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Abstract

This thesis 1s about the development of analytical tools within an mnovative theoretical
framework, with the goal of generating more useful quantitative data in relation to the
analysis of sustainability. In particular, the methodological approach explored here wants
to integrate quantitative information referring to different dimensions of analysis (economic,
demographic, social, biophysical and environmental), different scales (macro-regional,
regional and national) and different levels of analysis (whole economy, economic sectors

and subsectors).

As discussed n detail in Chapter 3, it 1s becoming more and more evident that biophysical
analysis has to become more holistic. It has to be capable of contextualizing and giving
meaning to the mdividual quantitative assessments it produces. Aggregate indicators
referring to the whole economy or to specific technical coefficients describing individual
processes are not coherent with each other and when used in isolation do not provide

reliable information about the performance of the economy.

The mnovative theoretical framework I used for my exploration i1s the Multi-Scale
Integrated Analysis of Societal and Ecosystem Metabolism (MuSIASEM), which allows
developing a quantitative relational analysis capable of dealing with multiple scales and
dimensions, as required for dealing with sustamability 1ssues. The goal of the method (and
of my explorations) has been the identification of the relevant factors that have to be

considered in order to study the performance of the metabolic pattern of modern societies.

My research started - Chapter 2 - with a basic application of MuSIASEM’s methods to
compare the changes i the performance of the economies of China and India in the period
between 1971 and 2010. Adopting the established accounting procedure, this analysis was
based on data referring to energy (measured n gross energy requirement), value added and
human activity at three levels of analysis: (1) average society; (i) paid work vs. households,
and (1) the set of economic sectors made up of agriculture, industry and services. This
analysis 1dentified relevant factors affecting the metabolic patterns of these two big countries:

their demographic structure, the level of capitalization of their different sectors or the



different effects that this capitalization generated on the material standard of living in the

household sector.

Afterwards, I developed a new protocol of analysis able to keep the accounting of energy
forms of different qualities separate. This was required by the unsatisfactory situation with
existing biophysical indicators of performance (Chapter 3). The accounting of “energy” was
no longer done i Joules of gross energy requirement, but using different categories of

“Joules” referring to different energy carriers (electricity, fuels and process heat).

In order to apply the new protocol across different scales, it was applied to a large case
study, by considering the metabolic pattern of European countries (KU27 + Norway).
Moreover, this analysis was carried out across many levels, arriving to distinguish up to 13

subsectors nside the Manufacturing and Construction sector (Chapter 4).

Finally, the last exploration of the potentialities of the approach was related to an attempt
to include material flow accounting, starting with the analysis of the products produced and
the level of imports and exports of a subsector of the industrial sector (Chapter 5). The
analysis shows that the approach can be effectively used to: (1) identify relevant categories
of production processes taking place at lower levels than subsectors, and (1) characterize
the level of openness of the subsectors (the degree of externalization to other socio-

ecological systems). This last analysis was carried out for EU22 countries.

Keywords: Bioeconomics, Biophysical Economics, Energetic Metabolism, Energy
Accounting, Energy Quality, Energy Uses, Flow-Fund model, Industrial Metabolism,
Multi-scale Analysis, MuSIASEM, Socio-Ecological Systems, Societal Metabolism,

Transdisciplinarity.
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Resumen

Esta tesis trata del desarrollo de herramientas analiticas dentro de un innovador marco
tedrico con el objetivo de generar datos cuantitativos mads ttiles en relacion al andlisis de la
sostenibilidad. En particular, el enfoque metodolégico explorado quiere integrar la
mformacion cuantitativa referente a diferentes dimensiones de andlisis (econémico,
demografico, social, biofisico y ambiental), asi como diferentes escalas (macro-regional,

regional y nacional) y diferentes niveles (el total de la economia, sus sectores y subsectores).

Como se analiza en detalle en el capitulo 3, cada vez es mas evidente que el analisis biofisico
ha de ser mas holistico. Asimismo, tiene que ser capaz de contextualizar y dar sentido a las
evaluaciones cuantitativas concretas que produce. Los indicadores agregados que se
refieren a toda la economia o los coeficientes técnicos especificos que describen procesos
mdividuales, no son coherentes entre si, y cuando se usan aisladamente no proporcionan

informacion confiable sobre el funcionamiento de la economia.

El innovador marco teérico utihizado para esta mvestigacion es el Andlisis Integrado
Multiescalar del Metabolismo Societal y Ecosistémico (MuSIASEM de sus siglas en inglés),
el cual permite desarrollar un andlisis cuantitativo relacional capaz de manejar multiples
escalas y dimensiones, tal como se requiere para abordar temas de sostenibilidad. El
objetivo de este método (y el de mis exploraciones) ha sido la identificacion de los factores
mas relevantes que deben considerarse para estudiar el comportamiento del patron

metabolico de las sociedades modernas.

Mi investigacion se inicia con una aplicacion bésica de los métodos de MuSIASEM,
comparando los cambios de las economias de China e India durante el periodo entre 1971
y 2010 (Capitulo 2). Adoptando un procedimiento ya establecido, este andlisis se basa en
datos referentes a la energia (medida en equivalente de energia bruta requerida), el valor
anadido y la actividad humana en tres niveles de andlisis: (1) la sociedad en conjunto; (1) el
sector del trabajo remunerado frente al de los hogares, y (i1) el conmunto de sectores
economicos compuestos por la agricultura, la industria y los servicios. Este analisis sirvid

para identificar relevantes factores que afectaron los patrones metabolicos de estos dos
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grandes paises: su estructura demografica, el nivel de capitalizacion de sus diferentes
sectores o los distintos efectos que estas capitalizaciones generaron sobre el nivel de vida

material en los hogares.

Posteriormente, se desarrolla un nuevo protocolo de andlisis capaz de contabilizar
diferentes tipos de energia segin sus distintas cualidades. Esto fue requerido dada la
msatisfactoria contabilidad de los indicadores biofisicos existentes (Capitulo 3). La
contabilidad de "energia' ya no se realiza en Julios de energia bruta, sino utilizando
diferentes categorias de "Julios" que se refieren a distintos vectores energéticos (electricidad,

combustibles y calor de proceso).

Con el fin de aplicar el nuevo protocolo, se realiza un gran estudio de caso considerando
el patron metabolico de los paises europeos (UE27 + Noruega). Asimismo, este analisis se
lleva a cabo a través de diferentes escalas, llegando a distinguir hasta 13 subsectores dentro

del sector de la Manufactura y la Construccion (Capitulo 4).

Finalmente, la ultima exploracion de las potencialidades del enfoque estd relacionada con
un intento de mncluir la contabilidad de flujos de materiales, empezando por el analisis de
los productos producidos y el nivel de importaciones y exportaciones de un subsector del
sector mdustrial (Capitulo 5). El andalisis demuestra que este enfoque puede utilizarse
eficazmente para: (1) 1dentificar categorias relevantes de los procesos de produccion que
tienen lugar a niveles inferiores del de subsector, y (1) caracterizar el nivel de apertura de
los subsectores (el grado de externalizacién a otros sistemas socio-ecologicos). Este ultimo

andlisis se realiza para 22 paises de la UE.

Palabras clave: Bioeconomia, Economia Biofisica, Metabolismo Energético, Contabilidad
Energética, Calidad Energética, Usos Energéticos, Modelo Fondo-Flujo, Metabolismo
Industrial, Andalisis Multi-Escalar, MuSIASEM, Sistemas Socio-Ecologicos, Metabolismo

Societal, Transdisciplinariedad.

v



Agradecimientos

Ya que la mayoria de gente a la que quiero mostrar mis agradecimientos es castellano
parlante o lo entiende perfectamente, voy a escribir esta seccion en la llamada lengua de

Cervantes.

Primero de todo, debo agradecer la inestimable ayuda de mis supervisores Mario y Jesus
durante todo mi doctorado. Jesis me oriento ya dese mi tesina de master, mostrindome
su apoyo y buen hacer, animandome a hacer el doctorado y conseguir la beca FPU que me
permitiria desarrollarla. Con él comparto origenes en la Alpujarra granadina de donde
emigraron nuestras familias y como los emigrantes comparten origen y destino, no era de
extrafar que mi prima jugara en el mismo equipo de rugby que €l en Santa Coloma de
Gramanet. Graclas por tu Intenso acompanamiento en mis primeros anos y tu

comprension en mi etapa final.

Por lo que respecta a Mario he de agradecerle sus epistemological breakdownsy su infinito
conocimiento transdisciplinar. Gracias a €l dejé de sentirme un loco en el desierto por
haberme atrevido a juntar la ingenieria y la sociologia. Mario es un grande no solo por su
tamarno, sino por su pasion por la ciencia y su capacidad de contagiar entusiasmo que atrapa
a todo aquél que se acerca demasiado. Sin embargo, lo mejor de él no es que sea uno de
los mejores expertos en el campo de la energética y la sostenibilidad, ni siquiera su
entusiasmo cientifico, sino que es una muy buena persona. Muchas gracias por todos esos

buenos ratos que espero que sigan siendo muchos mads.

Gracias también a Sandra, por tu simpatia y compaiiia diaria, por todos tus consejos y por
ese iInmenso trabajo de gestion sin el cual el grupo no seria posible. Gracias también a Juan,
por ayudarme tanto en este tramo final de la tesis, a editarla y a priorizar en momentos

clave. Gracias a Louisa, por ofrecer siempre tu ayuda y tus correcciones de inglés.

Gracias también a todo el MuSASEMist comando: Camilo, Rafa, Rosaria, Zora, Samuele,
Francisco, Maddalena, Ansel, Miki, Tarik, Violeta, Laura, Renato, Cristina, Alev, Francois,
Gonzalo, Tiziano y Pedro. Por todos vuestros consejos, apoyo y discusiones, por crear un

ambiente tan agradable de trabajo (v de ocio ©). A David y Christine por acogerme en



Arizona, a Cathy por esas iteresantes discusiones sobre el neoliberalismo, Paloma, lago y

toda la comunidad hispana en Tempe por los buenos ratos.

Gracias a todas las companeras del ICTA: Daniela, Lucha, Mar, Didac, Rita, Mel, Diego,
Irmak, Santi, Maria, las Saras, Francesc, Petra, Anna, Esther, Grettel, Johannes, Sebas, Bea,
Fede, Giacomo, Giorgos y Esteve; y a los del ICP, Marc, Laila, Dani y la Martas, por todos
esos buenos ratos en la cocina, en los seminarios y en los pasillos, por todas esas buenas

conversaciones.

Gracias a Cristina por tu coraje y energia para que lo pablico funcione, por pelearte con
quien haga falta por los doctorandos, a Toni por tu simpatia y ayuda con la burocracia.
Gracias también a Rafa, por todo lo que has dado al ICTA. Gracias también a Olga, por

tu alegria y no dejar que nos enterremos en la suciedad.

Gracias a mis queridos Silvia y Javi, por ser los mejores amigos del mundo, a Jordi por estar
siempre ahi para lo que haga falta. A todos los buenos amigos de Barbera, Oscar, Carlos,
Jona, Oriol, Andrés, Peris, Luis, Jaume, Cristina, Lidia y tantos otros que me dejo, por
todos esos buenos momentos. A los companeros de Balonmano, Valiente, Alvaro, Jony,
Axel, Pepe, David, Valerio, Adri, Paco... por recibirme siempre con los brazos abiertos y
todos esos buenos ratos de deporte. A las companeras de la cooperativa La Trlla, por

demostrar que otro mundo es posible empezando por la alimentacion y la autogestion.

A mis amigos de Engineria Sense Fronteres, Muriel, Miriam, Ratl, Cristina, Maria, Andrés,
Xavi, Elo, Manel, Oriol, Jorge, Eloi, Mui, Oleguer, Joan... y a las nuevas generaciones,
Irene, Gaia, Jur, Berta, Laura, Andreu... de la XSE, Lourdes, Alfons, Moénica, Blanca,
Raul... de la APE Lucia, por toda vuestra lucha, porque como decia Bertolt Becht, las

mmprescindibles son las que luchan toda la vida.

A mis queridos amigos de la delegacion de Industriales, Mireia, Marta, Ayala, Miqui,
Goeske, Olga, Julen, Macarena, Pepe, Milena, Mauri, Bernat, Mikel, Txesco... por
demostrarme a partir del ejemplo que se puede hacer politica por el bien comun, por
hacerme creer, por entender tan bien la fiesta y el compromiso, por todos los buenos

momentos y vuestra amistad para toda la vida.

vl



A mi1 mama por estar siempre hay, por tus cuidados, por tu amor incondicional. A mi papa,
por su bondad y alegria que tantos antiguos clientes del bar me siguen recordando cuando
me los encuentro por la calle. A mis hermanos Julidn y José Miguel, por estar siempre ahi
para lo que haga falta y por ser tan buenas personas. A mis cunadas Stella e Isa por traer a

este mundo a Hector, Rus e Iris, que sobrinos tan guapos!

A Maite, mi amor, por compartir tu vida conmigo, por tu paciencia, tus carinos y tus
cuidados. Por apoyarme en los momentos mas dificiles durante este doctorado y por
hacerme mejor persona. Gracias también a tus padres, Mari Asun y Salva, por acogerme
siempre con los brazos abiertos en Tafalla, por todas esas conversaciones sobre el campo

que demuestran que no hay mayor conocimiento que el del hacer.

Gracias a todas estas personas y tantas que me he dejado, por todos los buenos y malos

momentos que me han hecho ser lo que soy y que han hecho posible esta tesis.

Andaluces de Jaén,
aceituneros altivos,
decidme en el alma: jquién,
quién levanto los olivos?

No los levanto la nada,
ni el dinero, ni el serior,
sino la tierra callada,
el trabajo y el sudor.

Unidos al agua pura
v a los planetas unidos,
los tres dieron la hermosura
de los troncos retorcidos.

Levdntate, olivo cano,
dyeron al pie del viento.
Y el olivo alzo una mano

poderosa de cimiento.

Miguel Herndndez.

Vil



Vil



Contents

ABSTRACT ....iiieiiiiieeieiieneieitensieitansieisassietssssietssssssssasssstssssssssnsssstsnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssnnse |
RESUIVIEN ....ccuiiiiiiiiiiinniiienniiiensieiiensieiienssetianssesssnsssssasssessassssssnssssssnsssssssssssssnssssssnssssssnssssssnsssssnnsssssnnsans 1}
AGRADECIMIENTOS ....cteeiiiieenieiinnnieitnnsietsnssieissnssersanssessasssessssssessassssssnsssssssssssssnssssssnsssssssssssssnssssssnsssssns \'
CHAPTER | oeeiiiiiieiiiiieeieitnnnieisnenettenssestensssssansssssansssssanssssssnsssssanssssssnsssssansssssnssssssnssssssnssssssnnsssssnssssane 1
INTRODUCGTION ..ccuuiiieeniiiiennieinensieisenecisnsssessnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssanssssssnsssssansans 1
1 THE PROBLEM DEFINITION AND RESEARCH OBJECTIVE 1.uuevuuterueruneesnernneenneesnnseensesnnseenssennssnnsessnsennsennnsennns 2
2 RESEARCH QUESTIONS ..etuetuneesueruneesnesnneesneesuneeensesnnesensssnnseennsesnseenneesnsennnessnsesnnsesnsennnsesnsernnsennnennns 4
3 EVOLUTION OF THE THESIS 1 evuutetuetunsetueruneesnsssnesenesnnaeenesnnsennnsesnsesnnessnsesneesnsesnnsemnsennnsemnsennneemnnennns 5
4 STRUCTURE OF THE THESIS 11 evvtuuneerssneeersnneeesssnesessuneesssnneessssneesssnneesssnneesssnneessssneesssnneesssnnnesssnneessrnneees 7
5 RELATED PUBLICATIONS ... evtvuueersuneesssuneesssnesssuneessssneessssnseesssnssssssnsessssnsesssansesssnneesssnneesssnnsersrnneerees 10
CHAPTER Il eeeeiiieeiiitteeetteeniertenseetensseerensssessnssessansssssanssssssnsssssnsssssanssssssnsssssansssssnnsssssansssssnnsssssnnsans 12

............................................................................................................................................................ 12
1 1T 01U o T 12

2 METHODOLOGY ..eeiiiiiiiiiiiiiiiiiiiiiiiiiiieiecie e 14

3 RESULTS AND DISCUSSION ....cetiiiiiiiiiiiiiiiiiiiiiiiiiiieiiinitieee et e e ettt ettt e ettt e e et e e e e e e e e e e e e e e e e e e e e s s e e s e s eeseeeeees 20
3.1 At thelevel of the COUNLIY (IQVEI N).........eeeeeeeeeeieieiiee et eetctea e e eetssisaaaea e e e eesanns 20

3.2 At the split between production and consumption (level N-1) ............cccceeeeeeeeevvirveeeeeeeeeeaenn, 23

3.3 At the SeCtOr 1Vel (1EVEI N-2)......ucueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaseesaaaaeasassasassanens 29

4 CONCLUSIONS L.euiiiiiiiiniiiiiiiiii s 33

CHAPTER Il  ENERGY USES ANALYSIS OF THE SOCIETAL METABOLISM COMPARTMENTS: PRESENTING

THE PROTOQGOL ...ccciieuneiiisnresiissseeiisssnesisssesssssssessessssessssseessssssesssssasesssssssssssssssessssssesssssassssssnsessssaneens 37
1 10T ] 0o T 37

2 CAVEATS OF THE USE OF ENERGY INTENSITY AS AN INDICATOR FOR BIOECONOMIC PERFORMANCE ........vvveennnee. 39
2.1 The 0penness Of the €NEIGY SECLON .........cuuueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeesaeaasaaasssssssssssssssssssnnns 40

2.2 The mix of primary energy Sources and eNergy CAIriers .............uuuueueeeeeeeeeeeeeeeeeeeeeevesrssssssnnns 40

2.3 The mix of economic activities carried out in society (structural factors).................eueeeeeune.. 42

2.4 Externalization of industrial production through imports..............eeeeeeeeeeeeeeeeeeeeeeeeeveeveveeennnn, 43

2.5 Credit leverage and qUANTItAtIVE @ASING ...........cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesessssenens 43

X



2.6 How to handle theSe fACTOIS? .......coouueieiiiiieeeiiee ettt 44
3 Y13 T 0] 0 0] KoL) PP TP PP 46
3.1 Theoretical frameWork: MUSIASEM............coueeiuiieeeiiee et eeieee et see e ssiae e e 46

3.2 System description: hierarchical organization of relevant economic sectors and subsectors.50

3.3 Data-arrays describing the metabolic characteristics Of eNd-USES............ccceeeeevvveveeeeeeeiaenn, 53
3.3.1 Scaling extensive INdicators: HA, ETS, VA .....coo oo iiiiiiie e ecereieee e et e e e e eeaveeee e e e e ennnnaees 54

3.3.2 Intensive Indicators: EMRS @nd EJP ......coocuiiiiiiiiiiiiiiie ittt ettt ee s e e s e e 55

3.3.3 Data representation: normalized chromatic intensity ........cccceeeeeiiiiieeeeesccieeee e, 59

3.4 Data sources and main ASSUMPLIONS ..........ceveeeeeeeeeiiiiiiiiiieeiieieeeeeeeeeeeeeeeeseeeeeeesesssssseesssaennnees 59
3.5 Selection of the countries used in the case StUAIES...............cceeveeeeeeeeeeeeeeeeeeeieeeeeeeeeieireraennnnns 62

4 RESULTS ettt ettt a e e e e e e e e e e e e e e aeas 63
4.1 Bioeconomic performance of the main economic sectors at the national level..................... 66
4.2 Bioeconomic performance of industrial SUDSECLOrS............cceuveeeeeeeeeeeeeeeeiieeeeeeeeeeeeeeeeseeeennnnns 69

4.3 Using the end-use matrix (data arrays) to identify and study relevant characteristics of the
metabolic pattern of Modern SOCIEtIes................ccoeeeeeeeeeeeeeeee e, 72

5 16001\ 11 1] 10 79

CHAPTER IV ENERGY USES ANALYSIS OF EUROPEAN COUNTRIES FROM A MULTISCALE
PERSPECTIVE 81

1 INTRODUCTION ...tteeetttttnie e e e eeeeeetse e e e e eeeneeaae e e e e eeenaesaa e e e e e e ee e s e e e e e e enenna e e eeesennnna e e eeeerennnnaannes 81
2 EU27 END-USE MATRICES ACROSS DIFFERENT HIERARCHICAL LEVELS OF ANALYSIS (N, N-1, N-2, N-3) .....eeeeenn. 84
2.1 The diversity of end-uses across sectors and subsectors in EU27 + NOrway ............c...cceeeuune. 84
2.2 National level: AVErage SOCIEtY........uuuuueeeeeeeeiieeeeiiiieieeiieeeeeieeeeeeeeeeeaeeeeeeeeesaaeeesassssssssssssssnnnes 87
2.3 Sectors of national econOmMies LEVEl N-1............cceeueeeeeeeeeeeeeiiieieeeeeeeeeeeeeeeeeeeeeesesssessesssssssnnens 89
2.3.1 PAIA WOTK cetiieeiiitieee ettt e e e e sttt e e e s e s bbbt e e e e s e aabbbbaeeeeeesntbaaaaeeeens 89

2.3.2 [ (o TUTY =1 Vo] o FR PP 90

2.4 LeVEl N-2 = @CONOMUC SECLOIS. ...cvvveeeseeiiiiiiieeeeeesiiiieeeeeeessiitttaeeeesssisatsaeeessesssssssasessesssssnes 92
24.1 ENEIEY & IMIINING ... s 92

2.4.2 Agriculture, FOrestry & FiShING ........coiiiiiiiiiiiiee e e e e e e e 94

2.4.3 Manufacturing & CONSTIUCTION .....ccueiiiiiie et e e e e e e s s sabaaeeeeeeas 95

2.4.4 SErVICe & GOVEIMMENT ..o 97

2.5 LBVEI N=3eeeieeee ettt ettt et e e e ettt a e e e e a et aae e e e aas i btraaaaeeenanare 98
251 AGIICUITUIE & FOMESEIY ..uvvriiiiiiiiiiiieiee e e e ettt ee e e e e sttt e e e e s sitteeeeeeessabeaaeeeeeessassnneaaesessnnnes 98

2.5.2 [T 211 V- PP 100

2.53 TrANSPOMT SEIVICE. «.ceiiiiiiiiiiiiiiiiiiiiit ittt ettt ettt ettt ettt ettt eeeeeeeeeee e et eeeeeeeeeeeeseeeeeesnesesnnnnnes 102

2.5.4 Services & Government (WithoUt TranSPOrt) ...c.uvveeeeeeeeeiiiiiiieeeeerciiiree e e e e e e e e seeaaees 103



3 EU END-USE MATRICES ACROSS DIFFERENT HIERARCHICAL LEVELS OF ANALYSIS (N-2, N-3), OPENING THE BLACK-BOX
OF THE INDUSTRIAL SECTOR. +.euutteettitunuieeeeetttttsi e eeettttssaa e s eeetsasaaa s eeettatbaaa e seesesstnaaaseeeseaasraassseesees 105
3.1 ENEIGY & MINING....uueeeiiiiiiiiieeee ettt ettt ettt e e ettt e e e et e e e e e 110
3.2 Level n-3 (using the SBS databaSE).............ccceevueirieiriiiieiiiesiiesiee et 113
3.2.1 ENEIBY SECEON .. 113

3.2.2 MINING & QUAITYINEG ..eeeiiiiiiiiteee ettt e e e e s et e e e e s reeeeesesannreeeeeeessnnenneeeeenns 114

3.23 IFON & STEEI ..ttt ettt et e 115

3.24 NON-FEITOUS MELAIS.....coiiiiiieiiieiie ettt sttt et s e e saneesaneens 117

3.25 Chemical & PetroChe@miCal........c.coiciiiiiiiiiieieee e 119

3.2.6 NON-Metallic MINEIalS ......cociiiiiieiiiiie ettt et 121

3.2.7 FOO & TODACCO. ...ttt ettt s s e saneeseneeas 122

3.2.8 Textile & Leather.....cc.ciiiiiiiiiiiiiiic e 123

3.2.9 PaP L, PUID & Print o an 125

3.2.10  TranSpOrt EQUIPMIENT....ciiiiiiiiie ettt ee ettt eeeetaee e e e e eeaaaiaeeeeeeaatssaseseaeessssnnneseesssrnns 126

3.2.11  MAChINEIY oo 128

3,212 Wo0d & W0Od ProdUCES ......ceiiiiiiiiiiiiiiiiiiiii ittt 129

3.2.13  NON-SPECIfIEd INAUSTIY....ciiiiiiiriiee ettt e et e e e e e e srba e e e e e e e eaeraeeeeeeesennnaeees 130

3,214 CONSEIUCTION....iiiiiiiiiiiit ittt e e s s ra e e e e s s saranaaee 131

4 MAPPING METABOLIC PATTERNS AND FUNCTIONAL BENCHMARKS ...ceevviiiiiiiiiiiiiiiiiiiiniiininininnnnnnnnneeeeneen 133
4.1 Comparing EMRs and EJP by NCI and BOXPIOES. .........cceveeeeeeeeeeeeeieieieeeeeeeeeeeeeeeeeeeeeveevvesaaanns 133
4.2 HA distribution analysis through the Metabolic Structural tables................cceeeeeeeeeveveevennn. 142
4.3 Metabolic structural table of 16Vel N VS N-T........cceeeeeeeeeeeeeieeiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeveavaeaens 142
4.4 Metabolic structural table of Ievel N-1 VS N-2.........ccoeueeeeeeeeeeeieeeieeieeeeeeeeeeeeeeeeeeeeeveeeeevesasanns 145
4.5 Metabolic structural table of Ievel N-2 VS N-3.........ccooeeeeeeeeeeieiiieiieeeeeeeeeeeeeeeeeeeeeeeveeeeveeeaaanns 145

5 CONCLUSIONS ©.uuuuiiniiiiiiiiiiiiiiiiiii s 149
5.1 In relation to the usefulness of the methodology...............cuueeeeeeeeeeeeeveeeeeeeeeeeeeeeeeeeevvvvvanann, 149
5.2 In relation to the multi-level integrated quantitative assesSMent ...............ceeeeeevevevvvvevnnnnns 151
CHAPTERYV  MATERIAL PRODUCTS MATTERS TOO .....ccccovttiiinuneiissunensissnnenssssnnesssssneessssasesssssssessns 156
1 10T ] 01U ot T 156
2 THE TAKE OF GEORGESCU-ROEGEN ON THE IMPORTANCE OF MATERIAL FLOWS ...evvvvvrrerrrrrrrnrrrnresesnssreeennnns 158

3 THE CONCEPTUAL PROBLEMS WITH THE EXISTING ACCOUNTING OF MATERIAL FLOWS IN THE METABOLIC PATTERN OF

0 PP PP P P PP PP PPPPPPPPPPPPPPPPPR 162
4 EXPLORING A MATERIAL PRODUCT PROTOCOL FOR ASSESSING SOCIETAL METABOLISM ...cccvvvvviiiiiiinnininnnnnnnn. 166
4.1 Starting from a pre-analytical definition of typologies of material flows.................ccuuuu..... 167
4.2  Material Products AQEA SOUICES .........eeeeeeeeeeeeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeaeeaeeeaeeeaeesassesssesssssssssnens 169
4.3 Material products data sources: problems and asSUMPLIONS ...........ceeeeeeeeeeeeeeeeeeeeeeeveerannnn, 171

X1



4.4  Energy and products data arrays, results and diSCUSSION ............c.ccocceereeeeneienciierciiraecns 176

5 VALUE ADDED, LABOR, ENERGY OR MATERIAL EFFICIENCY? 1evvuuueeeereeertnnieeeeeersssnnaeeeeeseessnnnnaeeeesessssnnnnnns 181
6 USING THE PLAN EMIR AND PPR TO DISCUSS OF EFFICIENCY «.vvuevvunieunerrnersneernersneerneersneessersneessnessnnesnns 184
7 CONCLUSIONS «ettetuneetteetneettneetteetaessaeesaessassanessaesanessansssaesssnessasessnsssnsessnessneessessnsessnessnsessneees 189
CHAPTER VI CONCLUSIONS ....ccitieiiitnnnieinnnnieisnnseciensssstsnssssssnssssssnssssssnssssssnssssssnsssssansssssansssssnnsass 192
APPENDIX A ..ooeeiiiiieiiiiieniniinnnieitnsieiensietsnsssstsnssssssnsssssanssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssnnsons 219
APPENDIX B ...cceuiiiieeiiiiteniiiienieiraniicienssieisnsssetsnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssansssssnnsons 226
APPENDIX C CURRICULUM VITAE.....cccccittuniiitnnnieiennnisienssesienssesisnssssssnssssssnssssssnssssssnssssssnssssssnsssssansons 241

X1l



List of Figures

Figure II-1 Dendrograms of exosomatic energy metabolism and of GDP. 19

Figure II-2 a) Evolution of total energy consumption (TET) and GDP of China between 1971 and 2010. b)
Evolution of TET and economic energy intensity (EEI) of China between 1971 and 2010. Sources: IEA
(2010) & World Bank (2012) 21

Figure II-3 a) Evolution of total energy consumption (TET) and GDP of India between 1971 and 2010.
b) Evolution of TET and economic energy intensity (EEI) of India between 1971 and 2010. Sources: IEA
(2010) & World Bank (2012) 22

Figure lI-4 Level of capitalization per worker in China and India between 1973 and 2010. Sources: IEA

(2010), ILO (2012), NBSC (2011) and OECD (2012). 26

Figure II-5 Capitalization of the household sector in China and India between 1971 and 2010. Sources: IEA
(2010), ILO (2012), NBSC (2011) and OECD (2012). 28

Figure 11-6 EMRpw vs. EMRyy of China and India between 1973 y 2010. Sources: IEA (2010), ILO (2012),
NBSC (2011) and OECD (2012). 28
Figure II-7 a) Evolution of EMRpyw and ELPpw of China between 1975 and 2009. b) EMRpw vs. ELPpy of

China between 1975 and 2009. Sources: IEA (2010), ILO (2012), NBSC (2011), OECD (2012) and World
bank (2012). 30
Figure 11-8 a) Evolution of EMRpyw and ELPpw of India between 1973 and 2009. b) EMRpw vs. ELPpw of India

between 1973 and 2009. Sources: IEA (2010), ILO (2012), NBSC (2011), OECD (2012) and World bank
(2012). 30
Figure 1I-9 a) Evolution of EMRac, EMRps & EMRss of China between 1975 and 2010. Sources: IEA (2010),
ILO (2012) and NBSC (2011). b) Evolution of EMRas, EMRes & EMRss of India for 1994, 2000 & 2005. __ 31

Figure 1I-10 a) Evolution of ELPas, ELPps and ELPss of China between 1975 and 2009. Sources: IEA (2010),
ILO (2012) and NBSC (2011). b) Evolution of ELPac, ELPes and ELPsc of India for the years 1994, 2000 y
2005.. 32

Figure lll-1 The metabolic pattern of social-ecological systems and the different factors affecting the

energy and carbon intensity of an economy. Abbreviations: PES = primary energy sources; EC = energy

carriers; GDP = gross domestic product 39
Figure IlI-2 Examples of different types of primary energy sources, energy carriers and end uses. 41
Figure IlI-3 The different hierarchical levels of analysis at which metabolic elements are defined 52

Figure llI-4 The profiles of investments (labor, electricity, process heat, fuels) generating a dynamic

equilibrium between dissipative and productive sectors (in extensive variables) 77

Figure IlI-5 Blue prints of the metabolic pattern of EU countries based on the differences in the profiles of

investments (expressed in percentage) over EU 27 averages (benchmarks) 78

X111



Figure IV-1 Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity for all sectors from

Level n to Level n-3 of EU27+Norway for year 2012 86

Figure IV-2 Dendrogram of the different levels and compartments of analysis 87

Figure IV-3 Average Society Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of

EU27+Norway for year 2012 88

Figure IV-4 Paid Work Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012 90

Figure IV-5 Household Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012 91

Figure IV-6 Energy & Mining Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012 93

Figure IV-7 Agriculture, Forestry & Fishing Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU27+Norway for year 2012 95

Figure IV-8 Manufacturing & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU27+Norway for year 2012 96

Figure IV-9 Service & Government Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity

of EU27+Norway for year 2012 98

Figure IV-10 Agriculture & Forestry Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU27+Norway for year 2012 100

Figure IV-11 Fishing Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012 101

Figure IV-12 Transport Sector Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of

EU27+Norway for year 2012 103

Figure IV-13 Service & Government without Transport Electricity, Heat and Fuel Metabolic Rates vs

Economic Job Productivity of EU27+Norway for year 2012 105

Figure IV-14 Dendrogram of the different levels and compartment analyzed with SBS database 107
Figure IV-15 Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity for all sectors from

Level n-2 to Level n-3 of EU22 for year 2012 109

Figure IV-16 Energy & Mining Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU22 for year 2012 111

Figure IV-17 Manufacturing & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU22 for year 2012 112

Figure IV-18 Energy Sector Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU22 for year 2012 114

Figure IV-19 Mining & Quarrying Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity
of EU22 for year 2012 115

X1V



Figure IV-20 Iron & Steel Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of EU22
foryear 2012 117

Figure IV-21 Non-Ferrous Metals Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity

of EU22 for year 2012 119

Figure IV-22 Chemical & Petrochemical Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU22 for year 2012 120

Figure IV-23 Non-Metallic Minerals Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU22 for year 2012 121

Figure IV-24 Food & Tobacco Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU22 for year 2012 123

Figure IV-25 Textile & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU22 for year 2012 124

Figure IV-26 Paper, Pulp & Print Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity
of EU22 for year 2012 126

Figure IV-27 Transport Equipment Electricity, Heat and Fuel Metabolic Rates vs Economic Job

Productivity of EU22 for year 2012 127

Figure IV-28 Machinery Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of EU22
foryear 2012 129

Figure IV-29 Wood & Wood Products Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012 129

Figure IV-30 Non-specified (Industry) Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012 131

Figure IV-31 Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of

EU22 for year 2012 132

Figure IV-32 Boxplot of electricity EMR of Manufacturing and Construction sector and subsectors for EU-

22 countries in 2012. 135

Figure IV-33 Boxplot of heat EMR of Manufacturing and Construction sector and subsectors for EU-22
countries in 2012. 137

Figure IV-34 Boxplot of fuel EMR of Manufacturing and Construction sector and subsectors for EU-22
countries in 2012 139

Figure IV-35 Boxplot of EJP of Manufacturing and Construction sector and subsectors for EU-22 countries

in 2012. 141

Figure V-1 The metabolic pattern of social-ecological systems and the different factors affecting the

material and environmental impact intensity of an economy. 164

Figure V-2 : Comparison of the actual weight of traded goods with trade in raw material equivalents

(RME), EU28, 2014. Source: Eurostat. 166




Figure V-3 Type of material products coming in and out characterizing the subsectors 168

Figure V-4: Flows and funds characterizing our analysis across scales. 170

Figure V-5. Discussing efficiency with EMR vs PPR. 183

Figure V-6. PPR_Pulp vs EMR_electricity at the Paper, Pulp and Print subsector of EU22, year 2012 __ 185
Figure V-7. PPR_Paper vs EMR_electricity at the Paper, Pulp and Print subsector of EU22, year 2012 _186
Figure V-8. PPR_PaPro vs EMR_electricity at the Paper, Pulp and Print subsector of EU22, year 2012 _186
Figure V-9. PPR_Pulp vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012 187
Figure V-10. PPR_Paper vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012 188
Figure V-11. PPR_PaperProducts vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012 ___ 188
Figure V-12. EMR_electricity vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012 __ 189

XVl



List of Tables

Table Ill-1 Data array describing the indicators used in the analysis 57

Table IlI-2 Aggregation of the different forms of the energy carriers electricity, heat, and fuel reported in

the Energy Balances of Eurostat with their Eurostat codes (Eurostat, 2015c) 61

Table IlI-3 Correspondence between database categorization of economic activities for Energy Balance
(Eurostat, 2015c) and hours of work (human activity) and value added (NACE Rev.2) (Eurostat, 2008b) 64
Table Ill-4 Metabolic characteristics of the industrial sector as a whole of Bulgaria, Finland, Spain, and
the EU22. The classic economic energy intensity (EE 1) is listed for comparison only. Energy consumption

for calculating the EEl is expressed in joules equivalent of gross energy requirement following the

protocol of (Giampietro, Mayumi and Sorman, 2013) 65
Table IlI-5 The metabolic pattern of the main economic sectors of Bulgaria. Data refer to 2012. 68
Table Ill-6 The metabolic pattern of the main economic sectors of Finland. Data refer to 2012. 68
Table Ill-7 The metabolic pattern of the main economic sectors of Spain. Data refer to 2012. 68
Table 11I-8 Metabolic data arrays for the BM sector and its subsectors for Bulgaria, year 2012 70
Table I1I-9 Metabolic data arrays for the BM sector and its subsectors for Finland, year 2012 70
Table I1l-10 Metabolic data arrays for the BM sector and its subsectors for Spain, year 2012 70

Table Ill-11 Metabolic pattern of the ‘iron and steel’ subsector for Bulgaria, Finland, Spain and the EU-22,
year 2012 71

Table Ill-12 Metabolic pattern of the ‘paper, pulp and print’ subsector for Bulgaria, Finland, Spain and

EU-22, year 2012 71
Table IlI-13 End-use matrix based on extensive variables — sectors/whole society 74
Table Ill-14 End-use matrix based on percentages of total — sectors/whole society 75

Table IlI-15 The profiles of investments (labor, electricity, process heat, fuels) generating a dynamic

equilibrium between dissipative and productive sectors (expresses in %) 76

Table IV-1 Average End use matrix for the region considered (EU27+Norway), all sectors from Level n to

Level N-3 for year 2012 85
Table IV-2 Average Society End use matrix of EU27+Norway for the year 2012 88
Table IV-3 Paid Work End use matrix of EU27+Norway for the year 2012 89
Table IV-4 Household End use matrix of EU27+Norway for the year 2012 91
Table IV-5 Energy & Mining End use matrix of EU27+Norway for the year 2012 93
Table IV-6 Agriculture, Forestry and Fishing End use matrix of EU27+Norway for the year 2012 94
Table IV-7 Manufacturing & Construction End use matrix of EU27+Norway for the year 2012 96
Table IV-8 Service & Government End use matrix of EU27+Norway for the year 2012 97

XVII



Table IV-9 Agriculture & Forestry End use matrix of EU27+Norway for the year 2012 99

Table IV-10 Fishing End use matrix of EU27+Norway for the year 2012 101

Table IV-11 Transport Sector End use matrix of EU27+Norway for the year 2012 102

Table IV-12 Service & Government without Transport End use matrix of EU27+Norway for the year 2012
104

Table IV-13 Average End use matrix for the region considered (EU-22), all sectors from Level n-2 to Level

n-3 for year 2012 109
Table IV-14 Energy & Mining End use matrix of EU27+Norway for the year 2012 110
Table IV-15 Manufacturing & Construction End use matrix of EU27+Norway for the year 2012 112
Table IV-16 Energy Sector End use matrix of EU27+Norway for the year 2012 113
Table IV-17 Mining & Quarrying End use matrix of EU27+Norway for the year 2012 114
Table IV-18 Iron & Steel End use matrix of EU27+Norway for the year 2012 116
Table IV-19 Non-Ferrous Metals End use matrix of EU27+Norway for the year 2012 118
Table IV-20 Chemical & Petrochemical End use matrix of EU27+Norway for the year 2012 120
Table IV-21 Non-Metallic Minerals End use matrix of EU27+Norway for the year 2012 121
Table IV-22 Food & Tobacco End use matrix of EU27+Norway for the year 2012 122
Table IV-23 Textile & Leather End use matrix of EU27+Norway for the year 2012 124
Table IV-24 Paper, Pulp & Print End use matrix of EU27+Norway for the year 2012 125
Table IV-25 Transport Equipment End use matrix of EU27+Norway for the year 2012 127
Table IV-26 Machinery End use matrix of EU27+Norway for the year 2012 128
Table IV-27 Wood & Wood Products End use matrix of EU27+Norway for the year 2012 130
Table IV-28 Non-specified (Industry) End use matrix of EU27+Norway for the year 2012 131
Table IV-29 Construction End use matrix of EU27+Norway for the year 2012 132

Table IV-30 Electricity EMRs for Manufacturing and Construction sector and subsectors for EU-22

countries -year 2012 134

Table IV-31 Electricity EMRs compilation for Manufacturing and Construction sector and subsectors for

EU-22 countries and year 2012. Comparing sectors by NCI. 134

Table IV-32 Heat EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22

countries - year 2012 136

Table IV-33 Electricity EMRs for Manufacturing and Construction sector and subsectors for EU-22

countries - year 2012 136

Table IV-34 Fuel EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22

countries - year 2012 138

Table IV-35 Fuel EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22

countries -year 2012 138

XVl



Table IV-36 EJP for Manufacturing and Construction sector and subsectors for EU-22 countries -year

2012 140

Table IV-37 EJP for Manufacturing and Construction sector and subsectors for EU-22 countries - year

2012 141

Table IV-38 Metabolic structural table for Average Society split in Household and Paid Word sectors of
EU27+N, year 2012 144

Table IV-39 Metabolic structural table for Paid Work sector and subsectors of EU27+N, year 2012 146

Table IV-40 Metabolic structural table for Manufacturing and Construction sector and subsectors of

EU22, year 2012 148
Table V-1 Products inside the Pulp category 172
Table V-2 Products inside the Paper & Paperboard category 173
Table V-3 Products inside the Articles of paper and paperboard category 174
Table V-4 Products inside the Printing and related services category 175
Table V-5 Products inside the Reproduction and recorded material category 175

Table V-6 Total and sold production coming out from Paper, Pulp and Print subsector, year 2012 177
Table V-7 Paper, Pulp & Print metabolic matrix of EU22 for the year 2012 178

Table V-8 Export, Import and Physical products trade balance for EU22 countries, year 2012 180

XIX



Acronyms

General

MuSIASEM Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism

IEA International Energy Agency
ILO International Labor Organization
OLECD Organization for Economic Cooperation and Development

Compartments of the Socio-Ecological system

AS Average Society

PW Paid Work sector

HH Household sector

EM Energy and Mining

ES Energy Sector

MQ Mining and Quarrying

AG Agricultural Sector (chapter 2)
AF Agriculture, Fishing and Forestry
AFO Agriculture and Forestry

FI Fishing

BM Building and Manufacturing (chapter 2)
MC Manufacturing and Construction
IS Iron and Steel

NF Non-Ferrous Metals

cp Chemical and Petrochemical
NM Non-Metallic Minerals

XX



FT Food and Tobacco

TL Textile and Leather

pPPP Paper, Pulp and Print

TE Transport Equipment

Ma Machinery

wwp Wood and Wood Products

Co Construction

NS Non-Specified Industry

SG Service and Government.

SG _nTS Service & Government without Transport
TS Transport Service

Fund elements

THA Total Human Activity

HA1 Human Activity in the sector 1
PC Power Capacity

Flow elements

PES Primary Energy Sources

GDP Gross Domestic Product

GVA Gross Value Added

VA Value Added

TET Total Energy Throughput

ETy Energy Throughput in the sector 7 for the energy carrier j
PO/ Product Output for the product 7

Xx1



Flow/Fund ratios
EMRj/

ELP

JP

PPR

Other
BEP
SHE
GER
EC
EU
EEI
MI

EU22

EU27+N

Energy Metabolic Rate 1 the sector rfor the energy carrier j
Economic Labor Productivity (chapter 2)
Economic Job Productivity

Product Production Rate

Bio-Economic Pressure
Strength of the hypercycle
Gross Energy Requirement
Energy Carrier

Energy End Use

Economic Energy Intensity

Material Intensity

The member countries of the European Union, apart from Cyprus,

Denmark, Estonia, France, Luxembourg, Malta.

Norway plus EU27 Member States: Austria, Belgium, Bulgaria, Cyprus,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Poland, Portugal, Romania, Slovak Republic, Slovenia,

Spain, Sweden and the United Kingdom.

Units of Energy
Value Symbol Name
103 J k] kilojoule
106 J M] megajoule
109 G sigajoule
1012 J TJ terajoule
1015 ] PJ petajoule

1018 J EJ exajoule

XXl



XXIII



Chapter I

“Standing on the shoulders of grants™

Bernard of Chartres

Introduction

The defimition of a problem 1s intrinsically dependent on the context of the person
formulating it. My perception of the context now 1s that human beings have achieved the
greatest power control over processes taking place in the planet ever seen. This exceptional
capability of controlling natural resources justifies the name proposed for this period: the
Anthropocene. This extraordinary event in the history of humankind began only two
centuries ago with an intensive transition from hand production methods to machines: The
Industrial Revolution. As explained by Karl Marx, this important change in the mode of
production 1s not just a technological 1ssue (Marx, 1993), but also an mstitutional one. In
fact, dramatic social institutional changes - as the French Revolution (1789) or the Russian
Revolution (1917) - clearly illustrate how deeply productive forces (means of production

and human labor power) and relations of production are entangled.

However, if I had to choose a material factor responsible for boosting the changes in the
modes of production, this would be undoubtedly fossil energy. Since their introduction for
fueling the industrial revolution, the consumption of fossil energy has not stopped growing.
Coal, o1l and gas consumption have been progressively augmenting with the mtroduction
of new technologies and the discovery of new end uses. As result, overall material standards
of living have improved (not without experiencing inequalities in their distribution) enabling
greater life expectancy, lower infant mortality and a reduction of the time and work load.
Additionally, all these changes have also led to an unprecedented increase in the planet’s
population from less than 1 billion people in 1800 to more than 7 billion in 2011, following

an exponential trend (the last billion people increased in the last decade). On the other
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hand, not all societies and communities on the planet have followed this development path
or reaped its benefits. On the contrary, the massive use of fossil fuels has created a huge
quantity of problems in the form of war for its geopolitical control or the destruction of
important ecosystem goods due to their extraction, process and diversity of uses. From this
perspective, it 1s not difficult to see the tremendous challenge that 1s faced when confronting
the current development trend to the peak of fossil fuel resources (Hemberg, 2007).
Moreover, one can see how different and broad issues are affected by the energy system on

which a society 1s based on.

From the early times, many voices have claimed that technological improvements would
reduce resource consumption. Also early was the observation of William Stanley Jevons in
The Coal Question (186)5), that coal consumption would increase (rather than decreased)
after the introduction of the improved Watt steam engine, was farsighted. This accurate
observation by Jevons 1s a clear example of why an analysis of energy issues requires a
multiscale approach. Additionally, when looking at the historic changes in institutions,
demography, environmental conditions and material standard of living, one can see that
energy issues go far beyond technical questions. Any serious debate dealing with peak oil
challenges and with the pace of the transition to renewable energies needs to be framed

from a transdisciplinary perspective.

1 The problem definition and research objective

Sustainability 1ssues have emerged as an important social problem in the last decades. I can
trace 1its origin from two different types of concerns: (1) the uncertainty generated by the
possibility of future fossil fuel shortages threatening the stability of the status quo; and (1)
the environmental awareness of the risks created by the impacts of the fossil fuel era. The
first concern became very relevant during the first o1l crisis in 1973, the second was flagged
for the first ime by Rachel Carson’s famous book Silent Spring, published in 1962 (Carson,
1962). Both issues became a warning that the fossil fuel societies have two points of fragility:
(1) they depend on the availability of a large amount of resources; and (1) they are threatened
by unpredicted (and undesired) negative consequences of this massive use of resources. All

these concerns were effectively reflected by the massive impact of the Meadows’ report 7he
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Limits to Growth that linked directly the population issue to these two concerns (Meadows

et al, 1972).

The mstitutional answers to these challenges can be 1dentified i the Brundtland Report
named Our Common Future (Brundtland, 1987), that in 1987 introduced the famous
defimition of sustainable development as the “development that meets the needs of the
present without compromuising the ability of future generations to meet their own needs”.
It was successful in reformulating sustamability concerns by introducing politically
acceptable nuances for everyone: satisfying the essential need of everybody (including the
poor) and guaranteeing a proper future. Unfortunately, thirty years later we are still far from

fulfilling the goal proposed there.

In this thesis, I am not looking to provide a final answer to the sustainability problem or
magical solutions. On the contrary, framing the issue from a post-normal science
perspective (Funtowicz and Ravetz, 1993), I will propose innovative analytical tools that can
be used to check the robustness of some of the present narratives proposed to fix our
sustamability problems: dematerialization, de-carbonization, boosting efficiency, zero-
emissions or decoupling statements. To do this check I will propose the use of alternative
mdicators and theoretical frameworks. My modest goal 1s to explore the possibility of using
mnovative analytical tools and theoretical frameworks capable of handling relevant
economic, social and environmental issues in quantitative terms. In this way, more effective
mformation can be used to inform public debates, where different options and different

values can be confronted adequately.

For doing so, I will build on the Multi-Scale Integrated Analysis of Societal and Ecosystem
Metabolism (MuSIASEM) framework (Giampietro and Mayumi, 2000a). This approach
provides a powerful analytical framework capable of handling information across different
scales and across non-equivalent descriptive domains. Using concepts taken from complex
system and hierarchical theory, MuSIASEM makes it possible to build semantically
relevant protocols for categorizing data and individuating typologies. In this way, it becomes
possible to develop a quantitative relational analysis capable of dealing with multiple scales

and dimensions as required for dealing with sustainability issues.

3
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The goal 1s to problematize present narratives in relation to energy and resource issues and

to propose alternative quantitative methods for dealing with them.

In short, the main research objective of this thesis 1s to develop new methodological tools
capable of generating fresh msights into the complex set of relations that characterize the
societal metabolism of modern societies. Proposing and testing analytical tools requires
developing empirical applications. At times, this requires struggling against the lack of
coherence of different databases that have to be combined to obtain all the required mputs
of information. In this case, one has also to check whether the information based on the
new accounting method and the combmation of heterogeneous databases still provide

comparability in the results.

In the analysis of the metabolic pattern of modern society, I will consider energy as the key
stone of the mvestigation. But then, I will extend the analysis also to the material flows
associated with the production of industrial products, the human time allocation and the
value-added generation. In that sense, four broad questions relating energy from an
economic and social point of view will be: Energy for what? Energy for whom? and in

relation to the environment How much energy? Which type of energy?

2 Research questions

After having generated a very broad problem definition and very general research objectives,
my research questions are much more specific and concrete. As already mentioned, I
believe that there 1s a lack of effective tools to carry out quantitative analysis in sustainability
science (especially in energy analysis). The problem is particularly severe when dealing with
the necessity of integrating quantitative data across scales. In relation to this point, my

research has been guided by the following three questions:

*  How to 1dentify the most relevant factors determining the performance of the
metabolic pattern of modern societies?

* Is 1t possible to develop a protocol of accounting based on the MuSIASEM
approach that can be used to integrate quantitative data from non-equivalent

descriptive domains (across scales and dimensions)?
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*  What are the potentialities and limitations of such a protocol if one wants to carry
out a multiscale mtegrated assessment of the metabolic pattern of modern

economies using current national databases?

These basic questions can be re-stated in four more specific questions:

*  How valuable 1s the quantitative information generated by the proposed protocol
for improving our understanding of the functioning of the metabolism of societal
systems?

* Can we describe how the characteristics of the different compartments of society
(described at different levels) are affecting each other?

*  What are the different factors determining the energy performance of a societal
system?

*  How can we 1dentify and assess trade-offs among these different factors?

3 Evolution of the thesis

I arrived to MuSIASEM and to the tutoring of Mario Giampietro and Jesus Ramos Martin
looking for a place with people asking similar questions as me. My endless curiosity made
me study Sociology after finishing Industrial Engineering and few people considered it as a
coherent combination rather than a contradiction. However, in spite of my interdisciplinary
background, understanding MuSIASEM was a real challenge due to its deep roots in

complex systems theory and theoretical ecology.

I started my thesis in March 2013 with the basic goal of getting a better understanding of
sustamability science using MuSIASEM 1n relation to energy issues. For this purpose, I
started with a basic application of the MuSIASEM method to the cases of China and India
(Chapter 2). From this first application, I became familiar with a new way of using semantics
and indicators in quantitative analysis. Moreover, 1 learned that when going beyond
established methods and exploring new direction, one often has to deal with lack of data or
has to work with different databases reflecting the definition of non-equivalent descriptive

domains (= non-compatible data).

o
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After finishing the first paper I worked on different attempts aimed at developing a new
grammar to study the service sectors, but then I moved to the analysis of the industrial one.
From a long process of learning by doing, I developed a new protocol improving the
existing MuSIASEM analysis and introduced new methods like the chromatic identification
of patterns, the extended end-use matrix and the metabolic structural tables (Chapter 3). In
this period, I started to collaborate in the activities of the KUFORIE project, which helped
me by giving me more specific goals and questions to solve in my research (until that
moment the work on grammar was basically driven by my curiosity!). In EUFORIE I
applied my protocol to the analysis of the energy end-uses of European countries (Chapter
4). Moreover, since the data produced in EUFORIE were used to discuss of the concept
of efficiency, I understood the extreme relevance of the multiscale analysis to properly
address energy and sustainability issues. Thanks to this new awareness, I was able to
propose my new advances and results to a public discussion on “efficiency”, showing the
existence of serious flaws in the current debate (over economic energy intensity,

dematerialization, efficiency, decoupling).

At that moment, my supervisors told me that the material prepared for the thesis was
enough, and that it was time to interpret, organize and present the results contained in the
accumulated material. However, I did not manage to follow this advice. In fact, after
crunching so many numbers I was attracted by two new subjects that, in my view, would
have dramatically improved my analysis: (1) the accounting of material flows (inputs) and
products (output) in the end-use matrix; and (1) the analysis of the relevance of the
utilization factor of power capacity (sharing technological devices) and possible role of
mstitutions in determining their value. Obviously, the supervisors were right. I did not have
time to work on these additional lines and by trying to do this I did not use all the potential
of the material presented in Chapter 3 and Chapter 4. Of the two additional subjects I could
only address the first one - an exploration of the possibility of introducing material flow
accounting in the end use matrix of MuSIASEM. Even though the time was short and the
difficulties (in relation to availability of data) where mimportant, I managed to introduce in
this thesis a few very interesting results, by carrying out the analysis just on one subsector
(presented i Chapter 5). When facing the huge number of products to be considered even

when dealing with a small subsector, I solved the problem by introducing semantically



Chapter I: Introduction

relevant categories capable of defining classes of industrial compartments based on their
pattern of use of material flows. The method certainly needs further development but it
undoubtedly represents a new line of application of MuSIASEM, that has tremendous
potentialities in improving the characterization of metabolic patterns of modern societies in
a globalization context. Unfortunately, I ran out of time (against the submission deadline)
before managing to develop my second research line that put i relation institutional
analysis with the characteristics of biophysical metabolic patterns. Some of the original ideas

and preliminary work are listed in the Future research section.

4 Structure of the thesis
The thesis 1s organized in the following chapters:
Chapter 1 refers to the mtroductory section that you are already reading.

Chapter 2 presents a comparison of the changes in the energetic metabolic pattern of China
and India, the two most populated countries in the world, with two economies undergoing
an 1mportant economic transition. The comparison of the changes in the energetic
metabolic pattern has the scope to characterize and explain a bifurcation i their
evolutionary path in recent years. The analysis shows an impressive transformation of
China’s energy metabolism determined by the joining of the WTO in 2001. Since then,
China became the largest factory of the world with a generalized technical capitalization of
all sectors, especially the industrial sector, boosting economic labor productivity as well as
total energy consumption. India, on the contrary, lags behind when considering these
factors. Looking at changes in the household sector (energy metabolism associated with
final consumption) in the case of China, the energetic metabolic rate (EMR) soared i the
last decade, also thanks to a reduced growth of population, whereas in India it remained
stagnant for the last 40 years. This analysis indicates a big challenge for India for the next
decade. In the light of the data analyzed, both countries will continue to require strong
mjections of technical capital depending on a continuous increase in their total energy

consumption. When considering the size of these economies it 1s easy to guess that this
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may induce a dramatic increase in the price of energy, an event that at the moment will

penalize much more the chance of a quick economic development of India.

Chapter 3 provides new advances in the MuSIASEM methods improving the original
protocols used 1n the study presented in chapter 2. Therefore in this chapter I introduce a
new protocol to differentiate and aggregate types of energy carriers and the concept of
extended end-uses data array, a biophysical version of the production function n
economics useful to evaluate the bioeconomic performance of the economy at different
levels and scales. In order to illustrate the protocol, T present a pilot analysis of the
bioeconomic performance of the metabolic patterns of Bulgaria, Finland and Spain at
different scales. Moreover, 1 spell out the relational data analysis between energy, labor,
population and value-added databases required to handle a multiscale integrated analysis
of this type. These new tools will help me to show the problems I found in the current
indicators based on the correlation of CO2 emissions and the GDP generated in the
economic process. In that sense, the discussion illustrates the limitation to the use of energy
mtensity as an indicator for bioeconomic performance. Alternatively, I represent modern
soclety as a social-ecological system. In my representation, I single out the energy sector
and group the other sectors including agriculture, industry, service & government,
transportation, and residential. Advancing from previous MuSIASEM analyses, I open the
black box of the industrial sector to look at 13 subsectors. This allows us to identify the
specific metabolic patterns observed at this level of analysis and get valuable information

explaining the dynamics happening at different levels.

Chapter 4 illustrates an extended application of the protocol presented in chapter 3 for the
analysis of 27 countries - the European Union - plus Norway. In this chapter, I (1)
characterize the pattern of consumption of energy carriers in Europe at different
hierarchical levels of analysis, keeping the distinction between different types of energy
carriers; (11) establish a bridge between quantitative assessments of energy consumption,
monetary flows, employment and the biophysical process of production; and (i11) compare
the energetic performance of different economies observed at different levels of analysis.
The different levels of analysis studied cover the characterization of the metabolic pattern
across (1) level n+1 EU averages; (i) level n Average society; (1) level n-1 Paid work vs

Households; (iv) level n-2 with the main economic sectors: Energy & Mining; Agriculture,
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Fishing & Forestry; Manufacturing & Construction; Services & Government; and (v) the
subsectors defined at the level n-3: Agriculture & Forestry; Fishing; Transport Service;
Service & Government without Transport; Energy Sector; Mining & Quarrying; Iron &
Steel; Non-Ferrous Metals; Chemical & Petrochemical; Non-Metallic Minerals; Food &
Tobacco; Textile & Leather; Paper, Pulp & Print; Transport Equipment; Machinery;
Wood & Wood Products; Non-Specified Industry; and Construction. The end-use matrix
will be presented for all these compartments comparing countries and for the average
Europe. Moreover, I will identify the metabolic pattern distinctions between these
economic compartments for the average of Europe. Additionally, I will map metabolic
patterns and define functional benchmarks by using boxplots. Finally, I will summarize

many of the complex relation by introducing the innovative Metabolic Structural tables.

Chapter 5 explores the possibility of adopting a protocol capable of icluding the
accounting of material flows in the end-use matrix within MuSIASEM. In order to illustrate
the basic 1deas of this new protocol, the chapter uses the Paper, Pulp and Print subsector
(already examined i Chapter 4) as a case study. New indicators are added to the end-uses
data array - Product Output (PO) and Product Production Rate (PPR) - making it possible
to measure in biophysical units the amounts and types of products produced in a subsector
(PO 1s measured in kg/year), and their rate of production per hour of labor (PPR 1s
measured i kg/hour of labor averaged over the year). As a result of this addition of
mdicators, the new extended end-use matrix establishes a relation between energy carriers,
human activity, value added and material products. The analysis of material flows has to
also include information referring to the different sectors’ trade balances. This requires
using data on imports and exports of material products. These new indicators characterizing
the metabolic characteristics of material flows can be used to 1dentify relevant categories of
production processes inside the subsectors and the different roles played in the market by
the economic sectors of different countries. In this way, it becomes possible to 1dentify the
factors explaining the differences i the values of benchmarks describing the energetic
metabolic patterns found in the previous chapters. Last but not least, adding to the analysis
mformation referring to the material metabolism makes it possible to clarify again the
existence of two interpretations of the concept of efficiency in energetics: (1) efficiency

viewed as the maximum ratio between output and mput; and (1) efficiency viewed as the
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maximum power output (per unit of time). The differences of these two interpretations can
be illustrated using our biophysical indicators. Finally, the Paper, Pulp and Print case study
1s used to illustrate a common criticism to the use of the two idicators of Economic Energy

Intensity and Economic Material Intensity, meant to be proxies of efficiency.

Chapter 6 is the conclusion chapter and starts by answering the research questions.
Moreover, it wraps up the most important conclusions from the methodological advances
presented i this thesis and some of the most relevant results from the case studies.

Additionally, it presents an outlook for future research.
Appendix I presents the result tables from chapter 2.
Appendix II presents extra tables from the analysis provided in chapter 4.

Appendix III provides my Curriculum Vitae.
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Chapter 11

“Earth provides enough to satisty every man’s need,

but not every man’s greed”

Mahatma Gandhi

The energy metabolism of China and India between
1971-2010: studying the bifurcation’

1 Introduction

“Peak o1l” defined as the peak of conventional o1l extraction is determining the beginning
of the end of cheap fossil energy and therefore it should be considered as a turning point
i recent economic history. Associations such as ASPO have been warning about the
problem for a long time, and recently even the International Energy Agency (IEA) admitted
m its World Energy Outlook 2011 that the peak of 70 million barrels of daily crude oil
production was reached in 2008 and has not been regained again (IEA, 2011). The current
optimism shown by IEA (2013) with new shale o1l and gas discoveries 1s contested in the
academia and mvestment worlds for not being so financially attractive as claimed by
speculators (Rogers, 2013). This, along with the tar sands troubles (Homer-Dixon, 2013)
leaves the importance of conventional oil untouched. The overwhelming dependence on
cheap fossil fuels of the current economic model will certainly generate stress on the

pattern of economic growth in coming decades when these fossil fuels will be no longer

""This chapter builds on the published paper: Velasco-Fernindez R., Ramos-Martin J., Giampietro M. "The
energy metabolism of China and India between 1971 and 2010: Studying the bifurcation”. Renewable and
Sustainable Energy Reviews. 2015, vol. 41, num. 1, p. 1052-1006
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cheap. The transition to a global economy free of fossil fuels 1s certainly desirable to reduce
socio-environmental impact —especially in extraction areas- but the complexity of the global
economy 1s locked-in on existing technical and political mstitutions that make such a
transition very difficult in the short run. The relentless growth of o1l demand, coupled with
the stagnation of conventional o1l extraction, it 1s expected to trigger important increases in
ol prices, which in turn may deepen the economic crisis in the U.S., Japan and Europe.
Although the economic stagnation in these countries has slowed its energy consumption,
global demand has continued to increase due to the strong growth in emerging countries
like China, India, Brazil and Russia (BP, 2012). This is the reason why, the study of these
fast transition countries and, in particular, of those with a very significant population size, 1s

extremely important.

This chapter presents a biophysical analysis of changes in the energy metabolic pattern of
China and India for the period 1970-2010 by using the Multi-Scale Integrated Analysis of
Societal and Ecosystem Metabolism (MuSIASEM) accounting method. These two
countries are extremely interesting since they are the most populated countries in the world
—together around 2,6 billion mhabitants in 2011, 37% of the world’s population— and they
are undergoing an important metabolic transition (Ma, Oxley and Gibson, 2009). As result
of this fact, China was the largest world energy consumer and India the fourth in 2011 (BP,
2012). This chapter studies the biophysical roots of economic growth analyzing changes in
the energetic metabolic pattern associated with the analogous changes in the characteristics
of the structures of consumption and production within the economy. In this way, it
becomes possible to mdividuate and explain those relevant characteristics determining
differences in the energetic metabolic pattern of China and India, possible future trends
and potential environmental consequences. There are several studies about China and
India energy economy — e.g. literature review of China’s one i (Ma, Oxley and Gibson,
2010). Nonetheless, the quantitative analysis found in available literature does not take into
account the crucial difference between flows, funds and stocks (Georgescu-Roegen, 1971).
For example, if we want to study changes in the relation between GDP (a monetary flow)
and energy consumption (an energy flow), the standard approach 1s to look at changes n a
flow-flow ratio (GDP/total energy throughput) as it happens with Economic Energy

Intensity (EEI). This procedure can lead to serious troubles as shown by Fiorito (2013).
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This problem 1s solved by adopting the MuSIASEM method of accounting based on the
mtegration of flow-fund ratios (Giampietro, Mayumi and Sorman, 2012). In this method,
the EEI 1s defined as a ratio over two flow-fund ratios — energy metabolic rate (total energy
throughput/total human activity = Energy Metabolic Rate - MJ/hour of human activity,
average over 1 year) divided by economic labor productivity (GDP/total human activity =
ELP - US$/hour of human activity, average over 1 year). By generating a ratio over two
flow-fund ratios we can address the issue of scale, considering heterogeneity in the structural
components of the economy when comparing different countries in term of energy use
efficiency and labor productivity (Giampietro and Mayumi, 2000b). In this sense, studies
of energy efficiency based on energy intensity (see table 4 of (Ma, Oxley and Gibson, 2010))
carried put at the level of the whole country misses the existence of important differences
at the level of specific economic compartments. On the contrary, a multi-scale analysis
based on flow-fund ratios can identify the role of each economic sector in determining both
the economic labor productivity and the energy consumption of the country, when
considered as a whole. Therefore, this method makes it possible to 1dentify and compare
the characteristics of “apples” and “oranges” and generate more robust forecasts of possible

future scenarlos.

The rest of the chapter 1s organized as follows: section 2 briefly introduces the methodology;
Section 3 presents the results and interprets them; and finally, Section 4 lists the most
mmportant conclusions that have been reached. Appendix A presents the tables with the

main data analyzed.

2 Methodology

The concept of societal metabolism refers to the set of transformation processes of energy
and materials taking place in a given society which are necessary for reproducing the society
over time. This study must be organized bridging two non-equivalent narratives: (i) in
relation to internal constraints - focusing on the set of transformations under human
control (the interaction of the parts inside the black-box); (1) in relation to external
constraints - focusing on the existence of favorable conditions determined by processes

outside human control (the imteraction of the black-box with its context). Societal
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metabolism studies had a boom 1n the 70’s due to the oil crisis, which highlighted the need
to better understand human dependence on natural resources, especially energy-related
ones. As indicated by Ramos-Martin et al. (2007), these studies focused on the analysis of
the mteraction of socioeconomic systems with their environment. Many of them were
widely used to study farming systems and human communities (Odum, 1983; Rappaport,
1971; Georgescu-Roegen, 1971; Odum, 1971; Leach, 1975; Slesser, 1978; Gilliland, 1978;
Pimentel and Pimentel, 1979; Morowitz, 1979; Costanza, 1980; Herendeen, 1981; Hall,
Cleveland and Kaufmann, 1986; Smil, 1987; Ayres and Simonis, 1994; Fisher-Kowalski,
1998).

The research methodology used here 1s based on the approach of Multi-Scale Integrated
Analysis of Societal and Ecosystem Metabolism (MuSIASEM). This analysis framework
was introduced by Giampietro and Mayumi (1997a, 2000b); see also (Giampietro, 2003;
Giampietro, Mayumi and Sorman, 2012). This approach 1s an application of Georgescu-
Roegen’s flow-fund scheme (Georgescu-Roegen, 1971, 1977) and seeks to provide a
socioeconomic and biophysical analysis from complex autopoietic system theory inspired

by Maturana and Varela (Maturana and Varela, 1980, 1992).

As pomted out by Giampietro et al. (2012), when studying metabolic systems, the
distinction between fund and flow becomes fundamental to understand not only the way
systems work, but also their sustainability over time. Flow categories are those elements that
enter but do not exit the system representation or exit without having entered —e.g. fossil
energy or a new product. Instead, find categories are those agents that preserve their
identity over the duration of the representations and transform mput flows into output flows
—e.g. capital, people, or Ricardian land. Funds are the elements to be sustained when
speaking of sustamability: they have to be reproduced i the process. Another useful
distinction 1s that of endosomatic and exosomatic metabolism. Endosomatic metabolism 1s
one that refers to food energy and which 1s transformed inside the human body in order to
maintain its activity and development. Exosomatic metabolism is one that refers to energy
converted outside the human body, but still converted into applied power under human
control, in order to facilitate the work associated with human activity, which gained special

importance since the industrial revolution (Cottrell, 1955; Smil, 1987).
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MuSIASEM 1s an accounting scheme which allows the linking of biophysical and
socloeconomic variables in an mtegrated manner. This makes it possible to bridge two non-
equivalent views of the metabolic pattern of a given society: (i) the external view dealing with
potential environmental constraints such as availability of resources, waste generation and
absorption capacity (feasibility of the metabolic pattern according to the characteristics of
processes outside human control); and (1) the internal view dealing with potential technical
and economic constraints such as the technical coefficients and the requirement of
production factors (viability of the metabolic pattern according to the characteristics of

processes under human control).

In relation to the analysis of environmental constraints the MuSIASEM approach can be
used to generate an Environmental Impact Matrix. Examples of applications are given in
(Giampietro et al., 2014). This requires mapping the flows metabolized by a society - both
on the supply and the sink side - in spatial terms (using GIS) in order to be able to study
the impact that these flows have on the metabolic pattern of embedding ecosystems. When
mapping flows against ecological funds in spatial terms it becomes possible to check
whether the density of the metabolized flows (both on the supply or the sink side) 1s harmful

for the stability of environmental processes.

Regarding the analysis of socio-economic constraints, biophysical variables are combined
with monetary ones to characterize the different activiies making up the economy. This
provides a biophysical overview of the economic process in the form of a quantitative
representation of the metabolic pattern of a society described i relation to the profile of
allocation of human activity in the different compartments of society. This analysis shows
the interrelationships between demographic, economic and environmental constraints. To
do this, MuSIASEM integrates data referring to different levels of organization and scales

(national, regional, local and household) and different dimensions of analysis.

Finally, 1t should be noticed that the MuSIASEM 1s an accounting method and not a model.
For this reason, the quantitative results depend on the choice of categories of accounting
made when defining the characterization of the metabolic pattern. For example, in this case
study, I accounted the energy consumed by private cars i the category: “energy

consumption of the household”, whereas this energy 1s accounted in official energy statistics
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mn “transportation”. For this reason, MuSIASEM requires a pre-analytical agreement about
the relevance of the choice of accounting categories. In this case study, I did not consider
the effects of trade, whereas this effect 1s considered in other applications of MuSIASEM
(Giampietro et al., 2014) and will be discussed in chapter 5. Finally, the accounting of
MuSIASEM is static: it checks the congruence of the values of variables defined across
different levels and scales within the chosen representation. However, it does not describe

dynamics that can only be observed by adopting a scale at the time.

When studying the socio-economic side, biophysical variables can be combined with
monetary ones to produce a ‘record’ of time use and exosomatic energy consumption in
the different activities that make up the economy. This provides a biophysical overview of
the economic process in the form of a quantitative representation of a metabolic pattern,
showing the interrelationships between demographic, economic and environmental

constraints.

In conclusion, MuSIASEM integrates data from different levels (national, regional, local
and household) and different issues such as time use, land use and energy consumption of

different activities and production sectors.

In this case study the chosen analytical framework (called in the MuSIASEM jargon “the
grammar” (Giampietro, Mayumi and Sorman, 2012)) distinguishes between three levels of
analysis (see Figure II-1): Level n, which reflects country-level variables; level n-1, which
breaks down the values of level n between the paid work sector (PW, comprising all
activities generating value added) and the household sector (HH); and level n-2, which
breaks down the paid work sector among three lower level components - the agricultural
sector (AG), the industrial and construction sector, including energy and mining (PS) and
services and government (SG). The metabolic characteristics of the components defined at

these different levels are defined using a combination of:

» Extensive variables: (1) Human Activity (FUND) - HAI, measured in hours of
human activity in the sector over the year; and (1) Energy Throughput (FLOW) -
ETi, measured in GJ of exosomatic energy in the sector (expressed in Gross Energy
Requirement thermal) over the year; and (i1) economic output (FLOW) - GDP;,

measured in constant 2000 US$ in the conventional way;
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> Intensive variables: (1) Exosomatic Metabolic Rate (FLOW-FUND ratio) - EMR,
measured in Gross Energy Requirement (thermal) per hour of human activity in
the sector; and (i1) Economic Labor Productivity (FLOW-FUND ratio) - ELP1 the
amount of sectortal GDP per year divided by the hours of human activity in the

paid work 1n that sector;

Data for total energy consumption and by sector were obtained from the Energy Balances
of the International Energy Agency dataset (IEA, 2010). The energy consumption of
transport has been distributed among domestic, industrial and services sectors using the
following rule. The share of the household sector has been calculated on the basis of: (1)
the number of private vehicles —motorcycles and cars (National Bureau of Statistics of
China., 2011; SIAM, 2011); (1) annual distance travelled (Ramachandra, 2009; Ou, Zhang
and Chang, 2010); and (in) average fuel consumption per year of motorcycles and cars (An
et al, 2007; MOSPI, 2012). For years in which these data are unavalable I have
mterpolated the values according to the available data on the basis of existing trends. For
mstance, that share was 269 1n 1985 1n the case of China, so I assumed a share of 25% for
the previous years. In the case of India, I use a share of 25% for the years before the first
observation (27% i year 2001) and 37% for the years after the last observation available
(37% 1n 2006). The rest of energy consumption in transportation (total - household) was
split between the services sector (80%) and the imdustry sector (209) assuming that the
majority of trucks used for transportation in these countries are owned by the drivers and
therefore belong to the transportation sector (service) (Giampietro, Mayumi and Sorman,

2012).

Data concerning hours of total human activity were obtained from the population statistics
of each country — National Bureau of Statistics of China (2011) and India from the OECD
(2012) — and multiplied by 8.760 to calculate the total amount of human activity per year
expressed 1n hours (using the convention of 365 days and 24 hours per day). The hours of
human activity in the Paid Work sector (HArw) have been obtained from statistics of
employment and hours of work per week by economic activity from the ILO (2012) and
supplemented with World Bank (2012) figures. For China, 47 hours/week and 50

weeks/year have been assumed, making a total of 2.350 working hours per year. For India,
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46 hours/week and 49 weeks/year have been assumed making a total of 2.254 working

hours per year.

Human Activity Exosomatic Energy Exosomatic Energy GDP
(Hours) Metabolic Rate Throughout (Constant US$ 2000)
(MJ/h) ()
Level  Level  Level level  Level Level Level Level Level Level level level
[ n-1 = n n-1 n-2 n n-1 n-2 0 n-1 n-2

Figure II-1 Dendrograms of exosomatic energy metabolism and of GDP,

Source: Own elaboration.
Data concerning human activity in the Paid Work category by sector of economic activity
—HA.¢, HA» and HAsx— have been obtamned from employment data by sector that 1s
available for China in the NBSC (2011) and for India in the Planning Commission (2012).
Hours of human activity for the household sector (HH) have been obtamned by the
difference between PW and the total (Total Human Activity = Population x 8.760):
HAw=THA-HA-.

GDP statistics have been obtained from the World Bank (2012) and GDP by sector —
GDPic, GDPrs and GDPs— constructed from the share of GDP by economic sectors from
UN (UN, 2011). The intensive variables such as EMR1, ELP1 have been obtained using the

following equations:

ET; (1)

EMR,; = HA,

cLp. - SPPi ©)
"7 HA;

In this way, it becomes possible to establish a relation between the changes in the Economic
Energy Intensity of the whole country (EEILs - Average Society = TET/GDP) and the
changes in the various compartments (EEIl - Sector 7 = EMRI/ELP1) according to the

following relation:
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TET x;i EMR; HA;
EEl 5 = =L i, |(Wherex; = —] (3)
GDP (X x; ELP))* THA THA

This relation makes it possible to study the factors determining changes i EEI across
different hierarchical levels of analysis (at the level of economic sectors and subsectors).
These factors refer to: (i) the biophysical characteristics of the various sectors (including the
household sector) described by their EMR1 and their size, measured in the fraction of hours
per year over the Total Human Activity; (1) the economic characteristics of the various
sectors (only in relation to the compartments defined i the Paid Work) described by their
ELPi1 and their size, measured in the fraction of hours per year over the Human Activity in
Paid Work; and (1) the demographic structure (dependency ratio) and other socio-
economic variables (work load per year, unemployment) determining the ratio HAw/THA
(the relative size of the hours of human activity per year in the PW sector and THA per

year).

3 Results and discussion

3.1 At the level of the country (level n)

This level of analysis presents the main indicators aggregated at the country level such as
the extensive variables TET, THA and GDP, and the intensive ones EMRus or GDP per

capita.

Table A-1 and Table A-2 (see Appendix A) list the most relevant data for level n in China
and India between 1971 and 2010. Figure II-2 and Figure 1I-3 show the evolution of the
total energy consumption (TET) and the GDP in both countries between 1971 and 2010.
In the case of China (Figure II-2a), the total energy consumption has increased more than
six-fold in the 39-year period studied, implying a compounded annual growth rate (CAGR)
of nearly 5% for the same period. Note that since 2001 — when China joined the World
Trade Organization (WTO) — the CAGR has been around 8%, which means that the
energy consumption has doubled in just nine years, going from 50.300 PJ in the year 2001
to 101.200 PJ in 2010. To emphasize the importance of this change, one should note that

China has increased its share of global primary energy consumption from 11,9% i 2001to
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18,99% in 2010. As regards to the GDP of China, it has shown a positive trend with a CAGR
of 9%, particularly marked from China's entry into the WTO — as happened with energy
— and which 1s around 11% for the latter period 2001-2010.

The correlation between TET and GDP 1s repeated in the case of India (Figure II-3a).
However, India shows a more gradual evolution than China, and both variable values are
considerably lower in absolute terms, a difference larger than what could be expected from
the difference in population size between the two countries. Turning to the evolution of
total energy consumption, India has increased more than 4 times i the 39-year period
represented and shows a CAGR of 4%. Unlike China, India has not experimented an
abrupt trend change in the first decade of the XXI century and the CAGR between 2001
and 2010 stood at 4,59, only a half point higher than the average for the whole period
studied (49%). In comparison, this value 1s nearly half of that of China for the same period
(89%). Yet, the mcrease in energy consumption for the latter period 1s not neghgible, and
although it did not double as in the case of China, it increased almost 409% from 19.448 PJ
i the year 2001 to 29.001 PJ in the year 2010. This implied that India moved from
consuming 4,69 of World energy in 2001 to consuming 5,49 of World primary energy in
2010.
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Figure II-2 a) Evolution of total energy consumption (TET) and GDP of China between 1971 and 2010.
b) Evolution of TET and economic energy mtensity (EEI) of China between 1971 and 2010. Sources:
IEA (2010) & World Bank (2012)

It should be noted that both China’s and India’s increase in TET it 1s not only due to a

growth in population (THA), but also to an increase in energy consumption per capita
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(EMR) -Table A-1 and Table A-3-. As will be seen in the next section, this increase in
energy consumption is mainly due to the greater capitalization of the Paid Work sector
(EMRI of the sector within PW) and some increase in domestic consumption (the EMRum

of the household sector).

With respect to the GDP of India, we can see a growing trend with a CAGR of about 5,5%
between 1971 and 2010, which greatly increases during the stretch between 2001 and 2010
reaching almost 8%. Despite the difference in growth rates between China (11%) and India
(89%) we are dealing with a very high value when compared to the performance of other
countries in the same period from 2001 to 2010: Brazl 3,9%, Russia 4,8%, Chile 3,9%,
Venezuela 3,19, Germany 0,9%, Spain 1,9%, Australia 3,29%, Canada 1,9% and the USA
1,69 (World Databank, 2012).
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Figure II-3 a) Evolution of total energy consumption (TET) and GDP of India between 1971 and 2010.
b) Evolution of TET and economic energy itensity (EEI) of India between 1971 and 2010. Sources:
1EA (2010) & World Bank (2012)
Figure I1-2b and Figure II-8b show the evolution of the total energy consumption (TET)
and economic energy intensity (EEIs) for China and India between 1971 and 2010. As can
be seen on these, values of EEIs —energy required to generate a unit of GDP— decreases
significantly in the case of China and more tenuously in India. The Table A-1 and A-2 (see
Appendix A) show how energy intensity for the period studied has been reduced
approximately by a factor of 5 in China, while it has not even been halved in India. However,
m spite of this reduction in the ratio TE'T/GDP, the total energy consumption has increased

6 times in China and over 4 times in India during the same period of time. This fact
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highlights the importance of avoiding to use an intensive variable determined by a ratio
FLOW/FLOW (GDP/TET), as often done with EEI, to study the environmental effect of
an increase in GDP. In fact, it 1s possible that the decrease in the ratio GDP/TET i1s offset
by an increase in THA (population) and EMR (consumption per capita) associated with an
mcrease in ELP (generation of added value per hour of human activity). As result of this
fact, there 1s not any direct correlation between a reduction of GDP/TET and a reduction
of environmental impact (for more on this see (Giampietro, Mayumi and Sorman, 2012)).
It should also be noted that if one wants to use proxy variables to assess environmental
mmpacts one has to use extensive variables - 1.e. measuring the actual amount of flows
required or dumped into the environment - since the use of intensive variables (reflecting
ratios of flows over flows or flows over funds) can lead to this kind of errors. Thus, the
environmental impact of the economic process (both on the supply and sink side) should
be based on TET because it is strongly correlated with the consumption of materials and
the generation of environmental liabilities (Ramos-Martin ez al., 2009). In this sense, Figure
I1-2b and Figure II-3b show that China and India have made impressive gains in their ability
to use energy, but this has not reduced their dependency on fossil energy nor their
environmental impact. Their GDPs are growing at an annual rate of around 109 —which
mmplies doubling their size every 7-8 years— with their governments making plans to
continue doing so. The strong correlation between GDP and TET suggests that the social

and environmental impact will continue to increase in the coming years.

3.2 At the split between production and consumption (level n-1)

The performance of China and India at national level shown in the previous section can be
better understood if the energy consumption, the generation of added value and the use of
human activity within the economy are analyzed at a lower scale (level n-1), which
distinguishes between activities where economic production takes place generating added
value - in paid work sector (PW) - and activities where consumption takes place - in the
household sector (HH). Households are responsible for the maintenance and
reproduction of the fund "human activity" (HA), which means that the human activity,
energy and materials are required to reproduce and enhance the FUND human activity,

which is essential in the definition of a socio-economic system. In addition, when analyzing
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the metabolic pattern at this level of analysis it becomes possible to avoid the limitations of
“per capita” indicators missing important information on the demographic structure of the
society, which affects the performance of the economy. This analysis of the effect of the
demographic structure 1s obtained by assessing the fraction of the FUND human activity in
the paid work sector (HArw = hours per year in Paid Work) in relation to the total hours of
human activity per year (THA = population x 8.760). This fraction depends on
demographic and socio-economic characteristics (the dependency, the employed
population, the weekly hours of work and holidays). Table A-3 and A-4 (see Appendix A)
report the most relevant data from the level n-1 for China and India between 1971 and

2010.

From Table A-3 and A-4, it can be seen that in 1971 the energy consumption in the
production and households was relatively similar: ETww=8.100 PJ and ETw=8.200 PJ -
about 5096-509% 1n China; ETww=3.000 P] and ETw=3.600 PJ - about 45%-55% in India.
However, in 2010 energy consumption i production became much higher than in
households, due to the strong capitalization processes that occurred in both countries:
ETw=83.000 PJ] and ETw=18.200 PJ - about 83%-17% 1n China; and ETww=20.900 PJ and
ETw=8.100 PJ - about 729%-28% 1n India.

When considering the share of human activity allocated to paid work (HAw) out of total
(THA) I get a much lower value for India - 109% of THA - than for China - 159% of THA -
between 1990 and 2010. It should be noted that fraction of HA»w/THA for China 1s very
high when compared to other countries like Spain with 7,2% i 2006 (Ramos-Martin, 2001),
Bulgaria and Hungary with 7-89%, Poland with 8-99% and 9-109% for Romania between 1995
and 2004 (Iorgulescu and Polimeni, 2009), Brazl with 9,3% and 11,3%, Chile with 7,8%
and 9,9%, and Venezuela with 7,3% and 9,9% in 1980 and 2000 respectively (Eisenmenger,
Ramos Martin and Schandl, 2007), or Australia with 9-109%, Canada with 8-9.5% and the
U.S. around 109% between 1990 and 2008 (Chinbuah, 2010).

The main reason for the high value in China is the low dependency ratio that characterizes
the demographic structure of China. This peculianty i1s due to China's one-child policy,
which has made the child dependency ratio very low in this country (24,4% in 2010), almost

half as much as in India for the same year (46,6%) (Wolf er al, 2011). However, in the
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coming vears it 1s expected that due to the ageing of China's population the dependency
ratio will increase (on the elderly side) reducing the effect of the low child dependency ratio.
According to Wolf et al. (2011) it 1s expected that by 2030 China's dependency ratio will

overtake that of India.

Following Cleveland et al. (1984), Hall et al, (1986), and Pastore et al. (2000) Giampietro
et al. (2012) suggest that in the MuSIASEM approach the amount of energy consumed per
hour of labor (EMRew) can be used as a proxy for the level of technical capitalization of the
economy, and the amount of energy consumed per hour in household sector (EMRun) can
be used as a proxy for the material standard of living. The first proxy 1s highly relevant in a
context of cheap energy where the capitalization of the industry goes in the direction of
mvesting in machinery to replace manual labor and thus increase the productivity of work.
This results in greater mechanization and automation of production that will generate a
direct increase in exosomatic energy consumption per hour of work (EMRew). In the second
case, higher energy consumption in households (KMRu) 1s a clear indication that the
households are enjoying more energy services (home applances, mobility with private
vehicles, heating and air conditioning, etc.), which make household chores easier, improve

mobility and increase the overall comfort at home.

The pace of growth of EMRw of India and China in the period 1973-2010 1s shown in
Figure II-4. In a first period (1980-2001) India went from a value of EMRww of 7,46 MJ/h
m 1980 to a value of 15,17 MJ/h in 2001, while China went from a value of EMRew of 14,72
MJ/h to a value of 21,91 MJ/h. These values reflect a similar growth pattern in the two
countries. Things dramatically changed after the year 2001 (when China jomed the WTO);
m the second period (2001-2009) China had an annual growth rate of 8,8% whereas India
has been growing at an annual growth rate of 8,99%. As a result, China managed to achieve
a higher level of technical capitalization of its Paid Work sector throughout the period and
the gap between the two countries increased abruptly after China’s conversion into the

world’s factory.
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Figure II-4 Level of capitalization per worker in China and India between 1973 and 2010. Sources: IEA
(2010), ILO (2012), NBSC (2011) and OECD (2012).
We can now study changes on the consumption side of the metabolic pattern, by focusing
on the value of EMRu (Figure II-5). When doing this comparison, it can be clearly seen
that India has been stagnating around 0,8 MJ/h from the beginning of the study period.
This means that the duplicaion of energy consumption in the household
sector —measured when using the extensive variable ETwm— was due exclusively to the
increase in population, and not to an increase in the material standard of living of the
population. Considering the critical importance of energy consumption to cover basic
needs (Department for International Development (DFID), 2002) and the several dramatic
mmpacts of that —specially on women and children— pointed by Reddy and Nathan (2013),
the stagnation on low values of EMRun during the last 40 years should be considered as a

serious problem in India.

This fact flags the urgency of exploring alternative energies capable of providing basic
services, putting as a priority the poorest households with an empowerment approach, as
suggested by Reddy and Nathan (2013). When coming to the characteristics of metabolic
pattern of the household sector, China shows an upward progression in the values of
EMRun that are higher than those for India. They started around 1,4 MJ/h between 1978
and 2003, and soared to 1,8 MJ/h in 2010. The different CAGR of EMRux values are quite
different: (1) between 1980 and 1990 it grew at 0,8% per year for China and 0,07% for India;
(1) between 2001 and 2009 the rate was 2,9% for China and 0,8% for India. It should be
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stressed that between 1998 and 2001 the EMRun of China was stagnant (Figure 11-5) in spite
of the robust increase in the values of EMRew (Figure 11-4). The difference in the pace of
growth of the two EMR shows clearly how China sacrificed household consumption to
achieve a greater capitalization of paid work sector (EMRew) designed to enhance their

mternational competitiveness in the light of its entry into the WTO in 2001.

The combination of two mtensive variables for both countries 1s shown i Figure 11-6. This
graph clearly shows progression and scale differences between China and India. Specifically,
the EMRun for India remained stagnant whereas in the case of China the EMRun as well as
the EMRew soared in the last decade. An assessment of the material standard of living based
on the proxy variable EMRun —the value of India 1s 0,8 MJ/h and the value of China 1s
between 1,3 and 1,8 MJ/h in the period 1980-2009— can be compared with the
corresponding value of other countries: Brazil 1,46-1,41 MJ/h; Chile 1,54-2,64 M]/h;
Venezuela 2,36-2,07 MJ/h in 1980 and 2000 (EKisenmenger, Ramos Martin and Schandl,
2007); Spain 1,67-3,27 MJ/h in 1976 and 1996 (Ramos-Martin, 2001); Australia 5,56-6,77
M]J/h, Canada 9,00-8,84 MJ/h and USA 9,47-10,2 MJ/h in 1990 and 2008 (Chinbuah,
2010). From this comparison, we can see that the value of EMRunis particularly low for
India, but also for China: these values are low also for the standards of developing countries.
This suggests that if in China and India industralization levels will continue to rise with
further economic growth (EMRew), the material living standards will have to rise as well
(increasing the value of EMRun) toward the benchmarks typical of the so-called developed
countries, a combination of change that will further imncrease the total energy consumption

(TET)
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Figure II-5 Capitalization of the household sector in China and India between 1971
and 2010. Sources: I[EA (2010), ILO (2012), NBSC (2011) and OECD (2012).
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Figure 1I-6 EMRw vs. EMR.u: of China and India between 1973 y 2010. Sources: IEA
(2010), ILO (2012), NBSC (2011) and OECD (2012).
The relationship between the energy consumption per hour of work (EMRew) and the
economic labor productivity (ELPrw) has been found i several studies of biophysical
economics for countries like Spain (Ramos-Martin, 2001), Ecuador (Falconi-Benitez, 2001)
and Australia (Chinbuah, 2010). This correlation 1s also given in the case of China and
India as seen in Figure I1-7 and Figure II-8. This relationship 1s logical if it 1s assumed that
higher energy consumption per hour of work indicates greater capitalization of production,
mmplying larger costs that will not be covered unless this change allows for greater economic
labor productivity (ELPw). However, at level n-2 it will be seen that there are certain

productive sectors more sensitive to this relationship than others.

28



Chapter II: The energy metabolism of China and India between 1971-2010: studying the bifurcation

Figure II-7a and Figure II-8a show the evolution of EMRew and ELPrw between 1973 and
2009 for both countries. It can be seen that China has higher labor productivity (ELPrw)
and has grown significantly since 1990, but especially after 2003 (after settling into the

WTO) this value has skyrocketed. For India the growth is lower, but still at a decent rhythm.

3.3 At the sector level (level n-2)

Once having seen that energy consumption and economic growth of a country do not
necessarily lead to improvements in material standards of living for the population (it
depends on where the surplus generated in this way 1s invested: either in more capitalization
or in more final consumption), it 1s necessary to understand what happens within the
productive sector (PW sector). In fact, macro-level changes (at the level n) are generated by
changes in the mternal components of the economy (Giampietro, Mayumi and Sorman,
2012): (1) qualitative changes n the relevant characteristics of the various sectors (ELP1 and
EMRi); and (1) quantitative changes in the size of the various sectors (the profile of
distribution of HA1). This 1s done by analyzing changes in the metabolic pattern at the level

n-2 which characterizes the productive sectors of the economy.

Tables A-5 and A-6 (see Appendix A) list the most relevant data —referring to the level n-
2— for the economic sectors of China and India, between 1971 and 2010. In the case of
India, only employment data by sector for the years 1994, 2000 and 2005 could be obtained.
Therefore, it was not possible to build a full representation based on all the extensive
variables such as HAx, HAws and HAs; nor intensive ones arising from these: EMRuc,

EMRs, EMRs¢, ELPac, ELPrs and ELPsc.

Figure II-9a shows the evolution of the energy metabolism rate of productive sectors of
China between 1975 and 2009. The industrial sector 1s undoubtedly the sector with the
large rate of energy consumption per hour of labor (KMRws). This 1s due to the increasing
use of machinery and the growth of infrastructures. The EMRes of China shows more or
less stable behavior between 60 and 80 MJ/h between 1975 and 1999. Nevertheless, from
2000 the EMRes shoots up at a high rate and leads this indicator up to 148 MJ/h i 2010.

Once again, 1t 1s China’s entry into the WTO 1n 2001 which explains this sudden change.

29



Chapter II: The energy metabolism of China and India between 1971-2010: studying the bifurcation

() (b)
EMRpw & ELPpw China, 1975-2009 EMRpw & EILPpw China dispersion
45 0z _ 20
3
40 / 02 § § 1,80
=t EMRpW / | =4 S
35 +— P 02 é\j & 1,60 y =0,0487x - 0,455
e ELPpW / / Lol g = 140 R? = 0,9806
& 30 1 I
S . L0122 120 £ 3
S / / o1 8 % 1,0 /
g =y o8 ¢
o 5} ,80
5 15 - Av/ / o <~
/ 0l @ 60
10 hd e e
00 % E 40
& =%
S E—— o0& & 20
S — wR B
RISREEFSLIFIIASETES o w0 om0 w0 s

EMRpw (MJ/h)

Figure II-7 a) Evolution of EMRw and  ELPw of China between 1975 and 2009. b) EMRyw vs. ELPwof
China between 1975 and 2009. Sources: IEA (2010), ILO (2012), NBSC (2011), OECD (2012) and

World bank (2012).
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Figure II-8 a) Evolution of EMRw and ELPw of India between 1973 and 2009. b) EMRwvs. ELPw of
India between 1973 and 2009. Sources: IEA (2010), ILO (2012), NBSC (2011), OECD (2012) and
World bank (2012).

This moment of change also coincided with a growth of EMRu, which goes from 0,9 MJ/h
m 2000 to 2 MJ/h in 2010 reflecting an increase in the use of mputs in the agriculture during
this period (see Table A-5). This increase in the capitalization of agriculture can be
explained by the move of huge amounts of workers from farming to go to the cities to work
m industry (Ramos-Martin, Giampietro and Mayumi, 2007). Furthermore, the service
sector shows a similar trend: rising from an EMRs of 7 MJ/h in 2000 to 9,4 MJ/h in 2010
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(see Table A-5 Appendix A), indicating an increased use of motorized vehicles in transport

and more computerization of administrative tasks.
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Figure 11I-9 a) Evolution of EMR.c, EMR»s & EMRs: of China between 1975 and 2010. Sources: TEA
(2010), ILO (2012) and NBSC (2011). b) Evolution of EMR.., EMR:s & EMRs of India for 1994, 2000
& 2005. Sources: IEA (2010), ILO (2012), OECD (2012), World Bank (2012) and Planning
Commussion (2012).
In the case of India very little EMRIi data 1s available due to the lack of information on the
number of workers employed in each sector of the economy and their work-load per year.
However, energy consumption per hour follows the same hierarchy than in China: EMRes>
EMRs> EMR.¢ (Figure II-9b). Moreover, India's industrial sector shows a rise in the EMRos
since 1994 that seems stuck around 80 MJ/h between 2000 and 2005. These values are
similar to those of China before the year 2000 —the EMRus of India 1s 82,7 MJ/h while it 1s
86,3 for China. Nonetheless, the decline of Indian EMRes to 76,9 MJ/h 1n 2005 and the
evolution of its GDP and other indicators suggest that since then India's industrial sector
has not had the same pattern of strong capitalization of China. As seen in the level n-1, the
mcrease n energy consumption in India has not been enough to increase levels of technical
capitalization (technical capital per worker indicated by the proxy EMRi) in industry or in

households. It has only been able to offset the increase in population.

Figure II-10 show how the economic labor productivity of the agricultural sector (ELPac)
was more or less the same in China than in India in 1994 — 0,18 $/h —, but in 2005 China’s
value was 269 higher — 0,29 $/h versus 0,23 $/h. Likewise, economic labor productivity of
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the industrial sector (ELPes) 1s much higher in China than in India: in 1994 it was 55%
higher: 0,81 $/h versus 0,53 $/h; whereas it was 749% higher in 2000: 1,26 $/h compared to
0,72 $/h; and finally it was 16596 higher in 2005: 1,92 $/h versus 0,73 $/h. This growing
differential largely explains why China's GDP 1s greater than the Indian one. Finally, the
economic labor productivity of the service sector was higher in India than in China —up
499% in 1994: 1,49 $/h vs. 0,75 $/h—, a fact that can be explained by the increase in service
outsourcing, software companies and R&D in India (taking advantage of the more diffuse
use of the English language). However, in recent years China has invested significantly in
these areas and 1s reducing this difference: in 2005 Indian ELPsc was only 49 above that of
China: 1,65 $/h compared to 1.58 $/h. In 2010 the ELPs of China increased to 2,55 $/h

which 1s likely to be greater than in India.
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Figure 1I-10 a) Evolution of ELP.., ELPs and ELP.: of China between 1975 and 2009. Sources: IEA
(2010), ILO (2012) and NBSC (2011). b) Evolution of ELP.., ELP:s and ELP:: of India for the years
1994, 2000 y 2005. Sources: IEA (2010), ILO (2012), OECD (2012), World Bank (2012) and Planning
Commussion (2012).

As illustrated in Figure II-10a when considering China the values of ELPsc and the ELPes
are almost similar and following the same trend. This, fact shows clearly the labor mtensive
nature of the industrial sector of the Chinese economy that get a comparative advantage on
the international market, thanks to the possibility of using cheap labor. The situation is even
worse for the PS sector in India where, as explained before, the SG sector does better than
the PS sector in terms of added value generated per hours of labor. Having seen this last

level of analysis, one can say that the fact the ETw has grown much more in China than in
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India stems from both the larger weight of GDPrs in the Chinese economy (where EMRes >
EMRs«. > EMR) with a EMRss continuously increasing, meaning that the difference

between Chinese and Indian EMRes 1s still rising.

4 Conclusions

In this chapter, we have seen a first application of MuSIASEM showing the diverging paths
of economic development of China and India in relation to their energy consumption in
different sectors. The MuSIASEM approach makes it possible to individuate a fragility in
China’s models and a systemic weakness i the Indian’s model. In relation to China, the
fast economic development depends on three specific factors: (1) the effects of the one child
policy that gave to China the largest work force (both in number and in percentage over the
population) in the world. However, this effect will vanish i a decade or two and will
backfire (sudden aging of population); (1) the relative supply of cheap oil. This factor will
vanish too, because of the increasing demand worldwide coupled to an increasing cost of
extraction of fossil energy; (1) the possibility to re-invest the majority of the economic
revenues In the capitalization of the economy, slowing down in the first period of economic
growth the increase in the consumption of the households. Also in this case, the
compression of final consumption cannot be kept for a long period of time, since this policy
tends to generate growing inequalities and soclo-environmental injustices” leading to social
unrests’. In relation to India, the comparison shows a different story, the demographic
momentum and a more relaxed control on the flows of mvestments in the economy did
not result in a quick accumulation of capital per capita in the economy (a structural
economic growth of the industrial sector). This leaves the economy of India with both a
weak mternal demand and a low competitiveness —in terms of industrial infrastructures—

m relation to China on the mternattonal market.

IS

http://www.utne.com/environment/environmental-activists-zm0z 1 3jfzwil.aspx#axzz2 W CmuAkrk,
http://www.guardian.co.uk/environment/2012/jun/19/environment-activist-deaths_[accessed 16.05.17].
3 https://chinastrikes.crowdmap.com/ [accessed 16.05.17].
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The MuSIASEM approach makes 1t possible to quantify the factors determining these
differences. The large differences in the levels of development between China and India
are due to the greater size, capitalization level and pace of growth of China's industrial sector,
especially since its entry into the WTO m 2001. In this regard, China has capitalized all
sectors to a greater extent (EMRI) a fact that translates into a boosting of economic labor
productivity (ELP1) and GDP, but also its total energy consumption (TET). Therefore, in
this phase of industrialization China has at the moment an advantaged position over India,
with a more developed infrastructure and a larger level of technical capitalization of
economic sectors determining a higher economic labor productivity. However, when
comparing China and India energy metabolic rates with the metabolic rates of other
countries available from previous studies (Brazil, Chile, Venezuela (Fisenmenger, 2007);
Spain (Ramos-Martin, 2001), Australia, Canada, USA (Chinbuah, 2010)) we can see that
their EMRin and EMReware still low. This fact reinforces the conclusion that the value of
TET will further increase in the future in both countries. When looking at the Indian and
Chinese energy mix, one can conclude that these achievements have been based on an
mcreased dependency on fossil energy. This increased dependency has taken place at the
very same moment in which it 1s becoming clear that a cheap supply of imported energy 1s
no longer an option. In this sense, the strong correlation between GDP and TET (for an
overview see table 1 of Coers and Sanders (2013)) suggests that the social and

environmental impact will continue to increase in the coming years.

All these questions introduce uncertainty about the future metabolic pattern of China and
India, but also about the stability of the future metabolic pattern of the rest of the world,
due to the huge weight in the world economy of these two economies. The end of the era
of cheap-oll (determined by the peak of conventional oil) and the threat of climate change
will shape future energy policies. In fact, environmental degradation implied by the
extraction of non-conventional fossil energy reserves and the combustion of fossil fuels of
lower quality will become more and more relevant at the moment of developing new energy
policies. The development of renewable energy sources will be a must in order to cope with
the increases in future energy demand. However, according to the characterization given
by MuSIASEM, alternative energy systems will have to be: (1) feasible (compatible with

external constraints); (i1) viable (compatibility with mternal constraints - 1.e. requiring a
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limited amount of production factors and economic nvestments) and (i) desirable
(compatibility with human expectations). In relation to desirability a 100% alternative
energy scenario will probably not deliver the same amount of (energy) services to which
society 1s used to nowadays... (Giampietro et al., 2014). The Economic Energy Intensity of
a country can be reduced by structural changes: moving from industrial production to a
service economy —as done by Europe (Giampietro, Mayumi and Sorman, 2012) and USA
(Chinbuah, 2010) — however this does not imply dematerialization of the world’s economy.
The economies of EU and USA continue to consume industrial products produced
elsewhere (China and India in this case). Therefore, these structural changes in developed
economies mmply just a cost shifting of social and environmental degradation to other

countries. In a global economy, the effect of changes have to be analyzed at the global scale!

Finally, both China and India have still low levels of household energy consumption and a
size of the agricultural sector —both in terms of workers and the relative sectorial share of
GDP— much larger than other developed countries. This situation suggests that both India
and China will continue to require strong injections of technical capitalization and will have
to increase their total energy consumption in order to absorb labor from rural areas into
the growing urban economy, to remain competitive internationally with their economies,
mcrease domestic consumption, and boost their internal production of food for their food
security. Failure to meet any of these points, especially the last two: a quick increase in
household energy consumption —providing a badly needed increase in the energy services
of the poorest fraction of the population— and the possibility of guarantee cheap food to
the poor may trigger social unrest, given that inequalities and socioeconomic injustices are

already serious in these countries.

From this analysis, some pecularities of these countries can also be noted. For example,
China shows a very high fraction of human activity allocated to paid work which makes its
economy very competitive at the moment. This positive peculiarity 1s largely due to its
demographic structure: a low dependency ratio because of the past one-child policy.
However, this plus of the Chinese economy can become a major liability in the future with
a sudden aging of the population, that is composed now of a vast majority of adults. A

second peculiarity is represented by the fact that even though the economic energy intensity
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1s decreasing significantly for both countries, the effect the strong pace of growth moving-
up the value of the metabolic characternistics of their various sectors toward the benchmarks
typical of developed countries (EMRew and EMRu) 1implies that such a decrease has no

appreciable effect on the total energy consumption (TET) of the economy of both countries.

Considering the size of these two giants-countries and when considering the trends of
change in the energetic metabolic pattern of China and India I can only conclude that 1t 1s
extremely important to pay more attention to the biophysical roots of the economic process
and to the existing link between the availability of resources and the ability of the economic
process to guarantee an adequate production and consumption of goods and services for a

changing population.
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Chapter III

“Essentially, all models are wrong, but some are useful”

George Box

Energy uses analysis of the social metabolism
compartments: presenting the protocol’

1 Introduction

Following the recognition of the existence of limits to the availability of natural resources -
peak-oil (ASPO, 2017) and peak everything (Heinberg, 2007) - and the growing concern
about climate change, recent years have witnessed a revival of interest in the bioeconomic
performance of the economy, especially with regard to energy uses. Indeed, energy
efficiency and decarbonization are an integral part of the EU 2020 Energy Strategy
(European Commission, 2010) as well as USA energy policies (Leggett, Congressional
Research Service and Leggett, 2014). Energy intensity and carbon intensity in particular
have become popular indicators for assessing the bioeconomic performance of modern
economies. Energy intensity 1s defined as the simple ratio between the ‘energy used’ by an
economy and the amount of GDP generated during a defined time interval; similarly, the
carbon mtensity is the ratio between the amount of CO2 emissions and the GDP generated
by the economic process. The biophysical intensity of the economy 1s a widely used way of

measuring efficiency under the assumption that a more efficient economy will generate

" This chapter builds partly on paper under revision Velasco-Fernindez R, Giampietro M. and Bukkens, G.
F. Sandra. A novel approach to the analysis of the energy efficiency of the industrial sectorin Energy and the
report: Grampietro M., Velasco-Fernindez R. and Ripa M. Characterizing the factors determining “energy
efliciency” of an economy using the multi-level end use matrix of energy carriers. March 2017 EUFORIE
project
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more GDP with less use of energy and less carbon emissions (Kuropean Environment

Agency, 2015).

In this chapter, I will show that despite their ubiquitous use, the concepts of energy
efficiency and decarbonization and their relative indicators energy and carbon intensity can
be highly misleading metrics for the assessment of the bioeconomic performance of the
economy. In particular, I single out five factors related to the energy metabolism of modern
society that influence the assessments of energy and carbon intensity of the economic
process. These factors make cross-country comparisons and longitudinal studies based on
aggregate data meaningless. In an attempt to overcome these shortcomings, I propose and
llustrate a more holistic approach to societal energy use based on a multi-scale integrated
analysis of the energy metabolism of social-ecological systems. I especially focus on the
analysis of the metabolic pattern of the industrial sector (building and manufacturing) given
its dominant role in determining the energy and carbon intensity of the economic process
as we have already seen in chapter 2 with case studies from China and India. Among the
mnovative aspects of my analysis 1s the use of the concept of ‘end-uses data array’, a
biophysical version of the production function in economics, to evaluate the bioeconomic

performance of the economy.

In the following section (section 2) I first discuss the caveats of the use of energy intensity
as an indicator for bioeconomic performance; in section 3, I propose a new take on societal
energy use based on Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism
(MuSIASEM), and then, in section 4, I illustrate this approach by examining and comparing
the industrial sector of three European countries, Bulgaria, Finland, and Spain at various
hierarchical scales of analysis. Finally, in section 5, I conclude with a discussion of the pros
and cons of the proposed approach to evaluate the bioeconomic performance of the
economy. In chapter 4 I will present an extended application of this protocol covering more

economic sectors and for all the 27 countries of the European Union.
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2 Caveats of the use of energy intensity as an indicator for
bioeconomic performance

In this section, I show that neither at the aggregate level of the whole economy nor at the
level of individual economic sectors, energy intensity and energy efficiency are meaningful
concepts. While a simple ratio, such as energy/GDP, is obviously attractive and easily
calculated from available statistics, it has little information content if not properly
contextualized within the larger metabolic process to which it refers. In order to illustrate
the mitations to the use of energy intensity as an indicator for bioeconomic performance,
I represent modern society as a social-ecological system, as shown in Figure III-1. In this
representation, I single out the energy sector (on the left) and group the other sectors (on
the right) including the industral sector, service and government sector, transportation
sector, and residential sector. The energy sector i1s where primary energy sources are
exploited to produce energy carriers, the rest of the economic process uses energy carriers

to express its functions.

ENERGY SECTOR REST OF THE ECONOMY

IMPORT- EXPORT VIRTUAL MONLEY

T B93m

MIX of Primary MIX of Financial

Energy Sources and (Bio)Economic

Exploitation PES Sectors
Energy @ Energy
mputs _ uses

MIX of Energy MIX of Economic

Carriers Activities

Distribution EC @ »

IMPORT EXPORT < CO, = <€ E IMPORT-EXPORT
GOODS

Figure III-1 The metabolic pattern of social-ecological systems and the different factors aftecting the
energy and carbon intensity of an economy. Abbreviations: PES = primary energy sources; EC = energy
carriers; GDP = gross domestic product
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In Figure III-1 I indicate five factors that influence the metabolism of a social-ecological
system, and notably its energy use 1n relation to the GDP. These five factors need to be

carefully addressed for energy intensity or energy efficiency to have any meaning at all:

1. the degree of openness of the energy sector;

2. the mix of primary energy sources and energy carriers used in society;

3. the mix of economic activities carried out in society;

4. selective externalization of economic activities (import of goods and services);
5. credit leverage and quantitative easing (‘virtual money’) boosting the GDP.

2.1 The openness of the energy sector

Fossil energy imports represent an externalization of the cost of producing energy carriers
i terms of required mvestments in technology, labor, water, land use, and obviously
primary energy sources. They also externalize the emissions of CO2 in the phases of
extraction, refinery and transport. Indeed, energy import 1s key to maintaining a reduced
consumption of primary energy sources and energy carriers in the operation of developed
economies, notably in Europe. The mimportance of this factor becomes evident if we look
at the energy consumption n oil exporting countries. When considering the o1l consumed
for o1l extraction, refining, and transportation an additional 15-209% of energy consumption
1s embodied in the imported fossil energy consumed by developed countries (Smil, 2008;
Hall and Klitgaard, 2012). This bonus 1s generally not considered in the calculation of the

energy intensity of the economy.

2.2 The mix of primary energy sources and energy carriers

In Figure III-2, I show the three sets of categories that are relevant for the accounting of
energy: primary energy sources, energy carriers, and end-uses (Giampietro, Mayumi and

Sorman, 2013). For each category, I list various examples.

Primary energy sources (PES) are energy forms that cannot be produced by humans. Their
(lack of) availability therefore represents an external constraint that limits the use of energy.

Primary energy sources can be of various forms: mechanical (wind, hydro, waves), thermal
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(concentrated solar power, geothermal), chemical stocks (fossil energy such as coal, oil), or
nuclear (generating thermal energy). Primary energy sources can be divided into renewable

and non-renewable sources as shown in Figure I11-2.

When a big difference exists among countries in the mix of primary energy sources used
to generate electricity, we cannot compare the bioeconomic performance of the energy
sector or national economy by simply measuring the energy or carbon intensity. For
example, a country producing more than 90% of its electricity from hydropower, such as
Norway, requires less fossil energy and emits less CO2 to supply the same amount of
electricity than a country, such as Poland, relying predominantly on coal power plants
(about 85%) (OECD/IEA, 2016). Indeed, the role of the efficiency of the technologies used
in the power plants 1s completely irrelevant in determining the economic carbon itensity

compared to that of the mix of primary energy sources used to produce electricity.

PES: Primary Energy  EC: Energy Carriers EU: End Uses
Sources (Secondary Energy) (Energy Services)
Domestic Apphances
RENEWABLES . .
) ) . Electronic Devices (ICT)
‘Wind, Hydro, Tides/waves Electricity ) )
Solar (PV), (CSP) ] Electric Engines
Power Tools
Goethermal
. Hard Coal
Solar (low T) . m.l Coa
Lignite Plants for
Ethane heating
LPG \ annealing
Nuclear Natural gas tempering
Process heat quenching. . .
Coal Mines, Gas Fields
Crude oil reserves, Gasoline Prime Movers
Shale gas reserves Diesel trucks, ships, cranes,
Tar sands mines Kerosene airplanes, excavators,
Fuel O1l road roller. . .
NON-RENEWABLES

Figure III-2 Examples of different types of primary energy sources, energy carriers and end uses.
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Energy carriers (EC) (or secondary energy) are energy forms under human control that are
produced from available primary energy sources. As Cotrell indicated, 1t 1s the 1dentity of
the converter which defines the identity of the energy mput, that is, the energy carrier
(Cottrell, 2009). In relation to this point Figure III-2 shows how different types of energy
carriers are used for different purposes (end uses) by different end users. Airplanes do not
fly on electricity and laptops do not run on kerosene. If we want to assess the efficiency of
a refrigerator we need data on the electricity it consumes; if we want to assess CO2
emissions we need data on the carbon-based fuels that have been burned. Hence it simply
does not make sense to use a single quantitative assessment of ‘energy use’ in the analysis
of energy (or carbon) intensity. Aggregated energy consumptions assessed mn tonne of oil

equivalent (toe) do not map onto a common value of tons of CO2 emissions.

The aggregation of different energy forms mto a single quantitative assessment of ‘energy
use’ implies loss of information by default (Giampietro, Mayumi and Sorman, 2013). For
example, if we have a mix of 30 GJ of electricity and 70 GJ of fuel, we could aggregate them
mto a single assessment of ‘energy use’ using the partial substitution method: the joules of
electricity are multiplied by a conversion factor of 2,65 before being summed to the thermal
joules. In this case, I would arrive at a total of 150 GJ of gross energy requirement (virtual
PES in thermal energy equivalent) or about 3,6 toe. Other methods of aggregation exist
(e.g., the one adopted by Eurostat and IIEA) that will (or not) result in a different gross
energy requirement depending on the mix of primary energy sources used to generate

electricity (Giampietro and Sorman, 2012).

2.3 The mix of economic activities carried out in society (structural factors)

The energy mntensity of the economy as a whole 1s determined by the energy mtensities of
its end-use sectors (that 1s, by the mix of goods and services produced and consumed).
Indeed, the relative weight of the more and less energy itensive end-uses (sectors,
subsectors, processes) In the economy 1s a key factor in determining the energy mtensity of
the economy as a whole. For example, an economy deriving most of its GDP from metal,
chemical and/or paper industries will have a higher energy intensity than an economy

deriving most of its GDP from the financial sector. Also in this case, the mix of economic
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activities will result far more important in determining the overall economic energy itensity
(or the carbon intensity) than the efficiency of the technologies used in each one of the
mdividual end-uses. For example, a post-industrial society based on an outdated tourism
sector will result less energy mtensive than an industrial society based on state-of-the-art
metallurgic production (Giampietro, Mayumi and Sorman, 2012). Indeed, a major
structural factor behind reductions in the aggregate energy intensity of manufacturing in
many countries has been the relative decline of the role of energy-intensive industries (e.g.,
primary metals, chemicals, and paper) in the generation of the GDP (Giampietro, Mayumi

and Sorman, 2012).

2.4 Externalization of industrial production through imports

Related to the previous point, the energy intensity of an economy can be significantly
reduced by externalizing the most energy intensive end-uses to other countries. For instance,
through import of raw materials, semi-finished products or end-products, a society can
externalize the consumption of energy (and relative carbon emissions) required to produce
these goods. In this case we have that the relative energy (and material) consumption and
emissions (as well as other socio-environmental impacts (EJOLT, 2017)) are externalized
to the country producing the imported goods. As a matter of fact, by externalizing the
burden of industrial production (the most energy-intensive economic sector) to countries
like China, Russia, Brazil or India (Eurostat, 2017a), many developed countries have
significantly reduced their energy and carbon intensity (decarbonization). This achievement
has been associated with a process of de-industrialization of their economy (Serrenho et al.,

2014).

2.5  Credit leverage and quantitative easing

Relhance on credit leverage and quantitative easing (debt) can boost the national GDP
without a concomitant mcrease in energy use and relative CO2 emissions. Indeed, a
continuous massive injection of virtual money into the economy allows for the import of
goods ‘free’ of the concomitant biophysical costs (externalized). If imported goods were to

be paid with an equivalent amount of value added obtained by exporting goods, they would
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mmply energy use (and CO2 emissions) for generating that value added. A recent report of
the McKinsey Global Institute (McKinsey Global Institute, 2015) indicates that since 2007
the global debt (in the form of credit leverage or quantitative easing) has increased by 57
trillion USD, outpacing world GDP growth. The same study indicates that developed
countries have the larger amount of and larger rate of increase in credit leverage and
quantitative easing. If we relied on the economic energy intensity of the national economy
(total energy consumption/GDP) as an indicator of performance, we would find that
importing goods and paying them with virtual money 1s by far the most effective strategy to
boost the biophysical efficiency of the economy. According to this indicator we simply have

to print more money n order to reduce COZ2 emission at the national level.

2.6 How to handle these factors?

Some of the problems in using energy intensity as a proxy for energy efficiency have already
been discussed in the literature, including the importance of specifying the mix of primary
energy sources and the mix of energy carriers used in the economic process (Turvey and
Nobay, 1965; Hyman and Reed, 1995; Freeman, Niefer and Roop, 1997; Bernard and
Coté, 2005; Bor, 2008; IEA, 2008; Morrison et al., 2009; Sustainable Energy For All, 2012;
Coers and Sanders, 2013; Kepplinger, Templ and Upadhyaya, 2013; Belzer, 2014). Indeed,
the non-substitutability of energy forms was pointed out as early as 1965 by Turvey and
Nobay (Turvey and Nobay, 1965) in relation to the economic measurement of energy
consumption and by Cottrell (Cottrell, 2009) in relation to biophysical analysis. The
Sustainable Energy For All (2012) report (Sustaiable Energy For All, 2012) clearly makes
the point that rigorous measurements of energy intensity are only possible at the level of
mdividual technologies. When moving up to higher hierarchical levels, such as economic
(sub)sectors and the national economy, the indicator 1s affected by the sectoral structure of
the GDP. The discussion in the literature also addresses the existence of different options
for accounting energy consumption: primary energy supply versus final energy
consumption or biophysical versus monetary accounting (Hyman and Reed, 1995; Bernard
and Coté, 2005). Indices based on a thermodynamic narrative have also been proposed to
assess the differences in the quality of the energy mputs used by the economy (Ayres and

Warr, 2005; Warr and Ayres, 2010; Serrenho et al., 2014, 2016).

44



Chapter III: Energy uses analysis of the social metabolism compartments: presenting the protocol

However, this earlier research remains focused on the analysis of the functioning of the
economy seen as a black-box. While it 1s certainly useful to generate ‘ad hoc’ indicators of
the energy intensity of single economies or economic sectors, earlier research does not
properly address the impact of heterogeneity in ‘energy uses’ in cross-sectional studies
(differences in the internal functioning of different black-boxes), nor does it provide a
conceptual approach to study the effect of evolutionary changes in individual economies
(structural changes in the characteristics and relative sizes of the parts of the black-box under
analysis) (Coccia, 2010). For this reason, in this chapter I propose a quantitative method of
analysis that addresses the challenge of how to deal with the fact that different societies use
different mixes of energy inputs to express different functions i different functional
elements (economic sectors and sub-sectors) and that these mixes may change over time.
This challenge requires us to simultaneously assess both the relative size of these functional
elements and the specific profile of different types of energy inputs consumed by each of

them.

Essential and novel to my approach 1s the introduction of the concept of an ‘end-uses data
array’. The end-uses data array makes it possible to distinguish and quantify the energy
throughput metabolized by each of the elements of the economy in terms of a mix of
different energy forms of different quality. At the same time, the end-uses data array
provides information on the size of the element, by means of the required labor input for
the end-use/(sub)sector in question. This combination of information allows us to describe
the energy consumption of a given (sub)sector or end-use simultaneously both i qualitative
and quantitative terms. Finally, the proposed framework provides practical criteria to define
and 1dentity the various sectors and subsectors across different hierarchical levels of analysis.
This information is essential for studying the different degrees of openness at which these

sectors and subsectors are operating.
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3 Methodology

3.1 Theoretical framework: MuSIASEM

When analyzing flows in a metabolic system to study the relation between ‘the quantity of
energy used’ and ‘the amount of GPD generated’, we should not consider them in isolation.
Metabolic flows are meaningful only if they are contextualized in relation to the larger
metabolic process in which they are used as useful input and produced as useful output.
Using the flow-fund model proposed by Georgescu-Roegen (Georgescu-Roegen, 1971) we
can make an epistemological distinction between fows —quantities disappearing or
appearing over a given period of analysis— and funds —structural elements of the metabolic
system associated with agency (e.g., population, workers, technical capital or power capacity
In energetic jargon) preserving their identity over the given period of analysis (Farrell and
Mayumi, 2009; Giampietro, Mayumi and Sorman, 2012; Velasco-Fernindez, Ramos-
Martin and Giampietro, 2015). Within this model, the sizes of the various flows are
determined by the characteristics of the various processes taking place inside society. In
turn these processes are determined by the combination, the size and the characteristics of
the fund elements controlling the flows. For example, using the flow-fund model we do not
assess the flow of food consumption of a given society simply by measuring the flow as a
quantity of nutritional kcal/year, but by establishing a relation between: (1) a variable chosen
as a proxy of the size of society - the fund element population; and (1) the metabolic pace
of food consumption per capita per year. That 1s the size of the fund (population size -
extensive variable, used as scaling factor) 1s multiplied by a flow/fund ratio (used as a
qualitative benchmark of metabolic pace per unit of size) to obtain the flow of food

consumption (Giampietro et al., 2014).

I propose a system of accounting based on the MuSIASEM rationale to examine the energy
use and economic productivity of the industrial sector. MuSIASEM builds on the flow-fund
model of Georgescu-Roegen as well as on complexity theory. Its theoretical framework has
been described i detail elsewhere (Giampietro and Mayumi, 1997b, 2000a, 2000b;
Pastore, Giampietro and Mayumi, 2000; Giampietro, 2003; Giampietro, Allen and

Mayumi, 2006; Ramos-Martin, Giampietro and Mayumi, 2007; Giampietro, Mayumi and
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Ramos-Martin, 2009; Sorman and Giampietro, 2011; Giampietro and Sorman, 2012;

Giampietro, Mayumi and Sorman, 2012, 2013). Key features relevant to the work

presented here are briefly described below:

>

Rather than reducing all energy forms into a semantically-void generic category of
accounting, such as joules of energy commodities (used by Eurostat and IEA), 1
respect the specificity of the main energy carriers, electricity, heat and fuel (that are
specific inputs for specific end uses) and maintain a separate accounting of these
energy carriers throughout the analysis.

I map the consumption of these energy carriers for all sectors and subsectors of the
system and also consider an additional production factor: human labor (fund
element), being a necessary ingredient to stabilize the energy flow. For all sectors
and subsectors of the system, I map the allocation of fund and flow elements
(biophysical inputs) onto the flows of value added generated.

I define the size and hierarchical structure of the system on the basis of the
allocation of the fund element human activity —defined in terms of time
(hours/year)— to the various sectors and sub-sectors of the system. This taxonomy
makes it possible to allocate to each (sub)sector of the system the relative flow
elements (i.e., the different types of energy carriers and value added) associated to
human activity.

The social-ecological system (society) as a whole 1s defined as having a total size of:
number of people x 8.760 (hours of human activity in a year). The size of the
different economic sectors and sub-sectors within society 1s defined as: ‘number of
paid hours worked by employees per year in the given sector’.

I use both extensive and intensive variables. Extensive variables assess the size of
fund (e.g., hours of human activity in a year) and flow elements (e.g., throughput of
energy carriers and quantities of value added generated 1n a year), while itensive
variables refer to flow/fund ratios, such as the throughput of energy carrier per hour
of human activity (average value per year) allocated to the end-uses and the quantity
of value added generated per hour of human activity (average value per year)

allocated to the end-uses.
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In the end-use matrix adopted here, the data arrays assessing flows and funds are calculated
for the following sectors: (1) agriculture, forestry and fishing AF; (1) Manufacturing and
Construction MC; (1) Services and Government (private and public services) SG, (iv)
Energy and Mining EM; and (v) the Household sector (HH, residential consumption
including fuels consumed by private cars). The energy supply to society is guaranteed by
two sources: (1) the Energy and Mining sector (EM) - domestic production; and (2) by

mmports.

Within this taxonomy, I distinguish between sectors expressing: (1) dissipative activities; and
(1) hypercychic activities. Dissipative activities are those that consume biophysical flows and
use exosomatic devices, without producing either of them (HH and SG). This implies that
because of this fact, in the same society we must find other activities that generate a net
supply of flows and exosomatic funds - in alternative the flows and exosomatic funds
consumed have to be imported (the activities generating a net supply of flows and funds are
externalized to other societies). The demand generated by dissipative activities defines the
required net supply of flows and exosomatic funds. The hypercyclic compartment (a
hypercycle 1s an autocatalytic loop in which the output is larger than the mput) composed
by AF, EM and MC should be able to provide this net supply (integrated by imports). The
jargon of hypercycle vs. dissipative 1s taken from theoretical ecology (Ulanowicz, 1986)
where 1t 15 used to describe the factors that stabilize complex metabolic networks in
ecosystems. Examples of hypercycles are: (1) the agricultural sector (for food), which
produces more vegetal and animal products than it consumes; (i1) the energy sector (for
energy), which produces more electricity and fuels than it consumes; and (11) manufacturing
and construction sectors producing more exosomatic funds than they consume. For this
reason, the primary and secondary sectors can provide a net flow of food, energy and

exosomatic funds to the dissipative compartments of the society.

In conclusion, in MuSIASEM, we do not use the generic flow/flow ratio “energy use/GDP”
to study the economic energy intensity of an economy. Rather I propose the combined use
of two sets of flow/fund ratios calculated in relation to a ‘quantity of energy carrier per hour
of labor’ (specified by energy carrier types and by job type) and a ‘quantity of added value
per hour of labor’ (specified by job types) for each given compartment. These benchmarks

can be multiplied by an assessment of the fund element ‘human activity’ (express in hours
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per year) invested in that element, that 1s used as scaling factor to get an assessment of the
relative flow. The scaling factor is determined by the size of the fund human activity (labor
hours) allocated to a given (sub)sector having a giving value of metabolic rate. In this way it
becomes possible to scale-up its specific metabolic characteristics (defined by the flow/fund
ratios per unit of size) to the value of the flow (extensive variable) metabolized by the
(sub)sector. Hence the size of the flows associated with a given (sub)sector can be estimated
as the product of an extensive variable (size of the fund - hours of labor) and an intensive
variable (the flow/fund ratio - quantity of the flow per hour of labor) or directly measured
i extensive terms (e.g. when consulting statistical data). Indeed, in MuSIASEM tensive
variables provide useful benchmarks describing the qualitative metabolic characteristics of
the system’s elements (i.e., the mputs required per unit of output). This type of analysis 1s
directly related to the concept of technological performance described using a production
function. Extensive variables, on the other hand, reflect the size of the fund elements
(human activity, the agent using and producing flows). The integrated use of mtensive and
extensive variable allows us to scale the metabolic characteristics of economic sectors and
subsectors within a country, and compare the performance of specific (sub) sectors across
different countries. The inclusion of the intensive variable economic job productivity of a
given sector (EJP1) - the amount of value added generated per hour of labor in a specific
(sub)sector 7 -1s an important feature of MuSIASEM. It provides an indication -
mdependent of energy use- of the convenience of externalizing economic activities (end-
uses) to other countries. When the income provided by an economic activity 1s not or no
longer competitive with other activities i the economic process (when it expresses a
relatively low EJP1), then the activity 1s prone to shrink m size and eventually become
externalized to low-income countries. This happened, for example, with the metallurgic
sector in many European countries (Gualteri, 2015). The analysis of these dynamics using
the variable IJP1 makes it possible to establish a bridge between biophysical and economic
analysis providing specific information on the (lack of) capacity of generating employment

m the various sectors and subsectors considered.
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3.2 System description: hierarchical organization of relevant economic
sectors and subsectors

In order to study the relation between the mix of energy carriers and the mix of end uses
useful for characterizing internal constraints, we need to establish a taxonomy of expected
tasks/functions for the various specialized compartments of society. For this purpose, the
metabolic pattern of the whole society 1s represented as the sum of the metabolic patterns
expressed by its various functional compartments defined across different hierarchical
levels. Then available data should be organized identifying the structural elements that
within the socio-economic systems are used to express the functions defined in the
taxonomy. This distinction between functional and structural elements is essential to define
the level of openness of the economy. In fact, not necessarily does a functional
compartment - the sub-sector producing iron and steel, or the agricultural sector - cover
exactly the requirement of the country. Imports and exports are often used to handle the
mismatch between the requirement of a specific typology of goods and services consumed
by an economy and their domestic supply. Therefore, when defining a taxonomy of
functional compartments, we are describing the organization of the various activities that
are required to stabilize the pattern of production and consumption of a given set of goods
and services in a soclety. Then using this taxonomy, we can identify the structural elements
expressing the functions i a given geographic entity defined by specified boundaries. In
this way, we can observe the activities generating the internal supply of the considered set
of goods and services. Whenever the internal supply exceeds the internal consumption the
soclo-economic system has the option to export, whenever the internal supply does not
cover the internal consumption the socio-economic system must import the missing

quantities.

Therefore, scaling across hierarchical levels of organization of a social-ecological system
(such as the economy) requires: (i) a semantic description of relevant compartments - to
identify the functional elements; (1) a definition of the boundaries of the system - to identify
the structural elements; (i11) the relations across hierarchical levels of organization over the
different metabolic characteristics of compartments and sub-compartments defined at

different levels. In turn, this last step requires:



Chapter III: Energy uses analysis of the social metabolism compartments: presenting the protocol

1. Dehning the set of compartments, 1.e. sectors and subsectors associated with end-
uses. The size of the fund and flow elements accounted as belonging to the chosen
compartments must provide closure at all levels according to the following two rules:
(1) the sizes of the parts of an element defined at a given level must be equal to the
size of the element containing the parts at the higher level; (1) the definition of the
size of the compartments 1s mutually exclusive (no double counting);

2. The data required to define both the size and the characteristics of individual
compartments - in the structural view - must be amenable to the data provided by

the subdivisions practiced in national statistics.

When I define a taxonomy of a function I select the country level as my focal level (level

n). I then define within this ‘whole’ a set of lower-level compartments:
Level n: the whole country (the socio-economic system)
Level n-1: Paid Work (PW), Household (HH);

Level n-2: Energy and Mining (M), Agriculture forestry and fishing (AF), Manufacturing

and Construction (MC), Services and Government (SG);

Level n-3: (1) inside EM - Energy Sector (Energy, Mining and Quarrying for non-energy use
(MQ); () inside AF - Agriculture and Forestry (AFO), Fishing (FI); (1) inside MC - Iron
and Steel (IS), Non-ferrous Metals (NF), Chemicals and petrochemicals (CP), Non-metallic
minerals (NM), Food and tobacco (FT), Textiles and leather (TL), Pulp, paper and print
(PPP), Transport Equipment (TL), Machinery (Ma), Wood and Wood Products (WWP),
Construction (Co), Non-specified-Industry (NS); (iv) inside SG - Services and government

minus transport (SG_nTS), Transport Sector (TS).
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LEVEL N+1 LEVELN LEVEL N-1 LEVEL N-2 LEVEL N-3
Supranational National HH vs PW Sectors Sub-sectors

B Energy Sect

g Mining & Quarrying (MQ)

Agriculture&Forestry (AFO)
s Fishing (FI)

Tron&:Steel (IS)
/ Non-Ferrous Metals (NF)
Chemical&Petrolchem (CP)

/

Non-Metallic Minerals (NM)
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\ Textile&Leather (TL)
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\
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nation

nation Paid Work

Transport Equipment (TE)
b\ Machinery (MA)
\ ‘WoodWood Products (WWP)
| Non-Specified (NS)

Construction (C0)

Transport Services (TS)

§ SGminus Transport (SGnTS)

Figure III-3 The different hicrarchical levels of analysis at which metabolic elements are defined

Then this generic taxonomy based on a definition of functional levels of organization
should be applied to 1dentify structural elements. As a matter of fact, for reasons of data
availability, I will generate two distinct sets of multi-level end use matrices using the
taxonomy illustrated in Figure III-3 The different hierarchical levels of analysis at which
metabolic elements are defined. In the first application, I will consider the multinational
entity as EU27+Norway (this implies considering 28 national levels represented by 27 EU
countries plus Norway). In the second application, I will consider the multinational entity

as EU22 (considering only 22 countries for the national level).

Another important observation to be made here 1s that in this way we can compare the
metabolic characteristics of the various sectors and subsectors (defined at level n-1, n-2, and

n-3) to:

(1) the metabolic characteristics of the other compartments in the same country - how

the metabolic characteristics of the Energy and Mining (or Textile and Leather) of
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France compare with the average metabolic characteristics of other sectors of

France;

(1) the metabolic characteristics of homologous compartments in different countries -
how the metabolic characteristics of the Energy and Mining (or Textile and Leather)

of France compare with the analogous compartments in Germany or Finland

(1) the metabolic characteristics of the same set of compartments included in the
taxonomy calculated, this time, using the aggregated end use matrix of the
supranational entity (e.g. EU27 + Norway). This higher-level end use matrix can be
used to provide reference values referring to the typology of metabolic pattern of

the considered group of similar socio-economic systems.

3.3 Data-arrays describing the metabolic characteristics of end-uses

Unlike in the previous chapter and many previous MuSIASEM applications where energy
1s expressed 1n just one unit (Gross Energy Requirement in virtual thermal equivalent units)
this chapter 1s based on the adoption of a protocol used for characterizing energy metabolic
rates in relation to different energy carriers’ qualities (see Figure I11-2). The advantages of
this more elaborated disaggregation are described in Giampietro et al. 2013. For doing so,
I characterize the metabolic characteristics of end-use sectors using the following data array

(defined in relation to quantities calculated on a year basis):

Extensive Variables

Intensive Variables l

f_)H r A YT N\
[HA EMRelectricity EMRheat EMRfueI EJP ETeleclricity ETheat ETfuel VA]

H_J\ Y J \ Y J

Fund element Fund/Flow ratios Flow elements

—
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Where:

3.3.1

HA - Human activity (fund) allocated in the form of jobs to the end-use, measured
in hours (h).

ET: - Amount of energy throughput metabolized in the form of energy carrier by
the end-use, where 71s either electricity, heat or fuel, measured in joules (J);

VA - Value Added generated by the end-use, measured in euros (€);

EMR — Energy Metabolic Rates: the amount of energy carrier 7 metabolized per
hour of work allocated to the end-use, measured in joules of EC: per hour (J/h)
different for the different typologies of energy carrier. This value 1s obtained by
dividing a quantity of energy per year by a number of hours per year (referring to
the same year);

EJP— Economic Job Productivity: the value added (VA) generated per hour of work
allocated to the end-use, measured in euros per hour of work (€/h). This value 1s
obtained by dividing a quantity of VA per year by a number of hours per year

(referring to the same year).

Scaling extensive Indicators: HA, ETs, VA

As already mentioned in the previous chapter and i accordance with Georgescu-Roegen’s

flow-fund scheme (Georgescu-Roegen, 1975), human activity (HA) 1s defined as a fund

element, whereas energy throughputs (IXTs) and value added (VA) are flow elements. All

of them are extensive variables and can be used to characterize the size (weight) of the end-

use. The impredicative relationships among flows (e.g. E'Ts) and funds belonging to the

four levels can thereby expressed as follows:

+ ETyy (n—1)
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!
~

TET (n) = [ET 4p0(n — 3) (.
+ ETpy(n—3)+ ETgg (n—3)
+ ETyo (n—3)
+ ET;s(n—3) + ETys(n—3)

+ ETcp(n—3)+ ETyy (n—3)

+ ETpr(n—3) + ETy, (n— 3)

+ ETppp(n—3) + ETyp(n—3)

+ ETya,(n—3) + ETyyp (n—3)
+ ET¢o(n—3) + ETyg(n— 3)

+ ETgg nrs M —3) + ETrs (n — 3)]
+ ETyy (n—1)

In the case of the supranational entity (level n+1), the values and their relations in the
equations are constructed summing the extensive variables (quantities per year) of the
countries included in the definition (EU22 and EU27+N 1n this case) for each of the sectors
and subsectors. The intensive variables - EMRI and EJP - are then assessed by calculating

the ratio over the two quantities per year.

3.3.2 Intensive Indicators: EMRs and EJP

Dividing flow by fund elements, we obtain the intensive variables EMR1 and EJP1. Energy
metabolic rates (KMR1) are calculated for each of the energy carriers: electricity, heat and
fuel. As explained above, this strategy allows conserving valuable information about the
quality and quantity of energy throughput in the form of different carriers metabolized in
each end-use. The indicator of economic job productivity (EJP1) 1s a neologism introduced
m the jargon of MuSIASEM and therefore it requires an explanation. This indicator
represents the value added generated in a given end-use sector per hour of work required
m that compartment. In past applications of MuSIASEM this indicator was called
economic labor productivity (ELP, see the study in Chapter II). The change in the label
follows a change in the logic of accounting introduced in the new generation of MuSIASEM
analysis (what in jargon is called MuSIASEM 2.0). In the new logic, the accounting explicitly

separates the characterization of functional elements (the identity of ajob that 1s determined

<
o
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from what 1s expected by the context from the worker performing the job) from structural
elements (the identity of the structural element - the worker - that 1s fulfilling the required
role). This distinction makes it possible to have, in the future, more detailed end-use
matrices. For example, the labor input can be divided in hours of work in high qualified
jobs and in low qualified jobs. Put m another way, by using the term ‘economic job
productivity’ we want to indicate that by adding additional categories of accounting we can
handle qualitative aspects of human labor. In fact, not all working hours are the same, in
the sense that depending on the type of job we can associate to it an expected requirement
of investment of energy carriers and technological capital that in turn may imply a different
requirement of know-how from the worker. For this reason, in the new generation of
MuSIASEM studies end-use matrices are expected to be able to handle different categories

of jobs (e.g., type of skills) in the same way as I have done for energy carriers.

Being intensive variables, EMR; (where 71s the index identifying the type of energy carrier
and j the index referring to the compartment) and EJP; provide benchmark values; they
characterize the metabolic characteristics of a specific typology of end-use independently of
its size. Therefore, EMR; and EJP; allow a comparison of the characteristics of analogous
end-uses across countries, regions or sub-sectors with different sizes of the population and
work force. For instance, we can compare the electricity throughput and value added per

hour of work 1n the textile and leather sub-sector between Germany and Greece.

The information in the data array is purposely redundant (the intensive variables can be
obtained by dividing the extensive variables by the fund element HA and, likewise, the
extensive variables by multiplying the intensive variables by the fund element HA). It 1is
exactly the redundancy i this information space that allows the scaling of information
referring to specific compartments within the hierarchical structure of the system

(Gilampietro and Mayumi, 2000b).

The relations over EMR; can be defined according to the following equation:

TET(n) — ETpy(n—1)+ ETyg(n—1) — (6)
THA(n) HApy(n—-1)+ HAgg(n—-1)

EMRg,(n) =



Chapter III: Energy uses analysis of the social metabolism compartments: presenting the protocol

ET;r(n—1)
HAyp(n—1)
TET (n) — ETpy(n— 1)+ ETyy(n—1)
~ THA (n) — HApy(n— 1) + HAgz(n—)

EMRAF(n - 1) =

The simultaneous accounting of: (a) size; and (b) throughput (defining a resulting value the
pace of the flow per unit of size); for both parts and wholes within a nested metabolic system,
translates nto the establishment of a double system of mapping for the size of these parts
and wholes. That 1s, we can define the size of parts and whole in two non-equivalent ways:
(1) as perceived from within the black-box at the local scale (the relation over the intensive
variables used to establish relations within the multi-level end use matrix); (2) as perceived
from within the black-box at the large scale when looking at the inputs and outputs from/to

the environment (the exchange of flows with the context).

As already pointed out, the quantitative analysis of social-ecological systems always
demands the simultaneous consideration of multiple space-time scales and multiple
dimensions of analysis. Thus, in the following section and next chapter the data-arrays for
each analyzed country will be presented for each level. The data array includes multiple

indicators and it is organized as shown in Table III-1:

Table III-1 Data array describing the indicators used mn the analysis

Compartment| HA EMR_elec EMR_fuel | EJP ET elec | ET _heat | ET_fuel | VA %HA_compartment/ | % VA_compartment/
of reference | (h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (PJdlyear) | (PJ/year) | (€) | |HA_Supracompartment|VA Supracompartment

‘Where:

» the ‘compartment of reference’ 1s the analyzed country and/or sector and/or sub-
sector - this could the whole country, the whole sample of EU countries or a given
sector or subsector - e.g. paper, pulp and print;

» HAis the fund element ‘Human Activity” expressed in hours per year;

» EMR_elec, EMR_heat, EMR_fuel, expressed as MJ per hour of HA per year, are
the fund/flow ratios ‘Energy Metabolic Rates’ referring to the energy carriers

throughput electricity, heat and fuel, respectively,
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EJP, expressed as € per hour of HA per year, is the flow/fund ratio ‘Average
Productivity in relation to the Fund Element’;

ET _elec, ET_heat, ET_fuel, expressed as PJ per year, are the flow elements, 1.e.
Energy Throughput metabolized in form of Energy Carriers (Electricity, Heat and
Fuel);

VA, expressed as € per year, 1s the flow element ‘Gross Value Added in monetary
terms’;

%(HA_ compartment/HA _supra-compartment) is the proportion of labor
allocated in each compartment in relation to the supracompartment of reference
(e.g. 9%6ha n industry over paid work in Bulgaria);
%(VA_sub-compartment/VA_supra-compartment) 1s the proportion of VA
generated in each compartment in reference to the supracompartment;

EEI, expressed as M] per € over a given year, 1s the Economic Energy Intensity
Indicator, that is the ratio between ET (Energy Throughput) and VA (Value Added),
widely used as index for assessing energy efliciency. The energy value of this
coeflicient 1s calculated here as virtual Joules thermals of Primary Energy Source
(normally expressed in Tons of O1l Equivalent). In MuSIASEM, this 1s called Gross
Energy Requirement (GER). This value 1s obtained by adopting the Partial
Substitution Method (i.e. multiplying J of electricity by 2,61, heat by 1,1 and fuel by
1,38 - considering the average values for Spain 2003) (Giampietro, Mayumi and
Sorman, 2013). The use of an aggregation method to assess an overall mput of
energy carriers (only for the calculation of the EEI indicator) does not affect in any

case the elements of my critique as we will see afterwards.

It should be noted that the energy distribution losses are not considered in this analysis.

They would decrease the GER value and the energy consumed by the Energy Sector

in relation to other studies that analyze the relation between PES and EC. In this way,

I am allocating the burden of the losses to the consumption of the energy sector.

However, this 1ssue does not affect the main goal of my analysis - studying the relation

between EC-EU - except for the case of the characterization of the Energy Sector, as 1

will discuss 1n section 4.1.
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3.3.3 Data representation: normalized chromatic intensity

While keeping data disaggregated 1s essential to preserve valuable information (e.g., the
distinction between different typologies of energy carriers), the consequent proliferation of
data records represents a challenge for the visualization of the quantitative characterization.
I therefore use Normalized Chromatic Intensity (NCI) to help the reader in quickly
detecting patterns in the data through gradients in color intensity. The generation of NCI
for mtensive variables (EMRs and EJP) 1s obtained in three steps: first, identifying the
maximum and minimum values for each indicator over the set of data; second, calculating
the range of values for each indicator (difference between maximum and minimum value
of the series); and third, assigning proportional mtensities of color for the mtermediate
values 1n relation to its normalized distance to the extremes of the mterval (maximum
mtensity of the color for maximum values and no-color for minimum values). In this way,
I obtain a chromatic visualization of the differences, helping with pattern recognition and

with the detection of outliers in the data set.

3.4 Data sources and main assumptions

Data on hours worked and gross value added presented in section 4.2 are from National
accounts aggregates by industry (up to NACE A*64) (nama_10_a64) (Eurostat, 2015¢),
while data presented in Sections 4.1 and 4.3 are from Annual detailed enterprise statistics
for industry (sbs_na_ind_r2) (Kurostat, 2015b) and construction (sbs_na_con_r2) (Eurostat,
2015a) also provided by Eurostat (V16150 Number of hours worked by employees for HA
and V12150: Value added at factor cost for VA). Due to the different methodologies of
collecting data in these two sources, comparisons between the benchmarks presented in
these sections (4.2 versus 4.1 and 4.3) are not reliable. This certainly represents a problem.
However, within each one of the set of assessments the comparison can be done. The goal
of this exercise 1s to illustrate the importance of multiscale analysis when dealing with the
characterization of the performance of the metabolic pattern of modern societies in relation

to the characteristics of its sectors and subsectors.
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The Human Activity at Households (level n-1) is calculated as the difference between: (i)
the total number of hours of human activity for the whole society - THA: number of people
(Eurostat, 2015¢) x 8.760 (hours of human activity in a year); and (i) the working hours

(PW) calculated from statistical data.
HAhh = THA - HApW (7)

Missing data in human activity (e.g. in the AF sector) were imputed by multiplying the
numbers of full-ime equivalent (FTE) workers from Agricultural Labour Input Statistics
(aact_ali01) (Eurostat, 2015¢) by the working hours in a year (working days/yr * full-time
working hours/day). These values were further checked against the working hours data

available in the National Account.

NOTE: FTE 1s equal to the ratio of the total number of paid hours during a period (part
time, full tme, contracted) by the number of working hours in that period Mondays through
Fridays. The ratio units are FTE units or equivalent employees working full-ime. In other
words, one FTE 1s equivalent to one employee working full-time (Business Dictionary, no

date).

Data on energy use are from Eurostat Energy Balances (Eurostat, 2015¢). Energy
throughputs are presented in the form of Energy Carriers. Unfortunately, as already
discussed there 1s no perfect way to aggregate different kinds of energy forms into a single
number. Therefore, I present a protocol capable of mapping how different end uses require
different mixes of energy carriers to be reproduced. To do this, I group the long list of
energy carriers in three broad categories explained in section 2.2: electricity, heat and fuel.
In Table III-2 I present the operationalization of this protocol with the national energy
balance from FKurostat. Missing data for some energy products were mmputed by

extrapolation considering time trends.
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Table ITI-2 Aggregation of the different forms of the energy carriers electricity, heat, and fuel reported in
the Energy Balances of Eurostat with their Eurostat codes (Eurostat, 2015¢)

_ Electricity 6000
Hard coal and derivatives 2100
Lignite and derivatives 2200
Oil Shale and Qil Sands 2410
Refinery gas 3214
Ethane 3215
Liguified petroleum gas (LPG) 3220
Total Fuel Oil 3270A
Petroleum Coke 3285

Heat Gas 4000
Solar thermal 5532
Solid biofuels (excluding charcoal) 5541
Biogas 5542
Municipal waste (renewable) 55431
Charcoal 5544
Geothermal 5550
Waste (hon-renewable) 7200
Gasoline (without biofuels) 3234
Aviation Gasoline 3235
Other Kerosene 3244
Gasoline Type Jet Fuel 3246
Kerosene type jet fuel (without biofuels) 3247
Gas/diesel oil (without biofuels) 3260
Liquid biofuels 5545

Energy consumption in the household sector has been calculated by summing residential
consumption (from the Eurostat Energy Balances (Eurostat, 2015¢)) and fuel consumption
by private cars (hypothesis: 809% of the total fleet) and motorcycles (hypothesis: 90% of the
total fleet). The fuel consumption of private cars has been estimated by multiplying the
kilometers per year traveled by vehicles on national territory (Eurostat, 2012) and the
average fuel consumption (The International Council on Clean Transportation (ICCT),
2016), taking mto account the average age of the EU car fleet (European Automobile
Manufacturers Association, 2017), the liters per ton and gross calorific value of gasoline
and diesel fuels (OECD/IEA, 2005), while for motorcycles I simply assumed a
consumption of 5 1/100km. Having calculated the fuel consumption i private cars and
motorcycles (HH), this value has been subtracted from energy use in the Transport Sector

(Land Transport).
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All these data have been aggregated bottom-up-wise as shown in Table I1I-2 Aggregation of
the different forms of the energy carriers electricity, heat, and fuel reported i the Energy
Balances of Eurostat with their Eurostat codes (Furostat, 2015cko mostly match the
categorization from the Energy Balances following the NACE Rev. 2 classification as its
metadata establish (Eurostat, 2008a). The definition of sectors and subsectors matches this
categorization with the one presented in section 3.2 in order to operationalize the multiscale
accounting. I have carried out two rearrangements: (1) human activity accounted in the
Households (HAu), which 1s accounted as the difference between THA (total population
x 8760) minus HA,.); (1) the energy carriers consumed by private vehicles reallocated i
household sector instead than m transport one (this represents transport with a command

and control declared as an economic activity generating value added).

Note that the category of Mining and Quarrying in Table III-1 only considers mining of
metal ores and quarrying of raw material other than primary energy sources, as well as their
supporting activities (NACE categories B7, B8 and B9.9). Mining of coal and hignite (B)),
extraction of crude petroleum and natural gas (B6) and support activities for petroleum and

natural gas extraction (B9.1) are included in the Energy Sector (ES).

3.5 Selection of the countries used 1n the case studies

Part of the work presented in this and in the next chapters are part of a comprehensive
study of energy efficiency in the EU within the context of the EU project EUFORIE
(Furopean Futures for Energy Efficiency (EUFORIE). Horizon2020 Research and
Innovation Programme, 2015). The study includes EU27, which consists of Austria,
Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands,
Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden and the United

Kingdom, in the level n, n-1 and n-2.

Conversely, in the level n-3, the study comprises the ‘EU22’, which consists of the member
countries of the European Union, apart from Cyprus, Denmark, Estonia, France,

Luxembourg, Malta and Slovenia (excluded because of lack of required data for the analysis)
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and the addition of Norway (included as an example of a “quasi-EU country” with a large

production of oil).

In this chapter, however, I focus only on the methodological aspects of the assessment of
energy Intensity, and for this purpose I single out three countries, Bulgaria, Finland and
Spain (in chapter 4 I will present all the outputs, here the EU22 values are just used for
llustrating the values of the upper lever in the Industrial level). I selected these countries
because of their markedly different characteristics: Finland represents a wealthy country
with an abundant endowment of natural resources. The exploitation and export of such
resources requires considerable energy consumption. Spain represents an EU country with
a limited endowment of natural resources and a fair level of economic development.
Bulgaria only recently accessed the EU and represents an economy that 1s still struggling to

mmprove its level of development to the European average.

4 Results

In this section, I present the results of my analysis of the bioeconomic performance of the

mdustrial sectors of Bulgaria, Finland and Spain; and at the European context.

In Table III-4, I show the bioeconomic performance of the industrial sector as a whole
(level n-1) for Bulgaria, Finland and Spain, using a data array that characterizes the end uses
of flows and fund elements in this sector. The bioeconomic performance of the industrial
sector of the EU22 (end-use data array calculated at level n+/) is also listed for reference.
Scaling up national data to the EU22 level 1s useful to obtain more robust benchmark values

for the industrial sector in the European context.

To scale up, I sum the extensive variables (HA, ETs and VA) of the national industrial
sectors making up the EU-22 and then obtain the corresponding ratios by dividing by the
total HAu of the KU-22. The data array shown in Table III-4 ([61 107 12] MJ/h and 33
€/h) can be used for internal comparison with national industrial sectors (inside Europe) or

for external comparisons with analogous data referring to other world regions.
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Table III-3 Correspondence between database categorization of economic activities for Energy Balance
(Eurostat, 2015¢) and hours of work (human activity) and value added (NACE Rev.2) (Eurostat, 2008b)

Energy Balance
Codes | Data Categorization| Human Activity and Value Added Data Categorization (NACE Rev. 2 Divisions)
(IEA & Eurostat)
HH Residential Human Activityis calculated in this study as THA-HA_pw
B5 - Mining of coal and lignite

B6 - Extraction of crude petroleum and natural gas

ES Energy Sector -
C19 - Manufacture of coke and refined petroleum products

D35 - Electricity, gas, steam and air conditioning supply

AFO Agriculture and Al - Crop and animal production, hunting and related service activities
Forestry A2 - Forestry and logging
Fl Fishing A3 - Fishing and aquaculture
C24.1 - Manufacture of basiciron and steel and of ferro-alloys
C24.2 - Manufacture of tubes, pipes, hollow profiles and related fittings, of steel
IS Iron and Steel C24.3 - Manufacture of other products of first processing of steel
C24.5.1 - Casting of iron
C24.5.2 - Casting of steel
C24.4 - Manufacture of basic precious and other non-ferrous metals
Non-Ferrous - -
NF C24.5.3 - Casting of light metals
Metals
C24.5.4 - Casting of other non-ferrous metals
cp Chemical and C20 - Manufacture of chemicals and chemical products
Petrochemical C21 - Manufacture of basic pharmaceutical products and pharmaceutical preparations
Non-Metalli
NM c-m etatlic C23 - Manufacture of other non-metallic mineral products
Minerals
L B7 - Mining of metal ores
Mining and — -
MQ . B8 - Other mining and quarrying
Quarrying
B9.9 - Support activities for other mining and quarrying
C10 - Manufacture of food products
FT Food and Tobacco C11 - Manufacture of beverages
C12 - Manufacture of tobacco products
C13 - Manufacture of textiles
TL Textile and Leather | C14 - Manufacture of wearing apparel
C15 - Manufacture of leather and related products
Ppp Paper, Pulp and C17 - Manufacture of paperand paper products
Print C18 - Printing and reproduction of recorded media
TE Transport C29 - Manufacture of motor vehicles, trailers and semi-trailers
Equipment C30 - Manufacture of other transport equipment

C25 - Manufacture of fabricated metal products, except machineryand equipment

C26 - Manufacture of computer, electronic and optical products

Ma Machinery - -
C27 - Manufacture of electrical equipment

C28 - Manufacture of machineryand equipmentn.e.c.

Wood and Wood C16 - Manufacture of wood and of products of wood and cork, except furniture;
WWP A o )
Products manufacture of articles of straw and plaiting materials
Co Construction F - Construction
. C22 - Manufacture of rubber and plastic products
Non-specified -
NS C31 - Manufacture of furniture

(Industry)
C32 - Other manufacturing

C33,36,37,38, 39,45, 46,47,52,53, 55, 56, 58,59, 60,61, 62,63, 64, 65,66,68,69,70,71,72,73,
74,75,77,78,79, 80, 81, 82, 84 (excluding Class 8422), 85, 86, 87, 88,90, 91, 92, 93, 94, 95,96 & 99

SG_nTS| Services

H49 - Land transport and transportvia pipelines
TS Transport H50 - Water transport
H51 - Air transport

As regards the internal comparison, I can analyze the various national industrial sectors in
relation to the EU industrial cluster (data arrays calculated at levels n-/ versus n+/) by
looking at: (1) intensive variables (performance of processes, unitary values), and (i)

extensive variables (considering the size of the processes). For instance, as shown in Table
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I11-4, the industrial sector of Bulgaria shows poor performance within the European context
with a vector of EMR: of [29 51 3,4] MJ/h and an EJP of only 6 €/h. The Spanish industrial
sector displays a metabolic pattern that 1s similar to the average European benchmarks, [61
129 13] MJ/h and 31 €/h, while Finland stands out well above the European average with
[187 294 47] MJ/h and 44 €/h. Regarding size, we can deduct from Table III-4 that the
industrial sector of Spain 1s a significant contributor to the Furopean industrial sector, both
m terms of labor time (7,9%) and value added (7,5%). We also see that the Finnish industry
generates more value added for Europe than Bulgaria (VA contribution 1,8% versus 0,35%)
with less labor hours (HA contribution 1,49% versus 1,9%).

Table III-4 Metabolic characteristics of the industrial sector as a whole of Bulgaria, Finland, Spain, and the
EU22. The classic economic energy mtensity (EE 1) 1s listed for comparison only. Energy consumption for

calculating the EEI is expressed in joules equivalent of gross energy requirement following the protocol of
(Giampietro, Mayumi and Sorman, 2013)

Industry HA EMR_elec EMR_fuel| EJP ET_elec | ET heat | ET_fuel 0 9HA_BM/ YVA_BM/

2012 | @0%hiyear) (MIh) ~amy | @m) (Palyear) | Palyear) | Palyeary| VA @O€) [ | A BM_EU22 | vA BM_EU22

Europe 54 |X|[ 61 107 12 33 |=| 3304 | 5766 660 1.763 100% 100% 9
Bulgaria | 1,0 29 51 3,4 6 30 53 3,5 6.2 1,9% 0,35%

Finland | 0,74 |X =[ 137 216 35 32 1,4% 1,8% 20
Spain 43 61 129 13 31 261 551 57 132 7.9% 7.5% | 10 |

Table III-4 also shows that looking only at the economic energy intensity (EEI) can be
misleading at this level of analysis. For instance, while the EEIs of Bulgaria and Finland are
more or less the same (23 and 20 MJ/€ respectively), they display a markedly different
metabolic pattern, with the energy throughputs and value added per hour of labor in the
Finnish industry being markedly higher than in Bulgaria. Indeed, as demonstrated in earlier
studies (Gilampietro, Mayumi and Sorman, 2012; Fiorito, 2013), because of a strong
correlation between the total energy consumption and the GDP, one can find clusters of
countries with very similar values of EEI but completely different levels of technological
efficiency (Fiorito, 2013). In order to understand the relation between technological
characteristics, economic performance, and energy and carbon intensity we have to open

the black-box and move to lower hierarchical levels of analysis.
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4.1 Bioeconomic performance of the main economic sectors at the
national level

In this section, I examine the bioeconomic performance of the main economic sectors at
the national level: the agricultural sector (AG), the energy sector (ES), the industrial sector
(BM), the transport sector (TS), service and government (SG), and the household sector
(HH). At this level, one can compare the performance of the various economic sectors
within selected national economies, as well as selected economic sectors among various
national economies. As mentioned earlier, given the different methodology of collecting
data on hours worked between National Accounts (NA) used in this section and Structural
Business Statistics (SBS) used in the other sections, comparisons among values of EMR or

EJP have to be done with extreme caution (a difference of around 30% may be found).

As can be seen from Table I1I-5, Table III-6 and Table I11-7, Bulgaria, Finland and Spain
display a similar metabolic pattern in that the energy sector has the highest metabolic rate
of electricity (KEMRelec) and heat (EMRheat), and the transport sector the highest metabolic
rate of fuel (EMRfuel). This is to be expected given that the energy sector 1s mainly powered
by big machinery controlled by few hands (power plants, refineries, hquefaction and
regasification plants, etc.), whereas the power capacity in the transport sector mainly consists
m fuel converters (cars, motorcycles, trucks, airplanes). In addition, I should underlie that
I do not considered distribution losses. When analyzing the relation between PES and EC,
losses can be interpreted as a “virtual” consumption of the Energy Sector. Electricity 1s
where there are more distribution losses. The relative balance between the electricity
directly consumed by the energy sector and the losses i distribution is respectively:
Bulgaria 419%-59%, Spain 419%-59% and Finland 589%-42%. The mmportance of losses 1s
much lower when considering heat: Bulgaria 96%-49, Spain 97%-3% and Finland 929-8%.

Distribution losses are negligible for fuel products.

Comparing metabolic patterns among countries, we find that Finland 1s the country with
the highest overall metabolic rates ([6,4 7,0 6,0] MJ/h) at the level of the entire society. A
cross-country comparison among the metabolic rates of the household sectors (level n-1)
can give us an indication of the relative material standard of living (levels of consumption

at the household level, outside of working hours). Electricity (EMRelec) and heat
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(EMRheat) metabolic rates are the same (around 0,7 and 0,8 M]J/h, respectively) for
Bulgaria and Spain, despite the colder winters in Bulgaria, but much higher for Finland (1,9
and 1,4 MJ/h, respectively). Different consumption of fuels (EMRfuel) between Bulgaria
and Spain (0,34 versus 1,1 MJ/h) may reflect less cars per capita (0,4 versus 0,5) and
km/vehicle/year (3.500 versus 8.900) in Bulgaria than in Spain. The difference with Finland
1s even more marked (EMRfuel=2,8 MJ/h) with almost 0,6 cars per capita and more than
15,000 km/vehicle/year (Eurostat, 2015g). Regarding the metabolic rates of the productive
sectors, Finland has again the highest values with the exception of EMR values in TS and
EMRheat in ES and SG, suggesting that it has on average the highest levels of mechanization
or technological capitalization in its economic sectors (Giampietro, Mayumi and Sorman,
2012). The transport sector of Bulgaria deserves special mention. It presents the highest
EMRheat (82 MJ/h) due to the large amount of natural gas consumed n pipeline transport

(Eurostat, 2015¢).

As regards the economic job productivity (EJP)’ the three countries present a similar
metabolic pattern: the highest EJP 1s found in the energy sector followed by the industry
and service & government sectors, and the transport sector. The agricultural sector exhibits
the lowest economic job productivity. This metabolic pattern 1s consistent with the general
pattern in Europe (Giampietro, Mayumi and Sorman, 2012). Finland presents the highest
EJP m all sectors, surpassed by Spain only i the energy sector (145 versus 176 €/h).
Bulgana lags behind m all sectors and its economy shows low competitiveness when
comparing its EJP values with those of Finland and Spain. The low EMR values in the
Bulgarian economic sectors could explain this fact, assuming that EMRs are a proxy of
mechanization. Nonetheless, this cannot explain why the EJPs of Spain and Finland are
quite similar despite the EMR values of Finland being about 3 times those of Spain.
Understanding this difference requires us to open the ‘black-box’ of the industrial sector

and examine the pattern of energy use at a lower level of analysis.

"The VA and EJP data reported in this section are only comparable between Tables 4, 5 and 6, but not with
the tables in other sections of the chapter as they are obtained from a different database that uses another
definition. Namely, for this section the EJP is calculated from the Gross Value Added at basic prices and
Total employment domestic concept from the National Accounts (nama_nacel0) facilitated by FEurostat
(Eurostat, 2015d)
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Table III-5 The metabolic pattern of the main economic sectors of Bulgaria. Data refer to 2012.

q HA EMR_elec EMR_fuel | EJP ET_elec | ET_heat | ET_fuel | GVA | |%HA_sec/| %GVA_sec/
Bulgaria | 2012 (10°h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Pdlyear) | (PJlyear) | (10°€) HA S I
Average Society (AS) 64 19 2,3 1,7 0,6 122 147 112 36 100% | 100% 18
Agriculture (AG) 0,97 1,0 1,4 58 2,0 0,97 1,4 5,6 1,9 15% | 53% 6,1
Energy Sector (ES) 0,10 8,4 22 13 0,84 2,6 0,16% | 7,1% 29
Building &
Manufacturing (BM) 13 22 40 2,6 5,8 30 53 3,5 7,7 2,1% 21% 18
Transport (TS) 0,33 3,3 82 6,5 1,1 27 81 2,1 0,51% | 5,9% -
Services & 2.9 10 2,7 0 7.4 29 7,8 0,99 22 4,6% | 60% 4,0
Government (SG)
Household (HH) 59 0,67 0,77 0,34 0 39 45 20 0 91% 0% -

Table ITI-6 The metabolic pattern of the main economic sectors of Finland. Data refer to 2012.

. HA EMR_elec EMR_fuel | EJP ET_elec | ET_heat | ET_fuel | GVA | |%HA_sec/| %GVA_sec/
Finland | 2012 (10° h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Pdlyear) | (PJlyear) | (10°€) HACAS]
Average Society (AS)| 47 6,4 7,0 6,0 3,6 305 333 283 | 172 || 100% | 100% 9,0
Agriculture (AG) 0,26 21,5 36 67 18 5,7 9,6 18 47 || 06% | 2,7% 1
Energy Sector (ES) | 0,037 58 14 43 22 | 54 || 01% | 31%
BNk & 0,97 142 223 358 | 41 137 216 35 40 2% | 23%
Manufacturing (BM)
Transport (TS) 0,26 10 1,9 34 2,7 0,50 9 89 || 06w | 52%
SRS & 2,7 24 1,9 45 43 64 4,9 12 114 | | 56% | 66% 1,7
Government (SG)
Household (HH) 43 1,9 1,4 2,8 0 81 59 121 0 91% | 0% -

Table III-7 The metabolic pattern of the main economic sectors of Spain. Data refer to 2012.

Spam 2012 HA EMR_elec EMR_fuel | EJP ET_elec | ET_heat | ET_fuel | GVA | |%HA_sec/| %GVA_sec/
P (10°h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Pdlyear) | (PJlyear) | (10°€) HA_AS | GVA_AS
Average Society (AS) 410 2,2 31 4,0 2,3 914 1.275 1.625 | 954 100% | 100% 6,3
Agriculture (AG) 15 9,9 21 47 16 14 31 68 24 0,36% | 2,5% 6,9
Energy Sector (ES) 0,18 50 64 292 9,0 32 0,04% | 3,3% 16
X & 5,9 44 04 97 | = 261 | s51 57 | 187 || 14w | 20% || 7.3
Manufacturing (BM)
Transport (TS) 15 11 4,2 29 16 6,4 1.005 43 0,37% | 4,5% -
Services &
Government (SG) 22 13 3,6 2,3 30 289 80 52 668 5,4% 70% 1,4
Household (HH) 379 0,71 0,83 1,1 0 270 315 434 0 92% 0% -
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4.2 Bioeconomic performance of industrial subsectors

In this section, I examine the industrial sector in detail. To this purpose, I construct a matrix
formed by 13 data arrays that characterizes the metabolic pattern of the various sub-sectors
(end-uses) for each country (Table III-8, Table III-9 and Table III-10). Structuring the data
i this manner we can easily compare the metabolic performance among the various
industrial subsectors (level 7-9) making up the industrial sector within each country. We
thus obtain a better understanding of: (1) the size and the proportion of the subsectors/end-
uses composing the mdustrial sector, and (1) the metabolic rates characterizing each of
these subsectors/end-uses. Indeed, looking at these tables we see important differences
among industrial subsectors of a country not only between the EJPs generated by the
various subsectors, but also among the EMRs both in quantitative (MJ/h) and qualitative

terms (the mix of electricity, heat and fuel).

For example, in Table III-8 we see that in Bulgaria ‘mining and quarrying’ generates the
highest VA per hour of labor (32 €/h) and ‘textile & leather’ the lowest one (3 €/h). The
two metallurgic subsectors, ‘iron & steel’ and ‘non-ferrous metals’, have the highest EMRu.
(250 and 343 M]J/h) but widely different EJPs (5 versus 28 €/h). This difference does not
emerge from the corresponding economic energy intensities (175 versus 40). Indeed, Table
II1-8, Table II1-9 and Table III-10 clearly show that the energy intensity of the whole (the
entire industrial sector—"All industry’) 1s determined by two factors related to the parts: the
relative size of the fund element human activity (i.e., labor time) allocated to the subsectors
and the metabolic characteristics of the subsectors (the flow/fund ratios - EMRs and EJP).
This imnformation 1s essential for understanding the dependency of production processes
on different forms of energy carriers, hours of labors and VA, as well as the relation among
these factors, but completely overlooked if only considering the economic energy intensity

(EED of the industrial sector as whole.

In Table III-8, Table III-9 and Table III-10 data organization facilitates a comparison
among industrial subsectors within a country. In the alternative, we can reorganize the data
to facilitate a cross-country comparison of the metabolic performance of selected subsectors.
This 1s llustrated m Table III-11 for ‘iron & steel’ and in Table III-12 for ‘paper, pulp &

print’. In these examples, Furopean benchmarks are used to highlight the variability in the
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performance of the specific subsectors considered within the European context
(comparison at level n-2 versus n+1). The usefulness of this alternative visualization can be
better appreciated in the next chapter, which presents this tables for all EU-22 countries

and of each subsector.

Table ITI-8 Metabolic data arrays for the BM sector and its subsectors for Bulgaria, year 2012

. HA EMR_ele EMR_fuel| EJP ET_elec ET_heat ET_fuel| VA %HA_sector/|%VA_sector/
Bulgaria | 2012 | hivean) | |_c (Mah) i) | @n) | [eayean @alyean ayean| acce || maas | vaas

All Industry (BM) 1.039 [x| 29 3 6 |=[ 30 | s3 | 35 6,2 100% | 100% 23

Iron and Steel 10 26 2.1 0 0,05 10% | o0s8% | [Bizen]
Non-Ferrous Metals 9,0 3,1 1,1 0,80 0,26 0,9% 4,1% 40
Chemical and Petrochemical 35 5 10 42 14 0,17 0,37 3,4% 5,9% 71
Non-Metallic Minerals 34 10 8 2,7 18 0,32 0,28 3,2% 4,5% 96
Mining and Quarrying 18 16 34 0,051 0,28 0,57 1,7% 9,1% 17
Food and Tobacco 156 3 6 3.9 51 0,49 0,95 15% 15% 17
Textile and Leather 211 X 6 4 1 3 |= 14 0,81 0,21 0,60 20% 9,6% 7,9
Paper, Pulp and Print 29 44 256 7 6 1.3 7.5 0,20 0,19 2,8% 3,0% 64
Transport Equipment 29 14 10 0 6 0,40 0,29 0 0,17 2,8% 2,8% 7,9
Machinery 179 18 9 1 6 3,2 1,6 0,17 1,1 17% 17% 9,6
Wood and Wood Products 24 27 69 0 4 0,65 1,7 0 0,09 2,3% 14% 39
Construction 219 5 3 4 6 1,0 0,63 0,88 1,2 21% 20% 3,6
Non-specified Industry 85 22 7 0 5 19 0,62 0 0,39 8,2% 6,2% 15

Table ITI-9 Metabolic data arrays for the BM sector and its subsectors for Finland, year 2012

. HA EMR_ele EMR_fuel| EJP ET_elec ET _heat ET fuel| VA %HA_sector/|%VA_sector/
FI n l an d 2012 (10° h/year) c (MJ/h) (MJ/h) (€/h) (PJlyear) ' (PJlyear) (PJlyear)| (10°€) HA_AS VA_AS
All Industry (BM) 735 |x| 187 204 47 44 |=| 137 [ 216 [ 35 32 100% | 100% 20
ron and Steel 18 2 30 56 | 060 | [ 25% [ 1.9% | [Fa200|
Non-Ferrous Metals 54 6,7 17 0,82 0,37 0,7% 1,1% 56
Chemical and Petrochemical 26 17 10 1,2 25 3,5% 7.7% 23
Non-Metallic Minerals 24 2.8 7.0 0,87 11 3,3% 3,4% 15
Mining and Quarrying 8,4 4,8 0,28 15 0,58 1,1% 1,8% 26
Food and Tobacco 56 57 2,8 14 24 7,6% 7,6% 81
Textile and Leather 9,5 0,76 0,20 0,21 0,37 1,3% 1,1% 6,8
Paper, Pulp and Print 50 69 154 3,0 3,3 6,8% 10%
Transport Equipment 24 1,0 0,09 0,38 0,83 3,2% 2,6% 4,0
Machinery 212 7,7 0,69 0,67 8,0 29% 25% 2,7
‘Wood and Wood Products 34 7,1 75 0,63 1,1 4,6% 3,4% 25
Construction 231 1.3 0 15 9.4 31% 29% 2,6
Non-specified Industry 38 1,4 1,3 3,1 1,6 5,2% 5,0% 5,8

Table II-10 Metabolic data arrays for the BM sector and 1ts subsectors for Spain, year 2012

. HA EMR_ele EMR_fuel| EJP ET_elec ET_heat ET_fuel| VA %HA_sector/|%VA_sector/

Spain 2012 (10° hiyear c (MJ/h) mam) | @n) | | Paryear) (alyear) (paiyean) | 1o’ HA_AS VA_AS
All Industry (BM) 4269 x| 61 129 13 31 |=[ 261 | s51 | 57 132 100% | 100% 10

Iron and Steel 69 48 72 2,7 24 1,6% 1,8%

Non-Ferrous Metals 30 38 6,9 2,7 15 0,7% 1,1%
Chemical and Petrochemical 201 30 134 8,1 11 4,7% 8,3% 22
Non-Metallic Minerals 167 23 128 6,5 4,9 3,9% 3.7% 43
Mining and Quarrying 32 4,8 6,1 2,7 1,6 0,7% 1,2% 15
Food and Tobacco 603 34 43 9,2 20 14% 15% 7.6
Textile and Leather 188 7.2 6,4 2,9 3.8 4,4% 2,9% 7.8
Paper, Pulp and Print 174 19 55 4,5 57 4,1% 4,3% 20
Transport Equipment 286 10 5,8 33 11 6,7% 8,4% 32
Machinery 686 13 14 23 20 16% 15% 2,6
Wood and Wood Products 80 5,0 15 0,62 1,6 1,9% 12% 19
Construction 1.453 89 35 5,1 41 34% 31% 17
Non-specified Industry 300 20 31 6,3 8,3 7,0% 6,3% 11

As can be seen from Table I1I-11 and Table 11I-12, the metabolic rates (EMR) of the same

mdustrial subsector can differ widely among different countries in Europe. What is
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particularly important in this analysis 1s that these differences cannot simply be attributed
to different efficiencies of the technologies employed, but are mostly due to location-
specific conditions. Indeed, highly specific industrial processes (e.g., cutting massive
quantities of trees to produce pulp) are often only possible i particular locations (e.g. where
large forests to be exploited are available). These specific situations lead to specialization of
tasks/processes at the mternational (e.g., EU) level. For instance, in the case of pulp and
paper production — a process or sub-sub-sector that 1s extremely mtensive in terms of
electricity and heat consumption (M]J/h) (the most intensive of all industrial end-uses
analyzed) - the availability of an abundant supply of wood 1s essential.

Table ITI-11 Metabolic pattern of the ‘Tron and steel’ subsector for Bulgaria, Finland, Spain and the EU-22,
year 2012

Iron and Steel HA EMR_eIec! EMR fuel[EJP| [ET elec[ET heat| ET fuel| VA | [sma sector/[sva_sectorr H
2012 (10 hiyear) (MI/h) Mh) | @h)| |Payean | Palyean| Paiyean [ (10°€) | | HABUAS | VA BUAS
Europe (Average Sector) 974 |X 408 1523 34 35 |= 397 1.484 33 34 1,8% 1,9% 80
Bulgaria 10 250 204 0 5,0 2,6 2,1 0 0,052 1,0% 0,8%
Finland 18 X = 12 30 5,6 0,60 2,5% 1,9% 120
Spain 69 1.037 39 48 72 2,7 24 1,6% 18% |[ 86 |

Table III-12 Metabolic pattern of the ‘paper, pulp and print’ subsector for Bulgaria, Finland, Spain and
EU-22, year 2012

Paper, Pulp and Print | HA EMR_elec EMR_fuel [EJP| |ET_elec|ET_heat| ET_fuel | VA | oA sector/|%va_sector/
2012 (10° hiyear) (MJ/h) (MJ/h) | (€/h) (PJlyear) | (Pdlyear) | (PJlyear) | (10°€) | | HA-BUAS | VABUAS
Europe (Average Sector) | 1.937 X 218 391 15 34 |=| 422 757 29 66 3,6% 3,8% 30
Bulgaria 29 44 256 7 6,3 13 7,5 0,20 0,19 2,8% 3,0% 64
Finland 50 X = 69 154 3,0 3,3 6,8% 10%
Spain 174 107 313 26 32 19 55 4,5 57 4,1% 4,3% 20

Due to its favorable boundary conditions (cheap hydro-electricity and abundance of woods),
Finland has a clear comparative advantage in this field and 1is the second producer of pulp
(raw product in the subsector) i Europe with 10 million tonnes in 2012 (Sweden 1s top
producer with 12 million tonnes and Germany a distant third with 3 million tonnes) (CEPI,
2012). Nonetheless, when considering the sub-sub-sector paper and board (finished
product i the ‘paper & pulp’ subsector) Germany is the first largest producer, followed by
Sweden and Finland (22, 11 and 11 million tonnes respectively) (CEPI, 2012). In fact,
paper and board can be produced either from recycled paper and non-fibrous materials or
from pulp. These two methods of production are quite different in terms of energy intensity

(the kraft process 1s very energy intensive!). Hence if different countries rely on different
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mixes of production methods, the country relying on the most energy-demanding processes
(e.g., pulp production in Finland) will exhibit the higher aggregate metabolic rate at the
subsector level. However, when looking at these differences at this level of analysis it
becomes clear that the different values observed depend on the specificity of the type of
production (specialization) developed in the sub-sector and not on the efficiency of the
technologies used in the process. In the same way, the characterization of the metabolic
pattern of an industrial process can result completely irrelevant if that particular activity 1s
extremely marginal in the national economy. This 1s for example the case with the
production of pulp and paper in Italy, which relies entirely on imports for covering its

domestic consumption (CEPI, 2012).

The analysis of the pulp and paper sub-sector clearly shows that any discussion over the
1ssue of energy and carbon intensity of a country in relation to the efficiency of the
technologies used in the economy should start from an analysis of the mix of economic
activities carried out in the different sectors and the selective externalization of the most
energy intensive economic activities by means of import/export of (semi-finished) products
(factors 3 and 4 i Figure III-1 The metabolic pattern of social-ecological systems and the
different factors affecting the energy and carbon intensity of an economy. Abbreviations:
PES = primary energy sources; EC = energy carriers; GDP = gross domestic product). The
mix of domestic production and the openness of the industrial sector are closely related
and should be analyzed simultaneously. Moreover, in a globalized economy, none of these
two factors 1s directly affected by local consumption patterns. This 1s an important point to
consider in the evaluation of policies regarding the reduction of energy and carbon intensity.
In chapter 5 I will present a preliminary exploration of the possibilities to extend the present
protocol relating energy carriers, human activity and value added with information referring

to the products in biophysical units.

4.3 Using the end-use matrix (data arrays) to identify and study relevant
characteristics of the metabolic pattern of modern societies

In the introduction, I discussed the peculiar characteristics associated with the metabolic

pattern of social-ecological systems: the different functions expressed by society are linked

by an impredicative relation. That 1s, the set of functional sectors of a society produce
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outputs that are used as inputs by the others and they require inputs that are the outputs of
the other (Giampietro ef al., no date; Giampietro, Mayumi and Sorman, 2012, 2013). This
metabolic narrative flags the fact that in any metabolic system the characteristics of the
whole “affect/depend on” the characteristics of the parts and vice versa through an
mmpredicative relation (Giampietro and Mayumi, 2004). Studying the implications of this
mutual dependence 1s essential if one wants to study the potentialities, the bottlenecks and

the constraints of transitions to different metabolic patterns.

Using data referring to the three countries used n this pilot study I show in this section how
the mformation provided by the end-uses matrix can be used as a diagnostic tool to 1dentify
and study relevant metabolic characteristics of a country. The three end-use matrices
llustrated in Table III-13 describe the mvestments of energy carriers and human activity in
the various sectors of the economy expressed in the form of extensive variables. A parallel

accounting of the quantities of GVA 1s also added to the matrix.

This information can be transformed in another end-use matrix having in the cells values
expressed as percentages. The percentages refer to the quantities of each one of the various
mputs required to express the metabolic pattern used by the various sectors in relation to
the total used by society: (i) the total of human activity; (1) the total of electricity; (1) the
total of process heat; (iv) the total of fuels. This second type of end-use matrix 1s illustrated

in Table I11-14

Using this second type of end use matrix it 1s possible to study the factors determining the
dynamic equilibrium between the Bio-Economic Pressure (what 1s the profile of the
fractions of the total mputs required to express the expected functions in the dissipative
compartments of the society: Households, Manufacturing & Construction and Service &
Government) and the Strength of the Exosomatic Hypercycle (what 1s the profile of the
fractions of the total inputs required to express the expected functions in the primary sectors
of the society: Agriculture, Forestry & Fishing and Energy & Mining). The relative profiles

of the fractions of the two sides are described in Table III-15.

Moving back to the use of extensive variables we can translate the profile of the fractions of

total input uses in the dynamic equilibrium between dissipative and productive sectors onto
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a set of profiles of mvestments required in the different sectors of the society. This 1s
llustrated in Figure I11-4.

Table III-13 End-use matrix based on extensive variables - sectors/whole society

EXTENSIVE
VALUES

ET_elec
(PJlyear)

Bulgaria QHA
10° h/year
Household 62
Agrlculture, Forestry & 075
Fishing
Energy & Mining 0,10
Manufacturing & 0,94

Construction

Service & Government

ET_heat ET_fuel GVA
(PJlyear) (PJlyear) (10° €)
21 0
5,6 2,2
14 0,04 2,3

: HA ET elec ET_heat ET fuel GVA
(10° hiyear) (PJlyear) (PJlyear) (PJlyear) (10°€)
Household 43 81 59 0
Agrlcult'L:Jir:r,] iI;orestry & 0.26 5,7 10 17 47
EXTENSIVE g
VALUES Energy & Mining 0,04 19 45 1,7 5,3
Manufacturl_ng & 0,93
Construction
Service & Government 2,9
[ Averagesociey | 47
HA ET elec ET_heat ET_fuel GVA
10° h/year (PJ/year) (PJlyear) (PJlyear) (10° €)
Household 380 319 480 0
Agrlcultlliirset,];%restry & 15 31 68 23
EXTENSIVE
VALUES Energy & Mining 0,18 68 308 2,2 32
Manufacturlpg & 57 36 199
Construction

Service & Government
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Table III-14 End-use matrix based on percentages of total - sectors/whole society

. %ET_elec/ %ET _heat/ %ET_fuel/ % GVA/
0 g /| i
Bulgaria WHAHAAS | e as | ETheatas | ET fuel As GVA_AS

Agriculture, Forestry &

Fishing 1,2% 0,8% 0,9% 5,1% 6,4%
PERCENTAGE
OVER AS Energy & Mining 0,2% 21% 9% 0,04% 6,9%
Manufacturl_ng & 1.5% 11% o,
Construction
Service & Government 2,0%

n %ET_elec/ %ET_heat/ %ET_fuell % GVA/
o i i g
Finland WHAHA AS| o iec as | ET heat As | ET fuel As GVA_AS

Household 91% 26% 17% -
Ag”cu'tzir;’] If] ‘;res"y &1 0560 1,9% 2,9% 6,5% 2,8%
PERCENTAGE
OVER AS Energy & Mining 0,08% 6,3% 13% 0,66% 3,2%
Manufacturlpg & 2.0%
Construction
Service & Government 6,2%

%ET_elec/ %ET_heat/ 9%ET_fuel/ % GVA/
m ET_elec_AS ET_heat_AS ET_fuel_AS GVA_AS
Household 93% 24% 30% -
Agrlcultlliir:r,]:;c:;restry & 0,36% 2.4% 4,3% 2.5%
PERCENTAGE
OVER AS Energy & Mining 0,04% 7,5% 23% 0,14% 3,4%
Manufacturlpg & 1,4% 2.2% 21%
Construction
Service & Government 5,6%
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Table III-15 The profiles of investments (labor, electricity, process heat, fuels) generating a dvnamic
equilibrium between dissipative and productive sectors (expresses in %)

Bulgaria  |KCCINECH I 5 el IO
Dissipative Sectors 99% 78% 90% 95% 87%
Primary Sectors 1,3% 22% 10% 5,2% 13%
100% 100% 100% 100% 100%

i8S | s DERtes bl o ioins | ovass

Dissipative Sectors 99% 92% 84% 93% 94%
Primary Sectors 0,6% 8,2% 16% 7,1% 6,0%
100% 100% 100% 100% 100%

weani s | Jerses | et | seal | v

Dissipative Sectors 99,6% 91% 74% 96% 94%
Primary Sectors 0,4% 9,1% 26% 4,4% 5,9%
100% 100% 100% 100% 100%

At this point, using the methods of scaling provided by MuSIASEM one can move across
different levels m order to describe the forced set of relations between the metabolic
characteristics of the sectors and subsectors. This set of forced relations 1s essential to study
the mtegrated set of changes that would be required 1n the different sectors and subsectors
to generate different profiles of investments of energy carriers and human labor capable of
achieving new feasible, viable and desirable states of dynamic equilibrium between BEP

and SEH (Giampietro, Mayumi and Sorman, 2013).
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Figure IlI-4 The profiles of investments (labor, electricity, process heat, fuels) generating a dvnamic
equilibrium between dissipative and productive sectors (in extensive variables)

‘When looking at an end-use matrix quantified using “percentages of the total” Figure II1-5

we are looking at a description of the profiles of mvestments of inputs which are required

by the various sectors in order to express their specific functions. Therefore, this form of

end-use matrix can be used to define “blue-prints” of metabolic patterns of socio-economic

systems belonging to a common typology - e.g. European countries. The blue-prints of the

typology of European countries can be generated by calculating the differences cell by cell

77



Chapter III: Energy uses analysis of the social metabolism compartments: presenting the protocol

of the values of the end-use matrix of the countries and the values of the end-use matrix of

EU27+N. Examples of blue prints generated in this way are illustrated in Figure II1-5.

Bulgaria
30%
20% —
10% I —
0% . ——— - I
Houl-lold Agriculture, Energy & Mining Ma acturing & !’vice &
-10% Forestry & Fishing C i
-20%
-30%
HA M Elect M Heat Fuel GVA
Finland
30%
20%
10%
Hou old Agriculture, Energy & Mining Manufacturing & e &
_10% E v & Fishii g Construction Gow ent
-20%
-30%
HA ™ Elect W Heat Fuel GVA
Spain
20%
15% —
10% —
0% = - |
]|
Hou old Agriculture, Energy & Mining Mar'.acturing & Seji&
-5% Forestry & Fishing Construction Govi ent
-10%
-15%
-20%
HA m Elect ® Heat Fuel GVA

Figure III-5 Blue prints of the metabolic pattern of EU countries based on the differences m the profiles of
mvestments (expressed in percentage) over EU 27 averages (benchmarks)

The metabolic blue prints illustrated i Figure I11-5 show, for each one of the sectors of the
society, the differences in the profile of mvestment of labor, electricity, process heat and
fuel (and the resulting GVA) against the benchmarks calculated for EU27+N. In this way,

the differences in the country values can be mvestigated looking for factors explaining what
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1s “special” in the use of a particular input (e.g. electricity) in a specific compartment (e.g.

energy and mining) in a particular country (e.g. Bulgaria).

This approach can also be used in the analysis of historic series to study the trends of
changes and the substitutions over inputs (e.g. increasing electricity to save hours of labor)
i the different sectors. In this study, I did not carry out an analysis based on temporal

series.

5 Conclusions

A better understanding of how energy use is related to the functioning and the size of the
economy and the use of other production factors (e.g., labor) 1s paramount for evaluating
energy policies. Consider the following highly actual questions: Is the EU 20% energy
efficiency target by 2020 (Kuropean Parliament, 2012) achievable? What has to be changed
in the actual pattern of energy use in the industrial sector to achieve this goal? What would
be the cost (or better the consequence) of achieving this target? Looking at this first analysis
of the metabolic pattern of the industrial sector I can conclude that the quantitative analyses
of the energy (carbon) itensity of the economy presently dominating the discussion of
energy policies 1s not based on an adequate mput of information. Answering this question
would require a more informed analysis of where the different energy carriers are used to
produce what. As it is illustrated in this thesis, at the moment this detailed analysis 1s missing
and hence we can say that at present energy policies are made on the basis of wishful

thinking.

The approach presented in this chapter 1s an attempt to characterize the bioeconomic
performance of the industrial sector across hierarchical levels of organization by exploring
the complex set of relations between energy consumption, requirement of human activity
and value added generation. This analysis characterizes the quantitative (size) and
qualitative (rates/mtensities of flows) energy metabolic characteristics of the various sub-
sectors and sub-sub-sectors of the all economic sector, with the economic job productivity
(€/hour of labor) flagging the expected pattern of externalization. A key feature of this
approach 1s the use of ‘end-uses data-arrays’ composed of extensive and intensive variables.

Data arrays facilitate the extension of the analysis to include other additional resources (e.g.,
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water, land use, technological capital) and sink-side impacts (emissions, discharges) see

(Giampietro et al., 2014) for an application to the water-energy-food nexus.

All the same, the analysis carried out at the level of the industrial sub-sector still leaves out
mmportant aspects as ‘end-uses data-arrays’ at this level may refer to end-uses that are still
qualitatively very different (steel can be produced from scrap or ores, paper from
wood/pulp or recycled paper). For this reason, it would be important to move further down
to yet a lower level of analysis —that of production processes carried out at the level of sub-
sub-sectors— n order to describe the end-uses in terms of technical coefficients (or
biophysical production functions) referring to homogenous typologies of processes. In this
way, the level of analysis can reach a point in which one establishes a bridge between
bottom-up information (expected characteristics of specific technologies) and top-down
mformation (statistical data referring to the categories provided by statistical offices). In this
way, this method of accounting would become a powerful complement -offering the
biophysical perspective- to the aggregate production function in neoclassical economics.
That 1s, the information provided by production functions described in macroeconomics
analysis could be scaled down tracking the biophysical roots of the economic process across
levels. This mtegration could avoid some of the problems associated with the excessive

reliance on neo-classical economic tools (Daly, 1997).

Unfortunately, the inclusion of lower levels of analysis beyond the industrial subsector 1s
currently still problematic as it requires a better definition of the categories of accounting
(hierarchical structure of the industrial sector) by the various statistical offices. Statistical
offices should make a joint effort to offer energy balances, trade, and labor data using a
uniform classification of all economic activities (e.g., NACE Rev 2) so that assessments of
the consumption of energy carriers, hours of human activity (in different types of jobs), and
monetary indicators match with each other at all levels of analysis, thus avoiding a

comparison of apples with oranges in the same category of accounting.
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“Analytic work begins with material provided by our vision of things,

73

and this vision Is 1deological almost by definition.

Joseph Alois Schumpeter

Energy uses analysis of European Countries from a
multiscale perspective’

1 Introduction

In this chapter, I will present all the results of my analysis (based on the protocol illustrated
i chapter 3). The goal 1s to show the potentiality of the innovative approach of accounting

based on MuSIASEM making it possible to:

(I) characterize the pattern of consumption of energy carriers in Europe at different
hierarchical levels of analysis, keeping the distinction between different types of

energy carriers;

(2) establish a bridge between quantitative assessments of energy consumption,

monetary flows, employment and the biophysical process of production;

(3) compare the energetic performance of different economies observed at different
levels of analysis. Using the multi-level end uses matrix it becomes possible to
study the different effects that: (1) the mix of Primary Energy Sources; (1) the mix
of Energy Carriers; (111) the mix of economic activities (reflected in the relative

mix of end-uses in the different sectors and sub-sectors); (iv) the characteristics

* This chapter builds partly in the report: Grampietro M., Velasco-Fernindez R. and Ripa M. Characterizing
the factors determining “energy efficiency” of an economy using the multi-level end use matrix of energy
carriers. March 2017 EUFORILE project
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of specific biophysical processes taking place, at the local scale, to express

functions at the level of sub-sectors - have on the performance of the economy;

individuate the existence of problems with the available database - especially
when moving to the level of subsectors - 1n order to start a discussion over the

possibility of improving the materal provided by statistical offices.

As mentioned i the methodological section in the previous chapter, a characterization of

the pattern of consumption of a modern economy based on data arrays implies the handling

of an enormous quantity of information. This variety of information organized mn a

redundant way using both extensive and intensive variables 1s essential because 1t makes it

possible to compare:

(1)

2

the vectors of end uses over themselves - e.g. looking at the profile of investment
of energy carriers and labor in the textile and leather of different countries. Using
mtensive variables (benchmarks) we can compare the performance of Germany
and Malta, whereas using extensive variables (actual quantities) we can compare

the relative size of the flows in Europe and in relation to the local environment;

the vectors of end uses over the rest of the economy - e.g. looking at how much
the profile of investments of energy carriers and labor of a given sector or
subsector 1s affecting the possibility of investing in other sector, given the total
capability of investments of the country. Using an end-use matrix we can assess
what 1s the fraction of the total consumption of electricity used by the service and
government sector versus the total electricity consumed by the economy. In
alternative, we can compare the hours of labor of Agriculture and Forestry versus

the Manufacturing and Construction sector;

the profile of the vectors of end use of countries (sector by sector) with the profile
of the vectors of end use of the average of EU27 (sector by sector) to study
differences among countries. The profile of mnvestments of energy carriers and
labors within sectors and across sectors can be used to identify typologies of
economies. To obtain this result one can use the average values of EU as
reference to normalize the data of individual countries. How different is the

profile of allocation of production factors (end uses) in the different countries in
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relation to the average in EU? What are the differences found in this way? (e.g.
households in Italy are using more fuels for commuting, Finland 1s using more
electricity in the service sector than the EU average). Then these differences can

be studied by studying the relations over vectors as described in point (1) and (2).

Due to the large number of data and the even larger set of possible combinations of them
for metabolic analysis an effective illustration of how to use this database would require an
Iteractive session on a computer in which the different types of comparisons that are
possible using the information provided by end-uses matrix could be illustrated in practical

applications.

For this reason, I presented in the previous chapter a pilot case study based on the analysis
of only three countries - Bulgaria, Spain and Finland chosen for their different metabolic
characteristics - before presenting in this chapter the entire set of tables describing the end-
uses matrices of EU27 across the levels n+1/n/n-1/n-2/n-3. The database on EU countries
1s organized in two different sections. This split 1s due to the incompatibility among data
sources referring to the assessments of Human Activity (hours of labor) and Gross Value
Added (GVA) of the different sectors when considered across different levels (section 3.4
i previous chapter: Data sources and main assumptions), the information required to

generate the Energy End Use matrix:

Section 2 - the tables of end-uses for EU27 + Norway covering the characterization
of the metabolic pattern across: (1) level n+1 EU averages; (1) level n Average society; (ii1)
level n-1 and n-2 the main economic sectors; and (iv) only some of the subsectors defined
at the level n-8 (Agriculture & Forestry, Fishing, Transport Service and Service &
Government without Transport). In this part, I do not open the Manufacturing and

Construction sector (defined at level n-2) to study its sub-sectors (at the level n-3).

Section 3 - the tables of end uses for EU22 presenting end-use matrices covering: (1)
the level n-2: Manufacturing & Construction and Energy & Mining; and (1) the level n-3
covering the remaining subsectors of these two sectors. The data source for the end-use
matrices of this second group has been the structural business statistics (SBS), providing
very detailed data for the industrial subsectors. However, this data set does not provide data
for the whole set of indicators used for the EU27 countries study (based on data from

National Accounts (NAMA)). For this reason, this second group of end-use matrices
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mclude less countries - KU22. Moving the analysis to lower hierarchical levels 1s essential
for the study of efficiency, because it 1s at the lower levels of analysis - the performance of
specific biophysical processes producing specific outputs - that becomes possible to study
the charactenistics of “production functions” - the technical coefficients determining

mput/output relations.

2 EU27 end-use matrices across different hierarchical levels of
analysis (n, n-1, n-2, n-3)

I present here a characterization of the metabolic pattern of socio-economic systems based
on data arrays for EU27 + Norway. The data are organized in sectors and subsectors in the
form of energy End Use Matrix. This makes it possible to illustrate how the metabolic rates
of functional elements described at higher levels (Average Society or Paid Work &
Households) are determined by: (1) the metabolic characteristics of structural and functional
elements operating at the lower levels; and (1) their specific combinations. This multiscale
approach is crucial to separate and individuate the factors determining the economic energy
mtensity of an economy. In this way, it becomes possible to study where and how the
economy consumes more energy carriers and generate more or less value added, as well as
which part 1s consumed by the households. The end-use matrix makes it possible to put in
context the characteristics of individual sub-sectors with the rest of the economy or to
compare the characteristics of individual subsectors across different economies. In this way
policy discussions on how to change the metabolic pattern in relation to defining targets for

efficiency, environmental impact, and energy transitions could be better informed.

2.1 The diversity of end-uses across sectors and subsectors in EU27 +
Norway

The differences among the values of end-uses in the various sectors: (1) average society
(level n); (1) Household vs Paid Work (level n-1) and the economic sectors (level n-2) have
been calculated for a macro-economic entity “EU27 + Norway”. They are illustrated in
Table IV-1 and Table IV-2Figure IV-1 Electricity, Heat and Fuel Metabolic Rates vs
Economic Job Productivity for all sectors from Level n to Level n-3 of EU27+Norway for

year 2012.
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Table IV-1 Average End use matrix for the region considered (EU27+Norway), all sectors from Level n to
Level N-3 for year 2012

HA EMR_elec EMR_fuel [ EJP ET_elec | ET_heat | ET_fuel GVA %HA_Level x/ | %GVA_Level x/
(10° hiyear) (M) (MI/h) (€h) (Palyear) | (Palyear) | (PIiear) | (10°€) HA_Level x-1 | GVA Level x-1
Average Society | 4.422 (x 2,6 43 39 2,6 |=| 11.415 | 19.110 | 17.243 | 11.631 100% 100% 6,4
Household 4.167 0,74 17 19 0 3.098 | 7.078 | 7.889 0 94% 0%
Paid Work 255 8.317 | 12.033 | 9.354 | 11.631 5,8% 100%
Agriculture, Forestry
o 21 8,0 15 26 93 171 326 556 198 8,4% 1,7% 7,9
& Fishing
Energy & Mining 39 1.092 | 2.386 68 475 1,5% 4,1% 12
A X =
Manufacturing & 65 57 103 71 36 3706 | 6.664 | 450 | 2.347 25% 20% 75
Construction
service & 172 19 15 - 50 3348 | 2657 | 8271 | 8611 68% 74% 27
Government
Agriculture & Forestry 20 84 25 9,3 169 322 495 188 95% 95% 7.9
X =
Fishing 0,23 2,0 3,6 61 84 1,1% 4,2% 11
Services & Government
(without Transport) 166 19 14 37 3.116 | 2.255 607 6.827 96% 79% 17
X =
Transport Services 6,3 17 232 401 7.663 109 3,6% 1,3%

The households sector is characterized by a very high level of human activity allocation,
which reflects the amount of time that society spend in activities not taking place in the paid
work sector. It 1s important to remind that the hours of Human Activity in HH includes
not only the full ime of unemployed and of the people outside of the work force (e.g.
children or retired people) but also the human time of adults belonging to the work force
required for physiological maintenance such as resting, eating, personal care and other

activities such as leisure, commuting, religious and cultural activities.

‘When looking at the level n-2, we can see how Energy & Mining sector 1s the sector with
the largest Energy Metabolic Rates (EMRs) for electricity (280 MJ/h) and heat (612 MJ/h)
carriers. At the same time, it has the largest Economic Job Productivity (122 €/h).
Conversely, the largest consumption of fuels - EMR (48 MJ/h) -1s in Service & Government
due to the Transport Service subsector (level n-3) consuming 1224 MJ/h. Coming back to
the level n-2, we can see that Energy & Mining it 1s the most energy-intensive sector although
it accounts only for the 1,59 of the human activity allocated in the paid work sector.
Manufacturing & Construction presents the second largest EMRs for electricity (57 MJ/h)
and heat (103 MJ/h) and the largest values of Energy Throughputs (3706 and 6664 PJ) even
though 1t uses just the 25% of the paid labor (HA) allocated to this sector. On the other
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hand, the “dematerialized” sector of Service & Government without Transport, generates

41 €/h consuming only 19, 14 and 3,7 MJ of electricity, heat and fuel per hour, respectively.

The last column of the Table IV-1 on the right shows the Economic Energy Intensity, a
popular indicator in literature in relation to energy efficiency. Here we can clearly see the

weakness of this indicator when it is used at aggregated levels of analysis - see Figure IV-1.

The large difference of the values of this indicator for different economic sectors implies
that the overall economic energy intensity of the economy, depends on the relative
mmportance of the economic activities expressed by the different sectors (the structure of
the GDP) and not on the specific technological performance of local processes (as already
pointed out by (Cleveland et al, 1984)). Talking of variability of the Economic Energy
Intensity of the different sectors and sub-sectors the value of EEI within the two sub-sectors
of Service and Government goes from 107 MJ/€ in the subsector of Transport Service

sector, to 1,7 MJ/€ when considering the remaining part - Table IV-1.

| EU27+N EMRs and EJP patterns for year 2012 |
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Figure IV-1 Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity for all sectors from
Level n to Level n-3 of EU27+Norway for year 2012
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‘When moving to national analysis we use the same set of levels as illustrated in Figure IV-2,
but this time the values are calculated for data referring to processes taking place within the

national boundaries.

Level n-2 Level n-3
Agriculture, Forestry Agriculture & Forestry (AFO)
& Fishing (AF) Fishing (Fl)

Energy & Mining (EM)

Manufacturing &
Construction (MC)

. Service & Government (without
Services & Transport) (SG_nTS)
Government (SG) Transport Services (TS)

Figure IV-2 Dendrogram of the different levels and compartments of analysis

2.2 National level: Average Society

The assessments of end uses presented in this section refers to the aggregated values
calculated at the level of the whole society - considered as national state. The varability of
EMRs and EJP at this level are quite high, especially because of the mfluence of small
countries, such as Malta, Cyprus or Luxembourg (all together less than 0,5% of the
population and the value added generated in the EU27+N cluster). Small countries such as
Luxembourg tend to be outliers when coming to metabolic analysis because the structural
elements required to express the functions associated with their reproduction are not all
operating within their border. For example, people working in Luxemburg may live in

Belgium or Germany, eat food and use appliances produced elsewhere.

The data reporting the value calculated for the 27 EU countries and Norway are presented
m Table IV-2 and Figure 1V-3.
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Table IV-2 Average Society End use matrix of EU27+Norway for the year 2012

AS HA EMR_elec EMR fuel]l EJP | |ET_elec|ET heat| ET fuel| GVA s | sons
(10° hiyear) (M) i) | () (PJiyear} | (PJiyear)| (PJyear) | (10°g) | | HAFLETH) GVA BLZN
EU27+N | 4422 |x| 28 43 39 26 |=|11.415] 19110 | 17243 [ 11.631] [ 100% | 100% 64
Austria 74 34 56 | 38 25 | 472 | 414 217 1.7% | 24% 6.3
Belgium 97 32 - 50 | 34 315 | 602 | 671 334 || 22% | 29% 6.3
Bulgaria 64 19 24 17 | 083 122 | 151 | 108 34 15% | 03%
Cyprus 76 2.1 1.4 62 | 21 16 11 4 16 02% | 01% 75
Czech Republic] 02 25 G0N 28 15 230 | 450 | 261 137 |[ 21% | 1.2% 11
Denmark 49 25 36 50 43 122 | 174 | 246 208 11% | 1.8% 41
Estonia 12 27 31 35 13 2 36 4 15 03% | 01% 12
Finland 47 6.4 56 | 35 305 | 352 | 264 165 11% | 1.4% 94
France 572 3.0 14 | 32 1724 | 2084 | 2521 1814 | [ 13% | 16% 5.1
Germany 704 3.0 48 33 2083 | 3530 | 3347 2340 || 16% | 20% 59
Greece 97 23 23 35 1,8 219 | 226 [ 3.3 172 || 22% | 15% 75
Hungary 87 15 36 20 09 131 | 316 | 175 8 20% | 07% 11
Ireland 40 23 30 6,0 35 9 120 | 242 14 09% | 12% 5.0
Italy 20 | [ 22 46 33 27 |_[ 1150 | 2411 | 1700 1366 | [ 12% | 12% 57
Latvia 18 15 40 29 | 093 % 72 51 166 || 04% | 01% 13
Lithuania 26 1.4 37 93 62 28 06% | 02% 10
Luxembourg 46 53 243 | 31 118 33 01% | 03% 79
Malta 37 20 72 | 17 13 57 01% | 00% 6.7
Netherlands | 147 238 417 | 1005 | 645 536 33% | 46% 59
Norway 44 428 | 287 | 268 208 1.0% | 27% 58
Poland 333 42 535 | 1416 | 739 3% 75% | 28% 12
Portugal 92 19 24 3.1 16 176 | 224 | 200 143 | [ 21% | 12% 7.7
Romania 176 1,1 31 1.4 0.7 188 | 546 | 252 115 || 40% | 1.0% 13
Slovakia 47 2.1 19 14 0 | 251 | 65 11% | 06% 10
Slovenia 18 28 30 53 1.7 50 53 % 31 04% | 03% 10
Spain 410 22 32 39 | 23 914 | 1315 [ 1585 940 || 93% | 81% 6.4
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2.3 Sectors of national economies Level n-1

2.3.1 Paid Work

Paid Work includes all the remunerated human activities performed in the economic
sectors. This sector includes all the compartments producing goods and services and
therefore its metabolic rates are quite higher than the Household sector. Table IV-3 and
Figure IV-4 shows the values of Energy Metabolic Rates and the Economic Job Productivity.
As discussed m previous work (Giampietro et al. 2012) the values of EMRs (especially the
electricity one in this case) can be used as proxy of the level of technical capitalization of
the sector. In relation to this indicator, Belgium presents the largest values of EMRs (|76
1331 94ua] MJ/h) associated with the values of EJP (104 €/h) whereas Romama presents
the lowest [9 19 11] MJ/h and 7,3 €/h.

Table IV-3 Pad Work End use matrix of EU27+Norway for the year 2012

PW HA EMR_elec EMR_fuel| EJP ET_elec|ET_heat| ET_fuel | GVA %HA/ Y%GVA/
(10° hiyear) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Plyear) | (PI/year) | (10°€) HA_BU27+N| GVA_EU27+N
EU27+N 255 X 33 47 37 46 =| 8.317 | 12.033 | 9.354 | 11.631 100% 100% 41
Austria 6,9 27 49 33 40 189 341 230 277 2,7% 2,4% | 4,3 |

Belgium 3,2 94 244 428 302 334 1,3% 2,9% 4,6

Bulgaria 2,4 35 45 37 14 83 106 87 34 0,9% 0,3%
Cyprus 0,7 15 9,2 48 24 10 6,1 32 16 0,3% 0,1% 4,9
Czech Republic 9,0 20 33 20 15 177 300 179 137 3,5% 1,2% 7,6
Denmark 3,9 22 29 35 53 86 111 136 208 1,5% 1,8% 2,6
Estonia 1,1 22 15 21 14 25 17 24 15 0,4% 0,1% 7,7
Finland 4,2 54 70 33 40 224 292 136 165 1,6% 1,4% 6,6
France 20 58 59 72 1.155 | 1.177 | 1441 | 1.814 7,9% 16% 3.5
Germany 27 85 53 1.590 | 2.309 | 1.439 | 2.349 11% 20% 3,7
Greece 8,3 18 20 14 21 151 165 113 172 3,3% 1,5% 4,3
Hungary 7,0 13 23 17 12 93 161 116 81 2,7% 0,7% 72
Ireland 3,2 20 23 42 45 62 72 133 141 1,2% 1,2% 3,0
Italy 17| [%2 76 39 F _| 900 [ 1318 [ 667 | 1.398 | [ 6.8% | 12% 34
Latvia 0,49 40 78 62 34 20 38 31 16,6 0,2% 0,1% 8,2
Lithuania 1,0 27 58 25 27 27 59 26 28 0,4% 0,2% 6,2
Luxembourg 0,49 43 45 67 21 22 104 33 0,2% 0,3% 6,7
Malta 0,29 17 2,6 32 20 5,0 0,76 9,2 57 0,1% 0,0% 4,7
Netherlands 12 26 62 30 43 327 767 373 536 4,9% 4,6% 4,1
Norway 3,8 68 51 290 259 193 308 1,5% 2,7% 4,2
Poland 32 14 26 13 10 433 833 411 326 12% 2,8% 8,0
Portugal 8,3 16 19 22 17 129 160 183 143 3,3% 1,2% 53
Romania 16 9,3 19 11 7,3 145 292 179 115 6,1% 1,0% 8,2
Slovakia 4,0 21 51 10 16 82 202 41 65 1,6% 0,6% 7,6
Slovenia 1,5 25 17 36 20 38 26 55 31 0,6% 0,3% 6,7
Spain 30 21 33 36 31 644 996 1.105 940 12% 8,1% 4,6
Sweden 7,3 47 45 26 48 343 332 189 356 2,9% 3,1% 4,3
United Kingdom 23 36 54 62 69 825 1.242 | 1419 | 1.587 9,0% 14% 3,5
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| Paid Work EMRs and EJP patterns for year 2012
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Figure IV-4 Paid Work Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012

2.3.2 Household

In the MuSIASEM accounting framework the Household sector do not generate any value
added by definition, so that the monetary indicators are excluded from its characterization.
Nonetheless, the metabolic rates associated with the end uses n this sector are very relevant
because they can be used as a proxy of people’s material standard of living as we see in
chapter 2. Table IV-4 displays Norway as an outlier for EMR.... This can be explained by
the fact that the country produces more than 909% of electricity from cheap hydro and the
cold weather requiring large consumption for heating. Differences m EMR: can be
explained using specific data in relation to household appliances, ownership and use of cars,
heating necessities in relation to local climate conditions and type of households’ structure
(compact apartments or isolated houses, etc.). The metabolic pattern of the whole cluster
(EU27+N) could be mterpreted in terms of an average of the expected pattern of energy
carriers consumed per hour (EMR) in the Household sector in EU27 + Norway 1s [0,74
1,7 1,89] MJ/h for electricity, heat and fuel, respectively.
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Table 1V-4 Houschold End use matrix of EU27+Norway for the year 2012

HH HA ET_elec ET fuel| GvA oAl
(10°h/year) (MJ/h) (PJlyear) (PJlyear) | (10%€) HA_EU27+N
EU27+N 4.167 7.889 0 100%
Austria 67 63 131 184 0 1,6%
Belgium 94 71 174 268 0 2,3%
Bulgaria 62 39 45 21 o] 1,5%
Cyprus 6,9 6,0 4,4 15 0 0,2%
Czech Republic 83 52 159 81 [o] 2,0%
Denmark 45 36 63 110 0 1,1%
Estonia 10 7,0 19 17 [o] 0,3%
Finland 43 81 59 127 0 1,0%
France 552 570 887 1.079 0 13%
Germany _ 493 1.221 1.908 o] 16%
Greece 89 69 61 230 0 2,1%
Hungary 80 38 154 59 [o] 1,9%
Ireland 37 29 48 109 0 0,9%
Italy 503 250 1.092 1.033 0 12%
Latvia 17 6,4 34 21 0 0,4%
Lithuania 25 9,5 34 36 0] 0,6%
Luxembourg 4,1 3,3 9,3 14 0 0,1%
Malta 3,4 2,2 0,9 3.3 0 0,1%
Netherlands 134 90 328 272 0 3,2%
Norway 40 138 28 75 0 1,0%
Poland 302 102 583 328 0 7,2%
Portugal 84 46 64 107 0 2,0%
Romania 160 43 254 73 [o] 3,8%
Slovakia 43 17 49 49 0 1,0%
Slovenia 16 11 27 41 [0] 0,4%
Spain 380 270 319 480 0 9,1%
Sweden 76 140 54 173 0 1,8%
United Kingdom 533 413 1.174 972 0 13%

The data about the end-uses in the Household are visualized in Figure 1V-5.
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Figure IV-5 Household Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of

EUZ27+Norway for year 2012
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2.4 Level n-2 - economic sectors

In this section, I open the Paid Work splitting it into four main economic sectors. Two are
primary sectors - Energy & Mining and Agriculture, Forestry and Fishing - producing raw
materials for the society (the primary flows). One is the secondary sector - Manufacturing
& Construction - processing raw materials in goods and generating funds (converters)
needed for reproducing and maintaining the infrastructures of the society. The last one 1s
the tertiary sector - Service & Government - reproducing and running the institutions in

the society.

2.4.1 Energy & Mining

The characteristics of the end uses in the Energy & Mining sector varies a lot from one
country to another -Table IV-5 and Figure IV-6. In fact, they strongly depend on resource
availability (determining the option of domestic production) and the openness of the
economy (measuring the level of externalization of the domestic supply to other countries).
The vast majority of European countries import crude oil to cover their consumption, some
refine it, while other just import directly the refined products. A similar pattern 1s found for
the supply of minerals. This implies that if we want to understand the factors determining
the performance of this sector we have to look at data referring to lower levels of analysis -
characterizing the efficiency of the processes of exploitation of different Primary Energy
Sources - and consider the levels of importation and exportation of the different products
(in the next chapter I will present an extension of the data array with indicators referring to
products that allows to deal with this type of inferences). In general, the metabolic patterns
of this sector (especially electricity and heat) reflects the large requirement of energy
mvestments that are needed to exploit primary energy sources. This sector tends to achieve
high levels of Gross Value Added per working hour (the largest one 1s Norway with almost

800 €/h thanks to its oil reserves).

92



Chapter IV: Energy uses analysis of European Countries from a multiscale perspective

Table IV-5 Energy & Mining End use matrix of EU27+Norway for the year 2012

EM HA EMR_elec EMR_fuel| EJP ET_elec [ET_heat| ET_fuel %HA/ UGVA/
(10°h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (PIlyear) | (PJlyear) | |HA_EU27+N| GVA_EU27+N
EU27+N 3901 x| 280 612 17 122 |=| 1.092 | 2.386 68 100% | 100% 12
Austria 60 671 4,3 119 29 40 0,26 1,5% 1,5% 17
Belgium 43 1.686 2,0 201 24 73 0,085 1,1% | 18% 16
Bulgaria 100 257 144 0 23 26 14 0,042 2,6% | 0,5%
Cyprus 39 202 0 56 97 0,78 0 0,22 01% | 0,1% 6,2
Czech Republic 117 301 284 51 60 35 33 0,60 30% | 15% 18
Denmark 29 310 1.459 27 401 8,9 42 0,77 0,7% 2,4% 6,1
Estonia 28 245 79 34 32 6,8 2,2 0,93 0,7% | 0,2% 24
Finland 37 1.200 46 141 19 45 1,7 1,0% | 1,1% 19
France 236 591 17 142 170 139 3,9 6,0% | 7,1% 18
Germany 508 387 661 6,3 {45 196 336 3,2 13% 12% 15
Greece 69 884 19 90 32 61 1,3 1,8% 1,3% 25
Hungary 90 149 274 3,7 39 13 25 0,34 2,3% 0,7% 18
Ireland 31 131 55 110 6,8 4,1 1,7 08% | 0,7% 7.1
Italy 241 898 6,9 121 - 84 217 1,7 6,2% 6,1% 16
Latvia 30 35 10 28 1,7 1,0 0,30 0,8% | 0,2% 6,9
Lithuania 31 712 5,6 32 4,9 22 0,17 0,8% 0,2%
Luxembourg 2,6 0 1,8 0 0 0,1% 0,1% 15
Malta - - - - - - -
Netherlands 62 35 164 0,51 1,6% | 7,4% 78
Norway 128 31 178 12 3,3% 21% 29
Poland 906 111 161 4,5 26 101 146 4,1 23% 5,0% 18
Portugal 41 268 400 31 117 11 17 13 1,1% 1,0% 10
Romania 361 101 186 8,2 22 36 67 3,0 9,3% | 1,7% 21
Slovakia 47 269 507 7,2 65 13 24 0,34 1,2% | 0,6% 20
Slovenia 19 251 12 4,5 54 4,7 0,22 0,085 0,5% 0,2% 13
Spain 181 379 12 177 68 308 2,2 4,6% 6,7% 16
Sweden 72 632 12 299 36 46 0,90 1,9% | 4,5% 6,8
United Kingdom | 428 220 897 62 151 94 384 27 11% 14% 11
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Figure IV-6 Energy & Mining Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
LU27+Norway for year 2012
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2.4.2 Agriculture, Forestry & Fishing

Agriculture, Forestry & Fishing (AF) sector presents the lowest Energy Metabolic Rates, as
well as the lowest Economic Job Productivity -Table IV-6 and Figure IV-7. The
comparison between this sector and the Energy Sector allows to easily understand why a
multiscale analysis 1s crucial in showing differences in sectors, not detectable at the upper
scale of analysis (1.e. level n-1 where ES and AF have been aggregated under the paid work
sector). Nevertheless, AF 1s a fundamental sector for producing food, consuming water and
managing land, therefore, and this explains the heavy presence of subsidies i this sector
(Giampietro et al, 2014). As shown in Table IV-6, AF 1s characterized by a profile of
benchmarks [8 15 26] MJ/h as EMRs and 9 €/h EJP. The converters of this sector use
basically fuel (tractors and other agriculture machinery, fishing vessels or wood cutting
vehicles), fuel EMRs are quite high in comparison with other sectors, but when compared

with the Transport Sector.

Table IV-6 Agriculture, Forestry and Fishing End use matrix of EU27+Norway for the year 2012

AF HA EMR_elec EMR_fuel| EJP ET_elec |ET_heat| ET_fuel 96HA/ YGVA/
(10°h/year) (MJ/h) (MJ/h) (€/h) (Pdlyear) | (PJlyear) | (Pdlyear) | |HA_EU27+N[GVA_EU27+N

EU27+N 21.286 |x 8 15 26 9 |=| 171 326 556 100% | 100% 79
Austria 451 6,3 23 22 9,8 2,9 10 10 21% | 2,2% 74
Belgium 125 12 85 126 20 15 11 16 0,6% 1,3% 15
Bulgaria 745 1,3 1,9 7,5 2,9 0,97 14 5,6 3,5% 1,1% 54
Cyprus 54 8,6 4,2 19 7,5 0,47 0,23 1,0 03% | 0,2% 71
Czech Republic 321 11 19 43 10 3,6 6,2 14 1,5% 1,6% 11
Denmark 107 | |G 74 180 | 28 74 | 79 | 19 05% | 15% 18
Estonia 54 15 9,0 61 12 0,79 0,48 3,3 0,3% | 0,3% 11
Finland 264 22 38 65 18 57 10,1 17 12% | 2,4% 11
France 1.665 18 19 75 22 29,3 30,9 126 7,8% 18% 7,9
Germany 1.122 - - - 18 - - - 5,3% 10% -
Greece 980 10 2,3 1,2 6,1 9,8 2,2 1,2 46% | 3,0% 49
Hungary 530 5,3 9,8 16 7,3 2,8 5,2 8,7 2,5% 1,9% 6,5
Ireland 184 11 0 45 13 2,0 0 8,2 0,9% 1,2% 71
Italy 2.301 X 9,3 42 38 12 [_| 213 9,6 87 11% 14% 6,6
Latvia 212 2,5 57 20 4,7 0,53 1,2 4,2 1,0% | 05% 8,6
Lithuania 321 2,0 5,6 6,2 3,7 0,66 1,8 2,0 15% | 0,6% 54
Luxembourg 2,8 0,14 0,17 0,72 001% | 0,1% 12
Malta 10 0,036 0,0 0,17 0,05% [ 0,05% 34

Netherlands 364 28,8 90,4 20 1,7% 4,6%
Norway 123 7,5 1,2 27 06% | 2,1% 14
Poland 3.864 1,5 19 19 3,4 5,6 72,2 75 18% 6,7% 15
Portugal 764 4,7 1,0 17 43 3,6 0,79 13 3,6% 1,7% 8,5
Romania 4.099 0,72 0,88 3,2 1,6 3,0 3,6 13 19% 3,2% 4,6
Slovakia 134 7,7 16 21 15 1,0 2,1 2,8 0,6% 1,0% 44
Slovenia 153 0 2,0 19 54 0 0,31 2,9 0,7% | 0,4% 52
Spain 1.461 9,9 22 46 16 14,4 31,5 68 6,9% 12% 71
Sweden 226 14 45 25 25 3,1 10,2 57 1,1% [ 2,8% 49
United Kingdom 648 21 23 10 16 13,9 14,9 6,5 3,0% | 53% 59

94



Chapter IV: Energy uses analysis of European Countries from a multiscale perspective

Agriculture, Forestry & Fishing EMRs and EJP patterns for year 2012
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Figure IV-7 Agriculture, Forestry & Fishing Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU27+Norway for year 2012

2.4.3 Manufacturing & Construction

The metabolic pattern of the industrial sector for the EU27+N countries is shown in Table
IV-7 and Figure IV-8. Here we can see the relation between the levels of EMRs and EJP:
Belgium presents the largest Economic Job Productivity (73 €/h) with one of the largest
Energy Metabolic rates [158 316 12] MJ/h, while Finland shows a medium EJP (37 €/h)
with a really high EMRs [142 244 22] MJ/h. However, how we will see in the next section
when opening this sector and looking at the manufacturing subsectors, there 1s a very strong
heterogeneity in the values of the benchmarks found there. This means that without looking
at the characteristics (the mix and the relative importance of the manufacturing sub-sectors)

data aggregated at these levels are not really useful to study energy efficiency.
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Table IV-7 Manufacturing & Construction End use matrix of EU27+Norway for the year 2012

MC HA EMR_elec EMR_fuel[ EJP ET_elec|ET_heat| ET_fuel %HA/ %GVA/
(10°hlyear) (MJ/h) (MJ/h) (€/h) (PJlyear) | (PIlyear) | (PJlyear) | [HA_EUZ7+N|GVA_E27T+N
EU27+N 64.613 |x 57 103 7,1 36 |=| 3.706 | 6.664 459 100% | 100% 75
Austria 1.489 65 170 11 45 97 253 17 2,3% 2,8% 8,3
Belgium 843 133 | 266 | 99 1,3% | 2,6% 11
Bulgaria 943 28 58 1,3 7,8 26 55 12 1,5% 0,3%
Cyprus 120 14 37 57 15 1,6 45 0,7 0,2% 0,1% 55
Czech Republic | 3.014 27 65 0,91 14 80 197 2,8 4,7% 1,7% 11
Denmark 694 44 73 12 47 31 51 8,1 1,1% 1,4% 45
Estonia 293 27 42 6,6 11 78 12 19 0,5% 0,1% 11
Finland 934 142 37 133 | 228 | 21 14% | 15% | (i8]
France 5.051 81 134 6,1 409 674 31 7,8% 12% 6,7
Germany 8.969 90 164 54 808 1.472 49 14% 2% 6,1
Greece 1.109 37 65 91 16 42 72 10 1,7% 0,7% 11
Hungary 1.781 18 35 2,5 11 32 63 4,5 2,8% 0,8% 8,0
Ireland 577 53 85 14 31 49 8,2 0,9% 1,6% 4,0
Italy 6.543 X 66 99 57 _| 430 649 37 10% 13% 6,3
Latvia 120 5$2) 22 7,1 26 2,1 0,2% 0,1%
Lithuania 360 29 61 2,9 19 10 22 1,0 0,6% 0,3% 7,6
Luxembourg 80 115 185 58 36 9,2 15 0,47 0,1% 0,1% 14
Malta 44 32 2,9 3,9 18 14 0,13 0,17 0,1% 0,0% 5,2
Netherlands 2.085 60 140 8,6 42 124 292 18 3,2% 3,8% 7,6
Norway 658 110 154 72 14 1,0% 1,6% 14
Poland 8.456 18 48 1,6 9,2 155 402 14 13% 3,3% 11
Portugal 1.837 30 67 3,7 15 55 123 6,8 2,8% 1,2% 10
Romania 4.005 18 46 31 9,3 73 186 13 6,2% 1,6% 11
Slovakia 1.138 38 117 0,67 16 43 133 0,77 1,8% 0,8% 14
Slovenia 409 51 60 55 19 21 24 2,3 0,6% 0,3% 11
Spain 5.704 45 99 6,2 35 256 564 36 9% 8,5% 6,7
Sweden 1.518 120 171 6,5 43 183 260 9,9 2,3% 2,8% 12
United Kingdom | _5.839 60 86 |oAN| 43 352 | 501 | 140 | [ 9.0% | 11% 6,6
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Figure IV-8 Manufacturing & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU27+Norway for year 2012
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2.4.4 Service & Government

Service & Government sector could be considered a dematerialized productive sector when
compared with Manufacturing & Construction due to its higher Economic Job Productivity
and lower Energetic Metabolic Rates. As have been already indicated i the literature
(Giampietro, Mayumi and Sorman, 2012), this fact is the common misunderstanding
behind the Environmental Kuznets Curve hypothesis and the assumption of
dematerialization of developed economies when looking the Economic Energy Intensity
(EEI). One more time, we see that this indicator cannot properly explain the relation
between the energy and value-added generation: Germany and Greece present the same
EEI (2,4 MJ/€) n spite of expressing really different energy patterns (Germany [33 28 78]
M]J/h and (93 €/h), while Greece [11 4,8 16] M]J/h and (23 €/h)).

On the other hand, remaining in the analysis of the Service and Government sector, looking
at Table IV-8 and Figure IV-9 we can see that the EMRua 1s quite high for this sector (48

MJ/h); but this value 1s determined only by the consumption of the Transport sector.

Table IV-8 Service & Government End use matrix of EUZ27+Norway for the year 2012

SG HA EMR_elec EMR_fuel| EJP ET_elec |ET_heat| ET_fuel | GVA oHA/ %GVA/
(10°hiyear) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Pdlyear) | (PJlyear)| (10°€) HA_EU27+N| GVA_EU27+N

EU27+N 172 X 19 15 48 50 |[=| 3.348 | 2.657 | 8.271 | 8.611 100% 100% 2,7
Austria 4,9 59 37 203 199 2,9% 2,3% 2,4
Belgium 2,3 85 78 276 261 1,4% 3,0% 2,6

Bulgaria 1,3 30 35 80 22 0,8% 0,3%
Cyprus 0,49 15 2,9 62 27 7,2 1,4 30 13 0,3% 0,2% 47
Czech Republic 55 11 12 29 16 58 64 162 86 3,2% 1,0% 52
Denmark 3,1 13 3,6 35 52 39 11 108 161 1,8% 1,9% 1,6
Estonia 0,74 13 3,0 24 14 9,4 2,2 17 10 0,4% 0,1% 49
Finland 2,9 67 9,5 97 120 1,7% 1,4% 2,6
France 15 546 332 1.281 | 1.469 8,6% 17% 24
Germany 18 585 501 1.387 | 1.647 10% 19% 2,4
Greece 6,2 67 30 101 142 3,6% 1,7% 24
Hungary 4,6 9,9 15 23 12 45 69 103 54 2,6% 0,6% 6,2
Ireland 2,4 23 19 115 99 1,4% 1,1% 2,4
Italy 11 _| 364 442 541 1.042 6,1% 12% 2,1
Latvia 0,34 - 11 10 24 12,1 0,2% 0,1% 6,0
Lithuania 0,64 11 14 22 18,7 0,4% 0,2% 4,1
Luxembourg 0,41 9,9 7,1 103 30 0,2% 0,3% 5,9
Malta 0,23 14 2,8 39 21 3,1 0,63 8,9 4.8 0,1% 0,1% 44
Netherlands 10 14 22 34 41 139 222 335 403 5,8% 4,7% 2,7
Norway 29 | (B3 28 48 57 97 | 80 | 140 | 166 || L7% | L9% 27
Poland 18 9,4 12 17 11,5 171 213 319 211 11% 2,5% 518
Portugal 57 10 3,6 29 19 59 20 162 107 3,3% 1,2% 3,7
Romania 7,2 4,6 5,0 21 8,8 33 36 150 63 4,2% 0,7% 53
Slovakia 2,6 9,6 16 14 16 25 42 37 41 1,5% 0,5% 4,0
Slovenia 0,96 13 15 52 22 12 15 50 21 0,6% 0,2% 4,9
Spain 23 13 4,0 43 30 305 93 1.000 686 13% 8,0% &3
Sweden 55 22 2,9 31 48 120 16 173 264 3,2% 3,1% 2.2
United Kingdom 17 22 20 74 75 365 342 1.245 | 1.258 9,7% 15% 2,4
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| Service & Gonvernment EMRs and EJP patterns for year 2012
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Figure IV-9 Service & Government Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU27+Norway for year 2012

2.5 Level n-3

At this level of analysis, I split the agricultural sector in two: (1) Agriculture & Forestry; and
(1) Fishing; and I split the service and government sector in two: (1) Transport Service; and
(1) Service & Government. I present here only these 4 subsectors defined at the level n-3
because, due to mconsistency of the metadata across scales, 1t 1s not possible to open the
Manufacturing & Construction sector and the Energy & Mining sector. This will be done

using a different source of data in Section 3.

Generating end use matrices at this level of desegregation present some problems due to

the occurrence of missing data - e.g. in the Transport and Fishing sector.

2.5.1 Agriculture & Forestry

Analyzing the Agriculture & Forestry sector energy Eind Use matrix we can see how the use
of energy carriers 1s related with the labor productivity. As Table IV-9 and Figure II-1Figure
IV-10 shows, high Economic Job Productivity 1s clearly obtamned when Energy Metabolic
Rate are high (e.g. Denmark [71 76 140] MJ/h and 26 €/h vs Romania [0,72 0,88 3,2] M]J/h
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and 1,6 €/h). This relation just shows that the intensive use of machinery for replacing
human labor i1s more important in terms of energy consumption that the savings that one
efhicient technology could provide. That 1s to say, human activity role 1s essential to
understand the relation between energy consumption and added value generation when
talking about energy efficiency. For example, the Economic Energy Intensity of Denmark
17 MJ/€ 1s much higher than Romania 4,7 MJ/€. But in Denmark technology (and energy)
1s used as mmprover of the productivity of labor: endosomatic energy (human labor) 1s
replace by exosomatic energy (electricity, heat and fuels energy carriers). I will illustrate this
with more detail in the next chapter, where I will discuss the role of the productivity of labor

(production per hour of labor) in relation to energy consumption.

Table IV-9 Agriculture & Forestry End use matrix of EU27+Norway for the year 2012

AFO HA EMR_elec EMR_fuel| EJP ET_elec|ET_heat| ET_fuel HA/ %GVA/
(10°h/year) (MJlh) (MJlh) (€/h) (PJlyear) | (Palyear) | (PJlyear) | [HA-EU27+N|GVA_BU27+N

EU27+N 20.191 [x| 84 25 9,3 [=] 169 322 495 100% | 100% 79
Austria 450 6,3 23 22 9,8 2,9 10 10 22% | 2,3% 74
Belgium 125 12 85 126 20 15 1 16 0,6% | 1,3% 15
Bulgaria 745 1,3 19 74 29 0,95 14 55 37% | 12% 54
Cyprus 53 8,6 4,3 20 7.4 045 | 023 1,0 0,3% | 02% 73
Czech Republic 318 11 20 44 10 3,6 6,2 14 1,6% 1,7% 11
Denmark 104 | [N 76 140 | 29 74 | 79 | 15 05% | 1,6% 16
Estonia 52 15 9,3 64 11 0,76 | 048 33 0,3% | 0,3% 12
Finland 252 23 40 62 18 57 10 16 12% | 2,4% 10
France 1.665 17 18 67 21 29 30 112 8% 19% 75
Germany 1.122 - - - 18 - - - 6% 10% -
Greece 933 1 2,2 0,09 57 9,8 2,0 | 0,086 46% | 2,9% 5.2
Hungary 528 53 9,8 16 7,3 2,8 52 8,7 2,6% | 2,0% 6,5
Ireland 180 11 0 46 12 2,0 0 8.2 09% | 1,1% 7,7
Italy 2.301 X 91 38 35 2 (| 21 87 80 11% 14% 6,5
Latvia - - - - - 0,50 1,2 3,9 - - -
Lithuania 321 2,0 5,6 5,9 3,6 0,64 18 19 16% | 0,6% 54
Luxembourg 28 49 61 014 | 017 | 0,72 0,01% [ 0,1% 12
Malta 10 32 0,032 0 0,17 0,05% [ 0,04% 44

Netherlands 358 41 25 29 89 15 1,8% | 4,8%
Norway 95 60 23 6,8 1,1 5,7 0,5% 1,2% 12
Poland 3.852 15 19 19 34 5,6 72 75 19% 7,0% 15
Portugal 737 4,5 0,96 13 4,0 33 0,71 94 36% | 16% 7,7
Romania 4.095 0,72 0,88 32 1,6 3,0 36 13 20% 3,4% 47
Slovakia 134 7,7 16 21 15 1,0 2,1 2,8 0,7% 1,1% 44
Slovenia 153 0 2,1 19 54 0 0,31 2,9 0,8% 0,4% 5.2
Spain 1.383 10 23 48 15 14 31 66 6,8% 11% 78
Sweden 223 14 46 21 25 31 10 48 1,1% 3% 47
United Kingdom - - - - - 14 15 6,5 - 5% 6,3
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Agriculture & Forestry EMRs and EJP patterns for year 2012
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Figure IV-10 Agriculture & Forestry Electricity, Heat and Fuel Metabolic Rates vs FEconomic Job
Productivity of EU27+Norway for year 2012

2.5.2 Fishing

Although there are too many missing data for getting reliable metabolic patterns for the
majority of countries studied, we can have an idea of the values of the pattern of
benchmarks for the EU27+N: [9 16 206] M]J/h and 36 €/h - Table IV-10 and Figure IV-11
(this values are generated using values from the countries with more rehable data). As we
can see, the fishing sector has a large consumption of fuels due to heavy reliance on engines
m fishing vessels (and generator for the electricity self-produced in the vessels). The
mcreasing importance of aquaculture i many countries may make other energy carriers

also relevant in the near future.
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Table IV-10 Fishing End use matrix of EU27+Norway for the year 2012

FI HA EMR_elec EMR_fuel| EJP ET_elec |ET_heat| ET_fuel HHA/ UGVAI
(10°h/year) (MJ/h) (MJ/h) (€/h) (TIlyear) | (TIlyear) | (Talyear) | |HA-EU27+N| VAT
EU27+N 234 |x 9 16 260 36 |=[ 1.996 [ 3.637 [ 60.974 lOOW’lOO% 11

Austria 0,72 0 37 0 28 0 27 0 & 2% | [ D15

Belgium - - - - - - - / = q -
Bulgaria - - - - - 18 0 2 oA 57
Cyprus 11 10 0 0 13 u | @ 05% 0,2% 19
Czech Republic| 2,8 15 0 0 9,0 20 /7 0( |07 || 1./ 03% 42
Denmark 3,0 0 0 e S654 | A% | 4% 22
Estonia 19 17 0 0 19 [ 3NN | oA 08%n | 04% 23
Finland 12 0 0 129 1 ?\_% Yo [ Ao 51% | 15% 17
France - - - - L N | 464A 13857 - 9,2% 27
Germany - - - -/ Yo | A 0 - 3% 0
Greece 46 0 5 | A 13) 0/ 212 [ 1215 | [ 20% | 7% 29
Hungary 25 10 6 S & |75 P 14 0 1,1% | 01% 638
Ireland 38 0 Y x XN 0 A o 0 0 16% | 2,3% 0
Italy - N v 4,\)’ | _[ 364 | 908 [ 7.029 - 1% 81
Latvia - AU YIS - |29 5 297 - - -
Lithuania - 5 -y ; - 1 0 86 - 0% 6,7
Luxembourg - Y ANV - - - - - - - -
Malta /. ) - - 4,0 0 0 - 0,3% 045
Netherlands 9 0 856 20 0 | 1840 [ 5039 |[ 25% | 14%
Norway 42@; 25 3 736 66 724 | 80 [21167 ][ 12% | 23% 17
Polgp? AN D> - - 4 - - - 53% | 1% -
Port\el 2 // 11 3 128 20 205 | 82 [ 351 || 12% | % 10
Roman’\ 38 A - - - 13 - - - 1,6% | 0,6% -
Slovakia \ | g#Z - - 5 - - - 01% | 0,0% -
Slovenia_W#0,39 - - - 11 - - - 0,2% [ 0,1% -
Spain 78 0 0 21 14 0 50 | 1.650 | [[33% | 14% 20
Sweden 29 0 0 336 28 0 0 987 13% | 1% 17
United Kingdom - - - - - - - - - 7% -
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Figure IV-11 Fishing Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
LU27+Norway for year 2012
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2.5.3 Transport Service

The great majority of the consumption of energy carriers is in the form of fuels (for trucks,
cars, ships, planes) - gasoline, diesel or kerosene - EMR.. 1n this sector 1s by far the largest
one. To this one should add tramns running on electricity and vehicles running on gas.
However, despite the unreliability of the data, the estimates of EMRs of electricity and heat
(37 and 64 MJ/h) seem to be 2 orders of magnitude lower than fuel EMR (1224 M]J/h) for
the average calculated for the EU27+N cluster (see Table IV-11 and Figure IV-12). This
sector 1s one of the best to illustrate the structural difference of Luxemburg determining its
nature of outlier. In fact, the extremely high EMR:ua (almost 4000 MJ/h) found in
Luxemburg depends on the low prices of fuels there. This fact provokes that many vehicles
going though Luxemburg or people of other countries living near the boarders fill their
tanks there. This fact 1s reflected in statistics as an extremely high consumption of fuels. A
more reliable assessment of fuels consumption in Luxemburg would require a bottom-up

approach: estimating consumption from traffic and vehicles type data).

Table IV-11 Transport Sector End use matrix of EU27+Norway for the year 2012

TS HA EMR_elec EMR_fuel[ EJP ET_elec|ET_heat| ET_fuel 9HA/ UGVA/
(10°h/year) (MI/h) (MJ/h) (€/h) (PJlyear) | (Palyear) | (PJlyear) | [HA_EU2T+N|GVA EU27+N
EU27+N 6.260 [x| 37 64 1224 | 17 |=[ 232 | 401 | 7.663 || 100% | 100% 107
Austria 23| [ 3 827 | 81 110 | 84 | 201 |[39% | 68% 42
Belgium - - - - - 57 3,8 242 - - -
Bulgaria - - - - - 1,1 26,7 80 - 1,6% 83
Cyprus 17 0 0 1779 | 15 0 0 30 03% | 02% 161
Czech Republic| 363 22 14 445 13 80 | 53 | 162 58% | 4,4% 52
Denmark 139 10 43 759 - 14 | 06 | 105 2,2% - -
Estonia 67 43 0 236 | 75 028 | 0 16 117 || 45 \
Finland 189 14 15 458 32 2,7 29 | 86t 30% | 250 21
France - - - - - 45 | 1-18?‘,&% 37
Germany - - - - ’—ﬂ X -
Greece 353 1,%'- L [ 068 oY W B5% -
Hungary 267 13 1 2 9, ) ; 102 4 27 3% 59
Ireland 112_Jet= 14 3gB4| 016 | 085 18% | 37% 34
ltaly ™ - : - [ 39 533 - - -
atvia N\ ) - =11 046 | 19 22 - - -
Lithuania \\'\ - - - 027 | 7,7 22 - - -
Luxembourg § 25 1 ; 36 0,46 | 0,092 | 100 0% | 08% 155
Malta ST 0 0 992 7,2 0 0 8,6 0% | 01%
\letheloawe=T" 420 15 32 787 31 6,5 14 [ 33 6,7% [ 12,0% 37
“Norway 215 11 24 617 2,5 51 132 34% [ 10% 18
Poland 1470 7.8 - 205 - 12 | 8 | 301 |[ 23% - -
Portugal 227 64 24 700 - 14 | 53 | 159 3,6% - -
Romania 661 6,7 4,2 224 85 44 | 28 | 148 11% | 51% 39
Slovakia 147 14 251 18 20 | 98 37 2,3% | 2,4% 25
Slovenia 54 11 73 838 19 057 | 040 [ 45 0,9% | 0,9% 64
Spain 1.009 16 11 941 - 16 11 950 16% - -
Sweden 276 25 581 - 97 | 70 | 160 4,4% - -
United Kingdom - - - - - 15 8,2 1.220 - - -
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Transport Sector EMRs and EJP patterns for year 2012
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Figure IV-12 Transport Sector Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
EU27+Norway for year 2012

2.5.4 Services & Government (without Transport)

Once we have taken out transport from Service & Government, we can see how this sector
can produce a lot of value added consuming small quantities of energy carriers. The analysis
carried out at this level shows that the financial sector would be the “star sector” in terms
of efficiency when using the indicator of Economic Energy Intensity Table IV-12 and Figure
IV-13. Unlike the other sectors, we can see that in the financial sector the electricity EMR
(19 MJ/h) 1s higher than heat EMR (14 MJ/h) and fuel EMR (3,7 MJ/h). This fact could be
explained due to the high utilization of electric and electronic devices like computers, lights
or other office equipment and the low consumption of heat and fuels. National energy
balances from Eurostat, IEA and other national statistical offices do not split the data about
the consumption of energy carriers in the service sector more in detail. The disaggregation
of the service sector in lower sub-compartment can be done for Human Activity and Value
added through Nacional Accountings and Structural Business Statistics, but not for energy.
Better information about the metabolic characteristics of the Service and Government
would be very valuable in the Furopean context and this represent a pending task of the
statistical offices. In fact, the Service & Government sector (minus Transport) generates

almost 60% of the Gross Value Added and they require more than 65% of the hours of

103



Chapter IV: Energy uses analysis of European Countries from a multiscale perspective

labor in the paid work sector. Moreover, it consumes around 37% of electricity and 19% of
the heat of the paid work. A better understanding of the biophysical characteristics of this
compartment 1s mandatory for having an iformed discussion over transitions to a lower

carbon economy.

Table IV-12 Service & Government without Transport End use matrix of EU27+Norway for the year 2012

HA EMR_elec EMR_fuel| EJP ET_elec |ET_heat| ET_fuel 9%6HA/ %GVA/
SG_nTS (10°h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (Pdlyear) | (Pd/year) | |HA_BU27+N| GVA_EUZ27+N
EU27+N 165.785 | x 19 14 3,7 41 =| 3.116 | 2.255 607 100% 100% 1,7
Austria 4.706 10 6,0 0,51 41 48 28 2,4 28% | 2,8% 0,84
Belgium 2.332 79 75 35 1,4% 3,7% 13
Bulgaria 1.317 22 6,3 0,42 16 29 8,3 0,55 0,8% | 0,3%
Cyprus 472 15 3,0 15 28 7,2 14 0,69 0,3% | 0,2% 16
Czech Republic | 5,169 9,7 11 0,067 16 50 59 0,34 3,1% 1,2% 24
Denmark 2.933 13 3,6 0,82 52 37 10 2,4 1,8% 2,2% 0,74
Estonia 669 14 33 2,5 15 9,1 2,2 1,7 0,4% | 0,1% 2,9
Finland 2.750 23 2,4 3,7 42 64 6,6 10 1,7% 1,7% 1,7
France 14.759 22 6,5 502 318 96 8,9% 21% 13
Germany 17.764 542 452 299 11% 23% 15
Greece 5.829 11 2,1 0,42 - 66 12 2,5 3,5% - -
Hungary 4.286 9,7 16 0,059 12 41 68 0,25 2,6% 0,8% 3,6
Ireland 2.263 10 8,0 6,7 42 23 18 15 1,4% 1,4% 11
Italy 10.506 X 0,75 - 325 330 7,9 6,3% 14% 1,2
Latvia 342 5,0 33 10 8,6 1,7 0,2% | 0,2% 34
Lithuania 638 18 9,5 0,20 26 11 6,0 0,13 0,4% | 0,2% 2,2
Luxembourg 381 18 6,8 76 9,5 7,0 2,6 0,2% 0,4% 12
Malta 220 14 2,9 1,4 22 31 0,63 0,30 01% | 0,1% 19
Netherlands 9.531 14 22 0,49 41 133 208 4,6 57% | 57% 15
Norway 2684 | (G 1t 3,0 58 94 29 | 81 16% | 23% 17
Poland 16.808 9,5 7,6 1,1 12 160 129 18 10% 2,9% 2,9
Portugal 5.424 11 2,8 0,57 - 58 15 31 3,3% - -
Romania 6.536 4,3 51 0,35 8,8 28 33 2,3 3,9% | 0,8% 2,0
Slovakia 2.487 9,3 13 0,017 16 23 32 0,042 15% | 0,6% 25
Slovenia 903 13 1,2 4,9 22 12 1,1 4,4 0,5% 0,3% 19
Spain 22.096 13 37 2,2 30 289 82 50 13% 9,7% 14
Sweden 5.249 21 1,7 2,4 48 111 9,2 13 3,2% 3, 7% 13
United Kingdom | 16.732 21 20 15 - 350 333 25 10% - -
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| Service & Government (no Transport) EMRs and EJP patterns for year 2012 |
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Figure IV-13 Service & Government without Transport Electricity, Heat and Fuel Metabolic Rates vs
Lconomic Job Productivity of EU27+Norway for year 2012

3 EU end-use matrices across different hierarchical levels of analysis
(n-2, n-3), opening the black-box of the industrial sector.

Moving the analysis of end uses down to lower hierarchical levels 1s essential for the study
the biophysical performance or just to understand the variation in the metabolic patterns
expressed by each country. In fact, it 1s at the local level of analysis - the performance of
specific biophysical processes producing specific outputs - that becomes possible to study
the specific characteristics of “production functions” - the technical coefficients
determining mput/output relations - associated with the concept of technical efficiency.
For this reason, I tried to go as low as possible in the analysis of the Manufacturing and
Construction sector, even if this has implied the need of moving to a different data source.
Since this is a first exploratory assessment, the goal of the analysis 1s to check the potentiality
of the approach and the possibility of generating end use matrices at this level.

This section presents end-use matrices describing the metabolic characteristics of sub-

sectors at: (1) the level n-2: Manufacturing & Construction and Energy & Mining; and (11)
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the subsectors of these two sectors. The data source for the end-use matrices of this second
group has been the structural business statistics (SBS), providing a very detailed dataset for
the industrial subsectors. However, this source does not provide all the data required for
an analysis of the KU27 countries considered in the previous section. For this reason, this
second group of end-use matrices include less countries - KU22. The problem with the
missing data refer to the categorization of working hours and value added generation across

the elements of the taxonomy.

Data in this section are important because they clearly show that inside the Manufacturing
sectors there are very large metabolic differences when considering the pattern of end uses
across subsectors. Therefore, the information gathered at this level of analysis 1s crucial to
put in context and evaluate energy efficiency policies, as well as to understand the metabolic
peculiarities of each country. It 1s important to be able to identify whether the economic
energy intensity of a sub-sector 1s determined by the specificity of the production process,
or by the technical solutions or by the combination of different production processes
accounted in the same category. This detailed information is also needed to assess the
tradeoffs between labor and value added that can be obtained by using different mixes of

energy carriers (e.g. increasing the consumption of electricity to save labor).

The 22 countries included m this section (the structural elements observed by the statistics)
are: Austria, Belgium, Bulgaria, Croatia, Czech Republic, Finland, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Spain, Sweden and United Kingdom. I will refer as EU-22 to the cluster

conforming all these countries.

As regard the functional levels of analysis, the end use matrix of all EU-22 countries
mcludes the following compartments and levels (illustrated in Figure 1V-14): (1) Level n-2:
Energy & Mining (EM) and Manufacturing & Construction (MC); (i) Level n-3: Energy
Sector (ES); Mining & Quarrying (MQ); Iron & Steel (IS); Non-Ferrous Metals (NF);
Chemical & Petrochemical (CP); Non-Metallic Minerals (NM); Food & Tobacco (FT);
Textil & Leather (TL); Paper, Pulp & Print (PPP); Transport Equipment (TE); Machinery
(MA); Wood & Wood Products (WWP); Non-Specified (Industry) (NS); and

Construction (CO).
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Level n-2 Level n-3
Agricu|tu re, Forestry Agriculture & Forestry (AFO)
& Fishing (AF) Fishing (FI)

o Energy Sector (ES)
Energy & Mining (EM)

Mining & Quarrying (MQ)

Iron & Steel (I1S)

Non-Ferrous Metals (NF)

Chemical & Petrochemical (CP)

Non-Metallic Minerals (NM)

Food & Tabacco (FT)

Manufacturing & Textile & Leather (TL)
Construction (MC) Paper, Pulp & Print (PPP)

Transport Equipment (TE)

Machinery (MA)

Wood & Wood Products (WWP)

Non-Specified (Industry) (NS)

Construction (CO)

Figure IV-14 Dendrogram of the different levels and compartment analyzed with SBS database

I start the presentation of the results by showing the End Use matrix calculated over the
whole EU-22 cluster (at the supranational level) providing a set of average values calculated
per sector and subsector. This 1s shown in Figure IV-15 Electricity, Heat and Fuel
Metabolic Rates vs Economic Job Productivity for all sectors from Level n-2 to Level n-3

of EU22 for year 2012

Table IV-13 and Figure IV-15. These values can be used to contextualize the subsequent

end use matrices calculated using data referring to the national level.

At level n-2, Energy & Mining (EM) surpasses Manufacturing & Construction (MC) i all
EMRs [294 725 22] vs [61 107 12] M]J/h 1n electricity, heat and fuel. Moreover, EM also
presents a higher value of EJP (122 MJ/h) than MC (only 33 MJ/h).

In the same table, we can found also the metabolic rates of the other subsectors at level n-
3. Contrary to the previous levels of analysis, I found that the largest electricity and heat
EMRs are in the MC. Iron & Steel 1s the sector with higher EMR heat (1.523 M]J/h)
followed distantly by Non-Metallic Minerals (571 MJ/h) due to their intensive use of heat

m furnaces smelting and cooking minerals. Non-ferrous Metals (aluminum, copper, lead,
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nickel, titanium, zinc, etc.) present the largest EMR electricity (563 MJ/h) due to the use of
process like Hall-Heroult for producing aluminum or other electric intensive processes.
Regarding EMR fuel, I found that the largest value 1s in the Mining & Quarrying sector (69
M]J/h) due to the itensive use of heavy machinery for extracting raw materials, followed by
Chemical & Petrochemical sector (47 MJ/h). On the other hand, I found again that the
largest IJJP 1s found in the more intensive sectors: Energy Sector with 133 €/h and Chemical
& Petrochemical with 69 €/h. If we add to this group of subsectors Non-Metallic Minerals
[122 571 27] and Paper, Pulp & Print [218 391 15] MJ/h; we can create a cluster of
industrial subsectors characterized by high EMRs going from 122 to 563 MJ/h in electricity,
from 93 to 1.523 MJ/h in heat and from 16 to 69 MJ/h in fuel. Likewise, these sectors
complement this patterns with an EJP that goes from 29 to 133 €/h. At this level, it becomes
evident that differences among subsectors have nothing to do with the differences in
performance of the technologies used. Rather the differences in energy mtensity simply
reflect differences in the characteristics of the biophysical processes associated to the

economic activity of production of goods.

The other group of subsectors presents a pattern of EMRs between [4,1-62 7,4-137 2,9-32]
MJ/h for electricity, heat and fuel respectively and a EJP from 16 to 42 €/h. Construction
has the lowest electricity (4,1 MJ/h) and heat (7,4 MJ/h) EMRs and Textile & Leather the
lowest EJP with 16 €/h. Non-specified Industry (formed by rubber and plastic products,
furniture, jewelry, toys, brooms and brushes and other minor manufactures) have the
highest electricity (62 MJ/h) and fuel (32 MJ/h) EMRs of this subsectors group, whereas
Wood & Wood Products have the highest heat EMR of 137 MJ/h and Transport
Equipment the highest EJP of 42 €/h. Food & Tobacco 1s situated i the average of this
second group with [53 88 10] MJ/h and 29 €/h. From this second group, I must highlight
that Machinery and Construction subsectors generate the vast majority of working hours
(obs) in Manufacturing & Construction sector representing 24% and 269% of the total and

generating 26% and 23% of the total Value Added respectively.

Finally, looking the Economic Energy Intensity indicator one can say that the most energy
eflicient sector results to be Construction with just 1,1 MJ/€ and Iron & Steel the most
energy intensive with 80 MJ/h. However, knowing the high dependency of Construction

from Iron & Steel products (and the big influence of speculation in this sector affecting the
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value added generated on it), one can realize the fragility of this kind of indicators for
measuring energy efficiency. On the other hand, looking this proposal of accounting, one
can easily understand that the low EEI of the construction sector depends on (is determined
by) the high EEI of the iron & steel sectors. In that sense, this analysis allows us to detect

clearly the effect of cost shifting across countries.

|EU-22 EMRs and EJP patterns for year 2012 |
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Figure IV-15 Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity for all sectors from
Level n-2 to Level n-3 of EU22 for year 2012

Table IV-13 Average End use matrix for the region considered (EU-22), all sectors from Level n-2 to Level
n-8 for year 2012
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HA EMR_elec - EMR_fuel| EJP ET_elec | ET_heat | ET_fuel VA YHA/ VAl
(Mh/year) (MJ/h) (M) | (€h) (PJlyear) | (PIlyear) [ (PJ/year) | (10°¢) | |HA_EU-22[VA EU-22
Manufacturing & Construction 53 X 61 107 12 33 =| 3.246 5.735 636 1.752 100% | 100% m
Iron and Steel 0,97 34 35 397 1.484 33 34 18% | 1,9% -
Non-Ferrous Metals 0,47 274 27 42 264 129 13 20 09% | 1,1% 43

Chemical and Petrochemical 24 249 380 590 901 111 163 44% | 9,3% T
Non-Metallic Minerals 1,8 122 571 27 29 216 1.011 47 52 33% | 3,0% ?
Food and Tobacco 6,1 53 88 10 29 321 534 60 177 11% | 10% 8_,5
Textile and Leather 29 24 31 40 16 |_ 71 89 12 47 54% | 2,% 6_,4
Paper, Pulp and Print 19 X 218 391 15 3% |~ 422 757 29 66 3,6% | 3,8% ?
Transport Equipment 43 37 22 3,6 42 157 95 15 178 8,0% | 10% 3_,0
Machinery 13 30 20 29 36 376 258 37 453 24% | 26% ?
Wood and Wood Products 13 61 137 50 21 78 175 6,3 27 24% | 15% ?
Construction 14 41 74 8,7 29 58 103 122 406 26% | 23% T
Non-specified Industry 438 62 42 32 27 297 198 153 130 89% | 74% E

HA EMR_elec - EMR_fuel | EJP ET_elec | ET_heat | ET_fuel VA YHA/ YVAI

(Mh/year) (MJ/h) (MJ) | (€h) (PJlyear) | (PIlyear) | (PJlyear) | (10°¢) | |HA_EU-22[VA EU-22

Energy & Mining 31 | x| 294 725 2 122 | =] o 2222 69 375 100% | 100%
Energy Sector 27 [ e T2 | a5 | ses | [Teow | omw

Mining and Quarrying 0,34 X 170 93 34 - 58 32 24 1 11% | 0,7%

3.1 Energy & Mining

Opening the Energy & Mining sector for all the EU-22 countries we can see in

Table IV-14 and Figure IV-16, that the Netherlands, Spain, Belgium, Norway and Finland
present a heat EMR above 1000 MJ/h. Regarding fuel EMR, just Norway and Ireland
exceed the 70 MJ/h. Last but not least, Norway shows the largest EJP with 668 €/h thanks
to his important oil industry, distantly followed by the Netherlands with 300 MJ/h due to
their gas extraction industry. On the other hand, we can see that Poland concentrate almost
20% of the working hours, followed by Germany (16%) and UK (15%) n this sector.
Norway produces 25% of the Value Added using only 4,6% of the working hours, followed
by UK (169) and Germany (159%). One curious point is that, although Energy & Mining
sector is one of the most energy intense in terms of machinery and labor (EMRs) nobody
would argue that is a dematerialized or an ecofriendly economic activity. However, looking
their EEI and using this value as an indicator one may be misled (the value of EEI 1s just
3,1 MJ/€ for Norway!). One more time, we can see how EEI 1s a very poor indicator when

trying to map the relations between the economy and the environment.

Table IV-14 Energy & Mining End use matrix of EU27+Norway for the year 2012
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- HA EMR_elec EMR_fuel | EJP ET elec | ET_heat | ET fuel [ VA OHA! VA
Energy & Mining | 00 | | wam) - Mah) | () | |Payear) [ Payear) | Payear) | 100¢) | | HAEU22| VA EU2
EU-22 3067 |x] 310 803 16 133 |=[ 902 2.222 69 375 100% [ 100% 13
Austria 62 651 740 103 29 40 0,46 6,3 2,0% 1,7% 18
Belgium 43 1.705 2,0 176 24 73 0,085 75 1,4% 2,0% 19
Bulgaria 116 221 122 24 21 26 14 0,28 25 3,8% 0,7% 39
Croatia 36 83 701 18 24 3,0 25 0,64 0,87 1,2% 0,2% 43
Czech Republic 118 298 281 58 59 35 33 0,68 6,9 3,9% 1,9% 18
Finland 38 1.164 56 103 19 44 2,13 39 1,2% 1,0% 26
Germany 502 391 670 6,3 113 196 336 32 57 16% 15% 16
Greece 61 972 44 69 32 59 2,68 42 2,0% 1,1% 38
Hungary 66 201 371 51 55 13 25 0,34 36 2,2% 1,0% 17
Ireland 25 274 163 142 6.8 40 18 35 0,8% 0,9% 5
Italy 236 357 918 8,1 154 || 84 217 1,90 36 7,1% 10% 13
Latvia 28 X 58 37 10 24 7| 17 1,05 0,30 0,70 0,9% 0,2% 89
Lithuania 30 165 728 58 23 49 22 017 0,69 1,0% 0,2%
Netherlands 62 8,3 300 35 164 0,51 19 2,0% 5,0% 14
Norway 140 223 1270 31 178 12,1 93 4,6% 25% 3!
Poland 579 174 252 7,0 35 101 146 41 20 19% 5,3% 21
Portugal 47 236 351 28 98 111 17 13 46 1,5% 1,2% 94
Romania 184 199 365 17 21 36 67 31 38 6,0% 1,0%
Slovakia 38 330 623 8.8 66 13 24 0,339 25 1,3% 0,7% 24
Spain 152 18 178 68 307 2,1 27 5,0% 7,2% 19
Sweden 55 790 59 183 36 43 3,22 10,0 1,8% 2,7% 11
United Kingdom 450 210 854 59 136 94 384 27 61 15% 16% 12
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Figure IV-16 Energy & Mining Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
LUZ22 for year 2012

This end use matrix has already been presented in section 2.4.3 (Table IV-7), but the one

presented in Table IV-15 and Figure IV-17 has being generated using the SBS database.

As we can see, there are some differences in the assessments of HA and VA data, but in

general the patterns of gradients in metabolic characteristics are the same.
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Table IV-15 Manufacturing & Construction End use matrix of EU27+Norway for the year 2012

Manufacturing & HA EMR_elec EMR fuel| EJP ET elec | ET heat| ET fuel | VA A | wvar
Construction | @hiyear) (MJ/h) (MIh) | (€M) (PJlyear) | (PIlyear) [ (Paiyear) | (109 €) | | HA_EU-22 | VA EU-22
EU-22 54730 |x|__ 61 108 12 32 |=[ 3325 5910 643 | 1779 | [ 100% | 100% 9,0
Austria 1397 74 189 20 45 104 [ 264 | 28 63 26% | 35% 10
Belgium 938 144 17 135 | 268 | 16 61 L7% | 34% 1
Bulgaria 1,045 26 52 31 6 27 55 32 | 58 19% | 03% H
Croatia 601 19 47 10 10 12 28 63 | 59 11% | 03% 12
Czech Republic 2235 37 90 21 16 82 200 | 47 | 36 41% | 2,0% 12
Finland 761 43 140 | 223 | 34 33 4% | 18%
Germany 12892 65 113 1 43 834 | 1460 | 137 | 550 2% | 31% 7.2
Greece 606 70 109 28 25 42 66 17 15 11% 0,8% 14
Hungary 1371 24 46 315) 14 32 63 48 19 2,5% 11% 8,5
Ireland 407 79 117 |4 (NGOl | 32 48 14 3 0% | 18% 47
ltaly 6.915 64 92 85 3 || 442 | 633 | 50 | 248 13% | 14% 78
Latvia 2 X[ = 127 95 10 |7 92 37 28 | 29 05% | 02%
Lithuania 455 25 53 34 81 11 2% 16 | 37 08% | 02% 16
Netherlands 1512 83 194 12 125 | 293 | 19 82 28% | 46% 8
Norway 65 | (DNZSONN 112 2 157 | 74 16 42 2% | 24% 12
Poland 4.821 34 87 42 13 162 | 418 | 20 63 88% | 36% 14
Portugal 1653 35 72 82 13 57 18 | 14 22 30% | 1.2% 14
Romania 2917 26 65 5.1 6,1 76 | 11 | 15 18 53% | 1,0%
Slovakia 774 56 169 67 16 3 | 181 | 52 | 12 14% | 071%
Spain 4318 60 130 13 3L 261 | 560 | 55 | 132 7.9% | 74% 10
Sweden 1403 135 184 19 H 190 | 258 | 26 72 26% | 41% 1
United Kingdom 6.760 52 73 22 38 352 | 49 | 145 | 260 12% | 15% 64

Manufacturing & Construction EMRs and EJP patterns for year 2012
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Figure IV-17 Manufacturing & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productvity of EU22 for year 2012
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3.2 Level n-3 (using the SBS database)

3.2.1 Energy Sector

The energy sector basically coincides with the Energy & Mining sector (it has 89% of HA

and 97% of VA), therefore the end use patterns are very similar (see Table IV-16 and Figure

IV-18).
Table IV-16 Energy Sector End use matrix of EU27+Norway for the year 2012
HA EMR_elec EMR_fuel| EJP ET_elec | ET_heat| ET_fuel [ VA 9YHA/ YVAI
Energy Sector | syeay | | i) - Mam) | (eh) | | pavear)| Palvear)| (Pavear) | 10%¢) | | HaEu22 |va Eu22

EU-22 2727 310 803 16 133 844 2.191 45 363 100% | 100% 13
Austria 54 707 0,80 110 25 38 0,043 59 2,0% 1,6% 18
Belgium 39 1.877 2,2 187 23 73 0,085 72 1,4% 2,0% 19
Bulgaria 98 227 143 0 19 22 14 0 19 3,6% 0,5% 39
Croatia 32 89 780 0 25 28 25 0 081 1,2% 0,2% 43
Czech Republic 105 322 301 57 64 34 32 0,60 6,7 3,9% 1,8% 18
Finland 30 1483 22 113 14 44 0,66 34 1,1% 0,9% 26
Germany 456 416 721 5,0 119 190 329 2,3 54 17% 15% 16
Greece 53 1124 32 74 32 59 0,17 39 1,9% 1,1% 38
Hungary 62 215 399 0 58 13 25 0 3,6 2,3% 1,0% 17
Ireland 23 196 158 0 149 44 36 0 34 0,8% 0,9% 5
Italy 210 389 1.026 45 168 82 215 0,94 35 7,7% 9,7% 13
Latvia 23 69 42 73 26 1,6 0,98 0,17 0,62 0,9% 0,2% 8,9

Lithuania 26 185 834 50 24 48 22 0,13 0,64 1,0% 0,2%
Netherlands 59 3,6 313 34 160 0,21 18 2,2% 5,1% 14
Norway 132 221 1.342 29 177 9,3 93 4,8% 26% 31
Poland 531 175 271 3,0 36 93 144 16 19 19% 5,3% 21
Portugal 32 279 494 0 136 9,1 16 0 44 1,2% 1.2% 94
Romania 160 223 412 12 23 36 66 2,0 3,6 5,9% 1,0% 46
Slovakia 35 363 691 25 72 13 24 0,085 25 1,3% 0,7% 24
Spain 120 0 212 64 301 0 26 4.4% 7,0% 19
Sweden 51 51 192 25 39 0,26 9,8 1,9% 2,1% 11
United Kingdom 398 150 94 384 27 60 15% 16% 12
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Figure IV-18 Energy Sector Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of

EU22 for year 2012

3.2.2 Mining & Quarrying

In the Table IV-17 and Figure II-1 we can see how Sweden presents really high EMRs
[2.889 1.100 723] MJ/h, much higher than the others. This is due to its leading role in EU
m ore and metal production. Netherland present also a high heat EMR (1.198 MJ/h) which

could be related with the important sand, gravel, peat and limestone extraction industry.

Last but not least, Ireland shows the largest fuel EMR (851 MJ/h), which could be explained

by the fact that Ireland 1s the largest zinc producer in Europe and the second largest

producer of lead. However, in order to confirm these hypotheses, we should complement

the present data with data on production organized on the same defimtion of

subcompartments (an attempt on this direction will be presented in the next chapter).

Table IV-17 Mining & Quarrying End use matrix of EU27+Norway for the year 2012
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Mining and HA EMR_elec EMR _fuel| EJP ET_elec | ET_heat | ET_fuel [ VA N | WA

Quarrying (10°hiyear) (MJ/h) - (MJ/h) (€/h) (PJlyear) | (PJiyear) [ (PIlyear) | (10°€) | | HA_EU-22| VA EU-22
EU-22 339 |x[_10 o3 69 3 |=[ 58 3 24 | 11 | [ 100% [ 100% 19
Austria 79 489 | 266 | 52 51 39 [ 21 [ 041 [ o040 | [ 23% | 35% 32
Belgium 39 388 0 0 5 | 0 0 o028 | [ 12% | 25% 4
Bulgaria 18 190 | 28 16 2 34 | 0051 | 028 | 057 | [ 53% | 50% 17
Croatia 40 38 6 | 160 | 14 015 | 025 | o064 | 0058 | [ 12% | 05% 27
Czech Republic 13 0 | 122 [ 62 | 17 13 | 16 | 008 | 022 | [38% | 1o% 2
Finland 84 56 | 33 | 175 48 | 028 | 15 | 058 | [ 25% | 51% 26
Germany 45 w3 | w | 20 53 65 | 67 | 090 | 24 13% | 2% 1
Greece 83 16 55 | 300 | 34 013 [ 0046 | 25 | 029 | [ 25% | 25% 13
Hungary 48 19 1 71 12 009 | 0051 | 034 | 0059 | [ 14% | 05% 13
Ireland 21 1106 | 210 |WNGSIML 6L | | 24 | 045 | 18 | o1 || 06% | 11% 702
Haly 2% 02 | 5 3 3% | [ 27 | 15 [ 09 [ o9 | [ 7% | 81% 1
Latvia 51 |*[_79 W 25 15 | 004 [ 0069 | 013 {0078 ]| [ 15% | 07% 46
Lithuania 38 2 29 1 12 009 | 0011 | 0043 [ 0048 | [ 11% | 04% 64
Netherlands 32 230 |MORN o4 076 | 38 | 030 | 023 | [ oo | 20% 28
Norway 77 260 | 37 | a; 21 [ 029 | 28 | o4 | [ 23% | 56% 15
Poland 48 164 | 4t 51 17 79 | 20 | 25 [ o8 | [ 14% | 72% 2
Portugal 15 w | 33 % 15 20 [ o048 | 13 [ o021 | [ 43% | 19% 3%
Romania 2 34 51 6 | 69 082 | 12 | 11 [ot6 | [ 7.0% | 14% 30
Slovakia 39 34 18 66 12 013 [ 0071 | 025 | 0047 | [ 11% | 04% 16
Spain 2 152 | 193 | 8 | 49 48 | 61 | 27 | 16 | [ 98% | 14% 15

Sweden 41 12 | 45 | 30 | o028 | [ 12% | 24%
United Kingdom 52 84 0 0 2 0 0 0o | 15 6% | 13% 08
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Figure IV-19 Mining & Quarrving Llectricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity
of EUZ22 for year 2012

3.2.3 Iron & steel
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Table IV-18 and Figure 1V-20 shows among the largest values of EMRs of the entire study.
For example, the largest electricity EMR (4.112 MJ/h) in Norway can be explained by the
availability of abundant and cheap hydro-electricity used for smelting iron. On the other,
the Netherlands seems to take profit of its local natural gas reserves with the largest heat
EMR (4.066 M]J/h). Looking at the economic data, Germany is by far the most important
Iron & Steel producer with 26% of the HA and 37% of the total VA generated in the EU-
22 cluster. Again, this overview show that better understanding of the values expressed in
the end use matrices would require complementing this basic information with data about

the quality, quantity and type of products.

On the other hand, when comparing the metabolic patterns of Slovakia [308 2650 0] MJ/h
and 13 €/h with Austria [391 2157 132] and 69 €/h, one hypothesis could be that they
present similar process with comparable technologies, but they have different process of
generation of Value Added. This explanation faces with the argument of energy efficiency
and the different EEI presented from these two countries: 288 vs 52 MJ/€. One more time,
we see how EEI do not map properly technological efficiency. 1 will propose a more

detailed discussion of this topic in the next chapter.

Table IV-18 Iron & Steel End use matrix of EU27+Norway for the year 2012
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| d Steel HA EMR_elec EMR_fuel EJP ET_elec [ ET_heat | ET_fuel VA YHA/ %VA/
ronand Steel 1 o ean | | mam) ™Im) | (em) (Palyear) | (Palyear) | (Palvear) | (10%€) | | HA_EU-22 | VA EU-22
EU22 974 |x|__408 1523 34 35 |=[ 307 1484 33 34 100% | 100% | |80
Austria 37 301 | 2457 | 132 14 80 49 | 25 38% | 75% |[ 52
Belgium 25 803 27 53 20 76 | 068 | 13 26% | 40% | [ 102
Bulgaria 10 250 204 0,0 5,0 26 21 0 [oo0s2 || 1a% | o02% |[ 175
Croatia 48 61 65 0,0 12 030 | o031 0 |oo0s8 || 05% | 02% || 19
Czech Republic 62 149 | 1186 | 45 98 9.2 73 | 028 | o061 || 63% | 18% || 178
Finland 18 664 | 1658 33 12 30 56 | 060 |[ 19% | 18% |[ 120
Germany 254 381 | 1.796 44 49 97 456 1 12 26% | 31% || 62
Greece 17 199 171 46 19 33 28 | 077 | 03 17% | 09% || 40
Hungary 15 102 | 1386 | 28 74 15 21 | o042 | o011 || 15% | 03% | |24z
Ireland 2.1 0 23 0 35 0 [ 0047 0 [oo72 || 02% | 02% |[o072
Italy 136 | [ 525 [ 1414 12 % || n 192 | 16 | 53 14% | 16% |[ 75
Latvia 51 342 332 16 14 | w75 | 17 [ o081 | 0074 || 05% | 02% |[ 89
Lithuania 16 55 21 0 75 0086 | 0,032 0 [o012 || 02% | 00w || 22
Netherlands 2 433 5.7 49 9,7 91 013 | 11 23% | 32% || 115
Norway 44 68 18 15 | 030 | o41 || os% | 12% |[ 158
Poland 76 208 | 1017 | 056 18 23 78 | 0043 | 14 78% | 40% || 106
Portugal 88 553 266 14 2 49 23 | 043 | 019 || o9% | oew |[ 80
Romania 49 464 960 0,85 10 23 47 | 0042 | 049 || 51% | 14%
Slovakia 30 308 | 2:650 0 13 9,3 80 0 [ o039 || 31% | 12%
Spain 69 689 | 1.037 39 35 48 72 27 | 24 71% | 7% || 86
Sweden 46 351 956 95 40 16 44 44 | 18 47% | 54% || 53
United Kingdom 80 152 | 1495 10 2 12 119 | 008 | 22 82% | 64% || 76
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Figure IV-20 Iron & Steel Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity of
LUZ22 for year 2012

3.2.4

Non-Ferrous Metals

Non-ferrous metals sector groups a wide numbers of industrial process in relation to metals

and alloys that does not contain iron. In this subsector we can find energy intensive
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processes as electrolysis for refining purposoes, as well as smelting, casting and

manufacturing process of aluminium, copper, lead, zinc or zinc; more rare metals as cobalt,

mercury, tungsten, cadmium, indium or lithium; and precious ones as platinlum, gold or
silver. Table IV-19 and Figure IV-21 shows Ireland with really high heat (9.726 MJ/h) and
fuel (3.189) EMRs, and again Norway presents the highst electricity EMR (6.703 MJ/h) and
EJP (118). On the other hand, Germany has the largest proportion of HA (319%) and VA

(349) 1n the cluster studied. Again, better understanding of these metabolic patterns require

going to lower scales of analysis and complement the present data arrays with other

mdicators refering to raw material or output products data.

Table IV-19 Non-Ferrous Metals End use matrix of EU27+Norway for the year 2012

HA EMR _elec EMR fuel [ EJP | |ET elec |ET heat [ ET fuel [ VA WHA | VAL
Non-Ferrous Metals ahhiear) | | (MI) . M) | () | | e | paiear) | payean (10°g) | |HaEu2|vA U2
EU-22 170 63 o4 21 | & 264 129 13 | 20 | [_100% | 100% 13
Austria 19 8 [ a2 | 13 | 8 35 | 40 [ o024 [ 12 | [41% [ 60% 12
Belgium 13 550 | 462 | 23 | 83 69 | 58 | 020 | 10 || 2% | 53% 2
Bulgaria 90 33 | 18 | 89 | 285 31 | 11 [ 080 | 026 | [ 19% | 13% 1
Croatia 26 18 | 105 | 16 | 80 031 | 028 [ 003 | o021 | | 0s6% | 0419 | [ 56
Czech Republic 12 2 | 10 | o 1 073 | 13 | o | o3 | [ 25 [o6m | [ 2
Finland 54 1250 | 313 | 1% | 69 67 | 17 | 082 | o7 || 11% | 19% 56
Germany 144 20 | o | 10 | 4 % | 335 | 16 | 68 | [ 3% | 34% 23
Greece 12 1390 | 1302 | 18 | & 7 | 16 | o2 | os || 26w | 21% | (RS
Hungary 1 04 | 200 | 29 | 190 15 | 29 | oo [ 027 | [ 30% | 14% %
Ireland 14 1889|0260 80690 - 27 | 1 [ 45 | - | [osm | - -
taly 58 26 | 3 | 105 | 3 1 | 18 [ gt | 21 | [ 12w | 1% 7
Lavia 071 0 | 28 [ 0 w7 [T o007 | 017 [ o o012 | | oas% [ ooen | [ 1
Lithuania 0.6 o [ [ o | a1 0 | 00 | o [oooos] [ 003% [o003%| [ 5
Netherlands 1 g8l | 237 | oo | 81 0 [ 27 | o | oss | [ 24 | 30 50
Norway 10 23 | 5 |DNON | 69 [ 22 [ 026 | 12 | [ 22% | 61% | |INasi|
Poland 3 235 | ot | 968 | 15 71 | 83 | 029 | 047 | | 64% | 24% 60
Portugal 59 0 | 64 | 67 | 15 041 | 038 | oos0 | oos9 | | 13w [o4sw | [ 18
Romania 15 0 0 0 1 0 | o | o [o16 || 3w |osw -
Slovakia 71 1253 | 205 | 0 23 89 | 15 | o [ o6 | [ 15% | 08 | |INisnn|
Spain % 128 | 22 | 8 | sl 38 | 69 | 27 | 15 | | 63% | 76% 74
Sweden 10 1150 | 244 | 29 [ 76 2 | 24 [ 0290 | o6 | [ 21% | 39% 14
United Kingdom 59 05 | 112 | 29 | 36 18 | 67 | 017 | 22 | [13% | 11w | [ 2
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Non-Ferrous Metals EMRs and EJP patterns for year 2012 |
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Figure IV-21 Non-Ferrous Metals Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity
of EU2?2 for year 2012

3.2.5 Chemical & Petrochemical

‘When looking at the end use matrix of the Chemical & Petrochemical sector (Table IV-20
and Figure 1V-22), we can find a clear anomaly for Ireland. The country has a really low
profile of EMRs values [139 61 24] MJ/h - by far much lower than the average of the EU-
22 cluster [249 380 47] M]J/h. But at the same time, Ireland presents a really high EJP (871
MJ/h). Rather than by using biophysical factors to explain this anomaly, we could try to
explain this anomaly with the low corporate tax model of Ireland, which make that many
companies place their headquarters in the country (declaring there their value added
generation) meanwhile they produce elsewhere (consuming energy and human activity).
However, this 1s just a hypothesis that needs to be corroborated with other data. In the
Table IV-20 Norway shows the largest electricity (1.302 MJ/h) and heat (1.386 MJ/h) EMREs,
whereas Slovakia has the highest fuel EMR (199 MJ/h).
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Table IV-20 Chemical & Petrochemical End use matrix of EU27+Norway for the year 2012

Chemical and HA EMR_elec EMR fuel| EJP ET elec | ET_heat | ET fuel | VA WA | VA

Petrochemical (10°hlyear) (MJ/h) - (MJlh) (€M) (Palyear) | (PJlyear) | (PIlyear) | (10°€) | | HA_EU-22|VA_EU-22
EU-22 271 x| 240 380 47 | 69 |=[ 50 o1 111 | 163 | [ 100% | 100% w7
Austria 48 Ix[ 320 [ amn [ 23 [ 68 |4 15 [ 23 [ 11 [ 33 ][ 20% [ 20% 20
Belgium 100 48 | 507 | 82 | 19 s | st | 083 | 12 | [ 42 | 7% u
Bulgaria 3 us | 8 | 47 | 10 42 | 1 [ oa7 | oar | [ 15% | o2 71
Croatia 2 g | 29 | 42 | 19 09 | 43 | 0083 | 038 | | 083w | 024% 19
Czech Republic 63 23 | 3% | 26 | 2 13 [ 2 [ o016 | 17 | [ 26% | 10% 3%
Finland 2 663 | 402 | 41 | 9% v [ 10 |12 |25 || 1% | 1% 23
Germany 705 26 | a1t | 10 | 188 | 262 | 50 | 51 | [ 30% | 31% w7
Greece 30 5| 2 | 22 | ® 23 | 22 0066 | 099 | | 13% |061% | | 85
Hungary 53 7 | & 0 37 94 | 45 | 0 | 20 | [ 2% | 1% 15
ireland 13 139 | 61 | o« |NNGE | 60 [ 26 | 10 | 16 || 18% | 10% 12
taly 276 194 | 185 | 107 | el s4 | 51 | 30 | w7 | [ 12% | 10w v
Lavia 74 5 | w0 | 2 | 13 02 | 07 | 0085 | 0083 | | 031% | 006% 17
Lithuania 10 8 | a6 | o0 2 28 | 38 | 0 |02 || oam|oun| | 5
Netherlands % a5 | 88 | 10 | s s | 18 | o9 | 1 | [ 39% | es% 19
Norway 20 | (DIS02NEsEeN] 121 | 26 | 28 | 24 | 20 | [ 08w | 12% 52
Poland 164 89 | 4 | u | u st | 18 | 39 | 39 | [69% | 24% 44
Portugal 3 51 | 236 | 14 | 2 83 | 78 | 045 | 096 | | 14% | 059% 32

Romania 73 180 | 8% | 56 | 1 13 | 61 | 041 | 08 | [ 3% | 051%
Slovakia 19 250 | 308 |DNI0ONN 18 51 | 78 | 39 | 034 | [ 082 | 0219 79
Spain 201 151 | 667 | 40 | 55 30 | 13 | 81 | 11 | [ 85% | 6% 22
Sweden 50 B | 9 [ 3 | u v [ 50 | 18 | 73 | [ 21% | 45% 70
United Kingdom | 300 205 | | 16 | e 6L | 51 | 48 | 19 | [13% | 1% 12

|Chemica| & Petrochemical EMRs and EJP patterns for year 2012
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Figure IV-22 Chemical & Petrochemical Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012
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3.2.6 Non-Metallic Minerals

In the case of Non-Metallic Minerals - Table IV-21 and Figure 1V-23 - Belgium presents
the largest electricity (343 MJ/h) and heat (1.148 MJ/h) EMRs. Italy presents the largest fuel
EMR (173 MJ/h) and Norway the largest EJP (64 €/h), nearly followed by Belgium (59 €/h).

Table IV-21 Non-Metallic Minerals End use matrix of EU27+Norway for the year 2012

Non-Metallic HA EMR_elec EMR_fuel| EJP ET elec [ ET_heat | ET fuel [ VA WA | wvA/
Minerals (10°hlyear) (MJ/h) (MJ/h) (€M) (Palyear) | (Pdlyear) | (PJiyear) [ (10°€) | [ HA_EU-22  VA_EU-22
EU-22 1770 |x| 122 571 27 29 [=[ 216 | 1012 47 52 100% | 100% 33
Austria 51 128 542 26 6,6 28 13 23 29% | 44% 2
Belgium 39 13 45 31 | 23 2% | 44% || 39
Bulgaria 34 80 533 96 84 27 18 032 | 028 19% | 05%
Croatia 20 92 542 14 14 19 11 029 | 028 12% | 05% 63
Czech Republic 87 90 380 28 18 79 3 0,24 15 49% | 30% 37
Finland 2 17 | 2% 3% | 45 | [ 28 | 70 [ o7 [ 11 || 14% | 21% || 15
Germany 354 125 585 28 40 44 207 99 14 20% | 21% 25
Greece 28 124 23 24 34 25 062 | 067 16% | 13% 55
Hungary 39 61 287 0 13 24 11 0 052 22% | 1,0% 36
Ireland 12 179 800 25 21 93 20 | 030 07% | 06% 63
Italy 268 134 675 20 33 [ | 36 181 55 838 15% | 17% 34
Latvia 75 N 795 40 16 |71 o088 59 030 | 012 04% | 02%
Lithuania 13 62 517 19 99 0,80 66 025 | 013 07% | 02% 76
Netherlands 39 113 498 26 43 44 19 10 1,7 22% | 32% 21
Norway 18 164 500 42 30 92 0,78 12 10% | 23% 16
Poland 208 78 441 16 15 16 92 33 32 2% | 61% 47
Portugal 72 92 616 13 16 6,6 44 093 11 41% | 2% 60
Romania 74 92 393 13 10 68 29 098 | 074 42% | 14% 69
Slovakia 26 90 442 16 15 24 12 004 | 040 15% | 0,76% || 48
Spain 167 139 765 39 29 23 128 65 49 94% | 94% 43
Sweden 32 114 362 76 36 12 24 17 18% | 32% 15
United Kingdom 155 157 500 43 30 24 78 6,6 46 88% | 89% 34

|Non—MetaI[ic Minerals EMRs and EJP patterns for year 2012
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Figure IV-23 Non-Metallic Minerals Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012
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3.2.7 Food & Tobacco

When comparing the average values of the EU clusters for Food & Tobacco [53 88 10]
MJ/h and Agriculture & Forestry [8,4 16 25] MJ/h we can see that Food and Tobacco
generates much more Value Added per hour than Agriculture and Forestry (43 vs 9,3 €/h)
while consuming less energy. In that sense, we can see how we consume energy for saving
human time (preparing meals in that case) and how important 1s to measure this relation as
I do with EMRs indicators. Moreover, this fact reinforces the argument of the crucial
importance of carrying out an integrated analysis of the end use matrix across levels and
dimension of analysis when discussing of efficiency and offshoring effects. Looking at the
data in Table IV-22 and Figure 1V-24, Belgium shows the largest electricity EMR (153
M]J/h), nearly followed by the Netherlands (130 MJ/h) and Norway (119 M]J/h). The
Netherlands have the largest heat EMR (306 MJ/h) followed by Belgium (278 M]/h).
Ireland have the largest fuel EMR (52 MJ/h) and EJP (95 €/h).

Table IV-22 Food & Tobacco End use matrix of U2 7+Norway for the year 2012

il e HA EMR_elec - EMR_fuel| EJP ET elec [ ET_heat | ET fuel [ VA WHA! | VAl
(10°hiyear) (MJrh) (MI) | (€M) (Palyear) | (PJiyear) [ (PIlyear) | (10°€) | |HAEU-22 (VA EU-22
EU-22 6056 | X 53 88 10 29 = 321 534 60 177 100% | 100% 85
Austria 119 64 120 20 43 77 14 23 51 2,0% 2,9% 7,6
Belgium 116 4,0 62 18 32 0,46 72 1,9% 4,1% 11
Bulgaria 156 25 33 31 6,1 39 51 0,49 0,95 2,6% 0,5%
Croatia 106 22 51 9,3 12 24 54 0,99 13 1,8% 0,7% 11
Czech Republic 183 31 76 0,91 15 57 14 0,17 2,7 3,0% 15% 11
Finland 56 101 50 25 44 57 2,8 14 24 0,9% 1,4% 8,1
Germany 1.262 51 97 95 29 65 123 12 36 21% 20% 89
Greece 138 57 85 21 27 8,0 12 29 37 2,3% 2,1% 10
Hungary 172 21 61 12 10 36 11 0,21 18 2,8% 1,0% 12
Ireland 75 93 95 70 72 39 71 1,2% 4,0% 44
Italy 568 76 91 9.8 39 ] 8 51 56 22 94% 13% 8,0
Latvia 41 X 22 58 79 80 [T 093 24 0,33 0,33 0,7% 0,2%
Lithuania 68 32 71 54 91 2,2 48 0,37 0,62 1,1% 0,4%
Netherlands 175 24 62 23 54 043 11 2,9% 6,1% 11
Norway 76 36 36 61 91 2,7 28 46 1,3% 2,6% 6,6
Poland 697 28 74 6,2 13 19 52 43 93 12% 5,3% 12
Portugal 182 35 37 19 14 6,3 6,8 35 2,6 3,0% 1,5% 11
Romania 344 17 45 5.2 58 59 16 18 20 57% 1,1%
Slovakia 65 29 59 0,64 12 19 39 0,04 0,77 1,1% 0,4% 12
Spain 603 57 72 15 32 34 43 9,2 20 10% 11% 7,6
Sweden 87 102 69 21 45 8,9 6,0 18 39 1,4% 2.2% 8,3
United Kingdom 764 52 87 6,4 42 40 66 49 32 13% 18% 58
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Food & Tabacco EMRs and EJP patterns for year 2012
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Figure IV-24 Food & Tobacco Electricity, Heat and Fuel Metabolic Rates vs iconomic Job Productivity of
EU22 for year 2012

3.2.8 Textle & Leather

Textile & Leather represents a sector with very low values of EJP. Data are presented in
Table IV-23 and Figure IV-25. It presents some interesting peculiarities like Germany with
a small proportion of HA (7%) but generating 40% of the Value Added. Less fashion textile
products seems to be produced in Romania (169 HA and 3,2% VA), Portugal (109% HA
and 5% VA), Poland (8% HA and 3,3% VA), and Bulgaria (7,39 HA vs 1,3% VA). Special
mention is due for the extremely low value of EJP of Bulgaria (2,8 €/h) and Romania (3,2
€/h).
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Textil & Leather EMRs and EJP patterns for year 2012
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Figure IV-25 Textile & Construction Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012

Table IV-23 Textile & Leather End use matrix of EU27+Norway for the year 2012

Textile and Leather HA EMR_eIec- EMR_fuel| EJP ET elec | ET_heat | ET fuel [ VA UHAL | 9VAY !
(Chiyear) | | (MIh) (MIh) | (€h) | | (Patvear) | (Palyear) | (Palyear) | (10°€) | |HAEU22| VA EU-22
EU2 295 |x[_24 31 4 16 |71 89 12 | 47 | [100% | 100% 64
Austria 30 5 | s | o7 16 | 17 | 029 [ 09 | [[10% [ 21% 6.7
Belgium 28 16 38 | 49 o043 | 13 | [ 10w | 28%

Bulgaria 211 65 | 38 | o9 | 28 14 [ o8t | o2 | 060 | [ 78% | 13% 79
Croatia 53 11 u | 23 | 64 056 | 056 | 012 | 032 | [ 18% | 0% 70
Czech Republic 7 “ | %0 | 052 | 10 26 | 23 [ o000 | 079 | [ | 1 | [ENE2NN
Finland 95 80 | 2 | 2 076 | 020 [ o021 | 037 | [ 03% | 08% 68
Germany 202 2 | s | 11 86 | 11 | 14 | 67 % | 14% 54
Greece 41 28 15 | 49 | 15 12 [ 06 | 020 |06 | [ 14% | 13% 64
Hungary 71 36 | 39 0 60 02 | 028 | o | 043 || 24% | 0% 23

ireland 32 1 042 [ 0043 | 013 [ 043 | [ 01% [ 03w | (M08
Htaly 670 30 | 38 | 44 | 28 | [ 20 | 2 [ 30 [ 19 2% | 40% 45
Lawia 18 |"[ 70 | 20 | 23 | 52 || 013 | 044 | 0042 | 00 | | 06% | 02% 93
Lithuania 15 12 13 | 095 | 55 056 | 057 | 0043 | 025 | | 16% | 05% 86
Netherlands 21 6L | 11 | o 13 130 | o [ 10| [ om | 2% 65
Norway 10 3 | 14 | 42 032 | 008 | 0043 | 034 | [ 04% | 01% 29
Poland 244 13 | 73 | 11 | 63 18 | 18 | o026 | 15 8% | 33% 45
Portugal 292 15 19 | 14 | 19 43 | 56 | o040 | 23 | [ 10% | 50% 78
Romania am 55 | 79 | o045 | 32 26 | 38 | oa | 15 | [[16% | 32% 75
Slovakia 49 o1 [ 19 [ 1e2 | 74 05 | 096 | 0080 | 037 | [ 1% | 08% 64
Spain 188 8 | % | 15 | 72 | 64 | 29 | 38 6% | 8% 78
Sweden 10 55 | 20 | 14 052 | 019 [ 013 | 041 | [ 03% | 0% 43

United Kingdom 147 | 16 | 12 | % 0 | 19 | 18 | 41 5% | ow | (N2
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3.2.9 Paper, Pulp & Print

Paper, Pulp & Print have been already extensively commented in the pilot case study in

chapter 3. Nevertheless, we can see again in the values given in Table IV-24 and Figure
IV-26, the very high values of EMRs of Scandinavian countries: [1.386 3.095 61] MJ/h for
Finland, [1.069 2.023 98] MJ/h for Sweden and [968 527 101] M]J/h for Norway. On the

other hand, some other countries like Austria (57 €/h) and Belgium (60 €/h) do have

remarkably high EJPs with not so high EMRs (especially in the case of Belgium).

Table IV-24 Paper, Pulp & Print End use matrix of EU27+Norway for the year 2012

Paper, Pulp and -EMR_fueI ET elec | ET_heat | ET fuel | VA WHAI | VA
Print (MJ/h) (Paiyear) | (Pdiyear) | (PJiyear) | (10°€) HA_EU-22 | VA_EU-22
EU-22 915 42 751 29 | 66 | [ 100% | 100% 297
Austria 1040 | 85 17 [ a9 [ oa0 [ 27 | [ 25% [ 41w 3
Belgium 380 | 2 | 14 | o9 | 23 | [ 19w | 34w 2
Bulgaria 2559 | 68 129 | 75 | 020 [ oa9 | [ 15% | 03w 64
Croatia 01 | 75 103 | 22 | 016 [ 025 | [ 1% | 04w 2
Czech Republic 280 | 320 60 | 17 | 020 | 099 | [ 32 | 15% 3%
Finland 61 69 | 154 | 30 | 33 | [ 26% | 50% | |Ind06]
Germany 285 5,0 85 127 2,2 17 23% 26% 21
Greece 93 | % 19 | 13 | 080 | 054 | | 14% | 08w 1
Hungary 71 28 20 | 30 [ 012 [ 053 | [ 22% | 08w 16
ireland 90 | 62 077 | 013 [ 0087 | 053 | [ omw | osw 43
ialy 123 | 88 B [ 8 | 20 [ 83 12% | 13% 1
Latvia 3 0 02 [ 017 | o [ o8 | [ oaw | 01w 60
Lithuania 72 36 046 | 086 | 0 [ oaa | [ 06w | 02w 16
Netherlands 21 | 00 90 | 1 0 | 30 | [ 33w | 45w 13
Norway 527 15 | 81 | 16 | 09 | [ osw | 13w 58
Poland w5 | 1 w [ | [ 2 | [ 7w | a0 0
Portugal 8% | 43 0 | 42 | 20 | 12 | [ 24w | 18% 63
Romania 2 2 15 | 17 | 013 | o4 | [ 31% | 06w 16
Slovakia 538 | 39 36 | 11 | 008 | 04 | [ 1% | 06w 56
Spain 313 | % 19 | 55 | 45 | 57 | [[oow | 85w 2
Sweden 83 | 157 | 76 | 44 | [ 40w [ 67w H
United Kingdom 8 4 ® [ 2% | 11 [ u 16% | 16% 13




Chapter IV: Energy uses analysis of European Countries from a multiscale perspective

Paper, Pulp & Print EMRs and EJP patterns for year 2012 |
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Figure IV-20 Paper, Pulp & Print Electricity, Heat and Fuel Metabolic Rates vs Economic Job Productivity
of EU22 for year 2012

3.2.10 Transport Equipment

Data for this sector are illustrated in Table IV-25 and Figure 1V-27. Germany draws
attention in the Transport Equipment subsector because it represents 33% of the HA and
produce almost 50% of the VA of the EU-22 cluster. Other relevant values are found in
Belgium (114 MJ/h in electricity and 146 MJ/h in heat EMRs) and Ireland (130 MJ/h in
electricity EMR), representing EMRs values one order of magnitude greater than the others.
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Table IV-25 Transport Equipment End use matrix of EUZ7+Norway for the year 2012

Transport HA EMR_elec EMR_fuel| EJP ET elec | ET_heat | ET fuel | VA A | ovar
Equipment (10°h/year) (MJ/h) - (MJ/h) (€/m) (PJlyear) | (Pdlyear) | (PJlyear) (109 € HA_EU-22 | VA_EU-22 !
EU-22 4264 |x| 37 22 4 42 |=| 151 o5 15| 178 100% | 100% 30
Austria 62 44 33 20 27 | 21 | 012 | 37 15% | 21% 26
Belgium 60 29 68 | 87 | 017 | 33 14% | 19%
Bulgaria 29 14 9,9 0 59 040 | 029 0| 017 0% | 01%
Croatia 2% 17 10 33 7.9 040 | 025 | 0080 | 019 06% | 01%
Czech Republic 273 34 28 0,16 2 94 | 75 | 0043 | 60 64% | 34% 54
Finland 2 43 40 35 10 | 0094 | 038 | 083 0,6% | 05% 40
Germany 1.408 46 28 16 65 39 22 | a1 33% | 49% 25
Greece 12 40 37 15 05 | 0046 | 021 | 0,19 03% | 0% | (NS
Hungary 128 30 16 0,33 21 38 | 21 | o042 | 27 30% | 15% 46
Ireland 54 2 070 | 042 | 0083 | 031 0% | 0.2% 6,7
Italy 391 31 0 0,11 35 12 0 o043 | 14 92% | 7.1% 23
Latvia 63 || 2 16 66 95 || o014 | o010 | 0042 | 006 01% | 00% | (NG
Lithuania 5.7 13 10 0 78 007 | 0059 | 0 o004 || 01% | 00% 58
Netherlands 59 32 34 44 19 2,0 0,26 29 1,4% 1,7% 25
Norway 49 37 56 53 18 | 028 | 026 | 32 12% | 18% 17
Poland 339 21 13 17 18 73 | 45 | 056 | 59 7.9% | 33% a1
Portugal 58 23 12 15 19 13 | 068 | 009 | 11 14% | 06% 40
Romania 293 12 92 0 79 36 | a1 0 23 69% | 1.3% 54
Slovakia 115 29 27 19 18 34 | 31 | 022 | 20 27% | 11% 6,1
Spain 286 33 20 39 96 | 58 | 33 | 1 67% | 6.2% 32
Sweden 126 55 7.9 20 70 10 | 025 | 64 30% | 3,6% 31
United Kingdom 511 36 28 18 14 69 | 25 12% | 14% 29

ITransport Equipment (Industry) EMRs and EJP patterns for year 2012 |
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Figure IV-27 Transport Equipment Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012
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3.2.11 Machinery

In this subsector - Hlustrated n
Machinery HA EMR_elec - EMR_fuel EJP ET_elec | ET_heat | ET_fuel | VA %HA! %VAI
(10°h/year) (MJ/h) (MJ/h) (€M) (PJiyear) | (PJlyear) | (PJyear) | (10°€) HA_EU-22 | VA_EU-22
EU-22 12712 |x| 30 20 3 36 |=[ 376 258 37 453 100% | 100% 29
Austria 349 39 31 41 14 11 14 18 27% | 40% 27
Belgium 159 20 15 31 25 087 | 98 13% | 22% 12
Bulgaria 179 18 838 092 6,1 32 158 | 047 | 11 14% | 02%
Croatia 90 13 938 092 114 11 088 | 0083 | 10 07% | 02% 40
Czech Republic 659 21 17 025 16 14 11 017 11 52% | 23% 46
Finland 212 36 33 32 38 77 069 | 067 | 80 17% | 18% 27
Germany 4102 32 19 39 45 131 80 16 185 2% | 41% 24
Greece 85 8.1 25 15 22 069 | 021 | o012 | 19 07% | 04% 12
Hungary 382 11 95 0,44 17 42 36 017 | 63 30% | 14% 24
Ireland 70 49 49 043 | 40 06% | 09% 46
Italy 1875 39 34 50 38 || 3 63 94 71 15% | 16% 38
Latvia a7 X[ 1 13 15 12 |7 o040 | 037 [ 0042 | 032 02% | 01% 46
Lithuania 43 15 91 0 96 062 | 039 0 041 03% | 01% 50
Netherlands 330 31 36 091 10 12 030 19 26% | 41% 21
Norway 100 40 39 52 40 040 | 052 | 74 08% | 16% 16
Poland 906 16 11 091 13 14 10 082 12 7% | 27% 41
Portugal 217 21 92 0,80 15 46 20 017 | 33 17% | 07% 43
Romania 376 19 19 092 70 70 71 035 | 26 30% | 06%
Slovakia 204 20 17 021 16 40 34 | 0042 | 33 16% | 07% 43
Spain 686 20 21 34 30 13 14 23 20 54% | 45% 26
Sweden 325 40 44 13 14 24 19 26% | 41% 21
United Kingdom 1.334 36 21 0,15 37 48 28 020 49 10% | 11% 32

and Figure IV-28- Germany has again a really high percentage of both HA (329%) and VA
(4196) over the total of the EU22. Ireland has the greatest electricity and heat EMRs (both
70 MJ/h), whereas Sweden has the highest fuel EMR (7,5 MJ/h) and Norway the largest

EJP (73 €/h).
Table IV-26 Machinery End use matrix of KU27+Norway for the year 2012
Machinery HA EMR_elec - EMR_fuel | EJP ET_elec | ET_heat | ET_fuel [ VA %HA/ %VA/
(10°h/year) (MJ/h) (MJ/h) (€/h) (PJlyear) | (PIlyear) | (PIlyear) [ (10°€) HA_EU-22 | VA_EU-22
EU-22 12712 |x[_ 30 20 3 36 |=|_376 258 37 | 453 100% | 100% 29
Austria 349 39 31 41 14 11 14 18 27% | 40% 27
Belgium 159 20 15 31 25 | 087 | 98 13% | 22% 1,2
Bulgaria 179 18 88 092 6,1 32 158 | 017 | 11 14% | 02%
Croatia 90 13 98 092 114 11 088 | 0083 | 10 07% | 02% 40
Czech Republic 659 21 17 025 16 14 11 017 | 1 52% | 23% 46
Finland 212 36 33 32 38 77 069 | 067 | 80 17% | 18% 27
Germany 4102 32 19 39 45 131 80 16 185 2% | 4% 24
Greece 85 8,1 25 15 22 069 | 021 | o012 | 19 07% | 04% 12
Hungary 382 11 9,5 0,44 17 42 36 | 017 | 63 30% | 14% 24
Ireland 70 49 49 | o043 | 40 06% | 09% 46
Italy 1.875 39 34 50 38 || 63 94 71 15% | 16% 38
Latvia o N[ 13 15 12 [T o040 | 037 [ 0042 | 032 02% | 01% 46
Lithuania 43 15 9,1 0 96 062 | 039 0 041 03% | 01% 50
Netherlands 330 31 36 091 10 12 030 | 19 26% | 41% 21
Norway 100 40 39 52 40 | o040 | o52 | 74 08% | 16% 16
Poland 906 16 11 091 13 14 10 082 | 12 71% | 2% 41
Portugal 217 21 9,2 0,80 15 46 20 | 017 | 33 17% | 07% 43
Romania 376 19 19 092 70 70 71 | 035 | 26 30% | o6% | [DNdonn]
Slovakia 204 20 17 021 16 40 34 | 0042 | 33 16% | 07% 43
Spain 686 20 21 34 30 13 14 23 20 54% | 45% 26
Sweden 325 40 44 13 14 24 19 26% | 41% 21
United Kingdom 1.334 36 21 015 37 48 28 020 | 49 10% | 11% 32
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]Machinery EMRs and EJP patterns for year 2012 |
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Figure IV-28 Machinery Electricity, Heat and Fuel Metabolic Rates vs Ficonomic Job Productivity of EU22
for year 2012

3.2.12 Wood & Wood Products
Data for this subsector are illustrated in Table IV-27 and Figure IV-29. Ireland present the

largest EMRs in this subsector [288 832 26], even though the resulting value of EJP (17 €/h)
1s lower than the average EU-22 (21 €/h). Belgium shows the largest EJP (b6 €/h).

|Wood & Wood Products EMRs and EJP patterns for year 2012 |
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Figure IV-29 Wood & Wood Products Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012
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Table IV-27 Wood & Wood Products End use matrix of EU27+Norway for the year 2012

Wood and Wood HA EMR_elec EMR_fuel| EJP ET_elec | ET_heat | ET fuel [ VA UHAL | VAT
Products (10°hiyear) (MJ/h) - (MJ/h) (€M) (PJlyear) | (PJlyear) | (PJiyear) (109 €) HA_EU-22 | VA_EU-22
EU-22 1276 61 137 5 21 78 175 6 27 100% | 100% 15,1
Austria 52 123 421 71 37 64 22 037 | 19 41% | 72% 21
Belgium 14 9 570 0 14 79 0 078 1% | 2.9% 16
Bulgaria 24 27 69 0 37 0,65 17 0 0,09 19% | 03% 39
Croatia 25 28 24 0 6,6 071 | 060 0 017 20% | 06% 15
Czech Republic 60 31 105 2,7 14 19 63 016 | 082 47% | 31% 15
Finland 34 222 19 32 71 75 063 | 11 26% | 41% 25
Germany 183 85 194 73 31 16 35 13 57 14% [ 21% 14
Greece 11 64 76 19 11 072 | 085 | 0022 | 012 09% | 04% 24
Hungary 25 16 38 50 68 041 | 097 | 013 | 017 20% | 06% 13
reland 49 17 14 | 41 | 013 [ o1 04% | 03% | (NG9
Italy 145 79 36 0 26 | [ 12 52 0 38 11% [ 14% 10
Latvia 35 57 344 11 12 |7 20 12 038 | 042 28% | 16% 46
Lithuania 31 32 86 28 6,1 0,99 27 | 0088 | 019 24% | 07% 30
Netherlands 20 43 89 0 0,86 18 0 0,84 16% | 31% 50
Norway 22 109 162 16 24 35 035 | 10 1,7% | 38% 10
Poland 169 40 135 37 92 68 23 062 | 15 13% | 58% 28
Portugal 49 40 49 85 12 19 24 042 | 060 38% | 23% 14
Romania 105 29 66 41 57 30 69 043 | 060 82% | 22% 27
Slovakia 19 30 99 2,2 12 057 19 | 0042 | 023 15% | 09% 16
Spain 80 62 188 78 20 50 15 062 | 16 63% | 59% 19
Sweden 50 138 273 12 35 69 14 061 | 18 39% | 66% 19
United Kingdom 119 27 - 32 9% 12%

3.2.13 Non-specified industry

Non-specified Industry 1s formed by a miscellaneous of activities including: rubber and

plastic products, furniture, jewelry, games, toys, brooms and brushes and other minor

manufactures. The end use matrix for this sector 1s illustrated in Table IV-28 and Figure
IV-30. Sweden shows the highest electricity EMR (151 MJ/h), Belgium the largest heat
EMR (182 MJ/h) and UK the greater fuel EMR (191 M]J/h). Ireland has the largest EJP (63

€/h).
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Table IV-28 Non-specitied (Industry) End use matrix of EU27+Norway for the year 2012

Non-specified HA EMR_elec EMR_fuel| EJP ET_elec | ET_heat | ET_fuel [ VA %HA/ KVAI
(Ind ustry) (10°h/year) (MJ/h) - (MJ/h) (€/m) (Pdlyear) | (Pdlyear) | (PJ/year) (1095) HA_EU-22 | VA_EU-22
EU-22 4751 |x|__62 42 32 27 297 198 153 130 100% | 100% 9.3
Austria 114 52 31 46 38 6,0 35 0,53 43 24% | 33% 47
Belgium 58 57 11 6,0 31 12% | 24% 11
Bulgaria 85 22 73 0 45 19 0,62 0 0,39 18% | 03% 15
Croatia 4 20 38 10 8,1 0,84 16 0043 | 033 09% | 03% 12
Czech Republic 221 36 18 45 16 8,0 4,0 0,99 3,6 4,7% 2,8% 7,5
Finland 38 36 33 81 14 13 31 16 08% | 12% 58
Germany 1.166 54 29 4,9 37 63 34 57 44 25% 34% 4.8
Greece 46 62 93 20 29 43 8,7 0,93 10% | 07%
Hungary 131 20 14 0,32 13 27 18 0042 | 17 28% | 13% 53
Ireland 66 67 21 23 44 14 15 4,1 14% | 32% 37
Italy 602 6,1 054 32 58 36 0,32 19 13% | 15% 8,1
Latvia 16 || 14 15 26 58 0,22 025 | 0042 | 0092 03% | 01% 97
Lithuania 59 24 15 0,72 8,6 14 089 | 0043 | 051 13% | 04% 9.3
Netherlands 97 84 88 18 8,1 85 0,17 43 20% | 34% 71
Norway 22 78 14 27 18 0,30 0,60 12 05% | 09% 49
Poland 580 20 16 11 11 12 93 0,65 64 12% | 50% 6,4
Portugal 113 43 4,9 11 14 48 0,56 0,12 16 24% | 13% 8,2
Romania 246 14 10 17 55 35 24 0,42 14 52% | 1,1% 9,1
Slovakia 79 37 31 6,1 15 29 25 0,49 12 17% | 09% 9,1
Spain 300 66 102 21 28 20 31 6,3 83 6% 6% 11
Sweden 79 24 50 12 19 39 36 17% | 2,7% 11
United Kingdom 590 30 75 74 113 | 18 12% | 14% | [02a
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Figure IV-30 Non-specitied (Industry) Electricity, Heat and Fuel Metabolic Rates vs Economic Job
Productivity of EU22 for year 2012

3.2.14 Construction

Construction sector 1s characterized by an intensive use of human activity - 1.e. labor in the

paid work. This large use of human labor translates into low values of EMRs [4 7 9] M]J/h

for EU-22 average. The end use matrix for this sector 1s illustrated in Table 1V-29 and
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Figure IV-31. While Norway have the largest electricity EMR (15 MJ/h), Spain shows the
highest heat EMR (24 MJ/h) and Finland the greater fuel EMR (66 M]J/h). Regarding EJP,
Norway (62 €/h) and Belgium (57 €/h) do have the largest values.

Table IV-29 Construction End use matrix of EU27+Norway for the year 2012

EMRs (MJ/h)

o
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ConsiuEten HA EMR_elec - EMR_fuel | EJP ET_elec |ET_heat | ET fuel VA %HA/ %VA/
(10°hiyear) (M3rh) M) | (€m) (Palyear) [ (Palyear) | (Palyear) [ (10%€) | | HA_EU-22 [ VA EU-22
EU-22 13976 x| 4 7 9 29 |=|_s8 103 122 | 406 100% | 100% 11
Austria 416 55 84 36 36 23 35 15 15 30% | 37% 2,0
Belgium 275 89 838 29 24 24 16 20% | 39% 09
Bulgaria 219 46 29 4,0 5.7 10 063 | 088 12 16% | 03% 36
Croatia 166 2,0 057 26 85 033 | 0094 | 44 14 12% | 03% 49
Czech Republic 415 40 74 5.1 15 17 31 2,1 6,0 30% | 15% 18
Finland 231 57 0 M 13 0 15 94 17% | 23% 26
Germany 2483 40 70 9,0 32 99 17 22 79 18% | 19% 10
Greece 148 0,027 093 16 31 0004 | 014 23 45 11% | 11% 07
Hungary 272 054 24 14 8,1 015 | 066 39 22 19% | 05% 29
Ireland 106 25 0 0 - 0,26 0 0 - 0,8% - -
Italy 155 [ | 34 6,1 0,85 34 || 52 95 13 53 1% | 13% 05
Latvia 86 35 11 12 838 030 | 091 11 | 076 06% | 02% 43
Lithuania 135 27 5.1 48 71 036 | 069 | 065 | 095 1,0% | 02% 27
Netherlands 560 3.1 70 28 18 39 15 25 40% | 62% 12
Norway 288 38 20 45 11 57 18 21% | 44% 12
Poland 1.087 27 23 27 12 29 25 30 13 78% | 33% 11
Portugal 526 32 18 94 11 17 092 49 58 38% | 14% 2,1
Romania 700 37 9.1 14 59 26 63 96 42 50% | 1.0%
Slovakia 120 18 78 21 21 022 | 093 | 025 25 09% | 06% 038
Spain 1.453 6,1 35 28 8,9 35 51 41 10% 10% 1,7
Sweden 460 86 0 0 39 0,02 0 20 33% | 48% 05
United Kingdom 2.281 24 | 60 [ 27 38 54 14 6,1 87 16% | 22% 04
|Construction EMRs and EJP patterns for year 2012
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Figure IV-31 Construction Electricity, Heat and Fuel Metabolic Rates vs Fconomic Job Productivity of

LUZ22 for year 2012
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4 Mapping metabolic patterns and functional benchmarks

4.1 Comparing EMRs and EJP by NCI and Boxplots.

Metabolic indicators as EMRs and EJP give systemic information about the characteristics
of the various processes taking place in the various sectors and subsectors making up a
societal metabolic entity. These idicators refer to intensity values out of scale. Because of
this fact they can be used to compare qualitative characteristics of sub-sectors, sectors and
countries independently from their relative size. This section, illustrates the possible use of
four tables organizing these metabolic indicators to illustrate their patterns. The
benchmarks for the European countries are represented by using boxplots (explained
below). Moreover, I have colored the tables in two different ways using Normalized
Chromatic Intensity method (see section 3.3.3 in chapter 3). In this way, we can compare:
(1) different sectors in the same country (Iron & steel vs Machinery of Spain); (1) different
countries 1n relation to the same sector (Iron & steel of Spain vs Italy); and (1) different
countries and sectors (Iron & Steel of Norway vs Paper, Pulp & Print of Finland).
Additionally, we can identify metabolic patterns across countries and across sectors and
subsectors.

Tables and figures illustrating levels n, n-1, n-2 and n-3 (section 2 of this chapter) are
lustrated in Appendix B. Here I illustrate as example the analysis of the method proposed
here Manufacturing and Construction and their subsectors (section 3 of this chapter).

By showing all electricity EMRs in Table IV-30, and by applying the Normalized Chromatic
Intensity (NCI) we can see which country has the highest level of capitalization (of electric
power capacity) per each subsector of the Manufacturing and Construction sector. As we
can see, Norway presents the highest value for the average MC, as well as for IS, NFM, CP
and the Co sectors. On the other hand, Belgium presents the highest one for NMM, FT'
and TL subsectors; Finland for PPP; Ireland for TE, Ma and WWP; and Sweden for NSI.
If we apply NCI per country instead of per sector, we obtain the result illustrated in Table
IV-31. This time we can see clearly the sectors with the highest values of EMRs. In this case,
we obtain a clear pattern where IS, NFM, CP, NMM and PPP are the sectors consuming
more electricity per hour of labor. On the other hand, we can see that some of the

subsectors - F1', TL, TE, Ma, WWP and NSI - belong to another cluster expressing values
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lower than the previous one by 1 or 2 orders of magnitude. Finally, we can see how

Construction represents a particular pattern with one of the lowest values.

Table IV-30 Electricity EMRs for Manufacturing and Construction sector and subsectors for EU-22
countries -year 2012

EMR elec (W/h) Non-errous | Chemical & | NonMetallic | Food& | Textle& |Paper,Pulp&| Transport | wood & Wood - | Non-specified
2012 MC 2 Metals [ Petrochemical [ Minerals [ Tohacco Leather ' Print i Equipr?em Sy Products C ey \ndZstry
Europe (EU-22) 61 _ 249 122 53 2% 218 3 30 61 4 62
Austria 7 301 185 320 128 64 54 358 [ 3 13 5 52
Belgium 145 803 550 408 2 % 9%
Bulgaria 2 250 343 118 80 25 6 M 14 18 2 5 2
Croatia 19 61 118 4 2 2 1 18 i 13 2 2 20
Czech Republic 31 149 62 213 90 kil 34 96 34 21 ki 4 36
Finland 664 1.251 663 107 101 80 L%} 36 6 36
Germany 65 381 30 266 125 51 [ 19 46 2 85 4 54
Greece 69 199 139 75 124 51 2 72 40 8 64 0 62
Hungary 24 102 104 178 61 2 4 a 30 11 16 1 20
Ireland 82 - 1889 139 179 3 5 2 67
Italy 64 525 236 194 134 16 Kl 142 kil 3 I 3 9
Latvia 2 302 10 3 7 2 7 16 2 14 57 3 14
Lithuania 24 5 - 278 62 32 12 38 13 15 2 8 24
Netherlands 84 433 881 475 113 61 140 2 kil 23 g 84
Norway 164 3 3l 40 109 I}
Poland 3 298 25 189 78 28 7 9 21 16 40 3 20
Portugal 3 553 0 251 2 3 15 216 pAl il 40 3 3
Romania 26 464 - 180 92 7 6 2% 12 19 2 4 14
Slovakia 56 308 1.253 259 90 2 9 174 2 20 0 2 3
Spain 61 689 1283 151 139 57 3 107 3 2 62 6 66
Sweden 143 31 1150 Bl 114 102 55 55 40 138 9
United Kingdom 53 15 305 26 157 52 71 129 36 36 - 2

Table IV-31 Electricity EMRs compilation for Manufacturing and Construction sector and subsectors for
EU-22 countries and year 2012. Comparing sectors by NCI.

EMR _elec (MI/h)

MC Iron & Steel
2012
Europe (EU-22) 61
Austria 75
Belgium 145
Bulgaria 29
Croatia 19 61
Czech Republic 31
Finland 664
Germany 65
Greece 69 199
Hungary 2% 102
Ireland 82 0
Italy 64
Latvia 2
Lithuania 24 5
Netherlands 84 43
Norway 4112
Poland 3
Portugal 3
Romania 26
Slovakia 56 308
Spain 61 689
Sweden 143 351
United Kingdom 53 152

Non-Ferrous | Chemical & | Non-Metallic | Food & Textile & |Paper,Pulp&| Transport ey Wood & Wood Construction Non-specified

Metals Petrochemical |  Minerals Tobacco Leather Print Equipment Products Industry
249 122 53 2% 218 31 30 61 4 62
185 320 128 64 54 ) 39 13 5 52
408 343 153 138 219 114 20 % 10 %
118 80 2% 6 4 14 18 21 5 2
41 2 1 48 i 13 28 2 20
62 90 3l 4 9% 34 21 3 4 36
663 17 101 80 3 36 212 6 36
125 51 42 192 46 2 85 4 54
75 124 57 2 72 40 8 64 0 62
104 61 2 4 41 30 1 16 1 20
139 179 3 132 5% 130 70 288 2 67
236 19 134 76 30 142 3 39 79 3 9
10 35 7 2 7 16 2 14 51 3 1
0 62 32 12 38 13 15 2 3 24
475 113 130 61 140 2 3 3 3 84
1302 164 119 3l 968 3l 40 109 15 I}
189 78 28 7 9 21 16 4 3 20
70 251 2 3 15 216 2 21 40 3 3
0 180 2 iy 6 2% 12 19 29 4 14
259 90 29 9 174 29 20 30 2 3
151 139 57 38 107 3 20 62 6 66
1150 331 114 102 5 1.069 5 40 138 9 151
151 52 71 129 36 36 0 2 121
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As have been already said, the analysis of the values of the EU22 and EU27+N cluster
could be used to individuate benchmarks for the European context. The values found in
the different countries can then be used study the distribution and variability of this
benchmark mside the clusters. Doing so, we can build one boxplot for each one of the
sectors and subsectors considered by representing these values as illustrated in the Figure
IV-32 Boxplot of electricity EMR of Manufacturing and Construction sector and subsectors
for EU-22 countries in 2012.. In this way, we can summarize all the mformation i the
tables and have an idea of: (i) the robustness of the benchmarks for each subsector; and (11)
variability of the metabolic assessment in each category. A high variability in a subsector
tends to indicate that there are different technical processes grouped in the same category
by the statistical accounting (this will be discussed i detail in the next chapter). A high
variability in the values of a given subsector indicates that the categorization done by the

statistical office 1s making difficult our pattern recognition definition.

EMR_elec EU-22 Metabolic Pattern Variation by MC Subsector 2012
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Figure IV-32 Boxplot of electricity EMR of Manufacturing and Construction sector and subsectors for EU-
22 countries m 2012.

Doing the same exercise with heat EMRs I obtain

Table IV-32 and Table IV-33 and Figure IV-33. In Table IV-33 we can see similar patterns

to those shown in Table IV-31 Electricity EMRs compilation for Manufacturing and
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Construction sector and subsectors for EU-22 countries and year 2012. Comparing sectors
by NCI., which means that electricity and heat energy carriers are consumed per hour of
labor with similar patterns of intensity in the subsectors. In this integrated analysis, the Iron
& Steel sector becomes clearly as the most energy demanding subsector per hour of labor.
When looking Figure IV-33, we can appreciate that the variability of heat EMR 1n Iron and
Steel 1s much higher than for electricity EMR, just the contrary of what is found in the Non-
Ferrous Metals subsector.

Table IV-32 Heat EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22
countries - year 2012

EMR_heat (MJ/h) -Ferrous | Chemical & | Non-Metallic | Food& | Textile& |Paper,Pulp&| Transport ) Wood & Wood | Non-specified
2012 MC Iron & Steel Nc’r:/\:z\s Petrochemical Minerals Tobacco Leather w Print g Equ\pyzem Machinery Products Construction In;puslry
Europe (EU-22) 107 274 380 571 88 31 301 2 20 137 7 2
Austria 180 2.157 212 471 542 120 58 1.040 BS 31 421 8 31
Belgium 462 507 380 15 9
Bulgaria 51 204 118 388 533 33 4 256 10 9 69 3| 7
Croatia 48 65 105 219 542 51 1 101 10 10 24 1 38
Czech Republic 90 1.186 110 336 380 76 30 280 28 17 105 7 18
Finland 1.658 313 402 290 50 21 4 3 222 0 33
Germany 112 1.796 232 3 585 97 52 285 28 19 194 7 29
Greece 108 171 1.342 72 85 15 49 4 2 76 1 93
Hungary 46 1.386 200 85 287 61 4 71 16 10 38 2 14
reland 109 23 61 800 % 14 9 P70 e D 21
Italy 93 1414 301 185 675 91 38 123 0 34 36 6 6
Latvia 96 332 238 100 795 58 24 23 16 13 344 1 15
Lithuania 50 21 185 376 517 71 13 72 10 9 86 5 15
Netherlands 197 237 843 498 221 34 36 89 7 88
Norway 110 213 500 36 7 527 6 4 162 4 14
Poland 85 1.017 274 477 441 74 7 245 13 11 135 2 16
Portugal 72 266 64 236 616 37 19 896 12 9 49 2 5
Romania 65 960 - 832 393 45 8 29 9 19 66 9 10
Slovakia 170 2.650 205 398 442 59 19 538 27 17 99 8 31
Spain 129 1.037 232 667 765 72 34 313 20 21 188 102
Sweden 183 956 244 9 362 69 20 2.023 8 4 273 I 0 24
United Kingdom | 74 1495 112 171 500 87 |16 | s 28 21 - | e

Table IV-33 Electricity EMRs for Manufacturing and Construction sector and subsectors for EU-22
countries - year 2012

EMR_heat (MJ/h) Ironand | Non-Ferrous | Chemicaland | Non-Metaliic | Foodand | Textileand | Paper,Pulp [ Transport Wood and | Non-specified
2012 MC Steel Metals Petrochemical Minerals Tobacco Leather and Print Equipment Machinery \Wood Products| Construction Industry
Europe (EU-22) 107 274 380 571 88 31 301 2 20 137 7 42
Austria 22 [ an 56 | 120 58 1.040 3 31 421 8 31
Belgium 462 507 278 178 380 146 15 570 9 182
Bulgaria 51 33 4 256 10 9 69 3 7
Croatia 48 51 1 101 10 10 24 1 38
Czech Republic 90 76 30 280 28 17 105 7 18
Finlnd | 2SR 50 2[NS0 4 3 222 0 33
Germany 112 97 52 285 28 19 194 7 29
Greece 108 85 15 49 4 2 76 1 3
Hungary 46 61 4 71 16 10 38 2 14
Ireland 109 95 14 9 2 70 832 0 21
Italy 93 91 38 123 0 34 36 6 6
Latvia % 58 24 23 16 13 344 11 15
Lithuania 50 71 13 72 10 9 86 5 15
Netherlands 197 306 147 21 34 36 89 7 88
Norway 110 213 1.386 500 36 7 527 6 4 162 4 14
Poland 85 274 477 441 74 7 245 13 1 135 2 16
Portugal 72 266 64 236 77 | 10 |G 9 49 2 5
Romania 65 0 393 45 8 29 9 19 66 9 10
Slovakia 170 205 398 442 59 19 538 27 17 29 8 31
Spain 129 232 667 72 34 313 20 21 188 24 102
Sweden 183 956 244 99 362 69 20 8 4 213 0 2%
United Kingdom 74 112 171 | s [ e7 126 88 28 21 0 6 125
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Figure IV-33 Boxplot of heat EMR of Manufacturing and Construction sector and subsectors for EU-22

countries in 2012.

Fuel EMRs are shown in Table IV-34 and Table IV-35. In the first one we can see that

Finland and Ireland present quite high values for many of the subsectors. When comparing

subsectors, we can see that CP, IS, NFM, NMM and NSI present the highest values,

followed by PPP and Co.
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Table IV-34 Fuel EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22
countries - year 2012

EMR _fuel (MJ/h) NonFermous | Chemical & | NonMetalic | Food& | Textile& [Paper,Pulp&| Transport ) Wood & Wood . [ Non-specified
2012 MC Won & Steel Metals Petrochemical |  Minerals Tobacco Leather Print Equipment Machinery Products Consirction \nd?lstry
Europe (EU-22) 12 Kl 2 4 2 10 4 15 4 3 5 9 2
Austria 2 132 13 Al 26 2 10 8 2 4 1 36 5
Belgium 17 2 pA] 8 I 4 2 2 3 0 9 103
Bulgaria 3 0 89 5 10 3 1 7 0 1 0 4 0
Croatia 12 0 16 4 14 9 2 7 3 1 0 26 1
Czech Republic 2 4 0 3 3 1 1 3 0 0 B 5 4
Finland I q % 5 2 6L 3 8l
Germany 11 4 1 10 28 9 7 5 2 4 1 9 3
Greece 32 46 18 2 3 2 5 30 1 2 16
Hungary 4 3 3 0 0 1 0 3 0 0 5 14 0
Ireland - 0 24 6 0 2
Italy 9 12 1 107 20 10 4 9 0 5 0 1 1
Latvia 10 16 0 12 40 8 2 0 7 2 jil 12 3
Lithuania 4 0 0 0 19 5 1 4 0 0 3 5 1
Netherlands 13 6 0 10 26 2 0 0 4 1 0 2 2
Norviay 7 8% 5 12 7 5 | 5 | 1 0 a
Poland 5 1 10 P 16 6 1 1 2 1 4 3 1
Portugal 9 14 li 14 13 19 1 83 1 1 9 9 1
Romania 5 1 0 6 13 5 0 2 0 1 4 14 2
Slovakia 7 0 o [ 1 2 4 2 0 2 2 6
Spain 13 3 89 40 3 15 15 26 12 3 8 3 il
Sweden 2 9% 3 16 il 14 2 12 0 50
United Kingdom 2 1 16 3 6 12 4 0 0 3 -

Table I1V-35 Fuel EMRs compilation for Manufacturing and Construction sector and subsectors for EU-22
countries -year 2012

EMR _fuel (W/h Iron and Y i Metallic | Foodand | Textile and | Paper, Pulp | Transport ) Wood and - | Non-specified
201; ) MC Steel No:ll:lear\r:us IE:;;"CI;::H?E:\ NoMn\r':Le(:!lc Tobacco Leather asd Pnn[p Equip:)en[ Machinery Wood Products QIS E \nd?Jstry
Europe (EU-22) | 12 10 4 15 4 3 5 9 2
Austria 21 20 10 8 2 4 7 36 5
Belgium 17 4 2 2 3 5 0 9
Bulgaria 3 1 7 0 1 0 4 0
Croatia 12 9 2 7 3 1 0 26 1
Caech Republic 2 1 1 3 0 0 3 _
Finland 25 2 61 16 3 19 66 8l
Germany 11 9 7 5 2 4 7 9 5
Greece 2 21 5 30 17 1 2 16
Hungary 4 3 3 0 0 1 0 3 0 0 5 0
Ireland 0 24 173 52 40 6 16 6 26 0 3
Italy 9 12 jil 20 10 4 9 0 5 0 1 1
Latvia 10 16 0 12 8 2 0 7 2 1 12 3
Lithuania 4 0 0 0 5 1 4 0 0 3 5 1
Netherlands | 13 6 0 10 0 0 4 1 o [ 2 |
Norway 29 68 2% 2 36 4 5 5 16 20 2
Poland 5 1 10 16 6 1 2 1 4 3 1
Portugal 9 14 7 14 13 19 1 1 1 9 9 1
Romenia 5 1 0 5 5 0 2 0 1 « N 2 |
Slovakia 1 0 0 2 2 4 2 0 2 2 6
Spain 13 39 40 39 15 15 26 12 3 8 3 21
Sweden 21 29 37 21 14 2 7 12 0 50
United Kingdom | 22 1 3 16 I 6 12 4 13 0 0 3 e
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When looking at the fuel EMR boxplot, one can see how there are important outliers for
IS, NFM, CP, NMM and NSI (see Figure 1V-34).

EMR_fuel EU-22 Metabolic Pattern Variation by MC Subsector 2012
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Figure IV-34 Boxplot of fuel EMR of Manufacturing and Construction sector and subsectors for EU-22
countries in 2012

Finally, I present tables and boxplots referring to EJP values. In Table IV-36 we can see
how Norway presents the highest EJP for many of the subsectors. Ireland also shows very
high values for all the subsectors and the greatest one for the Chemical and Petrochemical.
Austria and Belgium present also high EJP. On the other hand, Rumania, Bulgaria and
Lithuania have the lowest EJP values for most of the subsectors. When looking Table 1V-37,
one can easily appreciate that Chemical and Petrochemical 1s clearly the subsector with the
highest EJP for all the countries, except for Bulgaria, Greece, Latvia, Norway and Slovakia,
where the highest is the Non-Ferrous Metals subsector. The Textile & Leather subsector 1s
clearly the subsector with the lowest EJP for all the countries but in Greece where Food &

Tabaco has a shightly lower value.
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Table IV-36 EJP for Manufacturing and Construction sector and subsectors for EU-22 countries -year 2012

E;’;‘fz"’ MC | [ronasiet| oo | e | v | Tovmeo | Loaer | o | Saupnen | M |’ | corsucton | e
Europe (EU-22) 33 35 2 29 29 16 34 2 36 21 29 27
Austria 62 68 43 [ 3% | 38 |
Belgium [ s |
Bulgaria 6 5 28 10 8 6 8 6 6 6 4 6 5
Croatia 10 12 8 19 14 12 6 12 8 11 7 9 8
Czech Republic 16 10 11 27 18 15 10 16 22 16 14 15 16
Finland 44 33 69 96 4 35 38 32
Germany 43 49 47 72 40 29 39 45 31 32 37
Greece 25 19 34 3 24 21 15 20 15 22 11 31 20
Hungary 14 7 19 37 13 10 6 13 21 17 7 8 13
Ireland - 35 - 25 38 17 -
Italy 36 39 36 61 3 39 28 36 35 38 26 4 R
Latvia 10 14 17 13 16 8 5 11 9 12 12 9 6
Lithuania 8 8 4 22 10 9 6 12 8 10 6 7 9
Netherlands 49 51 115
Norway 98
Poland 13 18 15 24 15 13 6 18 18 13 9 12 11
Portugal 13 2 15 29 16 14 8 26 19 15 12 11 14
Romania 6 10 11 11 10 6 3 6 8 7 6 6 6
Slovakia 16 13 23 18 15 12 7 19 18 16 12 21 15
Spain 31 35 51 55 29 32 20 32 39 30 20 28 28
Sweden 40 146 45
United Kingdom 39 21 36 62 30 42 28 35 37 27 30

Finally, when looking the Figure IV-35 we can see that the variability of EJP 1s similar for

all the subsector, although one can appreciate higher values in the subsectors that require

more capitalization (highest values of EMRs). This fact seems to justify the assumption that

if the subsectors with higher EMRs (more technical capital and more energy consumption

per worker) have also higher EJP richer countries tend to have a larger share of their

working HA in high EMRs subsectors. On the other hand, are these rich countries the one

that present higher EMRs i the subsectors? Put it in another way, do they have more

capital and then, more capitalization? For answering these questions, I introduce in the next

section the Metabolic Structural tables.
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Table IV-37 EJP for Manufacturing and Construction sector and subsectors for EU-22 countries - year

2012
EJP (€ X i Metalli & Textile & |Paper, Pulp &| Transport . -specil
PO | | [rmssen | Mz | 2o | ot | Tt o) Tt | sy (w110 o 255
Europe (EU-22) 33 35 42 29 29 16 34 42 36 21 29 27
Austria 44 43 32 52 37 36 38
Belgium 53 83 59 62 46 60 56 62 56 57 53
Bulgaria 6 5 10 8 6 3 6 6 6 4 6 5
Croatia 10 12 8 14 12 6 12 8 11 7 9 8
Czech Republic 16 10 11 18 15 10 16 16 14 15 16
Finland 44 33 69 45 44 39 67 35 38 32 41 42
Germany 43 49 47 40 29 33 39 45 31 32 37
Greece 25 19 24 15 20 15 22 11 20
Hungary 14 7 19 13 10 6 13 21 17 7 8 13
Ireland - 35 - 25 95 39 38 57 58 17 - 63
Italy 36 39 36 33 39 28 36 35 38 26 34 32
Latvia 10 8 5 11 9 12 12 9 6
Lithuania 8 8 4 10 9 6 12 8 10 6 7 9
Netherlands 49 51 43 62 50 47 50 57 42 45 45
Norway 64 61 33 56 64 73 47 62 52
Poland 13 15 15 13 6 13 9 12 11
Portugal 13 15 16 14 8 19 15 12 11 14
Romania 6 6 3 6 7 6 6 6
Slovakia 16 13 15 12 7 16 12 15
Spain 31 35 29 32 20 32 39 30 20 28 28
Sweden 40 76 53 45 43 57 51 58 35 43 45
United Kingdom | 39 27 3 30 2 28 3 H 37 2 38 3

ELP EU-22 Metabolic Pattern Variation by MC Subsector 2012

EJP (€/h)
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Figure 1V-35 Boxplot of EJP of Manufacturing and Construction sector and subsectors for EU-22 countries
mn 2012,
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4.2 HA distribution analysis through the Metabolic Structural tables

As we have seen throughout this chapter, even when using a small number of indicators,
the multi-scale integrated approach become easily a source of an excessive amount of
mformation difficult to handle. Namely, when we open one sector to analyze its parts, the
new parts present differences that in order to be explained require an additional opening
of the sub-parts into sub-sub-parts. By doing additional splitting to lower level sub-sectors,
we get a better understanding of the structural characteristics of the systems we are analyzing,
their functional similarities and their structural differences. Unfortunately, this implies
mcreasing the complexity of the information space we have to handle. For this reason, we
need strategies to organize and visualize the massive flow of information to avoid being
overwhelmed by an overflow of information. In relation to this task, I propose here the
Metabolic Structural table. The idea of these tables 1s to map the different metabolic
characteristics at different levels of analysis showing the distribution (proportion) of the
scaling factor - human activity - transforming the EMR 1nto extensive quantities of energy
consumed by the various subsectors according to the relation: Hai x EMR1 = ET1.

Tracking quantities of human activity across the different functional sectors of a society,
one can relate the analysis to demographic variables and to the profile of allocation of
human activity distribution across the economic sectors (how the work force 1s distributed
across the various sectors and subsectors). This information complements the one
regarding technological aspects of processes. Therefore, this type of integrated accounting
can be used to: (1) study the profile of skills and educational levels required in one society
translating into a requirement of work, infrastructures and technical capital in the education
system; and (1) the implication of the demographic structure and the geographic

distribution of population.

4.3 Metabolic structural table of level n vs n-1

The first metabolic structural Table IV-38 refers to the level of analysis of whole society

(Average Society - AS) which is split into two sub-levels - Household (HH) and Paid Work
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(PW). In the first column, we can see the EU27+N human activity distribution across U
countries (hours are expressed in 10’ hours) at the level of AS. The second and third
columns show the percentage of the hours in AS allocated in HH and PW. The NCI 1s
applied vertically, showing the countries with higher proportion of HA allocated in HH
having more intense colors (same for PW). The proportion of the HA of each country vs
the Furopean cluster 1s showed in the last column (size of the country in terms of HA),
while in the last row we can see the proportion of HA distributed between HH and the PW
for the EU27+N cluster. These data are complemented by information about the metabolic
patterns in terms of EMRs and EJP for each country. Values referring to the upper level of
analysis (AS) are in the rows (the first row refers to EU27+N), while in the columns we find
the same set of indicators for AS, HH and PW referring to the EU27+N.

In this way, we can summarize the intensive variables (KMRs and EJP) giving information
about qualitative characteristics (per unit of size) and extensive variables (HA) determining
the size of the various sectors and subsectors and the distribution of labor and energy
carriers’ consumption across sectors and countries.

The combination of both types of information allows us to go through the different levels
of the analysis and understand how the metabolic characteristics of different “wholes”
(whole countries at the level AS and the whole macro-economic entity at the level of
EU27+N) are determined by the metabolic characteristics of the functional and structural
parts, and vice versa: this analysis in fact establishes a set of impredicative relations in which
the characteristics of the parts are affected and are affecting the characteristics of the whole..
These representations are very useful to better frame the discussion of sustainability 1ssues
since they make it possible to integrate different factors studied in different dimensions:
population (HA.s); demographic structure (HAm VS HAw), employment policies (HA
distribution across the different economic sectors), energy consumption associated with the
functional compartments divided per type of energy carrier (E'Ts), level of capitalization of
the various sectors (EMRs), value added generation per hour of labor in the various
activities (EJP) or the role of different regions (and existence/implications/causes of
mequalities). An integrated comparison of all these factors is essential when discussing
mternational policies.

As we can see 1n the Table IV-38, most of the countries allocate more than 909% of their

total human activity (population x 8760 hours per year) outside the paid work sector. The
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exception of Luxemburg (89%) 1s probably due to the fact that many people resident
elsewhere commute to work there. This effect creates a distortion in the expected metabolic
pattern of the country because of its small dimensions.

Also, we can see from the different metabolic patterns of the HH vs PW sectors, the relative
size of these two sectors do gaffect in an important manner the overall metabolic pattern of
the Average society. In the same way, at the level of the EU27 the distribution of people
among different countries operating at different metabolic rates do affect the value of the
metabolic rate of the whole Europe: more people expressing activities associated with a
high EMRs will increase the overall EMR. Thus, this method of accounting could be used
to analyses social mequalities (differences of EMRs between households or between
countries) and the displacement (externalization) of environmental impacts associated with

the various economic sectors.

Table IV-38 Metabolic structural table for Average Society spiit in Household and Paid Word sectors of
EU27+N, year 2012

2012 '2’;22?; Household | Paid Work | | EMR_ELEC EMR_FUEL EJP HA_ilHA_PW.
g (10°hours) | (20°hours) (MI/h) (MI/h) (€/h) (0
(10” hours)

EU27+N | 4.422 4.167 255 2,6 4,3 3,9 2,6 100%
Norway 44 91% 8,7% 1,0%
Finland 47 91% 8,8% 1,1%
Sweden 83 91% 8,8% 1,9%
Luxembou 4,6 89% 11% 0,1%
Austria 74 91% 9,4% 1,7%
Belgium 97 97% 3,3% 2,2%
France 572 96% 3,5% f i 13%
Germany 704 96% 3,9% 3,0 50 48 3,3 16%
Netherlan 147 91% 8,5% 2,8 4,4 3,7 3,3%
Slovenia 18 91% 8,5% 2,8 3,0 53 17 0,4%
Estonia 12 90% 9,6% 2,7 31 3,5 1,3 0,3%
Czech 92 90% 9,8% 2,5 50 2,8 15 2,1%
Denmark 49 92% 8,0% 25 3,6 50 4,3 1,1%
Ireland 40 92% 7,9% 2,3 3,0 6,0 35 0,9%
Greece 97 91% 8,6% 2,3 2,3 35 18 2,2%
Spain 410 93% 7,4% 2,2 3,2 3,9 2,3 9,3%
United 556 96% 4% 2,2 4,3 43 2,9 13%
Italy 520 97% 3,3% 2,2 4,6 33 2,7 12%
Cyprus 7,6 91% 8,8% 2,1 14 6,2 2,1 0,2%
Slovakia 47 92% 8,3% 2,1 53 19 14 1,1%
Malta 37 92% 8,0% 2,0 0,5 34 1,6 0,1%
Bulgaria 64 96% 3,7% 1,9 2,4 1,7 0,5 1,5%
Portugal 92 91% 9,0% 19 2,4 31 1,6 2,1%
Poland 333 91% 9,4% 1,6 4,2 2,2 1,0 7,5%
Hungary 87 92% 8,0% 15 3,6 2,0 0,9 2,0%
Latvia 18 97% 2,7% 15 4,0 2,9 0,9 0,4%
Lithuania 26 96% 3,9% 14 35 2,3 1,1 0,6%
Romania 176 91% 8,9% 14 0,7 4,0%

2,6 0,7

4,3 1,7

3,9 1,9

2,6 0

| 200% || 9% | 6% |
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4.4 Metabolic structural table of level n-1 vs n-2

In the Table IV-39 I continue the analysis of metabolic characteristics to lower levels of
analysis. To do this I split the Paid Work sector into Agriculture, Forestry & Fishing; Energy
& Mining; Manufacturing & Consumption; and Service & Government. By doing so, we
can appreciate how the economic sector concentrating more proportion of human activity
1s the service & government for all the European countries studied. The percentage goes
from 4696 i Romania to 83% in Luxemburg. Only Romania presents a %HAs: lower than
509%, while Poland and Bulgaria have a percentage lower than 60%. As there are many
countries with more than 70% of HAs, the EU27+N average 1s 68%. Manufacturing &
Construction is the second sector with more HA allocated, going from 13% Greece to 40%
Bulgaria, and with and EU27+N average around 25%. Agriculture, Forestry and Fishing
remains quite high for countries like Latvia (44%), Bulgaria (32%), Lithuania (3196) and
Romania (269%); while residual for a country like Luxemburg (0,69), the average of Europe
1s 8,4%. Last but not least, Energy and Mining sector represent just a 1,5% of HA allocated
i Paid Work in Europe. It varies from 0,5% of Portugal and Luxemburg, to 6,1 of Latvia.
There are important differences in the values of EMRs and EJP across the different
economic sectors (up to 3 orders of magnitude), the different distribution of HA among
them 1s a crucial 1ssue affecting the overall benchmarks the upper sector that should be

added to the technical aspects of the sectors (EMRs).

4.5 Metabolic structural table of level n-2 vs n-3

The third metabolic structural table I present here (Table 1V-40) refers to the second part
of the analysis in depth of the Manufacturing and Construction sector looking at its
subsectors. In this table, we can see how each country present different profiles of
distribution of their labor force across their MC subsectors. Again, I have ordered the
countries and the subsector from higher to lower electricity EMR. In this way, we can study
the relation between the values of EMRs and EJP both by country and by subsector. In
particular, we can observer that: (1) the countries with higher values of EMRs present also
higher values EJP (we already have seen this in the chapter 2 at the level of paid work, see
Figure 11-7 a) Evolution of EMRew and ELPew of China between 1975 and 2009. b) EMRew
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vs. ELPrwof China between 1975 and 2009. Sources: IEA (2010), ILO (2012), NBSC
(2011), OECD (2012) and World bank (2012).); (11) the sectors with higher EMRs present
also higher EJP (this correlation with less intensity that the previous one); (i) the countries
presenting higher values of EMRs and higher values of EJP in the MC sector allocate more

HA 1in the subsectors with higher EMRs and EJP.

Table IV-39 Metabolic structural table for Paid Work sector and subsectors of EU27+N, year 2012

2012 Paid Work EM MC SG AF EMR_ELEC EMR_FUEL EJP HA_ilHA_PW

(10° hours) | | 20° hours, %) | (10° hours, %) | (20° hours, %) | (10° hours, %) (MJ/h) (MJ/h) (€/h) )
EU27+N | 255 39 65 172 21 33 47 37 46 100%
Norway 38 3,3% 17% 76% 3,2% | 68 | 51 | 1,5%
Belgium 32 1,3% 26% 72% 3.9% 94 34 1,3%
Germany 27 1,9% 33% 65% 4,2% 58 85 53 33 11%
France 20 1,2% 25% 74% 8,5% 58 59 72 3.2 7.9%
Finland 42 0,9% 22% 70% 6,3% 54 70 33 35 1,6%
Italy 17 1,4% 38% 61% 14% 52 76 39 2.7 6.8%
Sweden 73 1,0% 21% 75% 31% 47 45 26 43 2,9%
Luxembourg| 05 0,5% 16% 83% 0,6% 43 45 | [ o02%
Latvia 05 6,1% 24% 69% 44% 40 78 62 092 0,2%
United 23 1,9% 25% 73% 2,9% 36 54 62 29 9,0%
Bulgaria 24 42% 40% 56% 32% 35 45 37 053 0,9%
Austria 6.9 0,.9% 21% 71% 6,5% 27 49 33 38 2,1%
Lithuania 1,0 3.0% 35% 62% 31% 2 58 25 11 0.4%
Netherlands| 12 0,5% 17% 80% 2,9% 26 62 30 37 4,9%
Slovenia 15 1,2% 2% 62% 9,9% 25 17 36 17 0,6%
Estonia 1,1 2,5% 26% 66% 4,8% 22 15 21 13 0.4%
Denmark 39 0,7% 18% 79% 2,8% 22 29 35 43 1,5%
Spain 30 0,6% 19% 76% 4,8% 21 33 36 23 12%
Slovakia 4,0 1,2% 29% 67% 34% 21 51 10 14 1,6%
Czech 9,0 1,3% 34% 62% 3,6% 20 33 20 15 3,5%
Ireland 32 1,0% 18% 75% 5,8% 20 23 42 35 1,2%
Greece 83 0,8% 13% 74% 12% 18 20 14 18 3,3%
Malta 03 - 15% 79% 43% 17 26 2 16 0,1%
Portugal 8.3 0,5% 22% 68% 9,2% 16 19 22 16 3,3%
Cyprus 07 0,6% 18% 73% 8,1% 15 9,2 48 21 0,3%
Poland 32 2.9% 27% 58% 12% 14 26 13 098 12%
Hungary 7.0 1,3% 26% 65% 7,6% 13 23 17 093 2,7%
Romania 16 2,3% 26% 46% 26% 9,3 19 11 0,65 6,1%

33 57 19 8,0

47 15 15

37 26

46 36 9,2

[ 100% || 15% | 25% | 68% | 84% |

As I have already mention, construction sector 1s special due to: (1) the impossibility to
outsource the activities carried out in 1t; (11) the highly manual imtensity it needs despite the
mtroduction of prefabricated modules; and (i1) the important effects of speculation over

real estate market (more 1n relation with the location than with the type of construction).
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On the other hand, Non-Ferrous Metals, Irion & Steal, Chemical & Petrochemical and
Paper, Pulp & Print are clear example of subsector with high EMRs and EJP and where
the countries with higher EMRs and EJP in the upper level (MC sector) allocate more
proportion of their HA. Textile & Leather subsector represent the opposite of these with
the lower allocation of HA in a subsector with low values of EMRs and IJP. This different
allocation of HA gets us a clear idea of the specialization and division of work side the
MC 1n the Eurozone, as well as the different tradeoffs in relation to environmental, social
and economic dimensions. However, in order to get a better idea of these relations we need
to open more the subsectors for getting closer to characteristics of the production processes
where the characteristics of technology play a clear role. It is essential to arrive to a level of
disaggregation at which the benchmarks reflect the technical coefficients used in the
processes of production i order to be able to compare oranges with oranges, avoiding to
use benchmarks describing subsectors in which data reflect the co-existence of mix of
clearly different processes. Moreover, we need to analyze the other factors presented in
Figure III-1 The metabolic pattern of social-ecological systems and the different factors
affecting the energy and carbon intensity of an economy. Abbreviations: PES = primary
energy sources; EC = energy carriers; GDP = gross domestic product to get an appropriate
understanding of the 1ssues affecting the energy and carbon intensity of an economy.

Additional metabolic structural tables could be found in the Appendix B.
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Table IV-40 Metabolic structural table for Manufacturing and Construction sector and subsectors of EU22, year 2012

Wood &
Non-Ferrous Chemical & | Paper,Pulp& | Mining & | Non-Metallic [Non-specified Food & Transport n Textile & . EMR_ELE EMR_FUE| EJP
2012 MC Metals I € Szl Petrochemical Print Quarrying Minerals Industry P\rAcggzgts Tobacco Equipment Wi Leather Eonsncton C (MJ/h) L (MJ/h) | (€lh)
EU-22 54 0,47 0,97 2,4 19 0,34 18 438 13 6,1 43 13 2,9 14 61 107 12 33 100% |
Norway 0,64 1,6% 0,7% 3,1% 2,4% 1,2% 2,9% 3,5% 3,4% 12% 7,6% 16% 1,6% 45% 1,2%
Finland 0,74 0,7% 2,5% 3,5% 6,8% 1,1% 3,3% 5,2% 4,6% 7,6% 3,2% 29% 1,3% 31% 1,4%
Belgium 0,93 1,3% 2,7% 11% 4,1% 0,4% 4.2% 6,3% 1,5% 12% 6,5% 17% 3,0% 30% 1,7%
Sweden 14 0,7% 3,4% 3,7% 5,7% 0,3% 2,4% 5,8% 3,7% 6,4% 9,3% 24% 0,7% 34% 143 183 21 52 2,5%
Netherlands 15 0,8% 1,5% 6,2% 4,3% 0,2% 2,6% 6,5% 1,3% 12% 3,9% 22% 1,4% 3% 84 197 13 54 2,8%
Ireland 040 0.4% 05% 11% 35% 0,5% 2.9% 16% 12% 19% 13% 17% 0,8% 26% g2 | 100 |39 |NEIN | os%
Austria 14 1,4% 2,7% 3,6% 3,5% 0,6% 3,8% 8,4% 3,9% 8,8% 4,6% 26% 2,2% 31% 5 180 21 45 2,5%
Greece 0,60 2,0% 2,8% 5,0% 4,4% 1,4% 4,6% 7,7% 1,9% 23% 2,1% 14% 6,8% 25% 69 108 32 25 1,1%
Germany 13 1,1% 2,0% 5,5% 3,5% 0,4% 2,8% 9,1% 1,4% 9,9% 11% 32% 1,6% 19% 65 112 11 43 24%
Italy 6,8 0,9% 2,0% 4,1% 3,4% 0,4% 3,9% 8,9% 2,1% 8,4% 5,7% 28% 9,9% 23% 64 93 8,8 36 13%
Spain 43 0,7% 1,6% 4,7% 4,1% 0,7% 3,9% 7,0% 1,9% 14% 6,7% 16% 4,4% 34% 61 129 13 31 7,9%
Slovakia 0,76 0,9% 4,0% 2,6% 2,7% 0,5% 3,5% 10% 2,5% 8,6% 15% 27% 6,5% 16% 56 170 71 16 1,4%
United Kingdom 6,7 0,9% 1,2% 4,5% 4,5% 0,8% 2,3% 8,8% 1,8% 11% 7,6% 20% 2,2% 34% 53 74 22 39 12%
Czech Republic 2,2 0,5% 2,8% 2,9% 2,9% 0,6% 4,0% 10% 2,7% 8,4% 12% 30% 3,5% 19% 37 90 2,1 16 4,1%
Portugal 1,6 0,4% 0,5% 2,0% 2,9% 0,9% 4,4% 7,0% 3,0% 11% 3,6% 13% 18% 32% 35 72 9,0 13 3,0%
Poland 47 0,6% 1,6% 3,5% 3,2% 1,0% 4,4% 12% 3,6% 15% 7.2% 19% 5,2% 23% 85) 85 47 13 8,7%
Bulgaria 1,0 0,9% 1,0% 3,4% 2,8% 1,7% 3,2% 8,2% 2,3% 15% 2,8% 17% 20% 21% 29 51 34 6,0 1,9%
Latvia 0,26 0,3% 1,9% 2,8% 2,8% 1,9% 2,8% 6,0% 13% 16% 2,4% 10% 7,0% 33% 27 96 10 9,6 0,5%
Romania 2,8 0,5% 1,7% 2,6% 2,1% 0,8% 2,6% 8,7% 3,7% 12% 10% 13% 17% 25% 26 65 515) 6,1 5,3%
Lithuania 0,43 0,0% 0,4% 2,4% 2,8% 0,9% 3,0% 14% 7,3% 16% 1,3% 10% 11% 31% 24 50 3,6 8,2 0,8%
Hungary 14 1,1% 1,1% 3,9% 3,1% 0,4% 2,9% 9,7% 1,9% 13% 9,5% 28% 5,2% 20% 24 46 3,7 14 2,5%
Croatia 0,58 0,5% 0,8% 3,4% 3,7% 0,7% 3,5% 7,1% 4,4% 18% 4,1% 16% 9,1% 29% 19 48 12 10 1,1%
61 408 249 218 170 122 62 61 53 37 30 24 4,1
107 380 391 93 571 42 137 88 22 20 31 74
12 27 27 32 5,0 9,9 3,6 2,9 4,0 8,7
33 42 29 27 21 29 42 36 16 29
100% || 09% 1,8% 4,4% 3,6% 0,6% 3,3% 8,8% 2,4% 11% 79% | 24% 54% | 26%
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5 Conclusions

5.1 Inrelation to the usefulness of the methodology

In this chapter, I have presented results based on the application of the accounting method
explained in chapter 3 to characterizing the metabolic pattern of European countries in the
year 2012. As we have seen, the scaling approach 1s based in the use of redundancy -
assessing the consumption of energy carriers in two non-equivalent ways: (1) using the values
of energy consumption (extensive variables - quantities per year - KT's) from statistical
sources; (11) expressing the overall energy consumption of economic sectors as determined
by a combination of quantities of labor (HAs) and the levels of energy consumption per
hours (EMRs) determined by the technical coefficients of the processes taking place in the

sector.

Moreover, quantities of human activity could be analyzed at the level of subsector as job
requirement for reproducing some industrial process or as employment opportunities. In
relation to this possible Iine of analysis it 1s possible to refine this analysis including different
categories for accounting hours of HA (as done for accounting different types of energy
carriers). It 1s possible to characterize job requirement using categories reflecting relevant
attributes - e.g. level of skill required, type of contract, salary, expected worker
characteristics as man-woman, young-old, etc.). At the level of average society where the
quantitative assessment of the size of the work force can be related to demographic structure,
the size of THA (population size) and the profile of allocation of HA between PW and
HH (dependency ratios) can be associated with the analysis of the overall metabolic pattern
of the economy. These important advances in quantitative analysis are breaking the
boundaries of traditional disciplines, however they require the ability of handling and
mtegrating the meaning of a huge amount of data mapping onto different relevant issues.
Although we are dealing with just 5 extensive indicators (HA, ET's, VA) and their relation
expressed mn 4 mtensive ones (KEMRs, EJP), then we have to analyze using these indicators
(1) multiple levels of organization (they can be a lot of levels! In fact, we can move from
Average society at level n to Iron & Steel subsector at level n-3); and (1) multiple geographic
entities (from Europe to country level with 28 entities); which multiply the meaning of these

and their relations.
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The meaning of the distribution of HA and the metabolic rates across levels for Europe 1s
discussed 1n Table IV-1 and Table IV-13, the same for all the functional sectors at the
different levels (Table IV-2 to Table IV-12 and Table 1V-14 to Table 1V-29) and across
levels and countries in the Metabolic structural tables (Table IV-38, Table IV-39 and Table
1V-40). Additionally, I have also used the popular indicator of Economic Energy Intensity
just to show the misunderstandings that it could create when dealing with the complex

relation between energy and value added.

The goal of this approach 1s not to generate simple quantitative assessment. In these two
chapters, the effort has been to give meaning to mdividual numbers by showing their
relation to other numbers both mn functional comparison and in relation to structural
constraints. T'o do this, I have introduced the concept of data arrays, which 1s used to give
meaning to indicators and benchmarks in relation to the necessity of expressing a metabolic

pattern capable of reproducing the expected functions of the society.

The Normalized Chromatic Intensity (NCI) approach has been itroduced in order to
make it possible to compare the characteristics of the different elements expressing the
metabolic patterns in the context of a cluster of reference (e.g., Kuropean cluster, one upper

sector of analysis as Paid Work sector, etc.).

Last but not least, I have try to get also some metabolic benchmarks for the European
context and used different boxplot charts to better understand the meaning of the European

energy data arrays.

Metabolic characteristics of countries and sectors are expressed as determined by a
combination of the characteristics of lower level compartments (EMR, EJP) and the relative
size of these lower level compartments (the profile of allocation of HA). This method
makes it possible to explain the existence of outliers - e.g. Luxemburg or Malta - that
because of their small size do not include in their metabolic pattern the ability to express

all the functions that are required for the reproduction of a modern economy.

The characteristics of subsectors can be studied using a top-down approach (looking at the
available statistical data) and using a bottom-up approach (looking at the expected

characteristics of specific process depending on technological coefficients).
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An mmportant problem faced when going for this integration 1s represented by the very high
level of opened of the European economy that is heavy dependent on imports for the
supply of many products it consumes, especially for energetic ones as crude oil (ust check
the benchmarks of the energy sector of Norway, the only important oil producer analyzed).
The variability of the benchmark values of many economic sectors and subsectors,
indicated by the boxplot diagrams clearly indicates the need to understand better the role
that externalization (the ability of importing mputs without the need of producing them)

plays in determining the final metabolic pattern.

In conclusion, we have to work to better understand these variabilities in relation to the
following factors: (i) differences in technology (1) differences in the organization of the
production, or (1) differences in the mix of different products that are categorize by
statistical offices in the same category (e.g. pulp production vs paper products production).
Additional socio-economic factors that have to be considered are: (1) cost of labor, (11)
subsidies by local governments, (i) financial conditions, (iv) environmental conditions and

availability of resources; (v) institutional settings and regulations.

5.2 Inrelation to the multi-level integrated quantitative assessment

When looking at the benchmarks for Europe at the level of n-1, we see that Paid Work
present EMRs one order of magnitude higher than Households. However, when looking
extensive values, we see that the differences are not that big: the Households, because of its
much larger size in terms of HA, consumed around 3100, 7100 and 7900 PJ of electricity,
heat and fuel energy carriers in 2012, while the Paid Work sector consumed around 8300,

12000 and 9300 PJ respectively.

When opening the Paid Work sector at the level of n-2, one can see that Energy & Mining
sector present the highest electricity and heat EMRs [280 612] MJ/h and EJP (122 €/h),
while Service & Government the highest fuel EMR [48] M]J/h. Nevertheless, SG and MC
consume almost the same amount of electricity (KT u.), MC consume almost 3 times more
ET... than SG, while SG consume 20 times more ETw.and generate almost 4 times more

GVA than MC. In that sense, SG allocate 68% of the HAn and produce 749% of the GVA,



Chapter IV: Energy uses analysis of European Countries from a multiscale perspective

while MC 25% of the HArwv and 209% of the GVA. When looking at the Energy & Mining
sector, we see that with just 1,5% of the HArv it consumes almost the same amount of heat
than SG, one third of the electricity (when taking into account distribution losses, it
becomes more than two thirds) and almost insignificant amount of fuel (70 vs 8300 PJ).
Nonetheless, it 1s clearly the sector generating most value added per hour: 2,5 times the
one of SG, 3,4 times the one of MC and 13 times more than the subsidized European
agriculture. Seeing that, one understands the high social tensions and conflicts that Energy
& Mining companies generate n agriculture areas around the world. Just in Europe, the
AF sector allocate 8,4% of HArvand just generate 1,7% of the GVA. Then, if we look inside
the AF sector, Fishing sector consumes much more fuel than Agriculture & Forestry (260

vs 25 MJ/h), while presents higher EJP (36 vs 9,3 €/h).

When looking inside SG sector we see that the Transport Service sector 1s the responsible
of the great amount of fuel consumption (almost 45% of the total fuel consumption in all
Europe) and a huge fuel EMR of 1200 MJ/h. When analyzing the other part of the service
sector (SGn'T), we found a serious problem if we want to do scaling because the data from
the energy balance database do not make possible to split the assessment of the
consumption of energy carriers in the service in more in details (even though it represents
almost 30% of the electricity consumption, 68% of the HArvand almost 60% of the GVA).
In this sector, we found aggregated in the same assessment of energy carriers consumption
quite different economic activities as Education, Human Health, Public Administration,
Defense, Real Estate activities, Financial and Insurance activiies, Accommodation and
Food service activities, Wholesale and Retail trade or Reparation activities. In order to
analyze the energy metabolic patterns of this sectors using the same approach presented so
far, we should get better data from the statistical offices. That 1s, the statistical offices should
split the Energy Balances in the services sector according to different sub-sectors of activities
m order to make possible an analysis of the energy carriers profile of consumption. Then
we could carry out the same type of analysis carried out for the manufacturing and

construction sector.

From the analysis of Energy & Mining and Manufacturing & Construction sector and its
subsector presented in the second part of the chapter, we can identify the most energy

mtensive subsectors per each energy carrier: Iron & Steel for heat, Non-Ferrous Metals for
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electricity and Mining and Quarrying for fuels. The ones with higher EJP: Energy Sector
and Chemical & Petrochemical; or the ones that generate more jobs: Machinery and
Construction. Moreover, we see that we can create clusters from EMRs patterns. The most
mtensive subsectors cluster would be: Iron & Steel, Non-Ferrous Metals, Chemical &
Petrochemical, Non-Metallic Minerals and Paper, Pulp & Print; and the lowest ones: Food
& Tabaco, Textile & Leather, Transport Equipment, Machinery, Wood & Wood Products,
Construction and Non-Specified Industry. Textile & Leather presents the lowest EJP,
which clearly explains the important outsourcing taking place in it. Finally, the Construction
sector has a peculiar status in the sense that it presents the lowest EMRs but a value of EJP
in the average of MC. Moreover, it represents the 269% of the HAwe and 23% of VAuc (nearly
followed by Machinery with 2496 HAvc and 26% VAuc).

When comparing the energy data arrays among countries instead than among functional
compartments we found another type of information which 1s quite difficult to generalize
because 1t reflects special features of countries. For example, the high electricity EMRs
values of Norway in many of the sectors (due to the abundant supply of hydroelectricity),
or the heat EMRs for the Netherlands (due to the abundant supply of natural gas). The
mmportant allocation of HAwc of Finland and Sweden in Paper, Pulp & Print industry; (due
to the abundant availability of forests), Belgium and Ireland in Chemical & Petrochemical.
The case of Ireland 1s interesting because the co-existence of a high level of EJP coupled to
a low level of EMRs suggest a clear anomaly that could be explained not by adoption of
“miraculous technologies” but rather by the fact that for fiscal reasons there are products

produced elsewhere that are accounted as produced there.

If we look at the Paid Work sector EMRs can individuate 3 clusters: (1) Norway, Belgium,
Germany, France, Finland and Italy [EMRelec EMRheat EMRfuel] = [52-76 133-76 33-94]
MJ/h; (1) Sweden, Luxembourg, Latvia, UK, Bulgaria, Austria, Lithuania and the
Netherlands [26-47 45-78 25-212] MJ/h; and (1) Slovenia, Estonia, Denmark, Spain,
Slovakia, Czech Republic, Ireland, Greece, Malta, Portugal, Cyprus, Poland, Hungary and
Romania [9-25 2-51 10-48] MJ/h.

If we look at Household EMRs - a value that can be used as a proxy of material standard

of living - we can distinguish two groups: (1) Norway, Finland, Luxembourg, Sweden, Austria,
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Belgium, Germany, Ireland, Netherlands, France, Slovenia, Denmark, UK and Italy above
the European average; and (1) Greece, Estonia, Cyprus, Czech Republic, Latvia, Spain,

Poland, Lithuania, Hungary, Portugal, Slovakia, Malta, Romania and Bulgaria below it.

From the analysis carried out in this chapter I can conclude that the MuSIASEM methods
presents a lot of potentialities when applied to the analysis of the energetics of societies.
However, the multiscale approach represents a huge challenge of transdisciplinarity
requiring the handling of information referring to non-equivalent descriptive domains. This
challenge translates into the need of working simultaneously with relevant questions coming
from different disciplines. In that sense, I found that the problem of knowledge
fragmentation 1s reproduced in statistics, where important efforts to improve the integration
are needed. For example, ISIC classification at international level and NACE at European
one, represents an important attempt of carrying an integration of databases. However,
more efforts in this direction are needed, especially when building basic energy databases

as Energy Balances or when going to lower levels of analysis.

Concluding these remarks on quantitative assessment of the characteristics of the metabolic
pattern of EU economies the crucial challenge of this approach 1s determined by the need
of not aggregating data categories of accounting that imply the loss of valuable information.
In fact, some of the quantitative attributes that seem not to be relevant in relation to a given
goal - e.g. assessing the profile of energy intensities in the end uses of energy carriers in the
service sector 1s not relevant when assessing the importance of the amount of energy
consumed 1n service sector in the national energy balances - can become important when
constructing an integrated analysis - ¢.g. defining benchmarks for the various activities taking
place in the service sector. In the definition of a multi-level end use matrix matching the
assessments of the different types of energy carriers with assessments of human activity and
value added, we need that all the relevant categories required for such an accounting must

be disaggregated across the various levels of analysis.

In this chapter, I have shown that quantitative integrated analysis has a lot of potentialities
for enlightening sustainability discussion, but more efforts are needed if we want to take
advantage of these potentialities. In the next chapter, I will present prelimimary results

llustrating the possibility of going a step forward in the direction of multi-level integrated
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assessment that imply considering the different material products coming out (or imported)

when characterizing the metabolic characteristics of the different sectors and subsectors.



Chapter V

“Since matter and energy cannot be reduced to a common denominator, one of the popular illusions has
to go by the wayside. We cannot decide on purely technical grounds which of the two process producing
the same product is more efficient -that which uses more energy and less matter or that which uses less

energy and more matter. This decision requires considerations of the relative supplies; hence it belongs to

“«

the economics scrence, but to one that would not take mto consideration only the present generation.

Nicholas Georgescu-Roegen

Material products matter, too

1 Introduction

In previous chapters, I have analyzed the combined processes of production and
consumption of goods and services within metabolic patterns of soclo-economic systems

adopting different approaches.

In the first comparison of China and India (Chapter 2), at the beginning of my PhD the
approach was based on a simple definition of metabolic rate that was obtained by summing
energy forms of different qualities using a quality conversion factor. By using this approach,
one can see that the increase of the capitalization (EMR) in the paid work sector 1s

associated with an increase i the productivity of labor (EJP).

A more detailed analysis has been used in the analysis of the EU27 + Norway metabolic
pattern, based on a characterization based on end use matrices (Chapter 3 and 4). With
this more advanced method we can study changes associated with economic growth by
considering four different societal metabolic effects: (1) an average improvement of the
overall material standard or living at the household sector (increase in the value of EMRum);
(1) an increase in the dependency ratio (ageing) reflected by a change in the HAw/THA
ratio due to demographic trends; (1) a change in the distribution of labor within HAwv
determined by a continuous increase in HAsw and a continuous decrease of HAxy, HAxy,
HAu; (iv) an increase in the volume of trade in the economy increasing the volume of

exports and imports of products to and from international markets.
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The results presented in Chapter 3 and 4 clearly show that the approach developed so far
can be used to generate biophysical indicators capable of describing the first three effects
(changes in EMRuu, HAmy/THA and HA/HAw). However, this analysis based on end use
matrices of energy and labor does not cover the assessment of the level of openness
(export/import of products) of the sectors and subsectors analyzed. To assess the level of
openness of modern economies we have to develop a biophysical accounting of material
flows, making the distinction between: (1) raw materials; (11) semi-finished products; (i) final
products. For each one of these flows of materials we have to be able to define the quantities
that are domestically produced and consumed in the investigated economy and the
quantities that are going to and coming from international markets. This information 1s
essential to understand the performance of the economy, because favorable terms of trade
can be used to externalize environmental impact, depletion of resources and requirement

of cheap labor to other economies.

For this reason, an accounting of material flows would be relevant for discussing
responsibilities of environmental and social damages - e.g. international negotiations
regarding emissions, international working rules regarding child work, etc. - associated with
the production of commodities exchanged in the mternational trade. An analysis of the
level of externalization of modern economies would make it possible to have a better idea
of who gets the benefits of the biophysical outputs of production in relation to the

consumption.

But there is another important reason making it important to assess the level of openness
of the different sectors and sub-sectors included i the end use matrices. As illustrated
chapters 3 and 4, when looking at the data-arrays characterizing the subsectors of the
economy, we can find quite important differences i the benchmarks associated to the use
of labor and energy carriers across countries even when looking at the same subsector. As
discussed then these differences do not depend only on differences in the technologies
used in the different countries, but also (and often mainly) by the fact that subsectors can
operate at a completely different level of openness and mode (net importers versus net
exporters) when considering trade. More specifically, I have studied in detail the case of
Paper, Pulp & Print, which shows clearly how the international trade and the specialization

of some countries (e.g. Finland and Sweden) in some specific process could create
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important metabolic pattern differences between countries when considering the effect of

trade.

In this chapter, I explore the possibility of extending the approach of end use matrix to the
analysis of material flows. This attempt has never been made in MuSIASEM and the
findings of this chapter are more relevant for the development of the methodology in this
direction than to provide a characterization of the situation. After a short discussion of the
mmportance of material accounting, I provide an overview of the problems faced i material
accounting and then present an example of how the protocol of accounting of the end-use
matrix can be adapted to study the metabolic pattern of material flows. In this way, it
becomes possible to include in the analysis of the metabolic pattern also the effect of
mmports and exports of material (raw materials, semi-finished products and final products)
across sectors and countries. This information 1s crucial for understanding the cost shifting
(or mternalization) of different production factors as energy carriers and labor (and the
mmpacts associated with them) to third countries through trade. This information 1s essential
to have an mformed discussion about the “biophysical performance” (often called

mmproperly efficiency) of the various sectors and of the whole economy.

In conclusion, with this chapter I want to illustrate the importance of a multiscale and
multidimensional approach of the performance of the economy in relation to the analysis

of material flow.

2 The take of Georgescu-Roegen on the importance of material flows

The title of this chapter 1s mspired by the title of a famous paper by Georgescu-Roegen
Matter Matters, Too (Georgescu-Roegen, 1977), where he mtroduce the fourth law of
thermodynamics (or the first of dirty thermodynamics as he suggests). By proposing this
fourth law he wanted to make the point that not only 1s energy quality degraded by the
economic process due to the entropy law, but matter 1s also subject to the same fate. He
defines the perpetual motion of the third kind as “a closed system that can perform forever
work between its subsystems” and states that this is impossible due to the dispersion of
material provoked by friction. In other words, 1009% of recycling 1s impossible. The

mclusion in the analysis of the role of matter in the metabolic pattern of societies was used
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by him to reinforce his arguments against cornucopians - 1.e. the stereotype of neoclassical
economists focusing only on monetary flows without much concern for the environment
(Giampietro and Mayumi, 2009) - proposing the idea of a perpetual economic growth.
According to Georgescu the analysis of the metabolism of matter could be used to disprove

the belief that perpetual growth 1s possible.

What I tried to do by introducing material accounting into MuSIASEM is less ambitious.
I do not want to get into an entropic discussion, rather I am using his idea that in order to
better understand the sustainability predicament one has to construct a general flow matrix
checking the feasibility, viability and desirability of the circulation of matter and energy.
This general flow matrix 1s essential if we want to have an informed discussion of the

relations of the economic process with the environment.

The call of Georgescu-Roegen for a biophysical analysis of the economic process builds on
previous work on the same topic developed within the field of energetics. For example,
Fred Cottrell already in the 50s proposed that it 1s not “energy” but “net energy” that powers
the activity of human societies (Cottrell, 2009). H. T. Odum, moving into this discussion
from the field of theoretical ecology, supported Cotrell’s 1dea and elaborated on another
concept proposed by Lotka (Lotka, 1922a, 1922b, 1925): biological and human systems
define their energetic performance in terms of maximization of power: the more net energy
1s obtained by a metabolic process the more energy can be used to express functional
behaviors supporting the identity of the biological system. Within this framework the more
“efficient” a system 1s, the more power it generates to express its behavior (Odum, 1973).
As a matter of fact, Odum proposed the maximum power principle as the driver of the
evolution of ecological systems (Odum and Pinkerton, 1955). Here one can see the
problem with the use of the term “efficiency”. In fact, taking a different view Prigogine,
when discussing the evolution of dissipative systems, proposed an opposite principle - the
minimum entropy generation principle (Prigogine, 1961, 1987) saying that metabolic
systems evolve by minimizing the requirement of inputs to generate a given output. This
second principle associates the concept of performance to the ability of generating more
output by using less mput. This definiion of maximization of the output/mput ratio
resonates better with the classical defimition of efficiency used n technical analysis. In

relation to this bifurcation in the definition of the meaning of efficiency, Kawamiya (1983)
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notes the co-existence of two contrasting definitions of “efficiency” when coming to the
analysis of the evolution of living systems: “Type 1 efficiency” refers to the maximization of
the throughput of energy metabolized (max power), and “Type 2 efficiency” refers to the
maximization of the output/input ratio (min entropy generation). The coexistence of these
two principles operating simultaneously but at different scales 1s generating what 1s called
the “Jevons’ Paradox”: any increase of efficiency (output/input ratio) in a metabolic system,
perceived at a local scale, will result in an increase of its ability of expressing new functions
- 1.e. the use of more energy (higher level of metabolic pace), perceived at a large scale -

(Polimeni et al., 2008).

Because of the unsatisfactory indications obtained when trying to define energy
mmprovements, Georgescu-Roegen gave a critical appraisal of the energetic dogma. I
strongly oppose the scientific work of those trying to reduce every process to just energy.

9%«

Within this criticism G-R raised the question “why not relate efficiency to net matter?” “we
use copper in the process of producing copper’ (Georgescu-Roegen, 1979). In that sense,
he pointed out that there was no practical procedure at a macro-scale for converting energy

into matter or matter of whatever form into energy.

This discussion 1s important because the 1deas of G-R were at the basis of the development
of the MuSIASEM approach by Giampietro and Mayumi - as presented in a special 1ssue
of Population and Environment (Giampietro and Mayumi, 2000a, 2000b; Pastore,
Giampietro and Mayumi, 2000). In these papers, Giampietro and Mayumi used the
concept of self-organizing systems, generated by informed autocatalytic loops (as proposed
by Odum) in theoretical ecology. These systems belong to the class of dissipative systems
(as proposed by Prigogine) and this makes it possible to extend the analyses also to the

metabolic pattern of societies.

However, the tracking of material flows in modern economies 1s extremely challenging. For
this reason, it was indicated mn very generic terms by Georgescu-Roegen mn his theoretical
description of the approach and it was not done in the first applications of MuSIASEM.
Moreover, as indicated by G-R this type of analysis requires explicitly a multiscale focus:
« . S . .

at the macro-level no practical procedure exist for converting energy into matter or matter

of whatever form into energy” (Georgescu-Roegen, 1979). In his theoretical discussion
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Georgescu-Roegen considers for this matrix five fundamental categories: (1) energy inputs
(primary sources in the jargon of MuSIASEM); (i1) material inputs (primary sources in the
jargon of MuSIASEM); (i1) dissipated energy (end uses); (iv) dissipated matter (products in
use); and (v) waste (post-use products). In relation to the users of these flows he
contemplates seven basic sectors: two processes transforming environmental energy and
matter into controlled energy and matter (what in MuSIASEM jargon we call the Primary
Sectors 1dentified in Agriculture, Forestry, Fishing, Energy and Mining sectors); two sectors
producing capital goods and consumer goods (Manufacturing and Construction); and the
consumption sectors (Service & Government and Households) called Dissipative Sectors

m MuSIASEM (Giampietro, Mayumi and Sorman, 2013).

In relation to this challenge, in the rest of this chapter I will present an extended version of
the data array presented in chapter 3 including an accounting of the material products
coming out from each subsector. When grouping the data arrays by the various sectors
composing soclety, we can generate a matrix with some similarities to the one proposed by
Georgescu-Roegen in his paper Matters matter, too (Georgescu-Roegen, 1977) and
developed with more detail in the latter paper Energy Analysis and Economic Valuation
(Georgescu-Roegen, 1979). Nonetheless, the matrix of end use proposed below still misses
a few elements included in the original one: (1) the assessment of funds as Ricardian land
and Capital equipment (here assessed only indirectly by EMRs); (1) the distinction of the
recycling and waste sector; and (1) the accounting of material mputs (a specific accounting

of the raw materials).

However, this represent a first attempt to associate specific material flows to the existence
and operation of structural and functional compartments of the economy. The inclusion of
matter flows in the big picture generates a richer understanding of the set of forced
biophysical relations determined by the metabolic pattern that can be used to study the

feasibility, viability and desirability of the economic process.
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3 The conceptual problems with the existing accounting of material
flows in the metabolic pattern of societies

In section 2 of chapter 3 I provide a critical appraisal of the indicator Economic Energy
Intensity (EEI). There, I explained why EEI 1s not a good indicator to study
dematerialization or decarbonization of the economy of a country, because the amount of
energy equivalent consumed by a society in a year and the GDP generated in a country in
the same year are correlated, therefore we look at white noise when analyzing varation over
their ratios at the aggregated level of the whole country (Fiorito, 2013). But even when
analyzing the performance of individual sectors and subsectors one can still find a set of

standard problems:

(1) the mix of different typologies of production in the different sectors does affect the

overall intensity.

(1) massive flows of imports (externalization) and exports can affect the overall ratio
and therefore imply a total loss of the relation between technical performance of the various

sectors and their output/input ratio;

(1) printing of money and credit leverage can generate a “free-ride” of imports,
altering the level of openness of individual sectors. Externalization then can be read by the

mdicator as “an improvement” in the performance of the economy.

A similar criticism can be applied to the Material Intensity of the Economy (MI) indicator.
The Material Intensity indicator has been used as a proxy for productivity efficiency long
ago (Street et al., 1988). Nowadays this indicator 1s still used in the field of Material Flow
Accounting (MFA) - e.g. Wuppertal Institute in Germany, Institute for Social Ecology in
Austria and National Institute for Environmental Studies in Japan (Fischer-Kowalski et al.,
2011).

Stll, it 1s not clear why a very generic analysis of material intensity not related to the
characteristics of the metabolic pattern should be considered as a relevant piece of
mformation. In fact, countries specialized in mining of raw materials present a greater
material intensity, while post-industrial economies present the lowest levels of material
mtensity. Put in another way, material mtensity 1s affected by the level of tertiarization of
the economy, the availability of raw material and the outsourcing of mining and industry.
Differences in the level of domestic exploitation of natural resources and externalization to
other economies through imports can create an illusion of dematerialization or decoupling
or that the economy 1s increasing its resource productivity. But in most of the cases, we are

jJust in the presence of poor choices of biophysical accounting. Even more surprising is that
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even those who seem to be aware of the problems of assessment generated by

externalization still interpret material intensity as a proxy of material productivity.

In this chapter, I will explore the possibility of generating an alternative accounting method
capable of better dealing with the relation between value added generation and material

productivity across subsectors.

As done i chapter 3, the strategy 1s to use a more complex approach taking into account
the multiscale aspects (the relation between the performance of sectors and subsectors) and
the existence of expected flow-fund relations over structural and functional elements. This
requires going back to the discussion of the different factors affecting the relations between
CO2, energy and GDP (Figure III-1) discussed there. In chapter 8 and 4 I have only
analyzed the role of the mix of energy carriers used and the role of the mix of economic
activities carried out n society (factor 2, 3 in Figure III-1). In this chapter, I introduce a
tentative protocol of accounting having the goal of dealing with effect of 1mport-export

goods (factor 4 in Figure III-1). The protocol 1s illustrated using practical examples.

The logic of Figure III-1 (used to study the factors affecting energy metabolism) has been
used in Figure V-1 to study the factors affecting the use of materials in the different sectors
and sub-sectors. In Figure V-1 we can see that the different factors affecting the relation

between material consumption and GDP are:

1. the degree of openness of Primary Sectors;

2. the mix of Raw Material and Final Products used in society;

3. the mix of economic activities carried out in society;

selective externalization of secondary activities (import-export of final products);
credit leverage and quantitative easing (‘virtual money’) boosting the GDP not

requiring the production of an equivalent volume of products and services.

In this case, I use the requirement of raw materials as the general category of environmental

mmpacts (rather than COZ2 in Figure III-1).
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Figure V-1 The metabolic pattern of social-ecological systems and the different factors affecting the material
and environmental impact intensity of an economy.
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On the left of this figure there are the flows of material products: (1) on the top raw material
coming from primary sectors (Agriculture, Forestry, Fishing, Mining and Quarrying); and
(1) on the bottom final products coming from secondary sectors (Manufacturing and
Construction). As we can see, if we want to assess the different materials that one country
needs to consume 1in its metabolism and the environmental impact associated with 1t we
have to consider different types of material flows. This distinction 1s crucial as the
consumption of quantities of the same material (iron) in the form of raw materials (iron ore)
or in the form of final product (fridge made of iron m an alloy as steel) cannot be summed.
The problem of the impossibility of summing quantities of different “matter forms” is
exactly the same as the one faced when trying to sum quantities of different “energy forms”.
The quantity of 1 Joule of coal (a Primary Energy Sources) cannot be summed to 1 Joule
of electricity (a special type of Energy Carrier). The same problem is faced when trying to
sum quantities of different “food forms”. When accounting quantities of nutrient carriers -
1 Joule of potato - we cannot sum them as such to quantities of nutrient end uses - 1 Joule

of proteins.

For sustainability analysis, it 1s essential to be able to establish a relation between Raw

Material, Carriers and End Uses, and for this reason the accounting has to be based on the
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development of grammars - e.g. for water, food and energy - making it possible to establish

an effective accounting across different categories (Giampietro et al., 2014).

Looking at one of the basic traditional indicators used in MFA analysis, we see that there 1s
no theoretical discussion of the key importance of discussing the implication of the pre-
analytical choice of categories of accounting. Domestic Material Consumption (DMC) is
defined as: “measures the total amount of materials directly used by an economy and is
defined as the annual quantity of raw materials extracted from the domestic territory, plus
all physical imports minus all physical exports” (Eurostat, 2015f). These material indicators
follow a semantic choice that maps in the flows coming from the biosphere (the ones
produced or extracted by primary sectors): biomass, fossil fuels, industrial minerals and
metal ores. But then, when coming to the traded products: “each traded product is assigned
to one material category only” (Eurostat, 2017d) - this implies the summing of kgs of

refrigerator to kgs of iron.

The explanation for not accounting for liquid or gaseous materials in the material flow 1s
even more baffling. Water and air are not considered because they “In general, exceed all

other physical flows by an order of magnitude” (Fischer-Kowalski et al., 2011).

The ratio between DMC and GDP 1s used as a proxy for measuring resource productivity,
eco-efficiency or for analyzing decoupling trends (OECD, 2008). However, MFA analysists
do not take into account, when using the DMC as a proxy of environmental impact, that
the overall assessment 1s mixing together raw material and mported final products
(Krausmann er al, 2009). Consequently, all material mtensity (kg/€) or resource

productivity (€/kg) indicators are not doing that either.

It has to be noted that the European Commission takes this ratio (GDP/DMC) to focus on
resource productivity and qualify it as “the lead mdicator” and “the most appropriate

ndicator available” (Comission, 2017).

It also has to be noted that the analysts carrying out these assessments and the statistical
offices such as Eurostat are aware of this problem and have introduced recently the Raw
Material Equivalent (RME) idicator. This indicator is an attempt to estimate how DMC
underestimates the material consumption of services economies. The approach of the
RME is illustrated i Figure V-2. RME 1s a virtual material equivalent determined by a
factor of equivalence: the actual weight of the traded goods 1s increased by a factor reflecting
the weight of materials extracted to produce them. However, the protocols used to establish
the equivalence factors are still under development and at the moment they present high
statistical uncertainty, and for this reason they are not produced as official statistics yet

(Eurostat, 2017d).
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tonnes per capita

Imports Imports Exports Exports
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Source: Eurostat (online data codes: env_ac_mfa, env_ac_rme, demo_gind})

Figure V-2 : Comparison of the actual weight of traded goods with trade in raw material equivalents (RME),
FUZ8, 2014. Source: Eurostat.

Giampietro and Sorman (2012) in relation to energy accounting and Giampietro and
Saltelli (2014a, 2014b) in relation to footprint accounting have discussed 1mportant
conceptual problems when trying to generate aggregated indicators on the basis of quality
factors and “embodied assessments”. The calculation of aggregated indicators based on the
summing of quantities that can only be defined and measured on the basis of perceptions
referring to different scales and narratives implies that any protocol used to aggregate into
a single number quantities of different material forms will result useful only in relation to
the chosen scale and the chosen criteria of aggregation. Moreover, as illustrated by the
problems faced when trying to develop energy balances, statistical offices very often do not
provide enough information to carry out a proper aggregation protocol (Giampietro and
Sorman, 2012). Obviously, these problems will be exactly the same when creating Raw

Material Equivalent data.

4 Exploring a material product protocol for assessing Societal
Metabolism

In the characterization of the subsectors of the economy i Chapter 4, I arrived to a point
of disaggregation where one could detect a relation between the different metabolic

benchmarks of the sub-sub-sectors and the technical characteristics of the different
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production processes taking place within them. However, an important limitation of this
approach was determined by the choice of categories of accounting done by statistical
offices, using the same category of accounting to characterize different types of production
processes. This mixing of different typologies of technical processes prevents the use of
data included in the end use matrix (HA, ETs and VA) for assessing the technical

characteristics of the processes.

By complementing the assessments of energy, human activity and value added with
assessments about the material inputs and outputs of the various subsectors, we can adopt
another strategy to differentiate what 1s happening inside these “black boxes” and improve
the interpretation of the differences i metabolic rates among subsectors. T will use an
example of characterization of an industrial sector and subsectors in order to illustrate the

1dea. Obviously, the approach can be applied to all economic sectors and subsectors.

4.1 Starting from a pre-analytical definition of typologies of material flows

Four general categories of material mputs and outputs are illustrated i Figure V-3:
(1) Raw material (RM) entering the subsector;
(11) Semi Finished Products In (SFPI) entering the subsector;
(1) Semi Finished Products Out (SFPO) coming out of the subsector;
(tv) Finished Products (FP) coming out of the subsector.

These categories can be used in order to detect differences among countries allocating
more of their mputs (energy carriers and labor) to more intensive processes - lLe.
production of raw material and semi-finished products. For example, following the example
of the analysis of the Paper, Pulp & Print subsector (in Chapter 4), the countries producing
Pulp - handling the flows (1) and (1) - are the ones that present the higher EMRs. We can
detect the peculiarity of this subsector without looking at the individual technical processes
taking place in it by indirectly analyzing the type of inputs (raw material) and outputs (semi-
finished and finished material products).

More in general we can say that: (1) raw materials are material inputs not produced by the
subsector (timber for doing pulp); (1) semi-finished products are products that can be
produced by the subsector, or that can be imported (pulp for making paper, paper for

making paper products); and (i) finished products are products going outside the subsector
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(paper products). By making this distinction it becomes possible to distinguish between 4

typologies of productive sectors and subsectors in manufacturing:

1.

Primary subsector industry: a subsector industry consuming more Raw

Materials (materials coming from outside the subsector) than Semi Finished
Products (materials coming from the subsector) - RM > SFPI;

Intermediate subsector industry: a subsector industry consuming less Raw
Materials (RM) than Semi Finished Products (SFPI) and producing more Semi
Finished Products (SFPO) than Finished Products (FP) - RM < SFPI & SFPO >
FP;

Final subsector industry: a subsector industry consuming less Raw Materials
(RM) than Semui Finished Products (SFPI) and producing more Finished
Products (FP) than Semi Finished Products (SFPO) - RM < SFPI & SFPO <
FP;

Vertically Integrated industry: a subsector industry consuming only Raw

Materials (materials coming from outside the subsector) and producing only

Finished Products (material products going outside the subsector) -

SFPI=SFPO=0

Raw material (RM)
Coming from outside the
subsector

Semi Finished Product In (SFPI) Finished Product (FP)
coming from inside the Going outside the
subsector subsector

Semi Finished Product Out (SFPO)
Going inside the subsector

inside each

Industry :>
# subsector #

Figure V-8 Type of material products coming in and out characterizing the subsectors

The use of these 4 categories for material accounting will help us to understand the

differences

subsectors

of metabolic patterns (EMRs and EJP) found when analyzing different

when adopting material flow accounting. In this way, we can also better

understand the implications of shifting biophysical processes of production to third

countries in terms of social, environmental and economic impact. In relation to the analysis

of the metabolic pattern of the investigated countries, we can identify economies where the

subsector studied 1s just residual - 1.e. the production of the subsector is not covering the
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domestic consumption. In alternative, we can identify countries with competitive subsectors

- due to comparative advantages - exporting a large amount of their production.

This analysis will require a material balance sheet - assessing the level of consumption of
the country in relation to the production of the subsector studied - according to the standard
equation: production + imports - exports - Astocks (applied to each one of the selected

products).

The same system of classification can be generalized at the level of whole sectors, in this
way one can classify countries that produce mainly raw materials and process them into
semi-finished products inside the industrial sector (iron & steel) from those that are only
assembling (machinery or transport equipment). This type of classification would be useful
i order to synthetize the metabolic characteristics of each country when comparing them
at the national level. Unfortunately, I could not apply properly these classifications in the
example developed here due to lack of data. The rest of the chapter presents the lessons

learned in this exercise.

4.2 Material products data sources

When looking at the statistics of material and products of European countries, there are

two big databases that could be useful for the purpose of this analysis:
(1) Material flows and resource productivity (env_mrp) (Eurostat, 2017b); and
(1) PRODuction COMmunautaire (PRODCOM) (prom) (Eurostat, 2017¢).

The first database comes from the Economy-wide material flow accounts (EW-MFA);
account materials reflecting the semantics of “raw materials” (top left corner in Figure V-1).
The logic of this choice 1s to use this assessment for checking environmental impacts. The
problem with the first database is that it does not match the Statistical Classification of
Economy Activity in the European Union (NACE 2).

The second database - PRODCOM - presents data allocated according to NACE. categories,
but it only provides information of material products produced. We do not know anything
about domestic consumption. The second database comes from the production of
manufactured goods statistics: account mining, quarrying and manufacturing products. The
semantics 1s the economic one referring to volume of products having economic
significance. It includes both raw materials and final products as described i Figure V-4.
This information is useful for monitoring the mputs and outputs of industry and to evaluate

market opportunities.
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Due to the compatibility of PRODCOM with the NACE classification and with the
previous analysis in chapter 3 and 4, I did not use the EW-MFA database and used
PRODCOM. However, this choice limits the analysis only to the outputs and with this
database 1t 1s not possible to classify the subsectors according to the method proposed

earlier.

On the basis of this data imitation, I propose to characterize each subsector using the same
approach of the end use matrix (as done in Chapter 3 and 4) by adding the biophysical
mformation of the material quantities of products coming out. In this way, I complement
the monetary information quantifying the output of the compartment studied as Value
Added, with biophysical data accounting the final products generated (Figure V-4).

Value Added

Europe

Country (Spain)

Sector (Industry)

i

Subsector (Iron & Steel)

Energy Carriers  Process(Casting)

» Electricity
> Foet )

Figure V-4 Flows and funds characterizing our analysis across scales.

IS

Our data array can therefore be complemented with quantitative assessments of material
flows. This addition makes it possible to mtroduce two new metabolic indicators
characterizing the system: (1) flows of product output (PO); and (1) Product Production
Rate (PPR), 1.e. quantity of mass of product per hour of labor (the flow of product divided
by the fund of human activity used to control the process). These new indicators present a
lot of new possibilities for characterizing the metabolic pattern of the economic process,
however, as explained below, at this moment they are used here simply to illustrate the new
protocol of analysis. When extending the analysis to include material flows, the data array

presented i chapter 3 would take the following form for each subsector analyzed:
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Extensive Variables

1 Intensive Variables l
A A
(-& s A4 \

[HA EMR,,, EMR,.;; EMRy, EJP PPR; PPR; PPR, ET,., EThat ETne VA PO; PO, PO]

V \ v J\ Y J
Fund element Fund/Flow ratios Flow elements
Where:

- HA: Human Activity measured m hours

- ET: Energy Throughput measured in MJ of electricity, heat and fuel

- VA: Value Added (at factor cost) measured i €

- PO: Product Output type 7 produced mn the sector measured i biophysical units
(could change depending on the product)

- EMR: Energy Metabolic Rate, measured in MJ of carrier 1 per hour of HA

- EJP: Economic Job Productivity, measured in € per hour of HA

- PPR: Product Production Rate, measured in biophysical units of product output 1

per hour of HA

4.3 Matenal products data sources: problems and assumptions

PRODCOM provides statistics on the production of manufactured goods, from sections B
(Mining & Quarring) to C (Manufacturing) of the Statistical Classification of Economy
Activity in the European Union (NACE Rev. 2). PRODCOM contains about 3900
different types of manufactured products hsted with codes of 8 digits. The first 4 digits
correspond to the producing enterprise given by the Statistical Classification of Economic
Activities in the European Community (NACE) and the first six correspond to the CPA
classification, the remaining digits specifying the product in more detail. Handling this
amount of data accordingly for all the subsectors represents a tremendous challenge, so 1
focused only on the Paper, Pulp and Print sector that I have already briefly outlined in

chapter 3 to illustrate the procedure.
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If we focus on the Paper, Pulp and Print sector (NACE codes 17 and 18), we find that the

PRODCOM database considers more than 140 categories of products for this subsector.

In order to handle this huge amount of data I have chosen 5 categories of products:

1.

4.

5.

Pulp (codes beginning in 1711) measured in kg of substance 90 % dry (kg
90% sdt) Table V-1

Paper & Paperboard (codes beginning in 1712) measured in kg,

Table v-2

Articles of paper and paperboard (codes beginning in 172) measured in
kg, Table V-3

Printing and related services (codes beginning in 181), Table V-4 and

Reproduction and recorded material (codes beginning in 182). Table V-5

The variety of products inside these categories varies from 4 items for Pulp (see Table V-1), to almost 50

items for the Paper & Paperboard (see

Table 129. As we can see, at this level of analysis the loss of information due to aggregation

of different types of products 1s important. Nonetheless, their conscious and transparent

aggregation help us to be aware of the current challenges of carrying this type of analysis

and understand the missing availability of methods able to carry out them. Additionally, the

large amount of missing and confidential data that we find in the PRODCOM database

makes the attempt to get relevant information even more difficult.

Table V-1 Products inside the Pulp category

PRCCODE

PRODUCTS

1711

Pulp

17111100

Chemical wood pulp, dissolving grades

17111200

Chemical wood pulp, soda or sulphate, other than dissolving grades

17111300

Chemical wood pulp, sulphite, other than dissolving grades

17111400

Mechanical wood pulp; semi-chemical wood pulp; pulps of fibrous cellulosic material other than wood

172



Chapter V: Material products matter, too

Table V-2 Products inside the Paper & Paperboard category

PRCCODE PRODUCTS
1712 Paper & paperboard
17121100 |Newsprintin rolls or sheets
17121200 |Hand-made paper and paperboard in rolls or sheets (excluding newsprint)
17121300 |Paper and paperboard used as a base for photo-sensitive, heat-sensitive or electro-sensitive paper; carbonising base paper; wallpaper base
17121410 |Graphic paper, paperboard : mechanical fibres <= 10%, weight < 40 g/m?
17121435 |[Graphic paper, paperboard : mechanical fibres <= 10%, weight <= 40 g/m? but <= 150 g/m?, in rolls
17121439 |Graphic paper, paperboard : mechanical fibres <= 10%, weight <= 40 g/m? but <= 150 g/m?, sheets
17121450 |Graphic paper, paperboard : mechanical fibres <= 10%, weight > 150 g/m?
17121470 |Graphic paper, paperboard : mechanical fibres > 10%
17122030 Cellulose wadding for household or sanitary purposes, in rolls of a width > 36 cm or in rectangular (including square sheets) with at least one

side > 36 cm in an unfolded state

Creped paper and webs of cellulose fibres for household/ sanitary purposes, in rolls, width > 36 cm, rectangular sheets min. one side > 36cm

17122035 in unfolded state, weight <= 25 g/m%/ply
Creped paper and webs of cellulose fibres for household/sanitary purposes, in rolls, width > 36 cm, rectangular sheets min. one side > 36 cm

17122057 |. .
in unfolded state, weight > 25 g/m/ply

17122090 |Paper stock for household : others

17123100 Uncoated, unbleached kraftliner in rolls or sheets (excluding for writing, printing or other graphic purposes, punch card stock and punch card
tape paper)

17123200 Uncoated kraftliner in rolls or sheets (excluding unbleached, for writing; printing or other graphic purposes, punch card stock and punch card
tape paper

17123300 |Semi-chemical fluting

17123400 |Recycled fluting and other fluting

17123520 [Uncoated testliner (recycled liner board), weight <= 150 g/m?, in rolls or sheets

17123540 |Uncoated testliner (recycled liner board), weight > 150 g/m2, in rolls or sheets

17124120 |Uncoated, unbleached sack kraft paper (excluding for writing, printing or other graphic purposes, punch card stock and punch card tape paper)

17124140 |Uncoated sack kraft paper (excluding unbleached, for writing, printing or other graphic purposes, punch card stock and punch card tape paper)

17124160 Uncoated kraft paper and paperboard weighing <= 150 g/m? (excluding kraftliner, sack kraft paper, for writing, printing and other graphic
purposes, etc)

17124180 |[Creped or crinkled sack kraft paper; creped or crinkled; in rolls or sheets

17124220 |Sulphite wrapping paper in rolls or sheets

17124240 Other uncoated paper and paperboard, in rolls or sheets, weight <= 150 g/m2 (excluding products of HS 4802, fluting paper, testliner, sulphite
wrapping paper, filter or felt paper and paperboard)

17124260 Other uncoated paper and paperboard, in rolls or sheets, weight > 150 g/m? and < 225 g/m? (excluding products of HS 4802, fluting paper,
testliner, sulphite wrapping paper, filter or felt paper and paperboard)

17124280 Other uncoated paper and paperboard, in rolls or sheets, weight <= 225 g/m2 (excluding products of HS 4802, fluting paper, testliner, sulphite
wrapping paper, filter or felt paper and paperboard)

17124330 |Uncoated filter paper and paperboard in rolls or sheets

17124360 |Uncoated felt paper and paperboard in rolls or sheets

17124400 [Cigarette paper (excluding in the form of booklets or tubes), in rolls > 5 cm wide

17125100 |Uncoated, inside grey paperboard

17125110 |Uncoated, inside grey paperboard

17125900 |Other uncoated paperboard

17125910 [Other uncoated paperboard

17126000 |Vegetable parchment, greaseproof papers, tracing papers and glassine and other glazed transparent or translucent papers

17127100 |Composite paper and paperboard in rolls or sheets (including strawpaper and paperboard) (excluding surface coated or impregnated)

17127200 [Paper and paperboard, creped, crinkled, embossed or perforated

17127335 |Coated base for paper..., for photo-, heat-, electro-sensitive paper, weight <= 150 g/m2, m.f. <= 10%
Coated bases for paper and paperboard of a kind used for: photo-, heat- and electro-sensitive paper and having 10 % or less of mechanical

17127336 |and chemi-mechanical fibres, and paper and paperboard of a kind used for writing, printing or other graphic purposes, which weight less than
or equal to 150g/m2

17127337 |Coated paper, for writing, printing, graphic purposes (excluding coated base, weight <= 150 g/m?)

17127360 |Light-weight coated paper for writing, printing, graphic purposes, m.f. > 10%

17127375 |Other coated mech. graphic paper for writing, printing, graphic purposes, m.f. > 10%, rolls

17127379 |Other coated mech. graphic paper for writing, printing, graphic purposes, m.f. > 10%, sheets

17127400 |Kraft paper (other than that of a kind used for writing, printing or other graphic purposes), coated with kaolin or with other inorganic substances

17127500 Kraft paperboard (other than that of a kind used for writing, printing or other graphic purposes), coated with kaolin or with other inorganic
substances

17127600 |Carbon paper, self-copy paper and other copying or transfer paper, in rolls or sheets

17127710 [Tarred, bituminized or asphalted paper and paperboard in rolls or sheets

17127733 _|Self-adhesive paper and paperboard in rolls or sheets

17127735 |Gummed paper and paperboard in rolls or sheets (excluding self-adhesives)

17127755 |Bleached paper and paperboard in rolls or sheets, coated, impregnated or covered with plastics weighing > 150 g/m? (excluding adhesives)

17127759 PIapze;r and paperboard in rolls or sheets, coated, impregnated or covered with plastics (excluding adhesives, bleached and weighing > 150
g/m

17127770 |Paper and paperboard in rolls or sheets, coated, impregnated or covered with wax, paraffin wax, stearin, oil or glycerol

17127780 |Other paper, paperboard, coated..., n.e.c.
Kraft paper and paperboard, coated on one or both sides with kaolin or other inorganic substances, in rolls or in square or rectangular sheets,

17127820 |of any size (excluding that for writing, printing or other graphic purposes; paper and paperboard bleached uniformly in the mass and containing
> 95% chemically processed wood fibres by weight in relation to the total fibre content)

17127850 _|Multi-ply paper and paperboard, coated, others

17127953 [Multi-ply paper and paperboard, coated, of which each layer in bleached

17127955 |Multi-ply paper and paperboard, coated, with 1 bleached outer layer

17127970 Paper/paperboard in rolls or sheets, coated on one/both sides with kaolin or other inorganic substances excluding of a kind used for any

graphic purposes, multi-ply paper/paperboard
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Table V-3 Products inside the Articles of paper and paperboard category

PRCCODE PRODUCTS

172 Articles of paper and paperboard

17211100 |[Corrugated paper and paperboard in rolls or sheets

17211230 |Sacks and bags, with a base width <= 40 cm, of paper, paperboard, cellulose wadding or webs of cellulose fibres

17211250 |[Sacks and bags of paper, paperboard, cellulose wadding or webs of cellulose fibres (excluding those with a base width <= 40 cm)

17211300 [Cartons, boxes and cases, of corrugated paper or paperboard

17211400 [Folding cartons, boxes and cases of non-corrugated paper or paperboard

17211530 |[Other packaging containers, including record sleeves, n.e.c.

17211550 |Box files, letter trays, storage boxes and similar articles of paper or paperhoard of a kind used in offices, shops or the like

17221120 [Toilet paper

17221140 [Handkerchiefs and cleansing or facial tissues of paper pulp, paper, cellulose wadding or webs of cellulose fibres

17221160 [Hand towels of paper pulp, paper, cellulose wadding or webs of cellulose fibres

17221180 |Tablecloths and serviettes of paper pulp, paper, cellulose wadding or webs of cellulose fibres

17221210 |Sanitary towels and tampons, napkins and napkin liners for babies and similar sanitary articles, of wadding

17221220 [Sanitary towels, tampons and similar articles of paper pulp, paper, cellulose wadding or webs of cellulose fibres

Napkins and napkin liners for babies and similar sanitary articles of paper pulp, paper, cellulose wadding or webs of excluding toilet paper,

17221230 ) - .
sanitary towels, tampons and similar articles

17221240 [Wadding; other articles of wadding

17221250 Articles of apparel and clothing accessories of paper pulp; paper; cellulose wadding or webs of cellulose fibres (excluding handkerchiefs,
headgear)

17221290 [Household, sanitary or hospital articles of paper, etc, n.e.c.

17221300 (Trays, dishes, plates, cups and the like of paper or paperboard

17231100 |Carbon paper, self-copy paper and other copying or transfer papers; duplicator stencil and offset plates of paper; gummed or adhesive paper

17231230 |Envelopes of paper or paperhoard

17231250 |Letter cards, plain postcards and correspondence cards of paper or paperboard

17231270 (Boxes, pouches, wallets and writing compendiums of paper or paperboard, containing an assortment of paper stationery

17231313 |Registers, account books, order books and receipt books, of paper or paperboard

17231315 [Note books, letter pads, memorandum pads, of paper or paperboard

17231317 |Diaries, of paper or paperboard

17231319 |Engagement books, address books, telephone number books and copy books, of paper or paperboard (excluding diaries)

17231330 |Exercise books, of paper or paperboard

17231350 |Binders, folders and file covers, of paper or paperboard (excluding book covers)

17231370 [Manifold business forms and interleaved carbon sets, of paper or paperboard

17231375 |Continuous multi-part business forms, including interleaved carbon sets, carbonless paper and books

17231379 [Multi-part business forms, including single leaf forms, interleaved carbon sets, carbonless paper and books (excluding continuous forms)

17231380 |Albums for samples, collections, stamps or photographs, of paper or paperboard

17231390 (Blotting pads and book covers, of paper or paperboard

17231400 [Other paper and paperboard, of a kind used for writing or printing or other graphic purposes, printed, embossed or perforated

17241100 |Wallpaper and similar wall coverings; window transparencies of paper

17241200 |Textile wall coverings in coverings 45 cm or more

17291120 |Self-adhesive printed labels of paper or paperboard

17291140 |Printed labels of paper or paperboard (excluding self-adhesive)

17291160 |Self-adhesive labels of paper or paperboard (excluding printed)

17291180 [Labels of paper or paperboard (excluding printed, self-adhesive)

17291200 |[Filter blocks, slabs and plates of paper pulp

17291910 [Cigarette paper in rolls of a width <= 5 cm or in the form of booklets or tubes

17291920 [Bobhins, spools, cops and similar supports of paper pulp, paper or paperboard used for winding textile yarn

17291930 |Bobbins, spools, cops and similar supports of paper pulp, paper or paperboard (excluding of a kind used for winding textile yarn)

17291951 |Filter paper and paperhoard cut to shape

17291955 [Rolls, sheets and dials of paper or paperboard, printed for self-recording apparatus

17291957 [Moulded or pressed articles of paper pulp

17291985 |Other articles of paper and paperboard n.e.c.

174



Chapter V: Material products matter, too

Table V-4 Products inside the Printing and related services category

PRCCODE PRODUCTS
181 Printing and related services
18111000 |Printed newspapers, journals and periodicals, appearing at least four times a week

18121100

Printed new stamps, stamp-impressed paper, cheque forms, banknotes, etc

18121230

Printed commercial catalogues

18121250

Printed trade advertising material (excluding commercial catalogues)

18121300

Printed newspapers, journals and periodicals, appearing less than four times a week

18121407

Printed books, brochures, leaflets and similar printed matter, in single sheets

18121414

Printed books, brochures, leaflets and similar printed matter (excluding in single sheets)

18121421

Printed children's picture, drawing or colouring books

18121428

Printed dictionaries and encyclopaedias, and serial instalments thereof

18121435

Printed maps, hydrographic or similar charts, in book-form

18121442

Printed maps, hydrographic or similar charts (excluding in book-form)

18121449

Printed postcards, whether or not illustrated

18121456

Printed cards bearing personal greetings, messages or announcements, whether or not illustrated, with or without envelopes or trimmings

18121463

Printed pictures, designs and photographs

18121910

Printed calendars of any kind, including calendar blocks

18121920

Printed music (including braille music)

18121930

Printed transfers (decalcomanias)

18121990

Other printed matter, n.e.c.

18131000

Composition, plate-making services, typesetting and phototypesetting

18132000

Printing components

18133000

Other graphic services

18141010

Bookbinding and finishing of books and similar articles (folding, assembling, stitching, glue, cutting, cover laying)

18141030

Binding and finishing of brochures, magazines, catalogues, samples and advertising literature including folding, assembling, stitching,
gluing, cutting cover laying

18141050

Binding and finishing including finishing of printed paper/cardboard excluding finishing of books, brochures, magazines, catalogues,
samples, advertising literature

Table V-5 Products inside the Reproduction and recorded material category

PRCCODE PRODUCTS
182 Reproduction and recorded material
18201010 [Reproduction of sound on gramophone records

18201030

Reproduction of sound on magnetic tapes of a width <=4 mm

18201050

Reproduction of sound on magnetic tapes of a width >4 mm but <= 6.5 mm

18201070

Reproduction of sound on compact discs

18202050

Reproduction of sound and vision video recording on magnetic tapes of a width > 6.5 mm

18202070

Reproduction of sound and vision on video discs and other supports (excluding magnetic tapes)

18203030

Reproduction of magnetic tapes bearing data or instructions of a kind used in automatic data-processing machines; of a width <=4
mm (excluding sound or vision recordings)

18203050

Reproduction of magnetic tapes bearing data or instructions of a kind used in automatic data-processing machines; of a width > 4
mm (excluding sound or vision recordings)

18203070

Reproduction of computer supports bearing data or instructions of a kind used in automatic data-processing machines (excluding
magnetic tapes, sound or vision recordings)
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Unfortunately, the PRODCOM database refers to products and not to activities, therefore
it 1s not strictly comparable with the NACE. codes of Structural Business Statistics. A second
problem 1s represented by the fact that PRODCOM presents data both in monetary values
(sold production, exports and imports) and in biophysical volumes (total production, sold
production, exports and imports). Here I will focus on the biophysical volumes in order to
analyze the biophysical relations between energy, labor and products. However, the two
assessments do not refer to the same quantity and this generates obvious problems of
accounting. The method still counts with the assessment of VA generation and EJP
idicators for checking the relations between biophysical and monetary information. But it
should be made extremely clear that this analysis no longer guarantees the congruence
between qualitative (intensive/benchmarks) variables and quantitative (extensive/volumes)

assessments, achieved in the tables presented in Chapter 3 and Chapter 4.

Data regarding Human Activity (HA), Value Added (VA) and Energy Throughputs (ET's)
came from the analysis of Manufacturing & Construction sector and subsectors in chapters

3 and 4.

To be consistent with the biophysical accounting, we should use in the assessment total
production data (the energy and human labor refer to the total production and not to the

sold ones). On the other hand, the VA refers to the sold and not to the production.

4.4 Energy and products data arrays, results and discussion

Looking at the example of the Paper, Pulp and Print subsector, PRODCOM only offers
data regarding total production for Pulp categories. The category of sold pulp, however,
has a much smaller quantity. Then, aggregating the material products data as explained in

the previous section I obtain Table V-6:
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Table V-6 Total and sold production coming out from Paper, Pulp and Print subsector, year 2012

2012 Pro-lc—iczjtcilion Sold Production
. PO_pul PO_pulp [PO_paper | PO_papap | PO_print | PO_Rep

Paper, Pulp and Print | ¢ "0 0| (ot | ko) 2l R )
EU-22 32E+10 | 1,3E+10 | 51E+10 | 4,7E+10 - -
Austria 8,9E+08 - 2,4E+9 8,5E+8 - -
Belgium - - 3,2E+8 1,5E+9 - -
Bulgaria - - 3,2E+7 2,6E+8 - -
Croatia 7,3E+07 3,0E+07 1,6E+8 2,2E+8 - -
Czech Republic - - 2,1E+8 8,6E+8 - -
Finland 1,0E+10 4,6E+09 4,6E+8 - -
Germany 3,0E+09 7,6E+07 1,5E+10 - -
Greece 0,0E+00 - 1,5E+8 3,2E+8 - -
Hungary - - - 5,6E+8 - -
Ireland 0,0E+00 - 3,7E+6 2,7E+8 - -
Italy 8,9E+07 | 8,7E+07 | 6,5E+9 R R
Latvia 0,0E+00 - - 4,3E+7 - -
Lithuania 1,5E+06 1,5E+06 1,1E+8 1,9E+8 - -
Netherlands - - 4,7E+8 2,0E+9 - -
Norway - 1,3E+08 - 1,1E+8 - -
Poland 1,3E+09 - 8,9E+8 3,7E+9 - -
Portugal 2,4E+09 | 2,1E+09 | 2,0E+9 1,0E+9 - -
Romania 0,0E+00 - 1,2E+8 4,9E+8 - -
Slovakia - - 3,8E+7 1,7E+8 - -
Spain 2,9E+09 1,4E+09 3,6E+9 5,0E+9 - -
Sweden 1,1E+10 4,6E+09 5,5E+9 7,8E+8 - -
United Kingdom - 0,0E+00 2,7E+9 5,4E+9 - -

From Table V-6 we can observe that the PRODCOM database does not offer any data
regarding Print & Related services, neither for Reproduction & Recorded materials. This
mmplies that not only does this database not provide coverage of the entire product (only a
subset of the producers 1s included in the database), but also that some categories of
products cannot be taken mto account when considering this result. Additionally, the
variation between total and sold production could be quite significant, even if we can
observe that the ranking between countries 1s not highly affected when adding this data to
the data arrays for energy, human activity and value added from the previous chapter,

obtaining Table V-7:
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Table V-7 Paper, Pulp & Print metabolic matrix of EU22 for the year 2012

2012 Proz%tf:ion Sold Production
n HA EMR_elec EMR_fuel | EJP PPR_pulp | PPR_pulp | PPR_paper | PPR_papro
Paper, Pulp and Print ahiyean) | | (MIM) (MJ/h) (€lh) (kg90"_/a§)dt/r§ (kgeo&fdmg (lj:)p (Ié;:)p
EU-22 1.937 218 391 15 34 23 9,5 26 24
Austria 48 358 1.040 8,5 57 19 - 51 18
Belgium 38 279 380 26 60 - - 8,6
Bulgaria 29 44 256 6,8 6,3 - - 1,10 88
Croatia 21 48 101 75 12 34 14 737 10
Czech Republic 63 96 280 3,2 16 - - 3,28 14
Finland 50 86 09 61 6 06 9 9,3
Germany 445 192 285 5,0 39 6,7 0,17 34 27
Greece 27 72 49 30 20 0,0 - 5,7 12
Hungary 42 47 71 2,8 13 - - - 13
Ireland 14 55 9,0 6,2 38 0,0 - 0,26 19
Italy 232 142 123 88 36 0,38 0,38 28
Latvia 74 16 23 0,0 11 0,0 - - 58
Lithuania 12 38 72 36 12 0,13 0,13 9,0 16
Netherlands 64 140 221 0,0 47 - - 73 31
Norway 15 968 527 0 6 - - - 7,1
Poland 150 91 245 11 18 84 - 59 25
Portugal 47 216 896 43 26 51 44 41 22
Romania 59 25 29 21 65 0,0 - 2,0 8,3
Slovakia 21 174 538 3.9 19 - - 18 83
Spain 174 107 313 26 32 16 7,9 21 29
Sweden 77 1.069 2.023 98 57 72 10
United Kingdom 302 129 88 3,7 35 - 0,0 8,9 18

In this table, we can corroborate the relation between high EMRs and the production of
Pulp (PPR,..). Moreover, we can see how the countries presenting the highest PPR in pulp
such as Finland (206 kg_90%_sdt/h) and Sweden (145 kg_90%_sdt/h) also present the
highest PPR on Paper and Paperboard (PPR,...): 213 and 72 kg/h respectively. This relation
can be explained by the integration of these two processes in many companies producing
pulp and paper in combination. Additionally, we can see how Portugal is also an important
pulp and paper producer with a PPR,., of 51 kg 909%_sdt/h and a PPR,..of 41 kg/h.
Nonetheless, we can observe a low value of PPRs and EMRs indicating a low level of
capitalization of the industry that could be linked to the low level of salaries/price of labor
(the EJP of Portugal of 26 €/h is less than half of Finland’s, of 67 €/h, or Sweden’s, of 57
€/h). On the other hand, we can see that the production of Pulp does not only require more
energy than the other products in the PPP sector, but also more HA (when looking at the
average production ratio at the level of EU22, we can see that PPR,., < PPRywe = PPRy).

Going back to the classification of typology of industry discussed at the beginning of this

section, because of lack of data regarding inputs, one cannot properly categorize the
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subsectors’ patterns found in EU countries. However, we can assume that the production
of pulp in these three countries 1s based on raw materials that are coming from outside the
subsector (basically wood and some used paper). In this sense, we can say that Finland,
Sweden and Portugal present a Paper, Pulp and Print (PPP) subsector profile which typical
of a Primary Subsector Industry. Namely, they are not cost shifting the environmental
immpacts associated with this intensive process to other social-ecological systems. Lastly, we

can take their EMRs and PPRs as typical benchmarks for this type of subsector.

On the other hand, when observing the metabolic pattern presented by Italy and probably
(due to lack of data) Belgium, one can see two countries having the highest PPR in the
“Articles of paper” and “paperboard category” (46 and 39 kg/h respectively), while their
EMRs profiles and the PPRs of pulp and paper are low. As a consequence of this fact, one
can classify the PPP subsectors of these two countries as Final Subsector Industry. This
difference can be confirmed comparing the value of EMRs and EJPs. In fact, EMRs from
these two countries are pretty low compared with the ones from the Primary Subsector

Industry. However, their EJPs (36 and 60 €/h) are similar to the other primary ones.

Due to the lack of data, it 1s difficult to 1dentify other countries presenting a clear pattern of
Intermediate or Vertical Integrated industry. However, analyzing imports and exports, we

will get more information regarding this issue.

From the Import and Export data I obtain Table V-8, which 1s based on available data. In
this table, we can see once again how Finland, Sweden and Portugal are exporters of Pulp;
and Italy a main importer of it for producing paper products for exports. Thanks to this
new data, one can detect that the Netherlands clearly represent an Intermediate Subsector
Industry. This pattern can be 1dentified by the fact that the Netherlands present intensive
mmportation and exportation in all the products. When looking at its EMRs and EJP, we
can see a high EJP (47 €/h), coupled with a low EMRs. When looking at the Economic
Energy Intensity (MJ/€) of this sector, one could say that the country presents a decoupling
or dematerialization of the chrematistic (VA generation) and biophysical performance.
However, the reality 1s quite different as we can see, and it is just the effect produced by
trade allocating chrematistic benefits to the traders of the country and shifting the

biophysical (or socioenvironmental) costs to other Social-Ecological Systems.
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Additionally, we can see that the UK 1s a net importer for all types of PPP products when
looking the Physical Products Trade Balance (Export-Imports). This analysis makes us
aware of the fact that values of EMRs and EJP found in this country are not relevant
benchmarks. They are instances of processes reflecting historic circumstances. When
talking about expected characteristics of typologies of product industries in the PPP
subsector, the data describing processes in the UK do not indicate an industry that has been
shaped by constrains (their production 1s not essential in shaping the metabolic pattern of
the economy). This type of information can be used to reduce the variability showed in the
boxplots represented in chapter 4 when looking for benchmarks to be used for creating

scenarlos.

Table V-8 Export, Import and Physical products trade balance for EU22 countries, year 2012

2012 Export Import Physical Products Trade Balance
Paper & Paper & Paper &
A Paper pulp Paper & Paper pulp Paper & Paper pulp Paper &

Paper, Pulp and PNt | 1.; o0gg i |papervoaraia)| **"°%" | (kg o090 ) |papemboara k)| Po80o" | (kg o0 st [papemvoama)| Po5o
Austria 3,8E+08 4,2E49 53E+8 6,8E+08 14E49 4,7E+8 -3,0E+08 2,7E+09 6,8E+07
Belgium 8,5E+08 3,5E+9 8,6E+8 1,0E+09 4,1E+9 84E+8 -14E+08 -5,9E+08 1,7E+07
Bulgaria 8,0E+07 1,2E48 3,3E+7 2,1E+07 3,0E+8 7,0E47 5,9E+07 -1,7E+08 -3,7E+07
Croatia 0,0E+00 1,3E+8 72E+7 10E+05 29E+8 8 1E+7 -1,0E+405 -1,6E+08 -9,4E+06
Czech Republic 3,6E+08 6,7E+8 51E+8 1,6E+08 1,3E+9 4TE+8 2,0E+08 -5,9E+08 4,0E+07
Finland 8,9E+9 2,0E+8 4,9E+08 4,.8E+8 9,5E+7 2,0E+09 84E+09 1,0E+08
Germany 1,0E+09 -3 4E+09 2,8E+09 1,4E+09
Greece 1,2E+07 9,1E+7 5,2E+7 9,8E+07 6,0E+8 14E+8 -8,6E+07 -5,1E+08 -8,5E+07
Hungary 4,4E+06 6,1E+8 2,2E+8 9,4E+07 7,8E+8 2,5E+8 -0,0E+07 -1,7E+08 -2,3E+07
Ireland 0,0E+00 2,3E+7 9,7E+7 3,9E+07 3,9E+8 2,4E+8 -3,9E+07 -3,6E+08 -1,4E+08
Italy 9,8E+06 34E+9 1,3E+9 5,0E+9 34E+8 -2,9E+09 -1,6E+09 1,0E+09
Latvia 8,3E+06 33E+7 59E+7 9,3E+06 1,7E+8 52E+7 -1,0E+06 -14E+08 7,4E+06
Lithuania 3,8E+07 1,3E+8 1,0E+8 4,9E+07 2,3E+8 1,3E+8 -1,2E407 -1,1E+08 -2,9E407
Netherlands 2,5E+9 8,7E+8 2,6E+9 9,7E+8 -5,3E+08 -1,0E+08 -0,0E+07
Norway 0,0E+00 0,0E+0 0,0E+0 0,0E+00 0,0E+0 0,0E+0 0,0E+00 0,0E+00 0,0E+00
Poland 17E+07 22E+9 1,1E+9 6.4E+08 34E+9 4,248 -6,2E+08 -1,1E+09 6,7E+08
Portugal 1,1E+09 1,8E+9 1,8E+8 9,1E+07 8,3E+8 18E+8 9,8E+08 9,7E+08 -6,2E+05
Romania 7,8E+05 1,0E+8 6,6E+7 7,4E+07 5,6E+8 1,7E+8 -7,3E+07 -4,6E+08 -1,1E+08
Slovakia 1,9E+08 6,5E+8 24E+8 1,2E+08 4,0E+8 2,3E48 7,8E+07 2,4E+08 9,6E+06
Spain 1,1E+09 3,0E+9 74E+8 8,6E+08 29E+9 5.2E+8 2,1E+08 1,0E+08 2,3E+08
Sweden 4,4E+8 4,8E+08 94E+8 3,5E+8 2,6E+09 9,6E+09 8,9E+07
United Kingdom 8.9E+06 14E+9 4,5E+8 9,1E+08 6,2E+9 10E+9 -00E+08 -4,8E+09 -5,7E+08

Another mteresting observation about Germany emerging here 1s that it 1s a country
mmporting raw materials and exporting finished products (in relation to the subsectors, that
means, importing pulp and exporting Paper and Paperboard products). This 1s a clear Final
Subsector Industry (FSI) following the classification proposed. When comparing its EMRs
and EJP with our other FSI (Italy, and Belgium less because it produces some pulp as
shown the Import-Export data that show their shghtly higher EMRs), we can see that the
method proposed presents robust relations between energy metabolic patterns, product

metabolic ones and the specific classification of type of subsector in relation to the types of
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mput-outputs. This study basically consists in trying to identify the specific biophysical

processes happening at lower levels in the subsectors.

5 Value added, labor, energy or material efficiency?

Sadi Carnot already warned in his seminal book Reflections on the motive power of fire,
and on machines fitted to develop that power (Carnot, 1897) about giving too much
credibility to field of thermodynamics and its conception of efficiency when conducting

political decisions:

“We should not expect ever to utilize in practice all the motive power of combustibles.
The attempts made to attain this result would be far more hurtful than useful if they
caused other mmportant considerations to be neglected. The economy of the
combustible [efliciency]/ is only one of the conditions to be fulfilled in heat-engines.
In many cases it is only secondary. It should often give precedence to safety, to
strength, to the durability of the engine, to the small space which it must occupy, to
small cost of mstallation, etc. To know how to appreciate m each case, at their true
value, the considerations of convenience and economy which may present
themselves; to know how to discern the more important of those which are only
accessories; to balance them properly against each other; i order to attain the best
results by the simplest means: such should be the leading characteristics of the man
called to direct, to co-ordinate among themselves the labors of his comrades, to make
them co-operate towards a usetul end, of whatsoever sort it may be” [p. 126 emphasis

added].

Additionally, as has already been discussed in the mtroduction of this chapter, there are
two distinct interpretations of the concept of efficiency in energetics: (1) the maximum ratio

between output and input; and (2) the maximum power output (per unit of time).

Here I will discuss the tradeoff of these conceptions using the indicators n relation to the
requirement of human activity (productivity of labor). To do so, I use two different
mdicators: (1) Energy Metabolic Rates (e.g. Electricity, Heat and Fuel consumption in the

sector per hour of work) - this indicator reflects the level of capitalization of the sector,
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based on the assumption that in order to use more commercial energy per hour of labor
more power capacity must be available to the workers; (1) Product Production Rate
(Production of Pulp, Paper and Paper Products per hour of work); and (i11) Economic Job
Productivity (Value Added in monetary terms per hour of work in the sector). All these
mdicators are related to the required investment of human time (hour of labor) and are
effective to analyze features of Societal Metabolism. On the contrary, when analyzing the
effect of human actions on EFcosystem Metabolism we can look at the metabolic pattern
from a less anthropocentric view and study the effects on the environment using
assessments of densities of flows per hectare (Madrnd, Cabello and Giampietro, 2013;
Madrid-Lopez and Giampietro, 2015; Lomas and Giampietro, 2017). This would require

considering the same indicators but per hectare of land use.

The analysis of the performance of a sector or subsector shows the existence of trade-offs
over the use of production factors. For example, in the process of production of products
there 1s an effect of substitution of human labor with energy inputs (especially electricity).
That 1s to say, we can detect the differences between one country that produces 10 kg of
paper and 1 € of VA with 1 hour of labor and consumes 10 MJ of electricity vs. one that

produces 10kg of paper and 1 € with 10 hours of labor and consumes 10 MJ. The trade-

offs associated with these two different profiles cannot be studied using simple indicators
such as Economic Energy Intensity and Material intensity. Following this logic, we can get

a distinction over two types of definitions of mput/output as illustrated i Figure V-5.

182



Chapter V: Material products matter, too

1000 -
B o e C
800
A
< 600 A -~
= -
o
=5 -
- ~
2
8 400 - *'
o 7
-8 -~
o e
zm b - al /
A & > D
O T T T L] 1
0 200 400 600 800 1000
EMR (MJ/h)

Figure V-5. Discussing efliciency with EMR vs PPR.

In the plane of Figure V-5 we can identify three types of directions: (1) direction A-D,
indicates an ineflicient change that increases the use of energy without increasing
production; (1) direction A-B, indicates an efficient change that increases production
without increasing energy use; and (i11) direction A-C, indicates that we are just increasing
the scale of production consuming the same proportion of energy per product. In this plane,
all the slopes lower than | 1| (in absolute value) are inefficient and all the slopes higher than

| 1] are efficient.

On the other hand, if we adopt a multiscale integrated approach, we can see that what can
be perceived as mefficient at one level could generate benefits at another level. This will
happen, for example, when moving between two points creating a slope lower than 1. That
1s, by increasing PPR at a lower grade than the increase in EMR. In that case, we are
consuming more energy per product. However, as we are mcreasing the PPR we require
less human time per product, which means that at the scale of the society we are getting a
net benefit on the human time budget (we need less time for producing food for example).
This assumes that the extra hours that we are freeing from this subsector can be mvested in
a more remunerative sector - e.g. the service sector - improving the services provided by

soclety.
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As we can see with this example, optimizing efficiency at one level (and within a subsector)
at a time 1s misleading. In this way, we are neglecting other important trade-offs taking place
in society when re-adjusting the overall profile of production factors among sectors. On the
other hand, an increase in the production per hour (PPR), by consuming more exosomatic
energy per product, could also be a desirable objective for many social actors if this
translates mnto increased salaries for workers, more taxes for the government, surplus value
for the capitalists, and a reduction in price for the consumers. Human history shows that
many social conflicts generated by the class struggle have been resolved with this logic -
making all social actors happy by using more natural resources. As we can see, this way of
solving social conflicts increase environmental impacts associated with the direct use of
energy in the production, but also the ones associated with the concentration of production
(requirement of big nfrastructures, concentration of environmental impacts, more
transport requirement, etc.). Are we aware of this problem when dealing with
environmental problems? How useful 1s the narrative of “maximizing efficiency” (which
efficiency?) for dealing with sustainability issues? Are Material Intensity and Economic

Energy Intensity proper indicators to carry out an informed discussion on these topics?

6 Using the plan EMR and PPR to discuss of efficiency

In chapter 2 I have already analyzed the correlation between EMR and EJP discussing the
Economic Energy Intensity indicator. Here I will analyze the relation of the value of EMR
electricity (the assessment is per a specific type of energy carrier instead of per Gross Energy
Requirement) with the values of PPR and EJP at the level of the Paper, Pulp and Print
subsector. I skip the figures illustrating the relations between the other two energy carriers
(heat and fuel) metabolic rates to simplify the analysis as they do not add relevant
mformation for what I want to discuss here. It 1s important to mention that the correlation
between energy and heat EMRs (R*= 0,95 without Norway) is very strong in the PPP
subsector, as only Norway presents a more intensive use of electricity than the other
countries (which could be explained by their huge amount of hydro resources making

electricity cheaper).
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In Figure V-6 we can see the relation between the production per hour of work (PPR) and
the consumption of electricity per hour of work (EMR..). Both variables are correlated (R*
=0,96), which 1s in line with the assumption of using EMR as a proxy of capitalization: more
power capacity will consume more energy and produce more. Moreover, the slope 1s 0,15,
which means that the increment of production of pulp i1s done by consuming more energy
per unit of output (almost 7 MJ more per 1 kg 90%sdt). Therefore, we can argue that there
1s no decoupling or dematerialization when mvesting more capital in the production of pulp,
but the contrary. The maximum power principle (maximum EMR) 1s imposed 1n this case

to the maximum output per input efficiency conception (Product per energy consumed).

PPR_Pulp vs EMR_Electricity, EU22 PPP sector, 2012
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Figure V-0. PPR_Pulp vs EMR_electricity at the Paper, Pulp and Print subsector of EU22, year 2012

In Figure V-7 I represent the relation between the PPR of paper and paperboard and the
EMR electricity. As one can see, the correlation is also high (R*=0,83), and again the slope

1s tending to be i favor of productivity instead of saving energy.

When we look at the Paper products PPR 1n relation to electricity EMR, we get Figure V-8.
Here we can see clearly two groups of countries in relation of the type of subsector industry
already discussed: one performing a metabolic pattern of a Final Subsector Industry (the

majority of European countries) and another as a Primary subsector industry (Finland,
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Norway and Sweden). On the other hand, we can see how the first group of countries

presents a slope that seems to be more towards an efficient trend, that 1s, consuming less

quantity of energy per unit of product produced when increasing the capitalization (EMR).
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On the other hand, if we analyze the PPR in relation to EJP (Figure V-9), we can see that
there 1s no clear correlation between these two indicators. However, this plane makes it
possible to clearly identify the different behavior of the countries producing mostly pulp
(Portugal, Sweden and Finland). The cluster of pulp producers is still on the top of the line
if we look at the production of paper (Figure V-10) - even though Finland and Sweden are
quite distant from Portugal (more capitalization and more forests!). The last graph referring
to the plane PPRe... and EJP clearly shows that, when dealing with Final Product Industry
(Figure V-11), the biophysical root of the process is less important. In this graph, it 1is
difficult to detect clusters or clear patterns. These product categories require a more

sophisticated economic analysis than one based on the PRODCOM database.
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Figure V-9. PPR_Pulp vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012
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PPR_Paper vs EJP, EU22 PPP sector, 2012
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Figure V-11. PPR_PaperProducts vs IJP at the Paper, Pulp and Print subsector of EU22, year 2012

Last but not least, analyzing the relation between electricity EMR vs EJP for the Paper, Pulp

and Print subsector I arrive at Figure V-12. This figure could have been already generated

i chapter 3 or 4 as it 1s not using any material product data. Nonetheless, after seeing the
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data regarding production, exports and imports of products we can now identify the
different types of subsector industries operating in this compartment. In this sense, we can
understand better the patterns identified there: the pulp producers follow one trend

(Finland, Sweden, Norway and Portugal) whereas the other follow another one.
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Figure V-12. EMR_electricity vs EJP at the Paper, Pulp and Print subsector of EU22, year 2012

7 Conclusions

In this chapter, I have introduced the possibility of using data about material products in
order to mmprove the analysis of the metabolic pattern of society. To do this, I have
developed a new protocol according to the general framework of MuSIASEM and new

theoretical elements that open a wide new range of assessment opportunities.

Thanks to the mtroduction of material products data in the data arrays, I have been able to
identify new metabolic patterns inside the subsectors that can only be detected when
looking at material flows. In this sense, the import and export data have been crucial to see
what countries are producing what and for whom. This information 1s essential to increase
our understanding of why and for what countries are using energy. Therefore, this extended
mtegrated assessment could be used for improving the quality of the information used to

discuss environmental agreements between countries.
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Additionally, this information could also be used to calculate cost shifting associated with
particular production processes and trace who 1s getting the benefits of consuming the final
products. A better identification of the metabolic patterns associated with more specific
processes allows us to reduce the variability of boxplots used to identify benchmarks, which
can then be used for building scenarios. Finally, an integrated analysis of this type can be
used to 1dentify more competitive countries (with a higher level of export) and more

capitalized ones (with higher EMRs and PPR) for each type of material product.

The new methodological tools presented here make it possible to operationalize the
analysis of the concept of efficiency, by clarifying the implications of its different
mterpretations: maximum power principle and maximum output per input. Both principles
are operating at the same time but at different scales: (1) the maximum output allows
mcreasing diversity at the large scale; (i1) the mimmimum mput per unit of output allows the
optimization of specific processes at the local scale. Only a multiscale integrated approach
can handle the co-existence of these two principles in a coherent analysis. Moreover, I have
shown how Economic Material Intensity and Economic Energy Intensity are not useful
indicators for handling these discussions over sustainability. In fact, they are blind to the
mmportant tradeoffs between the use of resources and the working time allocated in a

concrete mode of production.

‘When looking at the specific outputs of the analysis of the Paper, Pulp and Print subsector,
we can say that Finland, Sweden and Portugal (but no PRODCOM data for Norway!) are
clearly net producers of Pulp and Paper. This 1ssue makes them consume more energy per
unit of value added generated (in chapter 3 we saw that Finland consumes 106 MJ/€, while
Bulgaria and Spain just 64 and 20 MJ/€ respectively). Their metabolic patterns are clearly
different from the others. Portugal, another net producer, presents a clearly lower level of
capitalization when comparing its EMRs and EJP with Finland and Sweden. In spite of this
big difference, the use of the set of indicators presented here - levels of exportation and
PPR,., and PPR,... - makes it possible to identify its subsector as a Primary Subsector
Industry. On the other hand, the physical products trade balances and its PPRs rates makes
the PPP sector of Italy a clear Final Subsector Industry. That 1s, it imports pulp and paper
produced elsewhere and then it produces paper articles for exporting. Therefore, Italy

present low EMRs i relation to pulp and paper producers, but is still able of having a
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higher PPR,.... Finally, the Netherlands 1s the only country that I have been able to identify
as a clear Intermediate subsector industry. That 1s, 1t 1s importing and exporting a great

amount of all types of products in the subsectors, presenting a high EJP for low values of

EMREs.

The analysis of product production rate vs. electricity metabolic rate shows the co-existence
of different tendencies in the evolution of pulp and paper processes. Those having natural
resources optimize the production per hour (PPR) at the expense of consuming more
energy carriers per product. On the other hand, it seems that the production of paper
product technologies represents a saving on energy when having a greater capitalization

process.

This chapter represents an important step forward in the development of the Multi-Scale
Integrated Analysis of Societal and Ecosystem Metabolism methods integrating and
systematizing the material products to the general energy analysis. Applying this method for
the analysis of all manufacturing and mining sectors will represent an enormous challenge

due to the huge variety of product types (more than 3900 in PRODCOM)).

Nonetheless, I have shown here that by looking at some smart aggregations of these
products i semantically relevant categories it becomes possible to identify the existence of

different metabolic patterns in analogous sectors and subsectors across countries.

Another important result is the awareness that the present indicators based on the analysis
of matenal flows (as (Material intensity or Domestic Material Consumption) do not provide
accurate nformation regarding sustainability 1ssues. this chapter shows that an effective
mtegration of biophysical and monetary analysis in a multiscale integrated approach 1s

crucial for generating relevant information for the governance of sustamability 1ssues.
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“Scientific knowledge 1s as much an understanding of the diversity of situations for which a

theory or its models are relevant as an understanding of its limits.”

LElinor Ostrom

Conclusions

Throughout this study, I have presented the evolution of my work trying to answer the main
research question of my PhD thesis: How to identily the most relevant factors determining
the performance of the metabolic pattern of modern societies? This progression has started
from a conventional application of the MuSIASEM method looking at the relation of
energy (gross energy requirement thermal), value added and human activity for the cases of
China and India - this 1s the analysis presented in chapter 2. From an historical analysis of
these factors in these countries, I have been able to individuate relevant aspects explaining
the differences in the changes of the metabolic patterns of these countries: (1) the differences
i the level of capitalization of the different sectors in the two countries; (1) the different
effects that this capitalization generated on the materials standard of living in the household
sector in the two countries. Another important factor identified by the MuSIASEM analysis

1s the role played by demographic structural changes that took place n the studied period.

Once famiharized with the MuSIASEM method, I have introduced a new protocol of
analysis to capable of keeping separated the accounting of energy forms of different quality
by carrying out the accounting of “energy” no longer in Joule of gross energy requirement,
but i different “Joules” referring to different energy carriers. This distinction became
crucial when discussing the feasibility (Primary Energy Sources availability), wviability
(productive forces converting PES to End Uses) and desirability (the compatibility of the
effect of end uses with normative values and institutions guaranteeing he stability of the
social fabric) of the energy systems. With this new distinction, I have analyzed the metabolic
pattern of the main economic sectors for EU27+Norway. This analysis has shown the

existence of important differences among the values found in different sectors and countries
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confirming the usefulness of the approach proposed. Two main points were evident from
this analysis: (1) by looking at metabolic characteristics (the relation between the
consumption of energy carriers, the mput of labor and the generation of value added) at
the level of the whole country does not provide the information required to study the
performance of the economy; (11) when considering the economic sector as composed of
lower level sub-compartments, in order to understand the characteristics observed when
looking at a compartment, one has to study the characteristics of the sub-compartments

composing it.

The attempt to extend the analysis of the end-use matrix to lower level subcomponents has
been quite challenging for three reasons: (1) the mcompatibility of sector and subsectors
databases in relation to human activity and value added accountings; (1) the huge amount
of data to be handle multiplying the splits of sectors and subsectors across 28 countries; (i11)
the energy balances databases do not spht satisfactorily the service sector (the most
mmportant sectors in the countries analyzed). These represent limits of the protocols
presented here when using the set of databases I used in this thesis. On the other hand, this
can also be considered as a positive result of this thesis. My analysis shows that that current
organization and data sets supplied by official statistical offices need further homogenization
to make possible a multiscale mtegrated analysis. As discussed in chapter 3 the analysis
provided shows that using existing databases we cannot study the complex relation between

environmental, social and economic aspects affecting the pattern socio-ecological systems.

Because of these reasons I have been able to present in detail the end-use matrix for only
the industrial subsectors of EU22 countries. The results obtained at this lower level of
analysis complement and confirm the previous ones. The overall performance of a country
cannot be obtained by using simplistic indicators or ratios. It requires a complex analysis
across scales and levels of organization. For this analysis, I had to mtroduce new analytical
tools as the Metabolic Structural table or the Normalized Chromatic Intensity in order to
help the visualization of the complex set of relations studied. Both tools show significant
potentialities when presenting multiscale ntegrated analysis. Furthermore, the use of
boxplots presented in chapter 4 proved to be effective in identifying some benchmarks that

can be used for creating scenarios.
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However, at the end of this investigation I could clearly see that also when moving to the
subsector level there are still significant metabolic differences among the same type of
compartment operating in different countries. The analysis of the metabolic rates can tell
us something about the difference n typologies of processes, but in order to be able to
explain differences in performance across the metabolic pattern of socio-economic systems
something more 1s needed (1.e. a more accurate tracking of the biophysical processes on
the basis of homogeneous characteristics of their production functions - the technical
coefticients used to produce products). Unfortunately, open access databases do not allow
to get this information. For this reason, I decided to expand the mputs of information
getting into the end-use matrix accounting also for materials flows. By doing so, I could
achieve two important mmprovements: (1) identify relevant categories of production
processes taking place at lower level than subsectors, and (1) characterize the level of
openness of the subsectors (the degree of externalization to other socio-ecological systems).
The problem to face for this task was data availability. In fact, the EW-MFA matenal
databases do not map into NACE classification, and this makes it impossible to relate them
to the results obtained mm my previous analysis. On the other hand, I found that
PRODCOM databases - accounting for production, products sold, exported and imported
products - do map into NACE classification. This made me able to relate it with my
previous analysis. To achieve this result, I have developed a protocol that is able to
differentiate types of products in relation to the compartment analyzed and to classify this
compartment in relation to its openness to the market. An exploration of these ideas
presented m Chapter 5 confirms the potentialities of the proposed method. Again, this
exploration has been limited by the lack of coherence and availability of data: PRODCOM
database presents a large amount of missing and confidential data, and some limitations

when relating with SBS database.

In conclusion, I can answer my research question by saying that the MuSIASEM approach:
(1) 1s a very promising tool to be used for identifying the factors determining the
performance of the metabolic pattern of modern society; (1) it is possible to develop
protocols capable of integrating quantitative data coming from non-equivalent descriptive
domains across scales and dimensions; (i1) this method present great potentialities for the

identification of the trade-offs associated with policies determining changes in the mix of
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energy carriers, mix of products, end uses and level of openness of the compartments. On
the negative side: (1) this approach requires the ability of handling, storing and processing a
huge amount of data, and therefore it would require a team of people pooling together
different typologies of expertise; (1) the application of the proposed protocols requires a
huge effort for forcing different statistics talk to each other. Available databases present
problems of incoherence when using data referring to different scales of analysis and data
gathered using different logics i the choice of the statistical categories. It should be noted
that the required data are maybe gathered by statistical offices, but the problem 1s that they
are not mcluded i the statistical products they provide to the public. In my view, the
possibility of flagging the importance of this problem, using practical examples of analysis,
should be considered as another important result of the present work. I can only hope that
in the future when statistical offices will be required to support sustainability analysis with
more effective data, they will produce the data input required for a more effective

characterization of the metabolic pattern of modern societies.
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Outlook for future research

As already mentioned in the introduction, I did not have time to carry out the last

exploration I had planned to do in my PhD.

The 1dea I wanted to explore was to analyze the relation between the utilization factor (UF)
of energy converters (the technology used to use energy carriers) and the human activity
associated with the given end uses. In a practical example, this would be the UF of a car
(UF 1s 3% of the total hours in a year) and the effect that this energy converter has on the
standard of living of the person using it. In fact, depending the different type of institution
- e.g. private property vs. shared property - the utilization factor of an energy converter can
be greatly changed, without a similar change in the standard of living of the user - e.g. car
sharing. This 1ssue refers to the complex relations we can find between both energy (input
flows) and energy converters (fund elements) used to satisfy human necessities and generate

enjoyment of life (Georgescu-Roegen, 1975).

From previous analyses carried out in the MuSIASEM group, one of the surprising
observations made when analyzing the metabolic pattern of modern societies, was that most
of the power capacity (PC, energy converters giving the capacity of consuming useful energy)
1s not allocated mn the production sector, but in the household one (see Table VI-1). This
fact 1s totally overlooked by economic analyses focusing only on “factors of production”
missing the elephant in the room: for being able to consume a lot you also need “factors of
consumption”! Every household in a modern society 1s equipped with many appliances: a
fridge, a freezer, a washing machine, a stereo, a television, a computer, a stove, an extractor
hood, a dishwasher, an iron, a clothes dryer, a toaster, an oven, an air conditioner, a hair
dryer, a coffeemaker, etc. The most powerful machine that we found in the household

sector 1s not inside the homes, but in front of them: the car.

Another striking result when looking at the analysis of the power capacity used by the
household sector 1s its very low utilization factor (UF) when compared with the UF of the
energy converters (capital technology) used in the paid work sector. Many of the appliances

used in the household are used a negligible fraction of time over the year (see Table VI-1
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Power Capacity and its Utilization Factor of Spain per capita, for the year 2004. Adaptation
from Diaz-Maurin, F. (2016) and Giampietro M. et al. (2014).).

Table VI-1 Power Capacity and its Utilization Factor of Spain per capita, for the year 2004. Adaptation
from Diaz-Maurin, F. (2016) and Giampietro M. et al. (2014).

Human Energy . S
Energy Throughput .. Metabolic Power Capacity (kW) Utilization Factor (%)
Activity
(GJ-GER) st Rate
(MJ/hour) | PC-Elec PC-Fuels | PC-Elec H PC-Fuels

Whole Society 141 8.760 16 7,9 51 42 - - -
Households 37 78] 5 [ e8| 40
Service & Government 43 598 70 0,95 -
Building & Manufacturing 43 280 159 0,48 1,0
Agricultures 4,3 48 90 0,05 0,1
Energy & Minig 12 8 1.537 0,11 -

This difference becomes logic when considering the different functional roles that
converters are fulfilling in the two sectors: (1) in the paid work sector, when producing, the
goal 1s to maximize the production of the capital mvested, (i1) in the household, when
consuming, the goal 1s to maximize the enjoyment of life determined by the diversity of
functions that one can carry out whenever wanted (i.e. cars are parked most of the time
because people want to use them whenever they want). This maximization of the diversity
of owned durable goods 1s promoted by advertising and by the material values proposed by
the consumer society, but it can also be associated with a feeling of freedom and
mdependence perceived by many people when they have a great diversity of energy
converters under control. One could also see that this logic follows the maximum energy
flux principle (Lotka, 1922) or the maximum power principle (Odum and Pinkerton, 1955).
Then, the 1dea I wanted to study was: when dealing with the metabolic pattern of modern
socleties 18 1t possible to complement the maximization of the energy flux with a
concomitant maximization of UF? Can we still enjoy the advantages of a very high level of

energy services while reducing at the same time the requirement of technological funds?

When discussing how to deal with the shortage of resources and how to reduce the socio-
environmental impacts of the metabolism of modern societies, the goal of obtaining a low
utilization factor of the energy converters used i the household sector should be a top
priority in terms of policies to be implemented. In fact, if the UF of the converters in the
households was to be increased, we could maintain the material standard of living while

using a lower quantity of converters. This would translate into an important reduction of
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the overall requirement of energy, materials and human time in the productive sectors and
relative pollution. This 1dea can be found m many authors claiming alternative solutions
such as the prosperous way down (Odum and Odum, 2001), prosperity without growth
(Jackson, 2009), living better with less (Sempere, 2009), the wealth of commons (Bollier
and Helfrich, 2012) and the de-growth narrative (D’Alisa, Demaria and Kallis, 2014). In
spite of the fact that this idea has been out there for a while now, there 1s an important lack
of quantitative assessments of the possible trade-offs that can be associated with such a
policy. A multiscale integrated approach to the analysis of scenarios of end-uses could fill

this gap of information.

Mainstream economics tends to neglect all the economic activities happening outside the
market. Ecological economics criticized mainstream economics for the lack of
consideration of environmental 1ssues. But only femnist and imformal economics has been
mterested 1n a systemic analysis - including quantitative assessments - of the other relevant

economic relations taking place outside the market in modern societies.

Using the MuSIASEM approach, one can look inside the Household (HH) sector to gather
this type of quantitative information (which I do not develop during this thesis). On the
other and, some quantitative studies of the metabolic pattern of households based on
applications of MuSIASEM have been carried out i the European Project SMILE
(www.smile-fp7.eu/). According to the grammar developed there, within the HH sector, the
categories to be used for the accounting of human activity have been defined as: (1)
physiological overhead (PO): 1.e. the maintenance and reproduction of humans, including
activities such as sleeping, eating or personal care; (1) unpaid work (UW) or chores, 1.¢e. the
transformation and transaction activities carried out either by individuals or by social
organizations in informal economy; (111) leisure and education (LE), 1.e. transformation and
transaction activities carried out either by individuals or by social organization in the
mformal economy in relation to leisure and education (Giampietro, Mayumi and Sorman,
2012). In these categories of human activity we can find all the activities taking place outside
the market, including the activities of people under the legal age, the workers when outside

work, and the retired, disabled and unpaid homemakers.

198



Chapter VI Conclusions

Starting from an analysis of the UF of converters in relation to the set of activities done
under the labels “work” or “unpaid work”, we should explore a richer taxonomy of
definitions for human activities and define in which institutional settings these different
categories can be implemented. This will depend on the different logics that characterize
the relation between work and the distribution of its benefits (see Figure VI-1 Typologies

of work 1n relation to the distribution of its benefits.).

Available Human Activity

Primary Secondary Thertiary
Sector Sector Sector
Work is forced and its
Slavery benefits plundered.
y
Monetarized- - Time-based Work is paid with
c dified Non-Monetarized- currency time from others.
ommocitie Commodified
Work Work The work is given
Altruism without expecting a
reward.
Market Public Policy A Trust-Confidence Self-production
CARDINAL Bureaucracy Barter circles (without
EXCHANGE REDISTRIBUTION RECIPROCITY exchange)
. P Work is not paid with
Work is paid by a Work is paid for a money, maI':e direct Work is not paid with money, but The benefits of the
company, or political decision, h 4 for oth with similar kind of treatment work is self-consumed
directly by the public funds. exchange for other one has done to others. by the worker
goods or services. "
consumer.

Figure VI-1 Typologies of work in relation to the distribution of 1ts benefits.

In this richer taxonomy of work types, work 1s defined as any human activity that can
generates some type of benefit that 1s possible to be distributed. In that sense, only sleeping,
resting, and personal care (the physiological overhead) are subtracted from THA and all
the rest 1s considered in MuSIASEM as Disposable Human Activity (DHA). DHA
represents all the amount of human time that can be interpreted as mvested in “different”
typologies of valuable work. With this new taxonomy, the categories of education, leisure
and unpaid work should be substituted by fuzzy set of categories, which can overlap with
each other within the concept of conviviality. For example, a person can learn (education)
from doing reciprocity work (e.g., organizing a party for his/her community) and at the same

time taking pleasure in doing so (leisure) (Max-Neef, 1994).
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The 1dea with this new taxonomy of definitions of work 1s to analyze the possibility of
generating different metabolic patterns associated with different work institutions. Humans
could cover their basic needs with a wide range of alternative ways when considering new
types of institutions. It would be an interesting exercise to check the feasibility, viability and
desirability of different metabolic patterns generated in this alternative characterization.
The first step would be to explore the interesting benefits of creating commons managing
converters, which could boost the UF of many devices reducing the energy and material
use 1n the production sector without renouncing to the material benefits of using them
(access). The relevant effects of distinction and other psychosocial effects associated with
the ownership of products (Bourdieu, 1984) would also need some attention, but could
probably be compensated by the benefits obtained when building identity through
collectivity. However, increasing the UF of converters (reducing the requirement of
technological funds) can be upset by the increase in the time required to build and run the
mstitutions needed to regulate the use of the common converters. It is not sure in terms of
desirability what the final effects of this trade-off will be. In fact, following the work of
Elionor Ostrom (1990), creating a common 1s not costless, it needs: (i) time for building
trust; (1) monitoring and enforcement costs, making sure the other party sticks to the terms
of the arrangement, and taking appropriate action, and (1) managing difficulties to

overcome spatial (and temporal) disconnects between benefiters and damaged actors.

On the other hand, after having characterized the biophysical patterns of the production
sectors, we can assess (at least in very coarse terms) the energy and HA that could be
potentially reduced by reducing the production (consumption) of durable products in a

scenarlo of sharing energy converters.

Nowadays, we see a flourishing of mitiatives in this direction: community gardens, tool
libraries, joint workshops, banking cooperatives, etc. These mitiatives emphasize the
empowerment of people and the social benefits of the creation of communities. However,
one cannot ignore the effects on the overall socio-ecological systems where they are
embedded. Some of the questions to be answer would be: can we generalize these practices?
Which types of trade-offs on the profile of human time have to be handled? What types of
personal and social skills are needed for these types of organizations? How can we educate

for conflict resolutions? Some of the prelimiary exploration of these questions seems to
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point to the fact that people hate the continuous risk of experiencing social conflicts and
prefer to have their own properties (sharing avoidance). Moreover, some people prefer to
pay some amount of money for someone to manage the converters rather than managing
them directly. This means moving the use of durable goods to a service paid sector
(privately or publicly managed). Moreover, different convertors follow very different
patterns of use and different people present very different patterns of use of the same

convertors.

In conclusion, further research is needed to clanfy the potential role of the sharing of energy
converters and exosomatic devices. The first step would be to identify which convertors
present better opportunities (as transport devices), and which do not (smartphones, for
example, seem to be one of the most personal devices). Moreover, new information and
communication technologies (ITC) are reducing the transaction costs not only in the
market, but also in the mformal economy, which 1s creating a new pool of opportunities
that need to be evaluated accordingly. Within this context, we will have to keep asking
ourselves: are these new improvements generating additional problems because of Jevons’
paradox? How does society use the resources which have been saved? Is it possible to
mmplement this kind of policy in the absence of a real shortage of resources? Which kind

of regulation could handle the elusive trade-offs of local and global performance?
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Table A - 1 Main indicators of China at level n from 1971 to 2010

China Level n
* Constant values 2000
Year TET THA GDP EMRSA EEI GDP per capita
1Y) (h) (1079 US$™) (MJ/h) MJ/US $%) (MJ/person)  (US$*/person)
1971 16.348 7,47E+12 107 2,19 152,7 19.181 126
1972 17.184 7,64E+12 111 2,25 154,6 19.711 127
1973 17.817 7,81E+12 120 2,28 148,6 19.972 134
1974 18.276 7,96E+12 123 2,30 149,0 20.114 135
1975 20.168 8,10E+12 133 2,49 151,2 21.822 144
1976 20.845 8,21E+12 131 2,54 1589 22.243 140
1977 22.692 8,32E+12 141 2,73 160,7 23.893 149
1978 24.721 8,43K+12 158 2,93 156,7 25.682 164
1979 25.131 8,04K+12 170 2,94 148,1 25.765 174
1980 25.0561 8,65E+12 183 2,90 136,9 25.380 185
1981 24.864 8,77E+12 192 2,84 129,2 24.846 192
1982 25.639 8,90E+12 210 2,88 122,1 25.222 207
1983 26.660 9,02E+12 233 2,95 114,56 25.881 226
1984 28.275 9,14E+12 268 3,09 105,4 27.095 257
1985 28.990 9,27EK+12 304 3,13 95,2 27.387 288
1986 29.998 9,42K+12 331 3,19 90,6 27.903 308
1987 31.533 9,67E+12 370 3,29 85,3 28.850 338
1988 33.260 9,73E+12 411 3,42 80,8 29.957 371
1989 33.947 9,87E+12 428 3,44 79,3 30.120 380
1990 36.514 1,00E+13 445 3,65 82,1 31.936 389
1991 35.850 1,01E+13 486 3,53 73,8 30.952 419
1992 37.054 1,03E+13 554 3,61 66,8 31.624 473
1993 39.201 1,04E+13 632 3,78 62,0 33.076 533
1994 40.988 1,05E+13 715 3,90 57,3 34.200 596
1995 43.802 1,06E+13 793 4,13 55,3 36.164 655
1996 45.368 1,07E+13 872 4,23 52,0 37.069 713
1997 46.911 1,08E+13 953 4,33 49,2 37.946 771
1998 47.803 1,09E+13 1.028 4,37 46,5 38.315 824
1999 47.414 1,10E+13 1.106 4,30 42,9 37.694 879
2000 49.517 I,11E+13 1.198 4,46 41,3 39.069 946
2001 50.330 1,12E+13 1.298 4,50 38,8 39.435 1.017
2002 53.008 1,13E+13 1.416 4,71 37,4 41.267 1.102
2003 60.303 1,13E+13 1.558 5,33 38,7 46.664 1.205
2004 67.956 1,14E+13 1.715 5,97 39,6 52.279 1.319
2005 73.276 1,15E+13 1.909 6,40 38,4 56.041 1.460
2006 80.053 1,15E+13 2.151 6,95 37,2 60.901 1.637
2007 84.357 1,16E+13 2.457 7,29 34,3 63.844 1.859
2008 87.341 1,16E+13 2.693 7,01 32,4 65.768 2.027
2009 94.175 1,17E+13 2.940 8,06 32,0 70.569 2.203
2010 101.200 1,17E+13 3.246 8,62 31,2 75471 2.421

Sources: IEA (2010), NBSC (2011) & World Bank (2012).
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Table A - 2 Main indicators of India at level n from 1971 to 2010

India Level n
*Constants values 2000
Year TET THA GDP EMRSA EEI GDP per capita
1Y) (h) (1079 US$™) (MJ/h) MJ/US $*)  (M]/person)  (US$*/person)
1971 6.551 4,96E+12 119 55,0 11.561 210
1972 6.704 5,08E+12 118 56,6 11.562 204
1973 6.886 5,20E+12 122 1,32 56,3 11.602 206
1974 7.175 5,32F+12 124 57,9 11.809 204
1975 7.441 5,45E+12 135 55,1 11.962 217
1976 7.748 5,08E+12 137 56,4 12.164 216
1977 7.964 5,71E+12 147 54,0 12.209 226
1978 7.995 5,85E+12 156 1,37 51,3 11.97 233
1979 8.370 5,99E+12 148 56,7 12.24 216
1980 8.589 6,13E+12 158 1,40 54,5 12.27 225
1981 9.044 6,28E+12 167 54,1 12.623 233
1982 9.405 6,42E+12 173 1,46 54,4 12.829 236
1983 9.718 6,07E+12 185 1,48 52,4 12.956 247
1984 10.141 6,72K+12 193 1,01 52,7 13.219 251
1985 10.668 6,87E+12 203 1,55 52,7 18.598 258
1986 11.066 7,08E+12 212 1,58 52,1 18.797 265
1987 11.497 7,18E+12 221 1,60 52,1 14.025 269
1988 12.117 7,34F+12 242 1,65 50,1 14.465 289
1989 12.708 7,50E+12 256 1,70 49,6 14.851 300
1990 13.261 7,60E+12 270 1,73 49,0 15.177 310
1991 13.795 7,81E+12 273 1,77 50,5 15.467 307
1992 14.345 7,97E+12 288 1,80 49,7 15.763 317
1993 14.673 8,13E+12 302 1,80 48,6 15.808 325
1994 15.242 8,29E+12 322 1,84 47,3 16.106 340
1995 16.089 8,45E+12 347 1,90 46,4 16.682 359
1996 16.608 8,61E+12 373 1,93 44,6 16.903 379
1997 17.258 8,76E+12 388 1,97 44,5 17.249 388
1998 17.679 8,92E+12 412 1,98 42,9 17.358 404
1999 18.771 9,08E+12 442 2,07 42,4 18.114 427
2000 19.143 9,23E+12 460 2,07 41,6 18.164 437
2001 19.448 9,39E+12 484 2,07 40,2 18.152 452
2002 19.992 9,54E+12 502 2,10 39,8 18.363 462
2003 20.494 9,69E+12 544 2,12 37,6 18.532 492
2004 21.733 9,84E+12 590 2,21 36,9 19.353 525
2005 22.578 9,99E+12 644 2,26 35,0 19.805 H65
2006 23.729 1,01E+13 704 2,34 33,7 20.508 609
2007 25.071 1,08E+13 773 2,44 32,4 21.355 659
2008 26.213 1,04E+13 812 2,01 32,3 22.012 681
2009 28.269 1,06E+13 885 2,67 31,9 23.407 733
2010 29.002 1,07E+13 963 2,70 30,1 23.682 787

Sources: IEA (2010), OECD (2012) & World Bank (2012).
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Table A - 3 Main indicators of China at level n-1 from 1971 to 2010.

China Level n-/
* Constants values 2000
Year ETI’\\ ETIIII HA]’\\' HAHH EMRI’\\' EI\/IRHH ELPrw ELP"“/EN/I Rev
1) P (h) (h) (MJ/h) (MJ/h) (10"3 USS*/h) - (10°3 USS*/MJ)

1971 8.098 8.250
1972 8.670 8.514
1973 9.110 8.707
1974 9.418 8.857
1975 10.847 9.321 9,02Ik+11  7,19E+12 12,02 1,30 0,15 12,3
1976 11.383 9.462
1977 12.821 9.871

1978 14.530 10.191  9,49E+11 7,48E+12 15,31 1,36 0,17 10,9
1979 14.772 10.359  9,69L+11 7.08L+12 15,24 1,37 0,18 11,5
1980 14.733 10.318  1,00E+12 7,65L+12 14,72 1,35 0,18 12,4
1981 14.336 10.527  1,08L+12  7,73L+12 13,88 1,36 0,19 13,4
1982 14.932 10.707  1,07E+12  7,84E+12 13,96 1,37 0,20 14,1
1983 15.713 10.947  1,10E+12  793L+12 14,33 1,38 0,21 14,8
1984 17.037 11.238  1,14E+12  8,00E+12 14,97 1,40 0,24 15,7
1985 17.391 11.599  1,18L+12 8,10L+12 14,77 1,43 0,26 17,5
1986 18.190 11.808  1,21E+12 821E+12 15,03 1,44 0,27 18,2
1987 19.446 12.087  1,25L+12  8,33L+12 15,61 1,45 0,30 19,0
1988  20.792 12.467  1,28L+12 8,44L+12 16,22 1,48 0,32 19,8
1989  21.386 12.560  1,31L+12  857L+12 16,38 1,47 0,33 20,0
1990  23.945 12568  1,53E+12  849E+12 15,68 1,48 0,29 18,6
1991 23.084 12.766  1,041+12  8,60L+12 14,95 1,48 0,31 21,0
1992 24.438 12.615  1,56L+12 8, 70LE+12 15,67 1,45 0,36 22,7
1993  26.513 12.688  1,08L+12 881L+12 16,83 1,44 0,40 23,8
1994  28.435 12553 1,09E+12 891LE+12 17,88 1,41 0,45 25,1
1995  30.946 12855  1,60E+12  9,01E+12 19,28 1,43 0,49 25,6
1996  34.333 11.035  1,63E+12  9,10E+12 21,12 1,21 0,54 25,4
1997  34.076 12835  1,66E+12  9,18E+12 20,70 1,40 0,58 28,0
1998  35.481 12.321  1,67E+12  9,26L+12 21,31 1,33 0,62 29,0
1999  34.971 12443 1,68E+12  9,34F+12 20,78 1,33 0,66 31,6
2000  36.942 12574 1,70E+12  9,40E+12 21,74 1,34 0,71 32,4
2001 37.607 12723 1,72F+12  946FE+12 21,91 1,34 0,76 34,5
2002  40.036 12972  1,73E+12  9,53E+12 23,18 1,36 0,82 35,4
2003  46.799 13503  1,74F+12  9,08FE+12 26,92 1,41 0,90 33,3
2004  53.728 14.228  1,75E+12  9,64E+12 30,69 1,48 0,98 31,9
2005  58.470 14.806  1,76E+12  9,69E+12 33,23 1,63 1,08 32,6
2006  64.619 15434 1,77E+12  9,75E+12 36,56 1,68 1,22 33,3
2007  68.184 16.173  1,78F+12  9,80E+12 38,40 1,65 1,38 36,0
2008 70.877 16.464  1,78E+12 9,80E+12 39,79 1,67 1,61 38,0
2009 76.910 17.265  1,79F+12  9,90F+12 43,03 1,74 1,65 38,2
2010  83.037 18.165  1,79E+12 9,95E+12 46,29 1,82 1,81 39,1

Sources: IEA (2010), NBSC (2011), ILO (2012) & World Bank (2012).
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Table A - 4 Main indicators of India at level n-1 from 1971 to 2010

India Level n-1

* Constant values 2000

Year ETw ETw HAw HAu EMRw EMRun ELPwy ELPw/EMRw

® @) 0 0 M/ MR (1078 (1073
LIQQ* /1) LIQQ* NATY

1971 2963  3.88

1972 3041 3.664

1973 3154 3732  506E+11 469E+12 623 080 0,24 38,8

1974 3373 3.802

1975 3538 3903

1976 3741 4.007

1977 3853 4.1l

1978 3789 4206 520E+11 5,32E+12 7,17 0,79 0,29 41,1

1979 4067  4.304

1980 4199 4390 563E+1l 557E12 746 0,79 0,28 37,5

1981  4.563 4481

1982 4.822 4584 G6I3E+1l 581EF12 787 0,79 0,28 35,8

1983 5.046 4672 598E+11 597E12 844 0,78 0,31 36,7

1984 5371 4769

1985 5797 4.870

1986 6.092 4974

1987 6392 5.105

1988 6.898  5.219

1989 7.362 5346

1990  7.828 5433 G697E+1l 696E+12 1124 0,78 0,39 34,6

1991 8262 5533  7,19E+11 7,10E<12 11,60 078 0,38 33,1

1992 8715 5630 798E+ll 724E+12 1196 0,78 0,40 33,1

1993 8972 5701 7AE+1L 739E12 1206 0,77 0,41 33,7

1994 9433 5809 768E+ll 759412 1229 0,77 0,42 34,2

1995 10.156 5933 780E+1l 7,67E+12 1303 0,77 0,44 34,1

1996 10678 5930 79IE+1l 78212 1349 0,76 0,47 34,9

1997 11198 6060 800E+11 796E+12 1399 0,76 0,48 34,6

1998 11480  6.199 793E+11 8I3E+12 1448 0,76 0,52 35,9

1999 12462 6309 8,I5E+11 8206E+12 1530 0,76 0,54 35,5

2000 12752 6390 83%F+11 SAOE+12 1532 0,76 0,55 36,1

2001 12978 6470 856E+11 853E+12 1517 0,76 0,57 37,3

2002 13.388  6.604 879F+11 867E+12 1536 0,76 0,58 37,5

2003 13752 6742  889E+I1 880E+12 1547 077 0,61 39,6

2004 14775 6959 9,2E+11 89IE+12 1595 0,78 0,64 39,9

2005 15478 7101  938E+11 9,05E+12 1650 0,78 0,69 41,6

2006 16416  7.312  9AIE+Il 9,19E+12 1745 080 0,75 12,9

2007 17.575 7496  959E+11 93%E+12 1833 080 0,81 14,0

2008 18530  7.683 978E+11 945E+12 1896 081 0,83 43,8

2009  20.395  7.874  993E+11 959E+12 20,54 082 0,89 43,4

2010 20930  8.071 1,07E+13

Sources: IEA (2010), OECD (2012), ILO (2012) & World Bank (2012).
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Table A - 5 Main indicators of China at level n-2 from 1971 to 2010. Sources: IEA (2010), NBSC (2011), ILO (2012), World Bank (2012) & UN (2011).

China Level n-2
*Constant values 2000
Yeu EDw EDn  ELe  HAw HA» HA« ((’llgf(;" %11339 ((’llgf() EMR. EMR. EMR<  ELP. ELP: ELP..
D (PD (PD (h) (h) (h) US$*) US$*) US$*) (MJ/h) (MJ/h) (MJ/h) (US$*/h) (US$*/h) (US$*/h)

1971 480 7.109 509 36 41 30

1972 530 7.589 551 37 43 31

1973 576 7.943 591 40 47 34

1974 602 8.181 636 49 48 33

1975 660 9.490 696 6,92E+11 L21E+11  8,90E+10 43 55 36 0,95 78,39 7,82 0,06 0,45 0,40
1976 679 9.998 707 43 54 34

1977 746 11.296 778 42 61 38

1978 825 12.855 850 6,651+11 1,631+11 1,20E+11 A4 69 A4 1,24 78,76 7,07 0,07 0,43 0,37
1979 848 138.037 887 6,73E+11 1,70E+11 1,27E+11 53 75 42 1,26 76,90 6,98 0,08 0,44 0,33
1980 789 13.096 847 6,841+11 1,81E+11 1,35E+11 55 80 48 1,15 72,31 6,26 0,08 0,44 0,35
1981 782 12727 898 7,00E+11  1,88LE+11 1,45E+11 62 81 50 1,12 67,67 5,71 0,09 0,43 0,34
1982 801 13.246 885 7,251+11 1,96E+11 1,48E+11 69 86 55 1,10 67,54 5,96 0,10 0,44 0,37
1983 832  13.929 953 7,32E+11  2,04E+11 1,61E+11 77 93 63 1,14 68,29 5,93 0,10 0,46 0,39
1984 895 15.133  1.010 7,25E+11 2,20F+11 1,87F+11 86 105 78 1,23 67,15 5,39 0,12 0,46 0,42
1985 890 15459 1.041  7,32E+11  244F+11  2,02E+11 85 116 104 1,22 63,35 5,16 0,12 0,47 0,51
1986 944  16.144  1.108  7,34E+11  2,64E+11  2,12L+11 89 126 116 1,28 61,25 5,19 0,12 0,48 0,55
1987 982  17.291 1178  744E+11  2,76E+11  2,26E+11 96 140 133 1,32 62,75 5,19 0,13 0,51 0,59
1988 1.029 18.475 1.288  7,08LE+11  2,86LE+11  2,39k+11 103 156 152 1,36 64,70 5,39 0,14 0,55 0,64
1989 1.018  19.021 1.347  7,81E+11  2,81E+11  2,43E+11 107 163 158 1,30 67,59 5,54 0,14 0,58 0,65
1990 1.265  21.369 1.311  9,14E+11  3,26k+11  2,87kE+11 120 165 160 1,38 65,63 4,57 0,13 0,51 0,56
1991 1.314  20.340  1.430  9,19E+11  3,29E+11  2,96E+11 117 180 189 1,43 61,76 4,83 0,13 0,55 0,64
1992 1.298  21.533  1.607  9,09E+11  3,37E+11  3,13E+11 116 211 9297 1,43 63,33 5,13 0,13 0,62 0,73
1993 1.8320  23.231 1.962  8,85E+11  3,52E+11  3,38E+11 126 253 253 1,49 66,06 5,80 0,14 0,72 0,75
1994 1.379  25.253 1.803  8,61E+11  3,60E+11  3,70E+11 143 293 279 1,60 70,18 4,87 0,17 0,81 0,75
1995 1.525  27.457 1964  8,35E+11  3,68E+11  4,02E+11 159 325 309 1,83 74,63 4,89 0,19 0,88 0,77
1996 1.020  30.601 2.712  8,18kE+11  3,81E+11  4,27E+11 174 366 331 1,25 80,37 6,36 0,21 0,96 0,78
1997 1.594  30.156  2.325  8,19E+11  3,89E+11  4,39E+11 172 400 381 1,95 77,55 5,30 0,21 1,03 0,87
1998 1.722  31.517 2242  8,27E+11  3,90E+11  4,49E+11 185 411 432 2,08 80,79 5,00 0,22 1,05 0,96
1999 1.824  30.610 2.538 841E+11  3,86E+11  4,57E+11 177 442 486 2,17 79,32 5,56 0,21 1,15 1,07
2000 761  32.884  3.297  847E+11  381E+11  4,71LE+11 180 479 539 0,90 86,28 7,00 0,21 1,26 1,14
2001 792 33471 3.344  8,55E+11  3881E+11  4,79E+11 182 519 597 0,93 87,74 6,98 0,21 1,36 1,25
2002 847 35732 3457  8,61LE+11  3,69E+11  4,98L+11 198 552 666 0,98 96,96 6,94 0,23 1,50 1,34
2003 965  42.050 3.785 8, 51E+11  3,74E+11  5,18E+11 202 623 732 1,18 112,35 7,38 0,24 1,66 1,43
2004 1.187  48.098  4.493  8,19E+11  3,93E+11  5,39E+11 293 703 789 1,39 122,49 8,33 0,27 1,79 1,46
2005 1.252 52427 4.791  7,86E+11  4,18E+11  5,66E+11 299 802 878 1,59 125,567 8,61 0,29 1,92 1,58
2006 1.306  58.132  5.182 7,01E+11 4,44E+11 5,73E+11 237 904 1011 1,74 130,92 9,05 0,32 2,03 1,77
2007 1.269  61.874 5540  7,22E+11  4,74E+11  5,79E+11 270 1032 1155 1,76 129,38 9,57 0,37 9,18 1,99
2008 1.216  64.047 5.614 7,03E+11 4,83E+11 5,95+11 296 1104 1292 1,73 132,60 9,44 0,42 2,29 2,17
2009 1.265  70.061  5.584 6,79E+11 4,95E+11 6,13E+11 294 1176 1470 1,86 141,43 9,11 0,43 2,37 2,40
2010 1.341  75.816  5.880 6,56+11 5,13E+11 6,24F+11 325 1331 1591 2,04 147,71 9,42 0,49 2,59 2,55
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Table A - 6 Main indicators of India at level n-2 from 1971 to 2010. Sources: IEA (2010), OECD (2012), ILO (2012), World Bank (2012), UN (2011) & Planning Commission (2012).

India Level n-2
*Constant values 2000
Year ET. ETs ETs HA. HAx HAs CDP\(.V (("118/}\:')‘ GDPs EMR.c EMR:s EMRs¢ ELP AG F{LPP\ lﬂrLP«,
(15)) P]) P]) (h) (h) (h) (1079 USS™) USS;) (1079 USS™)  MJ/h)  (MJ/h) MJ/h) - (US$*/h) (US$*/h)  (US$*/h)

1971 58 2.273 632 50 20 49

1972 65 2.351 624 50 20 49

1973 72 2.460 622 5% 20 48

1974 70 2.653 650 52 22 50

1975 65 2.801 672 53 24 58

1976 71 2.991 679 51 26 60

1977 77 3.079 697 56 27 65

1978 90 2.994 706 58 31 67

1979 92 3.206 769 52 31 65

1980 110 3.336 754 58 32 68

1981 123 3.649 791 58 &5 73

1982 109 3.915 797 59 36 78

1983 111 4.097 838 65 39 82

1984 123 4.348 900 64 40 89

1985 133 4.773 891 65 45 93

1986 148 5.070 875 66 47 100

1987 173 5.310 909 66 46 108

1988 185 5.728 985 75 53 114

1989 209 6.139 1.014 77 56 123

1990 233 6.522 1.073 81 60 130

1991 269 6.858 1.135 82 57 134

1992 286 7.267 1.162 87 61 141

1993 325 7.480 1.168 88 63 151

1994 381 7.824 1.229  5,27E+11 1,34E+11 1,06E+11 93 71 158 0,72 58,17 11,56 0,18 0,53 1,49
1995 388 8.439 1.32 94 80 173

1996 436 9.094 1.148 104 86 183

1997 480 9.528 1.190 101 85 202

1998 506 9.832 1.143 107 87 218

1999 517 10.731  1.214 111 88 243

2000 481 11.039  1.232  4,96LE+11 1,34E+11 2,03LE+11 106 97 258 0,97 82,66 6,07 0,21 0,72 1,27
2001 467  11.290  1.222 111 97 276

2002 486  11.647  1.255 106 106 291

2003 560  11.936  1.257 114 109 321

2004 568 12944  1.263 112 118 360

2005 561 13.674  1.243 5,22EE+11 1,78E+11 2,39E+11 122 129 393 1,08 76,95 5,21 0,23 0,73 1,65
2006 613  14.470  1.334 127 148 430

2007 647  15.487  1.440 139 162 472

2008 666  16.294  1.571 138 162 511

2009 564 18.122 1.709 159 168 558

2010 593 18512  1.825 183 173 607
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Table B - | NCI by countries of electricity EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR-;'S;;'V”’ iy AS HH | PW | AF | EM | MC | sG | AFO | FI [scnTs| TS
EU27+N 3 0,7 8,0 57 19 8 5 13
Austria 3,4 0,9 27 6 487 65 12 6 0 10
Belgium 3,2 0,8 12 12 - -
Bulgaria 19 0,6 35 1 257 28 23 1 - 22 -
Cyprus 2,1 0,9 15 9 202 14 15 9 10 15 0
Czech Republic 2,5 0,6 20 11 301 27 11 11 15 10 22
Denmark 2,5 0,8 22 310 44 13 0 13 10
Estonia 2,7 0,7 22 15 245 27 13 15 14 4
Finland 6,4 1,9 22 142 23 23 0 23 14
France 3,0 1,0 17 81 17 - -
Germany 3,0 0,7 0 387 90 0 - -
Greece 2,3 0,8 18 10 469 37 11 11 0 11 2
Hungary 15 0,5 13 5 149 18 10 5 10 10 13
Ireland 2,3 0,8 20 11 217 53 10 11 0 10 1
Italy 2,2 0,5 52 9 349 66 9 - -
Latvia 15 0,4 40 2 55 59 - -
Lithuania 14 0,4 27 2 161 29 18 2 - 18 -
Luxembourg 53 0,8 43 49 115 24 49 - 18
Malta 2,0 0,7 17 3 32 14 3 2 14 0
Netherlands 2,8 0,7 26 60 14 0 14 15
Norway 245 11
Poland 1,6 0,3 14 1 111 18 9 1 0 10 8
Portugal 19 0,6 16 5 268 30 10 5 11 11 6
Romania 11 0,3 9 1 101 18 5 1 0 4 7
Slovakia 2,1 0,4 21 8 269 38 10 8 0 9 14
Slovenia 2,8 0,7 25 0 251 51 13 0 0 13 11
Spain 2,2 0,7 21 10 379 45 13 10 0 13 16
Sweden 5,8 18 47 14 120 22 14 0 21
United Kingdom 2,2 0,8 36 21 220 60 22 - - 21 -

Table B - 2 NCI by countries of heat EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR_heat (MJ/h)
AS HH PW AF EM MC SG AFO Fl SG_nTS TS
2012
EU27+N 4 1,7 103 15 15 10 14
Austria 170 23 37 6 34
Belgium 85 - -
Bulgaria 2 - 6 -
Cyprus 4 0 & 0
Czech Republic 20 0 11 14
Denmark 76 0 4 4
Estonia 9 0 3 0
Finland 40 0 2 15
France 18 - -
Germany 0 - -
Greece 2 5 2
Hungary 10 6 16 4
Ireland 0 0 8 8
Italy 4 - -
Latvia - -
Lithuania 6 - 9 -
Luxembourg 61 - 18 4
Malta 0 0 3 0
Netherlands 32
Norway 11 3 1 24
Poland 19 0 8
Portugal 1 3 3 24
Romania 1 0 5 4
Slovakia 16 0 13
Slovenia 2 0 1 7
Spain 3,2 0,8 33 22 H 99 4 23 0 4 11
Sweden 4,6 0,7 45 45 632 171 8 46 0 2 25
United Kingdom 43 [P 54 22 | 897 | 86 20 - - 20 -
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Table B - 8 NCI by countries of fuel EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR_fuel (MJ/h)
AS HH PW AF EM MC SG AFO Fl SG.nTS| TS
2012
EU27+N 4 1,9 26 17 71 | 2 182 37
Austria 5,6 33 22 4 11 41 22 0 1 827
Belgium 5,9 94 126 2 12 119 126 - -
Bulgaria 1,7 0,3 37 7 0 1 61 7 - 0 -
Cyprus 6,2 2,2 48 19 56 6 62 20 0 1 1.779
Czech Republic 2,8 1,0 20 43 5 1 29 44 0 0 445
Denmark 5,0 2,4 35 180 27 12 35 140 1 75
Estonia a5 1,7 21 61 34 7 24 64 0 3 236
Finland 5,6 33 65 46 33 62 129 4 458
France 4,4 2,0 72 74 17 6 87 67 - 7 -
Germany 4,8 53 0 6 5 78 0 - _:
Greece 3,5 14 1 19 g 16 0 24 0 279
Hungary 2,0 0,7 17 16 4 3 23 16 0 0 383
Ireland 6,0 42 45 55 14 48 46 0 7 888
Italy 3.3 2,1 39 37 7 6 52 35 - 1 -
Latvia 29 1,2 62 20 10 71 - - 5 -
Lithuania 2,3 1,4 25 6 6 3 35 6 - 0 -
Luxembourg 0 6 - ﬁ
Malta 3.4 1,0 32 14 - 4 39 17 0 1 992
Netherlands 4.4 2,0 30 54 8 9 34 41 856 0 787
Norway 6,1 A4Lg) 51 48 60 736 3 617
Poland 2,2 1,1 13 19 4 2 17 19 0 1 205
Portugal 3.1 13 22 17 31 4 29 13 128 1 700
Romania 14 0,5 11 3 8 3 21 3 0 0 224
Slovakia 19 1,1 10 21 7 1 14 21 0 0 251
Slovenia 5,3 25 36 19 5) 6 52 19 0 5] 838
Spain 819 13 36 46 12 6 43 48 21 2 941
Sweden 4,4 2,3 26 25 12 7 31 21 336 2 581
United Kingdom 4,3 18 62 10 62 |2 74 - - 1 -

Table B - 4 NCI by countries of EJPs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

ELP (€/h)
AS HH PW AF EM MC SG AFO Fl SG_nTS TS
2012
EU27+N 3 0 36 50 9 36 21
Austria 3,8 0 40 10 119 45 40 10 28 41 31
Belgium 34 0 20 201 20 - -
Bulgaria 0,53 0 14 8 23 8 17 3 - 16 -
Cyprus 2,1 0 24 8 97 15 27 7 13 28 15
Czech Republic 1,5 0 15 10 60 14 16 10 9 16 13
Denmark 4,3 0 53 28 401 47 52 26 52
Estonia 1,3 0 14 12 32 11 14 11 19 15 7
Finland 815 0 40 18 141 37 41 18 11 42 32
France 3,2 0 21 142 21 - -
Germany 3,3 0 18 115 18 - -
Greece 1,8 0 21 6 90 16 23 6 13 24 27
Hungary 0,9 0 5 12 10
Ireland 35 0 50 42 36
Italy 2,7 0 - -
Latvia 0,92 0 - 33 -
Lithuania 1,1 0 - 26 -
Luxembourg HI - 36
Malta 1,6 0 9 22 7
Netherlands 3,7 0 41 25 20 41 31
Norway 57 23 66 58
Poland 0,98 0 10 3 26 9 12 3 4 12 8
Portugal 1,6 0 17 4 117 15 19 4 20 20 18
Romania 0,7 0 7 2 22 9 9 2 13 9 8
Slovakia 1,4 0 16 15 65 16 16 15 5 16 18
Slovenia 17 0 20 5 54 19 22 5 11 22 19
Spain 2,3 0 31 16 177 35 30 15 14 30 26
Sweden 4,3 0 48 25 299 43 48 25 28 48 38
United Kingdom 2,9 0 69 16 151 43 75 - - 72 -
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Table B - 5 NCI by sectors of electricity EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR_elec (MJ/h)
AS HH PW AF EM MC SG AFO Fl SG_nTS TS
2012
EU27+N 3 0,7 | 80 | 57 19 8 9 19
Austria 34 0,9 [ 6 | 12
Belgium 3.2 0,8 36
Bulgaria 1,9 0,6 23
Cyprus 2,1 0,9 [ 9 | 15
Czech Republic 2,5 0,6 11
Denmark 2,5 0,8 [ 69 | 13
Estonia 2,7 0,7
Finland 6.4 1,9
France 3,0 1,0
Germany 3,0 0,7 [ 0 |
Greece 2,3 0,8
Hungary 1,5 0,5
Ireland 2.3 0,8
Italy 2,2 0,5 [ 9 |
Latvia 1,5 0.4
Lithuania 1,4 0,4
Luxembourg 5,3 0,8
Malta 2,0 0,7
Netherlands 2,8 0,7
Norway 9,8 3,5
Poland 1,6 0,3
Portugal 1,9 0,6
Romania 1,1 0,3
Slovakia 2.1 0,4 [ 8 |
Slovenia 2,8 0,7 “
Spain 2,2 0,7
Sweden 5,8 1,8
United Kingdom 2,2 0,8

Table B - 6 NCI by sectors of heat EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR_heat (MJ/h)
AS HH PW AF EM MC SG AFO Fl SG_nTS TS
2012
EU27+N 4 17 103 15 16 16 14
Austria 6,4 2,0 23 170 7 23 6
Belgium 6,2 1,9 85 316 34 - 32 -
Bulgaria 2,4 0,7 2 58 27 2 - -
Cyprus 1,4 0,6 4 0 3 0 0
Czech Republic 50 1,9 19 65 12 0 11
Denmark 3,6 1,4 74 73 4 0 4 4
Estonia 3,1 1,8 9 42 3 0 3 0
Finland 7.4 1,4 38 244 3 0 2 15
France 3,6 1,6 19 134 23 18 - -
Germany 5,0 1,8 0 164 28 0 - -
Greece 2,3 0,7 2 65 5 2 5} 2
Hungary 3,6 1,9 10 35 15 10 6 4
Ireland 3,0 1,3 0 8 0 0
Italy 4,6 2,2 4 99 42 4 - -
Latvia 4,0 1,9 6 35 31 - - -
Lithuania 3,5 14 6 61 22 6 - -
Luxembourg 6,8 2,3 61 2 17 - 18 4
Malta 0,5 0,3 0 0 0 0
Netherlands 7,5 2,4 248 140 22 22 32
Norway 6,6 0,7 9 110 3 11 3 1
Poland 4,2 1,9 19 48 12 19 0 8
Portugal 2,4 0,8 1 67 4 1 3 3
Romania 3,1 1,6 1 46 5 1 0
Slovakia 5,3 1,1 16 117 16 16 0 13
Slovenia 3,0 1,6 2 12 2 2 0 1
Spain 3,2 0,8 22 99 4 0 4 11
Sweden 4,6 0,7 45 171 3 0 2 25
United Kingdom 4,3 2,2 23 86 20 - - -
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Table B - 7 NCI by sectors of fuel EMRs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

EMR_fuel (MJ/h)

PW AF EM MC

SG

AFO

Fl SG_nTS TS

26 17 7,1

25

AS HH

2012
EU27+N 3,9 1,9
Austria 5,6 2,8
Belgium 59 2,9
Bulgaria 1,7 0,3
Cyprus 6,2 2,2
Czech Republic 2,8 1,0
Denmark 5,0 2,4
Estonia 35 1,7
Finland 5,6 3,0
France 4,4 2,0
Germany 4,8 2,8
Greece a5 2,6
Hungary 2,0 0,7
Ireland 6,0 3,0
Italy 3,3 2,1
Latvia 2,9 1,2
Lithuania 2,3 1,4
Luxembourg 25,7 3,4
Malta 3,4 1,0
Netherlands 4,4 2,0
Norway 6,1 19
Poland 2,2 1,1
Portugal 31 1,3
Romania 1,4 0,5
Slovakia 1,9 1,1
Slovenia 5,3 2,5
Spain 39 1,3
Sweden 4.4 2,3
United Kingdom 4,3 18

6
18

3

6 7

4 1

9 | 0 |
21
2 1

4 1

3 0

1 0

6 5

6 2

7 2
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Table B - 8 NCI by sectors of EJPs tables for level n, n-1, n-2 and n-3 of EU27+N year 2012

ELP (€/h)
AS HH PW AF EM MC SG AFO FI SG_nTS TS
2012
EU27+N 2,6 0 36 50 9,3 17
Austria 3,8 0 45 40 9,8
Belgium 34 0 73 112 20 -
Bulgaria 05 0 78 |1 | 29 -
Cyprus 2,1 0 15 27 7,4 13
Czech Republic 1,5 0 14 16 10
Denmark 4,3 0 47 52 29
Estonia 1,3 0 11 14 11
Finland 35 0 41
France 3,2 0 -
Germany 3,3 0
Greece 1,8 0 23
Hungary 0,9 0 12
Ireland 3,5 0 42
Italy 2,7 0
Latvia 0,9 0
Lithuania 1,1 0
Luxembourg 7.2 0
Malta 1,6 0
Netherlands 3,7 0
Norway 7,0 0
Poland 1,0 0
Portugal 1,6 0
Romania 0,7 0
Slovakia 1,4 0
Slovenia 1,7 0
Spain 2,3 0
Sweden 4,3 0
United Kingdom 29 0
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Figure B - 1 Boxplot by sectors for electricity EMRs for level n, n-1, n-2 and n-3 of EU27+N year 2012
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Figure B - 2 Boxplot by sectors for heat EMRs for level n, n-1, n-2 and n-3 of EU27+N year 2012
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Figure B - 3 Boxplot by sectors for fuel EMRs for level n, n-1, n-2 and n-3 of EU27+N year 2012
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Figure B - 4 Boxplot by sectors for EJP for level n, n-1, n-2 and n-8 of EU27+N year 2012
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Table B - 9 NCI by country Electricity, heat and fuel EMRs and EJP patterns for level n, n-1 of EU27+N year

2012
Average Society Household Paid Work
EMR_elec | EMR_HEAT | EMR_FUEL EMR_elec | EMR_HEAT | EMR_FUEL | EMR_elec | EMR_HEAT | EMR_FUEL
2012 (MJrh) (MJrh) =P (MJrh) (MJrh) (MJrh) (MJrh) (MJlh) (MJrh) ElCh)

EU27+N 3.9 2,6 37 46
Austria 34 5,6 338 0,9 27 49 33 40

Belgium 32 5,9 34 0,8 94
Bulgaria 1,9 24 17 0,5 0,6 0,7 0,3 85 45 37 14
Cyprus 2,1 14 6,2 21 0,9 0,6 2,2 15 9,2 48 24
Czech Republic 2,5 2,8 15 0,6 1,0 20 33 20 15
Denmark 25 3,6 5,0 0,8 14 22 29 35 53
Estonia B15) 13 0,7 1,7 22 15 21 14
Finland 5,6 BI5) 19 14 70 33 40

France 3,0 4,4 3.2 1,0 2,0 59 72

Germany 3,0 4,8 3,3 0,7 53
Greece 2,3 2,3 3.5 1,8 0,8 0,7 18 20 14 21
Hungary 1,5 3,6 2,0 0,9 0,5 0,7 13 23 17 12
Ireland 23 3,0 6,0 BI5) 0,8 fi%e] 20 23 42 45

Italy 2,2 33 2,7 0,5 21 39
Latvia 15 4,0 2,9 0,9 0,4 1,2 40 62 34
Lithuania 1,4 3,5 2,3 1,1 0,4 14 1,4 27 58 25 27

Luxembourg 53 0,8 43 45

Malta 2,0 0,5 3.4 1,6 0,7 0,3 1,0 17 2,6 32 20
Netherlands 2,8 4,4 3,7 0,7 2,0 26 62 30 43

Norway 6,1 0,7 19 68 51
Poland 1,6 4,2 2,2 1,0 0,3 1,1 14 26 13 10
Portugal 19 24 3.1 1,6 0,6 0,8 13 16 19 22 17
Romania 1,1 3,1 14 0,7 0,3 0,5 9,3 19 11 7,3
Slovakia 2,1 19 1,4 0,4 11 1,1 21 51 10 16
Slovenia 2,8 3,0 53 1,7 0,7 25 17 36 20
Spain 2,2 82 3.9 2,3 0,7 0,8 1,3 21 33 36 31
Sweden 58 4,4 18 0,7 47 45 26 48

United Kingdom 2.2 43 2,9 08 18 36 54 62 | 69 |

233




EU27+N Metabolic Pattern variation by AS 2012
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Figure B - 5 Boxplot mapping the benchmarks of EMRs and EJP of EU27+Norway for year 2012 at the level of
the Average Society
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Figure B - 6 Boxplot mapping the benchmarks of EMRs of EU27+Norway for year 2012 at the level of
Households
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EU27+N Metabolic Pattern variation by PW 2012
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Figure B - 7 Boxplot mapping the benchmarks of EMRs and EJP of EU27+Norway for year 2012 at the level of
the Paid Work sector
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Table B - 10 Metabolic Structural tables for Paid Work sector and subsectors of EU27+N using Nama database, year 2012

2012 Vlilzl:jk AFO Fl EM |sents| TS |IS_NF| CP NM FT TL | PPP | TE MA |WWP | CO NS
EU27+N 2565 21 | 037 | 39 [ 166 | 63 | 090 | 29 | 12 | 83 | 42 | 11 | 23 [ 12 [ 12 | 27 | 31 33 47 | 37 | 46
Austria 6,9 6,5% | 0,01% | 09% | 68% | 35% | 08% | 0.,7% | 0,8% | 18% | 05% | 0,7% | 0.9% | 52% | 08% | 7.3% | 18% | 27 49 3 40 2.7%
Belgium 3.2 3,9% 13% | 72% 3.4% 46% | 1.2% 32% | - | 14% | - % 1,3%
Bulgaria 24 2% | 01% | 42% | 56% 1,6% 8,6% | 11% 49% | - | 14% | - 35 45 37 14 0,9%
Cyprus 067 | | 7.9% | 0,2% | 06% | 7% | 25% | 0.1% | 06% | 0,7% | 34% | 03% | 05% | 01% | 15% | 0,7% | 93% | 0.9% | 15 9 48 2% 0,3%
Czech Republic | 9,0 35% | 0,03% | 13% | 58% | 40% | 08% | 08% | L% | 25% | 12% | 0,9% | 34% | 90% | 1,3% | 94% | 82% | 20 3 20 15 3.5%
Denmark 3.9 2.7% | 0,08% | 07% | 75% | 3.6% | 02% | 1,2% | 05% | 19% | 02% | 05% | 03% | 46% | 03% | 6.9% | 12% | 22 29 35 53 1,5%
Estonia 11 47% | 02% | 25% | 60% | 6.0% 06% | 0.7% | 23% | 24% | 0.8% | 09% | 52% | 2% | 84% | 24% | 22 15 21 14 0,4%
Finland 42 6,0% | 03% | 09% | 66% | 45% | 05% | 06% | 0,6% | 1.4% | 04% | 5,2% | 05% | 56% | 0,9% | 9.4% | 11% | 54 70 3 40 1,6%
France 20 83% | 02% | 12% | 74% 1.2% 48% | 0.9% 25% | - | 16% | - 58 59 72 7,9%
Germany 27 41% | 004% | 1,9% | 65% 2,5% 47% | 0.8% 0% | - | 14% | - 58 85 53 11%
Greece 83 | [11,2% | 06% | 0,8% | 70% | 42% | 04% | 0.6% | 05% | 26% | 0,9% | 05% | 02% | 15% | 04% | 46% | 1,1% | 18 20 14 21 3.3%
Hungary 7,0 7.6% | 0,04% | 13% | 62% | 3.8% | 06% | 11% | 0.7% | 3.0% | 15% | 0.7% | 24% | 62% | 06% | 65% | 23% | 13 23 17 12 2.7%
Ireland 32 57% | 01% | 10% | 71% | 35% | 03% | 15% | 05% | 26% | 02% | 0.6% | 03% | 28% | 02% | 68% | 23% | 20 23 P 45 1,2%
Italy 17 13% | 03% | 14% | 61% 1,9% 48% | 50% 74% | - | 1% | - 52 76 39 6,8%
Latvia 0,49 23% | 05% | 6,1% | 69% - - - } T o |- ) 78 62 3% 0.2%
Lithuania 1,0 31% | 02% | 30% | 62% 1,0% 86% | 57% 26% | - | 1% | - 27 58 25 27 0,4%
Luxembourg 0,49 0,6% 05% | 78% | 5% 03% 17% | 05% - | o2 | 4% | - 43 N 0,2%
Malta 029 | [ 34% [Foe% 76% | 3.0% | 0,02% | 02% 23% | 05% | 11% 09% | 0.2% | 72% | 26% | 17 3 32 20 0,1%
Netherlands 12 2.9% | 0,05% | 05% | 76% | 34% | 03% | 08% | 0.3% | 16% | 02% | 06% | 05% | 29% | 02% | 7.3% | 21% | 26 62 30 43 4,9%
Norway 38 25% | 08% | 33% | 70% | 56% | 04% 05% | 21% | 02% | 04% | 12% | 28% | 06% | 85% | 06% |G| 68 | 5! 1,5%
Poland 2 12% | 0,04% | 29% | 53% | 47% | 07% | 09% | 4% | 33% | 16% | 08% | 1,8% | 41% | 1,1% | 86% | 29% | 14 2 13 10 12%
Portugal 83 8.9% | 03% | 05% | 65% | 27% | 02% | 04% | 0.0% | 24% | 44% | 06% | 08% | 2.7% | 08% | 7.4% | 16% | 16 19 2 17 3.3%
Romania 16 26% | 0,02% | 2.3% | 42% | 42% | 08% | 05% | 0.7% | 24% | 46% | 02% | 2.1% | 35% | 10% | 7.9% | 20% | 93 19 11 73 6,1%
Slovakia 40 34% | 0,01% | 12% | 63% | 3.7% | 10% | 05% | 0,9% | 2.0% | 1,7% | 0,7% | 2.9% | 7.0% | 1,3% | 85% | 24% | 21 51 10 16 1,6%
Slovenia 15 9.9% | 0,03% | 12% | 59% | 35% | 08% | 14% | 0.8% | 17% | 13% | 0.9% | 15% | 7.3% | 1.0% | 7.4% | 24% | 25 17 36 20 0,6%
Spain 30 45% | 03% | 06% | 73% | 33% | 05% | 08% | 06% | 2.8% | 09% | 0% | 1,0% | 2.8% | 04% | 7.1% | 12% | 21 3 36 31 2%
Sweden 73 30% | 0,04% | 10% | 72% | 3.8% | 07% | 04% | 05% | 13% | 02% | 42% | 1,7% | 53% | 08% | 7.4% | 12% | 47 45 2 48 2,9%
United Kingdom | 23 28% | 0,09% | 19% | 73% 1.3% 32% | 0.8% 34% | - | 1% | - 36 54 62 69 9,0%
33 8 | 5 [280 | 19 | 13 230 | 82 | 49 | 19 | 288 | 25 | 36 | 41 | 2 | 31 [FEEE
47 15 | 10 14 | 28 350 | 421 | 82 | 24 [ 520 | 15 | 25 | 101 | 4 27
37 2 | 182 4 7 | 16| 11| 5 2 3 2 3 3 4 7 Sy
46 9 36 50 | 21 | 24 | 68 | 23 | 29 | 15 | 28 | 23 | 45 | 14 | 25 | 18 @y
[ 83% | 01% | 15% | 65% | 25% | 04% | 11% | 05% | 32% | 16% | 04% | 09% | 47% | 05% | 11% | 1,2% | HA_iHA_PW
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Table B - 11 Metabolic Structural tables for Manufacturing and Construction sector and subsectors of EU27+N using Nama database, year 2012

2012 MC | [ISNFl cP | NM | ET | TL |PPP| TE | MA |WWP| CO | NS
EU27+N 65 09 | 29 | 12 [ 83| 42 | 11 ] 23| 12 | 12| 27 | 31| 57 [13] 71| 36 |
Austria 15 3,8% 3,4% 3,6% 9% 2,2% 3,4% 4,3% 24% 3,9% 34% 8,5% 65 170 11 45 2,3%
Belgium 0,8 - 13% - 18% 4,4% - - 12% - 53% - 158 12 H 1,3%
Bulgaria 0,9 - 4,0% - 21% 28% - - 12% - 35% - 28 58 1,3 78 1,5%
Cyprus 0,1 0,4% 3,1% 3,6% 19% 1,8% 2,7% 0,4% 8,4% 4,0% 52% 5,0% 14 37 57 15 0,2%
Czech Republic 3,0 2,5% 2,4% 3,3% 8% 3,5% 2, 7% 10% 27% 3,8% 28% 9,4% 27 65 0,9 14 4,7%
Denmark 0,7 1,0% 7,0% 2,8% 11% 1,1% 2,7% 1,4% 26% 1,8% 39% 6,8% 44 73 12 47 1,1%
Estonia 0,3 - 2,4% 2,7% 9% 9,1% 3,1% 3,2% 20% 10% 32% 9,0% 27 42 6,6 11 0,5%
Finland 0,9 2,4% 2,8% 2,7% 6% 1,9% 5,2% 2,4% 25% 4,2% 42% 5,1% 142 37 1,4%
France 51 - 4,8% - 19% 3,4% - - 10% - 63% - 81 134 6,1 55 7,8%
Germany 9,0 - 7,6% - 14% 2,5% - - 32% - 44% - 90 164 54 14%
Greece 1,1 3,1% 4,4% 3,8% 20% 6,6% 3,5% 1,7% 11% 3,0% 35% 8,1% 37 65 9,1 16 1,7%
Hungary 1,8 2,2% 4,3% 2,5% 12% 5,9% 2,8% 9,4% 24% 2,2% 26% 8,9% 18 35 25 11 2,8%
Ireland 0,6 1,5% 8,0% 3,0% 14% 1,3% 3,5% 1,8% 15% 1,3% 37% 13% 53 85 14 0,9%
Italy 6,5 - 4,9% - 13% 13% - - 20% - 49% - 66 99 57 46 10%
Latvia 0,1 - - - - - - - - - 100% - 59 212 18 22 0,2%
Lithuania 04 - 3,0% - 24% 16% - - 7,4% - 49% - 29 61 2,9 19 0,6%
Luxembourg 0,08 - 1,8% - 10% 2,9% - - - 1,2% 84% - 115 185 538 36 0,1%
Malta 0,04 0,1% 1,2% - 15% 7,6% - 5,9% 1,4% 48% 17% 32 29 39 18 0,1%
Netherlands 2,1 1,7% 4,6% 2,0% 9% 1,3% 3,4% 3,0% 17% 1,1% 44% 13% 60 140 8,6 42 3.2%
Norway 0,7 2,3% - 2,6% 12% 1,0% 2,5% 7,1% 16% 3,4% 49% 3,3% - 110 56 1,0%
Poland 8,5 2,5% 3,3% 4,1% 12% 5,9% 3,2% 6,7% 15% 4,0% 32% 11% 18 48 1,6 9,2 13%
Portugal 1,8 0,8% 1,8% 4,3% 11% 20% 2,7% 3,5% 12% 3,6% 33% 7,3% 30 67 3,7 15 2,8%
Romania 4,0 3,0% 2,0% 2,8% 9% 18% 0,8% 8,1% 14% 3,8% 31% 7,8% 18 46 3,1 9,3 6,2%
Slovakia 11 3,4% 1,8% 3,0% 7% 5,9% 2,3% 10% 24% 4,4% 30% 8,4% 38 117 0,7 16 1,8%
Slovenia 0,4 2,9% 5,4% 3,0% 6% 5,0% 3,5% 5,4% 28% 3,8% 28% 9,1% 51 60 55 19 0,6%
Spain 57 2,6% 4,5% 3,1% 15% 4,8% 3, 7% 5,5% 15% 1,9% 38% 6,7% 45 99 6,2 35 8,8%
Sweden 15 3,5% 2,0% 2,4% 6% 0,9% 5,6% 8,4% 25% 4,0% 36% 5,9% 120 171 6,5 43 2,3%
United Kingdom 5,8 - 5,0% - 13% 3,28% - - 13% - 66% - 60 86 43 9,0%
57 230 | 82 | 49 | 19 | 233 | 25 | 36 | 41 | 21 | 3 EMEC—EL
103 350 [ 421 | 82 | 24 | 529 | 15 | 25 | 100 | 37 | 27
7.1 7.0 11 | 46 | 18 | 27 | 22 | 27 | 26 | 44 | 68 EMRAY
36 24 23 | 29 | 15 | 28 | 23 | 45 | 14 | 25 | 18 é,j’l_
[ 1,4% | 45% | 1,8% | 13% | 6,5% | 1,7% | 3,5% | 19% | 1,8% | 48% | 4,8% | HA_i/HA_MC
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Table B - 12 Metabolic Structural tables for Agriculture, Forestry & Fishing sector and subsectors of EU27+N

using Nama database, year 2012

2012 AF AFO Fl
EU27+N 21 21 0,4 8,0 15 26 9,2
Austria 0,5 99,8% 0,2% 6,3 23 22 9,8 2,1%
Belgium 0,1 100% - 12 85 126 20 0,6%
Bulgaria 0,7 99,7% 0,3% 1,3 1,9 75 29 3,5%
Cyprus 0,05 98% 2,1% 8,6 4,2 19 7,5 0,3%
Czech Republic 0,3 99% 0,9% 11 19 43 10 1,5%
Denmark 01 97% 28% |60 74 180 28 0,5%
Estonia 0,05 96% 3,6% 15 9,0 61 12 0,3%
Finland 0,3 95% 4,5% 22 38 65 18 1,2%
France 1,7 98% 2,2% 17 18 74 21 7,9%
Germany 1,1 99% 0,9% - - - 18 5,3%
Greece 1,0 95% 4,7% 10 2,3 1,2 6,1 4,6%
Hungary 0,5 99,5% 0,5% 53 9,8 16 7,3 2,5%
Ireland 0,2 98% 2% 11 - 45 13 0,9%
Italy 2,4 98% 2,4% 9,0 4,1 37 12 11%
Latvia 0,2 99% 1,2% 2,5 5,6 20 4,6 1,0%
Lithuania 0,3 99% 0,7% 1,5%
Luxembourg 0,003 100% - 0,0%
Malta 0,01 80% 20% 0,1%
Netherlands 0,4 98% 2% 1,7%
Norway 0,1 7% 23% 0,6%
Poland 3,9 99,7% 0% 15 19 19 34 18%
Portugal 0,8 96% 3,6% 4,7 1,0 17 4,3 3,6%
Romania 4,1 99,9% 0,1% 0,7 0,9 3,2 1,6 19%
Slovakia 0,1 99,8% 0,2% 7,7 16 21 15 0,6%
Slovenia 0,2 99,7% 0,3% - 2,0 19 54 0,7%
Spain 1,5 95% 5,4% 9,9 22 46 16 6,8%
Sweden 0,2 99% 1,3% 14 45 25 25 1,1%
United Kingdom 0,7 97% 2,9% 21 22 10 16 3,1%
8.0 52 | EVRELES
15
|| 2
9,2 93 o
98% 2,1% HA_i/HA_AF
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Table B - 13 Metabolic Structural tables for Service and Government sector and subsectors of EU27+N using

Nama database, year 2012

2012 SG SG_nTS TS
EU27+N 172 166 6,3 19 15 48 50
Austria 4,9 95% 4,9% 2,9%
Belgium 2,3 100% - 1,4%
Bulgaria 1,3 100% - 0,8%
Cyprus 0,5 97% 3,4% 0,3%
Czech Republic 55 93% 6,6% 3,2%
Denmark 31 95% 4,5% 1,8%
Estonia 0,7 91% 9,0% 0,4%
Finland 2,9 94% 6,4% 1,7%
France 15 100% - 8,6%
Germany 18 100% - 10%
Greece 6,2 94% 5,7% 3,6%
Hungary 4,6 94% 5,9% 2,6%
Ireland 2,4 95% 4,7% 1,4%
Italy 11 100% - 6,1%
Latvia 0,3 100% - 0,2%
Lithuania 0,6 100% - 0,4%
Luxembourg 0,4 94% 6,2% 0,2%
Malta 0,2 96% 3,8% 0,1%
Netherlands 10 96% 4,2% 5,8%
Norway 2,9 93% 7,4% 1,7%
Poland 18 92% 8,0% 11%
Portugal 57 96% 4,0% 3,3%
Romania 7,2 91% 9,2% 4,6 50 21 8,8 4,2%
Slovakia 2,6 94% 5,6% 9,6 16 14 16 1,5%
Slovenia 1,0 94% 5,7% 13 1,5 52 22 0,6%
Spain 23 96% 4,4% 13 4,0 43 30 13%
Sweden 55 95% 5,0% 22 29 31 48 3,2%
United Kingdom 17 100% - 22 20 74 75 9,7%
19 13 T
15 14
50 21 e
97% 3,4% HA_i/HA_SG
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