to the beginning of the 17th century, including Vasco da Gama's expedition to India
in 1498.
The 16th century was Lisbon's golden era: the city was the European hub of commerce between Africa, India,
the Far East and later, Brazil, and acquired great riches by exploiting the trade in spices, slaves, sugar, textiles
and other goods. This period saw the rise of the exuberant Manueline style in architecture, which left its
mark in many 16th century monuments (including Lisbon's Belém Tower and Jerónimos Monastery, which
were declared UNESCO World Heritage Sites).
On 1 November 1755, the city was destroyed by a devastating earthquake, which killed an estimated 30,000
to 40,000 Lisbon residents of a population estimated at between 200,000 and 275,000, and destroyed 85%
of the city's structures. By 1755, Lisbon was one of the largest cities in Europe; the catastrophic event shocked
the whole of Europe and left a deep impression on its collective psyche. Voltaire wrote a long poem, Poême
sur le désastre de Lisbonne, shortly after the quake, and mentioned it in his 1759 novel Candide (indeed,
many argue that this critique of optimism was inspired by that earthquake).
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Following the 1755 disaster, Pombal took the lead in rebuilding Lisbon, imposing strict conditions and
guidelines on the construction of the city, and transforming the organic street plan that characterised the
district before the earthquake into its current grid pattern. As a result, the Pombaline Baixa is one of the first
examples of earthquake-resistant construction.
At the beginning of the twentieth century electric trams were introduced in Lisbon, only 19 years after the
electric first tram line started operation in Berlin. The implementation of the new system started with the
new rails, the aerial network and the construction of an electricity factory to provide the needed energy for
its normal functioning and which occupied an area of 6.102 m2. It is important to note that though Lisbon
does not stand out as a particularly pollution free city, it did embrace electric trams early and still has 48 km
in operation.
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VENUE
IST is the premium engineering, science and technology school in Portugal, integrating competences from all
fields of engineering and fundamental sciences, creating a unique multidisciplinary scientific environment.
Its mission is to provide top quality higher education as well as developing RD&I activities that meet the
highest international standards.
IST belongs to Universidade de Lisboa (ULisboa) is the largest and most prestigious university in Portugal.
Heir to a university tradition that spans over seven centuries, ULisboa acquired its current status in July 2013,
following the merger of the former Universidade Técnica de Lisboa and Universidade de Lisboa. ULisboa
brings together various areas of knowledge and has a privileged position for facilitating the contemporary
evolution of science, technology, arts and humanities. The quality of teaching, research, innovation and
culture of ULisboa is attracting an ever increasing amount of talent from around the world.

PRACTICAL INFORMATION
Accommodation
Holiday Inn Lisboa Hotel.
Address: Av. António José Almeida, 28-A
1000-044 Lisboa – Portugal
Closest metro stations: Alameda or Saldanha

Map

9

How to Get Here


From Lisbon Airport (very close to the city center and to IST)
o

By subway (Metro) (recommended): Definitely the easiest and cheapest way (running from
6:30 AM to 1:00 AM). Just catch the red line (“linha vermelha”) in the “Aeroporto” station
and exit in the stations “Alameda” or “Saldanha”. It takes around 15 to 20 minutes and costs
1,45 €, plus 0,50 € for the "Viva Viagem" rechargeable card.

o

By taxi: An airport-IST trip is around 10 euros (beware of taxi drivers, they’ll charge you an
extra for the bags). It is possible to buy "taxi vouchers" at the airport from 20 € to 25 €.

o

By bus (Carris): The following buses stop near the IST Alameda campus:
 Av. Rovisco Pais/Av. António José de Almeida (side entrances): 720, 742, 767.
 Alameda: 708 (bike bus), 717, 718, 720, 735, 767; night bus: 206, 208.
 Saldanha/Arco do Cego: 713, 716, 720, 726, 727, 736, 738, 742, 744, 767, 783; night
bus: 207.

For further information visit the subway (Metro) and bus (Carris) company websites
(www.metrolisboa.pt, www.carris.pt).


From Holiday Inn Lisboa Hotel (****) (very close to IST on foot, less than 5 minutes walking).
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Meeting location
The meeting will take place in the rooms 02.2 and 02.3 of the Congress Center of IST, located in the Civil
Pavilion of the Alameda Campus of IST- Instituto Superior Técnico (the Pavilion is no. 2 in the map of the
Campus below; you can also look up the rooms on Google Maps). In the main atrium of the Civil Pavilion
take the stairs on the left to the -2 floor.
Address: Instituto Superior Técnico, Av. Rovisco Pais, 1, 1049-001 Lisboa, Portugal.

Instructions for temporary Wi-Fi
Login credentials:



Username: maret
Password: mLyq49

Instructions:
(1) Browse available wireless networks and select as SSID 'tecnico-guest';
(2) Set IP to automatic (DHCP). This is usually the default setting, so you may probably skip this step;
(3) Open your browser and try to access any external website. You will be automatically redirected to
the page https://wifi.ist.utl.pt/index_auth.php. Follow the link 'Web based login' at the top of the
page concerning short-time, conference and meetings accounts. Enter the above
username/password when requested;
(4) After step 3 you may freely browse and access the Internet. You may need to repeat the above
steps if you close your browser or if the connection times out.
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Contact details during the Workshop:
Tiago Domingos: tdomingos@tecnico.ulisboa.pt; +351 934099034 (mobile)
Miguel Alves: miguelbritoalves@tecnico.ulisboa.pt; +351 965077067 (mobile)

Information for presenters
Conference projectors are 16:9 aspect ratio. Please bring any presentation files on a USB memory stick and
arrive 5 minutes before your session starts to get them pre-loaded. If you have a Mac (so can’t copy onto a
USB stick) then please email by 13th May to p.e.brockway@leeds.ac.uk.
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WORKSHOP ATTENDEES
1

François-Xavier

Chevallerau

fxchevallerau@biophyseco.org

BiophysEco

Belgium

2

Matt

Heun

mkh2@calvin.edu

Calvin College

USA

3

Victor

Court

victorcourt@free.fr

Chaire Énergie et Prospérité

France

4

Robert

Ayres

robert.ayres@insead.edu

INSEAD

France

5

Lu

Hao

lu.hao@insead.edu

INSEAD

France

6

Tiago

Domingos

tdomingos@ist.utl.pt

Instituto Superior Técnico

Portugal

7

Tânia

Sousa

taniasousa@ist.utl.pt

Instituto Superior Técnico

Portugal

8

João

Santos

joao.dos.santos@ist.utl.pt

Instituto Superior Técnico

Portugal

9

Kai

Whiting

whitingke@yahoo.co.uk

Instituto Superior Técnico

Portugal

10

Laura

Felício

felicio.laura@gmail.com

Instituto Superior Técnico

Portugal

11

Luis Gabriel

Aparicio

gabrielcarmona@tecnico.ulisboa.pt

Instituto Superior Técnico

Portugal

12

Marco

Vittorio Ecclesia

up201608015@fe.up.pt

Instituto Superior Técnico

Portugal

13

Ricardo

Pinto

ricardo.c.pinto@ist.utl.pt

Instituto Superior Técnico

Portugal

14

Ricardo

Filipe Vieira

ricardosilvavieira@tecnico.ulisboa.pt

Instituto Superior Técnico

Portugal

15

Ricardo

Manso

r.manso@outlook.com

Instituto Superior Técnico

Portugal

16

Tiago

Ribeiro

tiago.a.ribeiro@sapo.pt

Instituto Superior Técnico

Portugal

17

Afonso

Sousa Borges

afonso.sborges@gmail.com

Instituto Superior Técnico

Portugal

18

Carmen Margarida

Machado

carmen.machado@tecnico.ulisboa.pt

Instituto Superior Técnico

Portugal

19

Javier

Salas

salasg.javier@gmail.com

Instituto Superior Técnico

Portugal

20

Lucas

Schreiner

lucasschreiner@gmx.de

Instituto Superior Técnico

Portugal

21

Ioannis

Polyzois

ioanpolyzois@gmail.com

Instituto Superior Técnico

Portugal

22

Ricardo

Teixeira

ricardo.teixeira@tecnico.ulisboa.pt

Instituto Superior Técnico

Portugal

23

Luísa

Serra

Instituto Superior Técnico

Portugal

24

Roger

Fouquet

r.fouquet@lse.ac.uk

LSE

United Kingdom

25

Matteo

Rocco

matteovincenzo.rocco@polimi.it

Politecnico Milano

Italy

26

Jonathan

Cullen

jmc99@cam.ac.uk

University of Cambridge

United Kingdom

27

André

Serrenho

ag806@cam.ac.uk

University of Cambridge

United Kingdom

28

Karla

Cervantes Barrón

kc512@cam.ac.uk

University of Cambridge

United Kingdom

29

Harry

Michalakakis

chm30@cam.ac.uk

University of Cambridge

United Kingdom

30

Dietmar

Lindenberger

dietmar.lindenberger@uni-koeln.de

University of Cologne

Germany

31

Paul

Brockway

p.e.brockway@leeds.ac.uk

University of Leeds

United Kingdom

32

Peter

Taylor

p.g.taylor@leeds.ac.uk

University of Leeds

United Kingdom

33

Lina

Brand Correa

L.I.BrandCorrea@leeds.ac.uk

University of Leeds

United Kingdom

34

Gregor

Semieniuk

gs53@soas.ac.uk

University of London

United Kingdom

35

Sofia

Henriques

sofia.henriques@ekh.lu.se

University of Lund

Sweden

36

Andreas

Magerl

andreas.magerl@boku.ac.at

U. Nat. Resources & Life Sciences

Austria

37

Tim

Foxon

T.J.Foxon@sussex.ac.uk

University of Sussex

United Kingdom

38

Steve

Sorrell

s.r.sorrell@sussex.ac.uk

University of Sussex

United Kingdom

39

Claire

Copeland

claire.copeland@sussex.ac.uk

University of Sussex

United Kingdom
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