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THE PATH TO Fi

I As organ!zations face pressures to
DECARBONIZATION  .=! sssmoa

Fﬂﬂ- and minimize their carbon footprlnt

THE 3 SCOPES OF CARBON EMISSIONS

Here are the scopes of carbon that make up a y's L) Fechites
footprint, as defined by the Greenhouse Gas [GHG) Prnml
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DIRECT EMISSIONS INDIRECT ELECTRICITY
- EMISSIONS

Emission Source

Upstream Activities

Abast 2

SCOPE 3

DOWNSTREAM
S
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https://decarbonization.visualcapitalist.com/decarbonization-101-what-carbon-emissions-are-part-of-your-footprint/
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Scope 1, 2, and 3 Emissions by Sector

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Agricultural commodities
Capital goods
Cement .
Chemicals e ——
COG' .
Construction m——

Electric utilities
Financial services
Food, beverage & tobacco
General

Metals & mining
Oil & gas

Paper & forestry
Real estate

Steel

Transport OEMS
Transport services

mScope 1 mScope2 ®Scope 3 CDP Technical Note: Relevance of Scope 3 Categories by Sector (2023)

Mesura de les emissions i establiment d’objectius
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TRL, ARL ? 9 =mmaldoarbammaum
ind reduction measures
Provada a escala industrial o només en pilots? Exemples -y el
reals d’implementacio? Es escalable ? "
Abatement pote %
CAPEX, OPEX i ROI ? & e
Technology
1 1 readi
Comparativa amb altres alternatives Tovel (TRL) 2
Es pot integrar a les infraestructures existents? , 50
Recursos necessaris?
. sz .. . { —CHP from modular nuclear -
Hi ha regulacio que ho afavoreixi o ho freni?
Hi ha riscos tecnologics o ambientals associats? - - .
Dependéncia d’un sol proveidor o pais? R “‘”’"“:‘:::L:’::::’:MM oot e e
. 5 as . e, " Jevers shown for potential to abate emiss! Sodtons o molTelat i ickor SN o .
Hi ha oposicio social o barreres politiques? 2 MWT,mmmmm-mmmwmwwsmmmmmmmmmwwmm
Source: DOE CADAT ARL, DOE hydrogen and carbon o reports, ADAT, expert interviews, press seal

OTT (2024)
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Gestio energetica estrategica (SEM en anglées). Sistemes de gestio energetica (EMIS en angles), 1SO 50001
Eficiencia dels sistemes industrials, incloent la recuperacio de calor
mart manuf rin
Smart manufacturing o

Cogeneracio

Eficiéncia
energeética

3500 4 3500 4 mmm Current Typical
B State-of-the-Art
3000 A B Theoretical Minimum

2500 1
2000 -
1500 A

(TBTU/year)

Com?
’energia no es crea ni es destrueix;

1000 -
500 -

Onsite Energy Consumption
(P)/yr)

nomeés canvia d’una forma a una altra

Chemicals Petroleum Pulp and Food and Ironand Cement
Refining Paper  Beverage Steel

Ha de ser una de les primeres opcions
de descarbonitzacio

Aplicacio immediata, ecomomica

Sundaramoorthy et al. (2023)
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High representativity

Dinamic behaviour

Changes in almost-real time

Inmediate feedback of improvements’ impact

processes MbPY)

Deep
Energy
Analysis

Advanced energy monitoring

and analsysis — Communication
evel o . " =
Integration with already existing MES or ref}:r:srenu:ri‘\;iltyi The IndUStrla_'l Dlglt?l E_ne]:gy Twin as a TOO]‘ for the
SCADA systoms edped i Comprehensive Optimization of Industrial Processes

processes
Basic and continuous ernergy analysis Alejandro Rubio-Rico '*, Fernando Mengod-Bautista !, Andrés Lluna-Arriaga !'*, Belén Arroyo-Torres !
. o . 2‘"‘
Energy Management Systems and Vicente Fuster-Roig
Basic, decentralized energy monitorin
9y 9 I Instituto Tecnoldgico de la Energia (ITE), Avda. Juan de la Cierva, 24, 46980 Valencia, Spain;
fernando.mengod@ite.es (EM.-B.); belen.arroyo@ite.es (B.A.-T.)
2 Instituto de Tecnologia Eléctrica, Universitat Politecnica de Valencia, Camino de Vera s/n Edificio 6C,
Intermittent non-continuous energy analysis 46022 Valencia, Spain
2 o—— Low representativity *  Correspondence: alejandro.rubio@ite.es (A.R.-R.); andres.lluna@ite.es (A.L.-A.); vicente.fuster@ite.es (V.F-R.);

Static behaviour Tel.: +34-961366670 (A.R.-R.)

Big window of application of changes

Isolated application of improvement measures for energy efficiency Indirect and not exact feedback of improvements' impact

Figure 1. Different levels of representativity and commonly used
tools for analyzing and optimizing the energy efficiency of the
process

Alejandro Rubio-Rico et al. (2023)
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CIDAI

Centre of Innovation

for Data tech
and Artificial Intelligence

Llibre blanc sobre la Intel-ligéncia
Artificial aplicada a I'Energia

La IA per donar resposta als reptes del sector
de I’Energia a Catalunya
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All Time

Planned Production Time Scheduled loss - Unused time
Increased utility

Net Run Time LN ERLHGIIE > Minor stops :

& Speed losses underutilization of
. . Increased utilit. assets.
Fully Productive Time i y
consumpt_lon * *at the bottling facility
Cradle-to-gate underutilization of
impacts of the assets.
rejected product. *at the bottling facility

OEE+¢

by eurecat

Digital

Green
Raventos Coporniu

BODEGAS Y VINEDOS
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Environmental impact

Financiado por la
Unién Europea

NextGenerationEU

T\

m 0. Scheduled loss
m 1. Availability loss
m 2. Performance loss

3. Quality loss
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@CDTloficial



. Eficiéncia energetica eurecat

Exemple, reduccié pics de potencia i consum en la gestié optima d’una planta fotovoltaica Centre Tecnologic de Catalunya

i."..‘."".l"'..'...."""I...l'.'."C"'...'.'..'..'....'."....'.ll.".......".'...'l..l.l'....'l'lll.......l"l'.....l..l.l'....I-'..ll......l"I'......

Desde Hasta
03/01/2024 =2 03/31/2024 =

0.9 kgCOo2
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Intercanviadors de calor (Recuperacio directa per escalfar fluids)

Recuperadors de gasos de combustiod (Preescalfament d’aire de combustio)

Bombes de calor (Elevar T de calor residual)

Sistemes ORC, cicle Rankine organic (Generacio eléctrica a partir de calor residual)

AIGUES

MANRESA
Heat exchanger: Heat exchanger:

outside the sewer inside the sewer

-
—

Heat exchanger

Fig. 1 Thermal energy recovery: a) outside the sewer and b) inside
the sewer

El projecte combina geotérmia, aerotérmia i hidrotérmia per reduir la despesa energética actual

https://mp.watereurope.eu/d/technology/1116 Lelement innovador del projecte es troba en L'is de l'escalfor provinent de les aigiies residuals a

través de la hidrotérmia
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i) Forns eléctrics

ii) Electrificacié de motors industrials (Motors eléctrics en compressors, elevadors i bombes)

iii) Processos de calefaccio i refrigeracio

iv) Electrificacio de flotes

Electrificacio

FIGURA 1
DISTRIBUCION RELATIVA DE LAS NECESIDADES DE ENERGIA TERMICA EN LOS DISTINTOS SECTORES INDUSTRIALES

100%
90% - -
80%
70%
60%
Q=
40% Fm
30% Com?
o L’electrificacio facilita la implantacio de

10%
renovables

La meitat de |’energia emprada en la
PH0-200°C  ®PH 200-500 °C  mPH 500-1000 °C M PH >1000 °C industria és susceptible d’electrificar-se
amb la tecnologia disponible

0%
Minerales no Siderurgia Quimicay Metales no Papel y pasta Otros
metalicos petroquimica férreos de papel

www.mckinsey.com/capabilities/sustainability/our-insights/reimagining-industrial-operations
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T m_m-ncmomsm appucaTions | EFFICIENCY :L:cmn:nou e

MATURITY Jcop STAG
Space heating
Establishedin | ok “"" "
industry °’;‘;“‘:‘: . oP2-5 1 28-30 -
| refrigeration | yy |
Energy recovery (e.g- 41EJ
stablished in : 19,21,
industry ‘evaporation) to COP3-10 1 2134
provide steam and
| process heat | | | Food
Space heating
Established in Hot water 18,19,21,
Steam
Established in Paint curing 29,31,33,
industry Plastic treatments | 20— 050 s 37.40 §
Food processing @ Cement
Established in
. Drying &
a;’:“::’m‘ Ceramics firing and i ‘é Primary Steel
and sintering 0.50 - 0.85 1 4047 3
caaic Cement treatment [3
Seing Alntering, | Food processing ' ‘ | = Transport Equipment
Metals melting, re-
Esl:a::::: in heating 0.50=050 23 2‘(::':; Non-Ferrous Metals
annealing, welding
Metals melting, | [ Secondary Steel Non-electrifiable energy
!m“‘:"l - Incremental electricity use from Stage 3 electrification
A Heat the
“'i’z:s’:: i emical industry | 0.50-0.95 23 ﬁ-i;' Wood B incremental electricity use from Stage 2 electrification
CTnmi: firing v Bl incremental electricity use from Stage 1 electrification
Gl It Lk
i _ . - Textiles Current electricity use
Establishedin ~ Metals melting and 0.00 0.25 0.50 0.75 1.00
ey il robckig 0.60-0.90 2,3 26,48,50
Established in  Waste treatment | | | Electricity use (EJ)
industry Metals treatments
21,2648, . . e - . .
obrlormetls | (eg wekdng) | 050-050 23 PR Stage 1—Entry points for industry electrification with mature technologies
waste intering . . T .
treatment | Cement production ‘ Stage 2—A more technologically advanced phase of industry electrification

Electrically powered technologies for industry electrification. Efficiency is the ratio Stage 3—Maximum potential of industry elecirification with high technological uncertainty

between UE output and FE input of an appliance. The COP measures the heat output
(for heat pumps) or the heat absorbed (for chillers) per unit of work input

Madeddu et al. (2020) Environ. Res. Lett
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100%
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900 1300 1500

Number of cycles

Battery capacity




. Combustibles, materies primeres i fonts d'energia baixos en C eurecat

Centre Tecnologic de Catalunya

i) Us de combustibles alternatius de baixes emissions: Hidrogen verd, biogas/biometa,
biomassa, biocombustibles, e-fuels.

ii) Matéries primeres de baix carboni: Biomassa, CO2 reutilitzat.
iii) Energia renovable térmica (solar i geotermica)

Combustibles,
matéries primeres
i fonts d'energia
baixos en carboni

iv) Amoniac

ol5E

L’H, verd es produeix amb electricitat renovable i pot substituir combustibles fossils en
sectors dificils de descarbonitzar.

El syngas s'obté de biomassa o residus. Pot servir com a base per a combustibles

renovables i per a nous productes.

El biogas (produit per descomposicié de matéria organica), conté CHa4 i es pot usar per
generar energia, substituint combustibles fossils.
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Produccié Emmagatzematge i Us com a
Distribucio Font d’Energia Matéria Prima
Biomassa
Metanol, gas Calor Hldrogen !i |||||m
dg(l! meta efc h e

, - Pila de combustible Meta
pionea * Integracio de sistemes M |
- Metanol, etc
hibrids en microxarxes etano
Energies Renovables * Injeccio directa :
Eldtricitat Fischer-Tropsch

Productes quimics
Combustibles

m Amoniac

Energia solar, energla eollca
- Electricitat

Electroliside
l'aigua
» Electrolisi de l'aigua

* Gasificacio/piroliside biomassa, residus *  DissenyderdipisiEmde-combugiile

* Mesura de la permeabilitat d’hidrogen

. grssa : ;::p' Oaslit:iag, dS:i;SOt:tztdsors d'hidrogen » Comportament mecénig de materials . D?sseny de catal!tzgdors

. Pirolisi per plasma d’'emmagatzematge d’'hidrogen . D_Isseny_c’lg proces i esgalat ’
i _ ; + Disseny de materials + Simulacié i modelitzacié de procés

+ Foto-electrolisi d'aigua/aigles residuals - Captura i purificacié de CO,

L’hidrogen verd és clau per a la descarbonitzacié industrial,

especialment en sectors on electrificar directament no és
tecnicament o economicament viable.
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N.

hyield

Tecnologia de
gasificacio CleanTech
de WtEnergy Advanced
Solutions i el sistema de
membranes de
separacio de H2Site, i
s‘implementara en una
fabrica de ciment.

Digital
Green
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Fertiliser

h Boiler Ammonia

Heat

utilisatior s U LT I M AT E

=17 Heat Stripping
utilisation column and
scrubber

Curich

Barley field
arley fields Sludge

El biogas és I'Unica
energia renovable que
pot fer-se servir per a
qualsevol de les
aplicacions energetiques
més importants:
electrica, termica o com
a carburant.

Fig. 3 Ultimate project (case study Tain): points of application for
heat utilisation in the treatment train for distillery wastewater

https://mp.watereurope.eu/d/technology/1116
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@ I_C Pa p er INICI LEMPRESA PRODUCTES | SECTORS

El nostre cami cap a zero
emissions

2017: Planta de biomassa

Per complementar els nostres requeriments energétics de la

manera més sostenible possible, hem posat en marxa una gran

planta de generacio eléctrica per biomassa, que s'alimenta amb

retalls de fusta que provenen de |la neteja dels boscos.
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Minimum Energy Cost to Extract a Tonne of CO. Minimum Energy Cost to Extract a Tonne of CO:

600 A g :
1
_. 500 A | | We are here
o - 500 : (~400 ppm)
3 . g 1
% 400 5 400- E
o 300 - agf : Captura de carboni,
E = 300 1 ' segrest i
£ c : transformacié
B 2007 > 200 - |
Q o :
S ]
w 100 B anpd E
1
0 1 T T T T T T 0 - :
0.0 0.2 0.4 0.6 0.8 1.0 '_4 ' '_3 '_2 1_1 T )
Fraction of CO: in the Air 10 10 10 10 10

Fraction of CO: in the Air

Com ?
“Lluitant” contra U’entropia amb processos de separacio del

CO, de corrents gasoses
https://rateofchange.substack.com/p/why-capturing- Emmagatzemant el COZ en medis geolégics apropiats

carbon-from-the-air

Transformant el CO, en nous productes quimics
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CCS Carbon Capture and Storage / CCUS Carbon, Capture, Utilization & Storage Centre Tecnologic de Catalunya

i) Captura post combustio
ii) Captura precombustio
iii) Captura en oxicombustio
iv) Captura en proceés

i) Emmagatzematge geologic
ii) Utilitzacio

Tecnologies

- Adsorcio

- Absorcio

- Carbonatacio
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Alianca per la Descarbonitzacio de la IndUstria Centre Tecnologic de Catalunya
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Socios cientificos y tecnoldgicos i Al eurecat ICIQUB St Coter, quimica
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(Testing and Experimenting Qet.
Facilities- TEFs)

SINERGIES

- ii) Amb diferents cabals, temperatures,
N{{EB S Plataformafes de Sintesi

- G I T e —— pressions i contingut d'impureses
Us CO 1.5 Kg €02/h
Skid 1 Absorcio
o Intra-Inter Sectorials
Linia 2. e ©O e o o
Captura Skid 2 — Liquid O o PY — h
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. Captura de carboni, segrest i transformaci

Adsorcio en solids

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Sectors: Ciment, siderurgia, residus,
eventualment petroquimic

Materials: zeolites, MOF, capsules amb liquids
.\ o . o o Gas adsorption
ionics i combinacions . ’
CO2 stream -: /” s C
—9 "' %

+ -
e .
-~ .'
-
(L1
»
(]
MOF regenerated -
- .!
3V :
GCas release
- ]
- o
¢ -

Compresor

refrigeracion
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« Sectors: ciment, residus, eventualment petroquimic i siderurgia HO\/\NH
«  Materials: amines, K,CO;, liquids ionics i combinacio 2

Adsorption vs Absorption

Adsorption Absorption
Particles stick to the Particles soak into the bulk of
surface of the other phase. the other phase.
skl L B — y =
‘ " Columnas
Surface ::::iz’:; absorcion
Interface p— -

control
Columna

desorcion

Intercambiadores

Equipo
refrigeracion
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. SKID 2 - Absorcion mediante sorbente liquido: Introduccion

+ Captura: =250 kg CO,/dia

* % CO, flue gas: 70 %

Reduccién CO, en flue gas: > 90 %
Pureza CO, recuperado: > 90 %

Tecnologia quimica para separar selectivamente el CO, de corrientes
gaseosas mediante un sorbente liquido. El proceso de absorcion
guimica consiste en tres etapas:

1) Absorciéon 2) Desorcion 3) Regeneracion

Tecnologia aplicable a diferentes entornos industriales: cementera, residuos, eventualmente petroquimica (y sidertrgica)

p RETOS g

Nuevos absorbentes escalables con mayor

capacidad de captura, menor degradacion

y menor temperatura de regeneracion. ——1| Nuevas configuraciones de proceso con
+ Otras aminas (p.ej. DEA, PZ) wew o0 | menor demanda energética.
+ K,CO, et | ‘
« Liquidos i6nicos F N ——— | Desarrollo de unidades de absorcién
« Blending agentes captura . 2 T | mas compactas.
» Otros compuestos organicos g e

A J

e eurecat Em :

'investigacié Quimics Centre Tecnologic de Catalunya
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Sectors: ciment, residus i siderurgia

Materials: pols de cimentera (CKD), escories d’acer i cendres volants
RSU i potencial a valorar en residus de la construccio

La carbonatacio accelerada de materials alcalins, ja

siguin minerals o residus, és una potenciacio

controlada del seu envelliment natural. /‘""
Salida Gas

\p

Reactor Rotatorio

/ Entrada Gas

CaO() + COxg — CaCOs. AH =178 kI/mol CO,

Panel Control

Equipo

Compresor Refrigeracion
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Sectors: petroquimic, eventualment residus, ciment i siderurgia

Catalitzadors: JM25- 4Q i en desenv. Cu/ZnAl204 per RWGS i Haldor
Topsoe®) i en desenv. Co/Fe/Ni per FTS

COy+Hy; = CO+HyO:

@) || h — (2n + 1) Hy + n CO — CpHopsp + N Hy0
H, 7N //)V
Renewable e P—— )
electricity electrolysus
—
b I W
C O 2 Reversz r:‘i'f:mr-gas Flsoil;:-r::izsch St

CO,emission Reoctor fWGs  reirgea

Adaptat de Choi et al. (2024) hidrocarburos
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PROVINCIA

Ciuden encarga a Eurecat el desarrollo

CIUDEN y Eurecat desarrollan una planta

de la planta pionera para producir pionera para producir metanol més eficiente a
metanol en Cubillos del Sil partir de hidroégeno verde y didxido de
0 LEON 24 HORAS 6 Mayo 2025 Carbono

f  Facebook X | Twicter ©  WhatsApp 7 de may, 2025 M Energla Compartir: n - n m a

(CIUDEN) y el centro tecnolégico Eurecat lideran el disefio y el desarrollo de una
planta piloto destinada al uso de hidrégeno verde y diéxido de carbono
capturado para la produccién de metanol de alta pureza de manera mas eficiente,
mejorando las limitaciones termodinamicas presentes en reactores convencionales

y haciendo también innecesarias las etapas convencionales de purificacion.
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= Establir estrategia de descarbonitzacio en base al punt de
partida (Abast 1, 21 3)

= Enfocament multi-tecnologic i consideracio de les
particularitats sectorials en base als “pilars” de
descarbonitzacio

» El secret sovint esta en la hibridacio

Nature

= Sovint descarbonitzacio i eficiencia son sinergiques Biotech Based

Solutions

= Tenir en compte CAPEX, OPEX, integracio, escalabilitat i
seguretat Climatic

Mitigacié Canvi

= El coneixement basat en R&l permet prendre decisions
informades i transformadores
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Moltes gracies !!!

eurecal 10

anys

miquel.rovira@eurecat.org
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