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Instituto CIRCE.

El Instituto CIRCE tiene como objetivo promover la excelencia y la calidad de la
investigacion y la transferencia de tecnologia, impulsando un escenario energeticobasado..

en las Energias Renovables, la Eficiencia de los Recursos y la Sostenibilidad, que i-s =
responda a las necesidades de nuestra sociedad.

Dos Grupos de Investigacion en Economia Circular/Espiral, 14 investigadores
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Instituto Mixto CIRCE.

Grupo de Socioeconomia de la Energia en Entornos de
Economia Circular

Alfonso Aranda Uson, Eva Llera Sastresa, Miguel Marco Fondevila, José Vicente Pinar :"m
Sabina Scarpellini, Jesus Valero Gil -~ ?

» Aplicacion de la economia circular en el sector energético, en la fabricacion, en el sector de
servicios publicos y en los consumidores finales. Analisis de procesos de reciclaje. Costes, control
de gestion y organizacion recursos y capacidades. Investigacion en modelos compartidos en la
cadena de valor de sectores energeéticos — industria — sector servicios publicos— municipio (region)
para la sharing economy / modelos circulares. Medicion modelo circular para renovables,

almacenamiento y cambios estructurales en el sistema (cambio de una sistemas centralizados a
sistemas eléctricos descentralizados).
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LINEAS DE INVESTIGACION: Socioeconomia de la energia en entornos de economia circular

Algunas publicaciones:

Scarpellini, S., Gimeno, J. A., Portillo-Tarragona, P., & Llera-Sastresa, E. (2021). Financial Resources for the Investments in Renewable Self-
Consumption in a Circular Economy Framework. Sustainability, 13(12), 6838. https://doi.org/10.3390/su13126838

Scarpellini, S. (2021). Social indicators for businesses’ circular economy: multi-faceted analysis of employment as an indicator for
sustainability reporting. European Journal of Social Impact and Circular Economy, 2(1), 17-44.
https://doi.org/https://doi.org/10.13135/2704-9906/5282

Llera-Sastresa, E., Romeo, L. M., Scarpellini, S., & Portillo-Tarragona, P. (2020). Methodology for Dimensioning the Socio-Economic Impact
of Power-to-Gas Technologies in a Circular Economy Scenario. Applied Sciences, 10(21), 7907.
https://doi.org/https://doi.org/10.3390/app10217907

Gimeno, J. A., Llera-Sastresa, E., & Scarpellini, S. (2020). A heuristic approach to the decision-making process of energy prosumers in a
circular economy. Applied Sciences, 10(19), 6869. https://doi.org/10.3390/app10196869

Angel Gimeno, J., Llera-Sastresa, E., & Scarpellini, S. (2020). Determinants and barriers of PV self-consumption in Spain from the perception
of the installers for the promotion of distributed energy systems. Economics and Policy of Energy and the Environment, 1(1), 153-169.
https://doi.org/10.3280/EFE2020-001007

Osorio-Tejada, J. L., Llera-Sastresa, E., & Hashim, A. H. (2018). Well-to-Wheels Approach for the Environmental Impact Assessment of Road
Freight Services. Sustainability, 10(12), 4487. https://doi.org/10.3390/su10124487

Osorio-Tejada, J. L., Llera-Sastresa, E., & Scarpellini, S. (2017). Liquefied natural gas: Could it be a reliable option for road freight transportin
the EU? Renewable and Sustainable Energy Reviews, 71(December 2015), 785—795. https://doi.org/10.1016/].rser.2016.12.104

Osorio-Tejada, J. L., Llera-Sastresa, E., Scaperllini, S., & Hashim, A. H. (2019). An mtegrated social life cycle assessment of freight transport
systems. Internatioagdpy e ofLifeeHelg fssess et 23/ 3088l EQy s 24 - -
Osorio-Tejada, J. L., H*Frﬁ%siﬁiﬁ%ag?(a?ﬁ%ﬂi@?”w@éé@%/M@H'thﬁﬁtﬁflﬂ;ﬁ%%wféﬁéés/séﬁ%mﬁfl&R! ; ﬂﬁé%'r?ésd liquefied natural

gas as alternative fuels in transport systems. Journal of Natural Gas Science and Engineering, 42, 169—-186.
https://doi.org/10.1016/j.ingse.2017.02.046
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Instituto CIRCE.

Equipo de Investigacion en Ecologia Industrial
Alicia Valero, Antonio Valero, Guiomar Calvo, César Torres, Ricardo Magdalena
Jorge Torrubia, Martin Lallana, Abel Ortego

El equipo de Ecologia Industrial centra su investigacion en la busqueda de soluciones industriales
para minimizar el uso de materias primas, aumentar la eficiencia y cerrar el ciclo de los materiales, en
particular: simulacion de procesos extractivos, metalurgicos y quimicos; busqueda de soluciones de
simbiosis industrial; "analisis de flujo de materiales" de procesos para determinar la eficiencia de los
recursos de las industrias y las empresas; diagnostico de plantas productoras de materias primas y
secundarias: productos quimicos, metales, minerales industriales y reciclaje; evaluacion del impacto
asociado al uso de determinadas materias primas a nivel de planta y sistemas industriales; desarrollo
de indicadores termodinamicos para determinar la eficiencia de las empresas y plantas en el uso de

materias primas.
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Tres lineas principales en (2
( Ecologia Industrial
1

. Analisis de la rareza termodinamica de vehiculos, teléfonos
moviles y energias renovables.

2. Analisis de circularidad/bioeconomia de suelos fértiles
3. Simbiosis Municipal-Industrial

Creaciones conceptuales:

* Thanatia, Rareza termodinamica, Pristinia, Reciclamabilidad...

* Leyes de la Economia Espiral, y de la Eficiencia de los recursos
» Simbiosis Municipal-Industrial
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Energia Eodlica

* Permanent magnets Nd,Fe,,B con 4% Dy
* 171 kg Nd/MW aprox.

+ China supplies 97% of world rare earths
* 10-15 t de Cu/MW (marine)
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 Tecnologias IC <> PGM, Au, Sn, Nb, Ta

- Biomasa<—-> P

 Edlica<—>Imanes permanentes Nd, Dy, Pr, Smy Co
 Fotovoltaica <~ In, Te, Ga, Ge, As, Gd

- Lamparas de bajo consumo y pantallas : Y, Eu, Th, In,Sn
- Baterias <> Ni, Mn, Co, Cd, La, Ce, Li

 Turbinas de altas prestaciones <-> Co, Nb, V, Re
 Automoviles eléctricos <-> La, Imanes permanentes,
-« SOFC H2 <> Pt, Pd

- Catalizadores <—- Pt, La, Ce

 Ce para pulir discos duros.

* Nuclear < In, Hf, Re, Zr, U




Metal/Element Use Intensity in Products

Reuter M., Schaik A, Product Ceniric Design for Recycling (DfR), Maras, Netherland
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Teléfonos Moviles

Edificio CIRCE / Campus Rio Ebro / Mariano Esquillor Gomez, 15/ 50018 ZARAGOZA
Tfno. (+34) 976762145/ 976762950 / web: https://icirce.unizar.es / email: icirce@unizar.es
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Electric vehicle

Computers

450,000 MJ 2780 MJ




Chemodiversity in common products (scirce

UniversidadZaragoza

TENDENCY:
Increasingly complex products and materials with improved
properties and reduction in size and weight

Source: Neira J., Favret L., Fuji M., Miller R., Mahdavi S., Blass V. D., End of Life Management of Cell Phones, University of California, Santa Barbara, 2006
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31 Elementos quimicos en un telefono movil

H,Li,K,Mg,Y,Ta,W,Co,Ni,Cu,Ag,Au,Al,Ga,In,C,Si,Sn,Pb,P,As,Sb,0,Br,La,Pr,Nd,Eu,
Gd, Tbh, Dy

En la tabla periéodica hay hoy

* 12 Amenazados en menos de 100
anos

« 10 Amenazados si sigue creciendo su
demanda

« 22 con Disponibilidad limitada
* 4 de minerales conflictivos

(‘T.
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Agbogbloshie, Ghana (e




Thermodynamic rarity results g .
g s e
(per element) G

Av. Composition of All Samples (70) Rarity of all samples (70)

Element LI Target element for recovery
2 6% 1.9%_ 0.7%,_2.3% contribution (n° of papers) [19]
2.51% . Pd 54.5% 3
"o 1% = Pd Ta 22.4% 0
2.74% = Si - Ta Au 12.9%
3.27% fo ' Ga 2.7% 1\
4.15% B 12.9% Au Cu 2.6% 20— \
| ' . Ga Pt 1.9% 1 N\
In 0.7% 1 \

= Sn
Ni

" Pd and Ta 76.9% of rarity and
6.32% u Al " Pt
under-researched!!
m/n 22.4% mn
= REM. = REM. Most papers studies recovery of
Mass contribution of PCB TR contribution of PCB Au and Cu:
samples (%) samples (%) ¢ Cu: most abundant in PCB
In conclusion, TR results encourage to: and easy to recover
« Use less Pd and Ta (if it possible) » Au: most profitable (high value
6“9‘ T : o historically)
0 * Try to replace Pd and Ta with other less critical elements

* Together they contribute only

Eco-design MP PCBs to facilitate the recycling of Pd and Ta

& 15% of the TR
soc:\e'f"es - Extend the life of MPs as long as possible . None are considered critical
20%"" . Promote the arrival of old MP to recyclers. by the EC 18
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Vehiculos

Edificio CIRCE / Campus Rio Ebro / Mariano Esquillor Gomez, 15/ 50018 ZARAGOZA
Tfno. (+34) 976762145/ 976762950 / web: https://icirce.unizar.es / email: icirce@unizar.es




tomobile sector

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
year

vehicles " SRR T Universidad

CIRCE 181 Zaragoza

UniversidadZaragoza




U n ve h ic u I o co nve n c i o n a I d e pasaj e ros g Instituto Universitario de Investigacion Mixto
necesita hoy 52 tipos diferentes de metales. l < CIRCE
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Se espera que en/2050 haya 2000 millones de
vehiculos eléctricos y autonomos

Ages of Energy ’
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Source: Adapted from
Elements widely used in Energy Pathways Achzet et al (2011)

Ortego, A. Valero, IA. Valero, A. Villacampa, M. Iglesias, M. Strategic metals ranking in the automobile sector.
13th SDEWES. 4th October 2018. Palermo (Italy)
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EXCITE: EXergy_ app!'oach _to encourage Clrcular oo [ & cine
economy pracTices in vehiclEs 201¢ L UniversidadZaragoza
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Assessment of downcyclability (s
degree in automobiles

There are no specific recycling operations to recover scarce and
valuable metals from ELV

[
?

From a recycling point of view, in

Shredding ELV a high recycling rate is
sch = achieved
- i . et
?ﬂﬁfﬂ?d ka2 ol sl

Post- - W=
But many metals end shredding % V-
unintentionally downcycled in scheme _ n UJ @ﬂ
Steel and Aluminum making ”l : & J o °—0O iUl U
processes or even worst in ‘ et ) Wl b Ul el L
landfille

Different material fractions

Input: Output: Ferrous Output: Non ferrous
Pressed ELV metals
- B iR

___.1
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HSC Software

* Implementation of thermoeconomics in a
mevtallurglcal software

- - ’ A0ed ae ’
= Outotee Silver Refinery [T § o S
L. Agith) _ . ‘}E, W Qg 2003
é ™ -+ iﬂr _;»T_ Ew 03 % ::’:
: el HSC Chemistry
a’;ﬂn g,l@n@ —— ns i acid ursl . “En::? Water desa DE: Coppesr mix (8 Emqu -
" il ‘“‘“I“‘ : Ep 1. POCP &
[ i fz; E 054
== ]|
M_._NT:T" ,..:... - e oo 25 = Tou e ! o rmncli\:»u:FQ‘[‘sﬂﬂ. L2 Water (s o - L\E it hlﬂ\\;ﬁn H'I T e s
Initial data for: Environmental foolprints:
L * GWP - Global Warming Potential
° Proposals, engineering, OPEX, CAPEX, energy o AP - Acidification Potential
efficiencies, performance guarantees, elc. « EP - Eufrophication Potential
° Energy, exergy, thermoeconomics, CO2, SOx, ° HTP - Human Toxicity Potential
NOx, water, emissions, etc.  QDP - Ozone Layer Depletion Potential

POCP - Photochemical Ozone Creation Potential

] o ) e AETP - Aquatic Ecotoxicity Polential
° Virtual Expenence training (VeX), Process Advisor, o ADP - Abiotic Depletion

ACT, intelligent process monitoring, and

automation.
Source: Abadias et al. (2018). Resource efficiency evaluation of industrial and circular economy systems using simulation based
thermoeconomics. CPOTE 2018. Gliwice, September 18-21

Calculation engine for:

* Water Footprint (Green, Blue, Gray)
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25 Source: Iglesias, M. et al. (2019). Raw Material Use in Electric Vehicles. To be published in Journal of Environmental Science and Technology.



Metals in terms of...Rarity

HFe Al Cu mTa mPd Ni Co mLi ™ Restof metals
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350 —
]
300 Co
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.
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NN T I e e
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Source: Iglesias, M. et al. (2019). Raw Material Use in Electric Vehicles. To be published in Journal of Environmental Science and Technology.
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With electrification this
will become worse!



Recyclability indicators of the spiral economy

Recoverability
Downcyclability
Recyclaiming

CRADLE

(
Virgin
materials

Mining and metallurgical
processes

M

Replacement from Thanatia to the concentration in mines
I I I I I I I B B B B B B .

ERC,,

I Instituto Universitario de Investigacion Mixto
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Secondary
materials

|| e

Production

Wastes generation

Products

Wastes generation

Use and EolL

( Landfills '

and
dispersion

THANATIA
(GRAVE)
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Simbiosis Municipal-

Industrial
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MSW Generation: 290,125 Ton
Inhabitants: 681,877
MSW per capita: 425.5 kg/cap

Mixed waste
Transportation

Landfill

Mixed Waste

5 0% 1.1 6.3%

%
3.8% \
3.4% (NN 33.3%
7.8%’

10.2%

68%

N

Mechanical
Biological
Treatment (MBT

Municipal
Solid Waste
(MSW)

100%

/

68.0%

Separate
Collection
Transportation

Organic Fractiong

Light Packaging

Bulky Waste?

\ 4

Composting and
biomethanisation
Plants

Packaging

Sorting Plants

Sorting

\ 4

Others!
(Allis
recycled)

Singulars
(All'is
landfilled)

- -

Counts directly as
100% recycling

Instituto Universitario de Investigacion Mixto

Total not

Recycled

49. 9%

—

For composting

biomethanisation

/

Total For
— | Recycling

For Recycling

1: Includes “Seula Collection” and oil waste
2: Includes metal, plastic and wood waste

3: Includes waste from parks, gardens and dead animals

4:WEEEs: waste electric and electronic equipment

(includes batteries)

*: includes separate collection (containerised)

(CERYand SAICA private

collection [ER¥))
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ECONOMIA ESPIRAL
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Resultados en Ecologia

Industrial
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Desarrollo Econémico
y Deterioro Fcologico

JM. Naredo y A. 4 alero
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Transicién hacia un merabolismo
economico cerrado

Con R i B3
Luis M. Jimenez Herrero y Elena Pérez Lagiiel
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Algunos resultados academicos (gama

(- 8 Tesis Doctorales y 3 en desarrollo
* 6 Libros cientificos y 2 de divulgacion
* Mas de 50 articulos JRC
» Contratos con SEAT, Fertinagro Biotech, Ayto Zaragoza, CENIM
- Keynote speechs en al menos10 Congresos Internacionales
* Mas de 20 Conferencias en universidades extranjeras

* Presentaciones en el Parlamento Europeo y en medios de
comunicacion nacionales e internacionales. Leccion Inaugural UZ,
2012

» 15 anos de proyectos concedidos por el Plan Nacional y 5
proyectos europeos en colaboracion con centros de investigacion
de Alemania, Italia, Polonia, Finlandia...
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Gracias por vuestra atencion
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Metal Mixology , Xiaozhi Lim, Nature 533, 306-307 4 ¢iice

1.

Almost 313,560 different
alloys can be produced by
combining equal proportions
of 3, 4, 5 or 6 metallic
elements of a group of 26.

Huge possibilities and
applications open up.

The tendency is towards
disorder or high entropy.

versidadZaragoza
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Assessment of downcyclability degree in automobiles b e -

« Each year in Europe, end-of-life vehicles (ELV) generate between 7 and 9 million tonnes
of wastes.

* In order to reduce waste originating from ELVs and increase their recyclability, in 2000,
the EU enforced the ELV Directive (2000/53/EC).

» According to the ELV Directive, from January 1, 2015, recovery requirements should
achieve the target of at least 95% and a minimum of 85% of the total material weight
has to be reusable and recyclable.

* These targets are based on a mass approach.
« The future compliance with these recycling targets is challenged by two main

factors: i) the changing material composition of cars and ii) the thermodynamic
limits of material production and recycling.
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Thermoeconomic module in HSC Sim

* Design, diagnosis and environmental and thermoeconomic
cost analysis of conventional thermal systems

* Design, diagnosis and environmental and thermoeconomic
cost analysis of metallurgical systems

* Design, diagnosis and environmental and thermoeconomic
cost analysis of recycling systems to assess circularity
degree
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4. FINAL REFLECTIONS
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