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1. The numbers of HER LE

> HERCCULES: HEROES IN SOUTHERN EUROPE TO DECARBONIZE
INDUSTRY WITH CCUS

> Demonstration of the full CCUS chain for the decarbonization of hard-to-abate industries in
Southern Europe, focusing on cement and energy from waste sectors in Northern Italy and
Greek clusters

HERCCULES NUMBERS

3 CO, capture pilot plants
3 CO, use pilot plants

- Coordinator: LEAP
- Parternship:

- 23 partners + 4 affiliated 2 Storage sites

« Topic: HORIZON-CL5-2022-D3-01 >10.000 test hours

- Start date: 1 January, 2023 >3500 ton CO, captured

- Duration: 60 months >1000 ton CO, stored

- Budget total: € 39.627.208,00 >8000 ton of low-carbon

- UE Contribution: € 29.632.076,48 ol _
7 Pre-feed and Hazop studies
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2. Structure & Work Packages

HER LE

full COUS chain demonstration

WP1 _ Project Management and Coordination

CCUS PROCESSES AND TECHNOLOGIES

CAPTURE AND
PURIFICATION

UPSCALING

WP4 - CO, UTILIZATION
& RESOURCE
CIRCULARITY

low carbon hydraulic binders
Mineralization

WP6 - CCUS CHAIN
INTEGRATION and
INDUSTRIAL CLUSTER

Design and optimization
of CCUS chains

|

WP7

EXPLOITATION
Pre-FEED studies for
TRL8-9 towards future

Bed-CalL commercialization

SOCIO-ECONOMIC STRATEGY

WPS8 - SOCIAL AND REGULATORY WP9 - BUSINESS AND FINANCE
Social readiness and regulatory Business models and financial aspect of CCUS

WP2 - CO, CAPTURE

IN CEMENT (TRL7-8)
Hibrid technology

)
WP5 = CO, TRANSPORT
& STORAGE
Demonstration of safe
and successful CO, storage
aimed at hubs and clusters
development

WP3 = CO, CAPTURE

IN EfW (TRL7-8)
Circulating Fluidized

-

WP10 - Communication, dissemination, knowledge sharing and exploitation

* Innovation Action — Budget = 40 M€
« 10 Work Packages

* 56 Deliverables,

* 18 Milestones

* Duration : 5 years
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3. Timeline (I)

Other Gas from Caiciner: 75,4 Nm3 (33,0 %)
COZ2 vented from CPU: 15,0 Nm3
Other gas vented from CPU" 14,9 Nm3 to atmosphere: 5.5 Nm3 (x:z:;c»m 48,0 Nm3 (21,0 %)

gas toatmosphere: 449.9Nm3  CO2 iner - Combuston: 50.0 Nm3 (21,9 %)
i * co2 sorbent]: 43.7 Nm3 (19,1 %)
CO2 from Calciner - Calcination (CaCO3 make-up): 11,1 Nm3 (4,9 %)
Storage  utkzaton CARBONATOR 3 L CALCINER
€ d £ - A S Dhcozcru. 1048 Nms 67.0%)
- 0
Atmosphere

v ‘[“’7ncnusnmuusos) . »
) | r Process modeling, design

; ié ! IRy L ! ;
R, =) and construction of the
§ o L pilot units

CO2 vented from CPU: 10,5 Nm3
Other gas vented from CPU: 9,1 Nm3

Combustion

o

Fuel i CO2to
MSW STORAGE
e 'CO2 produced 100 Nm3
CO2 captured: 94.3 Nm3
' d CO2 purity. 99.9 %
02 10 Calciner: 35,0 Nm3 Air Airto Kiln: 125,0 Nm3
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3. Timeline (II)

Gas-gas heat

exchanger Condenser

To waste water

treatement
Cement plant
Water

effluents

o,
compression

wash
__________ Stripper

Experimental testing of the new cPU ©  Packed

genel‘atlon PCC PiIOt at the vented gas Abs/ojrj—erv\r/—ﬂjlrean—rich heat
Vernasca plant (BUZZI) bec | [exchanger

G ]: Solvent
make-up

To waste water
treatement

\s WP Wp,
CCUy

outo Jutil Post-combustion CO, capture

r - COy-lean

e =0T o 'Fluagl!ea
i

CO, to storage/
utilization

Demonstration at TRL7-8 of

oo the hybrid demo plant on
Pre-calciner e E
= - —
i ritt P L@é . ' cement flue gases and of the
,,,,,,,,,,,,,,,,,,,, e EfW-CalL system
! Cooler LT utilisation
exhaust air
finker,
] Oxyfuel sections =
[T Airfired/ Post-combustion sections =~
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3. Timeline (III)

Testing and
demonstration of
demolished-concrete
CO, mineralization
and production of low
carbon concrete

ergy
Y ement plant

North Italian cluster

Cement: 10 Mt_./y . g ; Api - Cement plant
EfW: 3 | X %, £ (Mteer/y)

F’ EfW plant
Wctooty)
» €0, captured

170 kt/y

Monselice
-'Lcr:z transport <

emgﬂt plant Vernasca Cement plan!
Hybrid process - + partial oxyfuel

HERLCLCLULES

full CCUS chain demonstration
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TITAN -

HERCCULES

Concrete
(4000 m’)

CEMT A LL 425 CO capture and geological
storage (*7*)

280 kg/? 280 kg/m?

CO’A“?E"YC €O use by Narural zeclite
demolished . OCIEte i optilolite) CO,
gy 0| ke (WP4)

40 kg’ CO» treated | 40 kg/my’ CO» treated
C&D waste Zeolite

240 kg/m?

100 kg/m?® negative emission negative CO, emission

80 €=

70 €/ (*%) 110 €’ 110 €

ETS

Innovation cement ?0’3 storage and €O storage and SCMs

Mass production Mass production

5> Design and optimization

| ) study of CO,
L e T transportation in
’ s Northern Italy

Funded by
the European Union

Demonstration of captured
CO, transport, injection
and
permanent storage in
Ravenna and Prinos sites

Funded by the European Union. This project has received funding from the European
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3. Timeline (1IV) 7 N\

BEYOND HERCCULES

Exploitation & Business plan
Guidelines for citizen
engagement

Definition of high-level
economics

LCA and CBA of CCUS chain

WP10: Communication, dissemination and knowledge sharing ;
WPS8: Social perception and community engagement Full scale FOAK

industrial project
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4. CCUS: Application in Cement sector (WP2

HERCCULES Hybrid CO,

_ _ capture configuration
High purity CO, (>99.9%)

to storage / utilization

A T

C02 vented from CPU: 15,0 Nm3
Other gas vented from CPLU: 14,9 Nm3

1-Oxyfuel calcination with CPU

- ekl CO210 storage (from PCC ): 38,0 Nm3
€02 1o storage ( from CPU ): 60,0 Nim3 (99,9 %
\ ) + PCC : otner{;:ftr;gteo{ra?emnj Nrr]13{0,1%”]] e
CPU aneeD pec 2- novel solvent-based post- | | storageuienton
CCR=80% combustion ca ture (PCC) - '_:?l Gha c Other gas to atmosphere: 119,9 Nm3
CCR=95% p L ! R €02 to atmosphere: 2,0 Nm3
4 _/ + Raw éc%% R y
A =
Raw . . s . e €02 produced:100 Nm3
meal 3- Integration CPU-PCC - Hybrid o Zof 2 CO2 caprod:98 in3
| CO,-lean E "t = €02 purity: 99.9 %
Preheater 1 Preheater 2 flye gases 2 5ok £
(CO2). P| Flue gases . mg 800 aE
\ ' TRL 7-8 tests and scale-up studies for T 155 =2
three configurations. KPlIs: o8 Fo 22
mzmmnnnnennan A sg £0% |
. CO, stream Rotary kiln . . g@ 629 £5
¢ fuel y i.  Ultra-high CO, capture rates (up 86 onE <5
pedndna A S flue gases to 98% d ity (>99.9% n8 555 3
calcinatign (@20% CO,) o o) ana puri y( ° o) 38 Calcinatio SE
7777777777777777 . . 0o
Clinker ii. SPECCA< 2.2 M"LHV/kgCOZ Fuel / Rotary Kiln ~ Comi Sankey Diagram , Hybrid
' fut } Clinker cooler
Rotary Kiln L. h—“ﬁﬂ b Eﬁ' coz 100Nm3)
iii. CO, emissions <-150 kgcoo/tinker e Othergas
Fuel/SRF ] T/\v td :
Fuel
02 to Calciner: 35,0 Nm3 Ajir  Airto Kiln: 125,0 Nm3

iv. Cost of CO, avoided <50 €/t.,,
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full CCUS chain demonstration
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4. CCUS: Application in Cement sector (WP2

’

‘ _'DII:lu\||

1- Oxyfuel calcination with CPU

TECNO : 7 :

E PROJECT 2 / :
. INDUSTRIALE : Freshraw meal EHo= Flue gas / I I IAN
: e = :

> Oxyfuel pilot plant characteristics § T S Gy = o o caleny! e
- nlet
* Goal of this demonstration: partial e J
oxyfuel technology benchmarking with : t
conventional and alternative fuels, : B - ;. Raw Meal
including biomass and waste : cot0 3 = i Preheater
= storage . ! = .
I e [l oy
© 1.5 MW, oxyfuel demo plant + CO, : | == Tt i
Purification and liquefaction Unit (CPU) :
« Capture rate oxyfuel + CPU 80% A oyl
: Tertiary air
* 4.5-5 tonc,,/day of  high-purity Spffr';/p':igaf:‘izf‘s Onnit
(>99.9%,,,) liquid CO, produced = =) Rotary kiln |

Raw meal to preheater
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4. CCUS: Application in Cement sector (WP2

’

v _'DII:lu\||

2- Novel solvent-based post-combustion capture (PCC)
> PCC pilot plant characteristics -'p’ PROJECT

INDUSTRIALE
e S TATY (G 1) e

« Design to treat at least 250-300 Nm3/h Gas-gas heat
of cement flue gases , L exchanger S
 Capture rate >95% Cement plant|__ i I treatement &,
« 2.5-3 tony,/day of Liquid CO, produced effluents | :—I_Q@ . compression
- Solvents targeted: MEA (validation), momeeee e Tl_@ Stripper
improved solvent CPU © | Absorber ||| ()
- Innovative design, considering: vented gas :__ It L @_|_Eean-rich heat| @ e
> Lean-vapor compression > ‘ - exchanger
> Membrane contactor _P©<_\1 ﬁ rizllz/::;
To waste water
> PCC pilot plant testing treatement

* The unit will be design as a movable skid-mounted system, to be tested in Vernasca in the standalone
PCC mode (flue gas at the stack), or flue gas from rotary kiln mixed with CPU off-gas in the hybrid
mode (Greece)

Funded by the European Union. This project has received funding from the European 13.06.2024
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4. CCUS: Application in Energy from Waste

L
g

* HERCCULES will demonstrate at TRL 7-8 for the Sumitomo
first time the CFB Cal process coupled with CPU 9.}' Q%PQ 0 SHI/FW

.. . . . CO,-lean
» Preliminary lab experiments will characterize the SEENE—— EFW Fue CO; CAPTURE SECTION
Ca-based sorbent exposed to EfW flue gases ’ W]

CO: to

3 \Rurificatinrl

CARBONATOR  CALCINER
N

* The demo plant will be installed and operated at

the EfW Silla 2 plant owned by A2A Ambiente VVY

(A2AAMB) ‘ ) FlyAsh -
- The CFB CalL pilot will be operated with SRF and ™ 1 [t

sewage sludge, targeting the following KPIs: ¥ [gouer | = - —gases |

______________________________________________

Water to

.. CO, Capture efficiency 95%

economizers i OXYGEN il
y . . S i @ aAirLiquide
i Ultra-high CO, purity (>99.9%) o_ | — cpu
* Scale-up studies and techno-economic analyses: o
i CO,to
: 0 S ] PROJECT
. Negative CO, emissions (<-400 kgco,/t,acce) Condenser INDUSTRIALE| Ltiisetion

e S TALY Ciwiarpy

II.Net electric efficiency improvement of 3%
compared to MEA
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4. CCUS: Application in Energy from Waste sector (WPS=-WP7) .-

» Calcium Looping + CPU configuration

The design of the CaL and CPU units are underway, based on:

*  Characteristics of WtE host plant (Silla2 in Milan, Italy)

PROJECT E_LL g . m:: ,F

*  Chemical-physical characteristics of the flow gas entering the
Carbonator (*~1500 Nm3/h)

*  Properties of the fuel derived from waste (1 MWth) as mput
to Calciner :

Area selected for the
installation of the

systems - . e ., 7
Division of areas between CaL and CPU / O2
storage sections

Funded by the European Union. This project has received funding from the European
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Wal-E Synergy Process
Energy from Waste 2 | CO, Capture - waste Ca0

CaCo,
- 95% CO et

emitted
SRF input
500 kt/y

plant + CaL

Silla2 EfW Power

Vernasca Cement

-)]-)Cement from Waste Ca0

CaCO; raw
meal (-30%)

Brescia Synergy Rezzato -
fW+Cal —N cementplant y

62 CaO-rich purge
!J Cement plant
ol (Mteen/y)

2 !‘T‘Efw plant
W tsily)

> CO, captured

North Italian cluster
Cement: 10 Mt..../y |
Efw: 4.5 Mt.,.mly -
] 37 3

Wkt/y Padova

T(iestem
5 »,

170 kt/y
Monselice
P 1Mt/y -,
4’4,(:0z transport < BN 5, AN
network  Ferrara 4 b

Cement plant
+ Hybrid process

Parma EfW+CaL Vernasca
nergy Cement+Oxyfuel | -

=00

dell emlha Forli’

The carbon-sink materials produced via by-products circularity include the low carbon CELITEMENT ®
hydraulic binder, and the low carbon sulfo-alluminate clinker

HERLCLCLULES

full CCUS chain demonstration

&: LEAP
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5. CCUS: CO, utilization and resource circul

Cement and concrete carbon footprint reduction:

l. by-product materials recycle processes exploiting the CaO sorbent (purged from the Cal pilot plant)

ii. | two CO, mineralization skid integrated to CC demo plants (waste demolition & zeolite-based materials)
| ——  CO,lean pemolished \\Vaste demolition materi
Flowrate setpoint ) — gases co Flue gases Zeolite
—; Fresh raw meal from Kiln 1LES Concrete
X | || —_Deta collection to Oxy Calciner o 50u¥)
FC ] - - - |
s -'L Mineralization 7 A 6
| ( ) """"""""" skid
X E 5 - SCM ||||||||||||||/c§c‘;)|2e
2F 1 = .
off » - b d geological
o & . ement .
q N % Online gas Pure CPU Vent Vv, Calcined S
] % S nalyzer v I
= W & a g g e o €O, gas _ raw meal #F
= 2 content: CO,-rich
Sll co = =
gl 0 o, W
ON < 3022 enissior 4 CPU skid E Ky nslesicn
@ 5 ~ NO, OPEX O
ﬂF’D - 2
&1 ’D% Alternative <
i fuel handling o =
N N section -
Zeolite-based materials ST ) Fo| e
Cco, recycle/ Oxygen
e 13.06.2024
H E H : E LI L E E (" L E n p “2‘.0;01396691.EV1ev35 and opiiuion;j expres;ed apre ghowever th(cj)se gof trtwe %uthor(s§ 01.01 20;;
full CCUS chain demonstration only and do not necessarily reflect those of the European Union or European Climate, " "
'J)’ POLITECNICO DI MILANG Funded by Infrastructure and Environment Executive Agency (CINEA). Neither the European 31.12.2027

the European Union Union nor the granting authority can be held responsible for them.




Cement and concrete carbon footprint reduction:

i. | two CO, mineralization skid integrated to CC demo plants (waste demolition & zeolite-based materials)

=> Four novel, low carbon concrete formulation will be produced (>8000 t) and compared with standard concrete

I
A 1) 2) 3) 4) : :
Reference TITAN and CELITEMENT - TITAN - BUZZI - Zeolite | — A
concrete BUZZI- HERCCULES HERCCULES HERCCULES Concrete Ashes | picposal
HERCCULES Concrete Concrete (50 ) : e [Peention
concrete with (5-101r) (4000 ) .
CCUS Cement Power
(5.000 ) 0 @ e
CEMIOALLA425 7 T R Heat
Cement CEMI A- CO; capture and HERCCULES CEM I ALL 42.5 CO; capture and geological " -
' B¢ |11 425R geological storage | CELITEMENT storage (¥**¥) \ s LAY
() | concrete EEEE\ Qe
Cement . .  ae , ) ‘ | |CO, Captured
— 320 kgm?’ 320 kg/my’ 340 kg 280 kg/m? 280 kg/m’ | from ﬂ" j " from
‘ Cement plant WASTE % | EfW plant
o, 50kg/m?’ (negative -\ \\ i 7 & /’ P
S 240 kg/n? with biomass 100 kg/m? negative emission negative CO; emission CO, ¢ . _»h[> e =
Frssion firing) Mineralization
OPEX S0€t | 1256w 70 €’ (*) HOEnt MLOGke s CUEDSRRCUTERNR, AN TN N
Raw materials CO, to storage
Other circularities and synergies between cement and EfW sectors
*  SRF valorization as fuel for both the cement and EfW capture technologies
» Sharing and optimizing the infrastructure for CO, transportation
Funded by the European Union. This project has received funding from the European 16 13.06.2024
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6. CCUS: storage and CO, chain optimization (WP5=WPG6)

» HERCCULES will safe and effective permanent CO, storage of more than 1000 ton of
captured CO, in the most advanced CO, storage sites in Southern Europe: Ravenna (ENI) and
Prinos (ENERGEAN) Ph 1 - 2024 Ph 2 - 2027 E fter 2030
° High storage capacity and cost- Ravenna CCS .25 KTPAofCOZJ . 4MTF’Aof002J 16pMTF’Aof002 J

effective potential, good
connection with  clusters  of

emitters and  possibility  to
repurpose existing infrastructures

Important CCS Hub in Southern Europe and Mediterranean
Supports decarbonization of industrial clusters in Italy &
Mediterranean - storage site for the PCI Callisto
Transportation network being developed to receive CO; both
via pipeline and shipping

Strong interest from nearby and international emitters, including
beneficiaries from Innovation Fund

Over 20 feasibility studies in collaboration with national and
international industrial emitters

Over 500 MTON of CO, total capacity

Phased expansion of injection up to 16Mtpa after 2030

joint venture

Funded by the European Union. This project has received funding from the European 13.06.2024
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6. CCUS: storage and CO, chain optimization (WP5=WPG6)

> HERCCULES will safe and effective permanent CO, storage of more than 1000 ton of
captured CO, in the most advanced CO, storage sites in Southern Europe: Ravenna (ENI) and

Prinos (ENERGEAN)
TOTAL STORAGE CAPACITY

* High storage capacity and cost- ENERGEAN

effective potential, good - ——
. . Qualified to receive funding o,
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LES: Scale-up and Dissemination

* In the short term, pre-commercial demonstration at TRL 8-9 of a complete CCUS value chain
(scale-up HERCCULES demo plants, WP7 scale-up studies)

* In the medium term, the results in HERCCULES can facilitate large-scale CCS implementation in
cement (need of modernization) and EfW (increase of non-recyclable waste)
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+ ldentification of business models and financial mechanisms tailored to CCUS, LCA and CBA in WP9
« Assessment of the societal readiness of the integrated CCUS chain; analysis of socio-economic and political
barriers, policies and regulations to facilitate the development of regulatory framework (WP8)
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7. HER LES: Scale-up and Dissemination

First Regional stakeholder committee — Bologna, Italy 16t January 2024
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7. HER LES: Scale-up and Dissemination

Disseminations on social medias
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