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ﬂ AGENDA

% Consumi energetici ed emissioni di CO,
“ Global Warming Potential e altre categorie di impatto ambientale

“ Opzioni di riduzione delle emissioni di CO,

*+ Emissioni da sorgenti puntiformi e Carbon Capture and Storage

«*» Emissioni da sorgenti diffuse e fotosintesi

% Opzioni di riuso del CO,

*» Approfondimento sui biocarburanti per autotrazione e trasporto aereo

¢ Confronti e prospettive
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\J CONSUMI ENERGETICI GLOBALI
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CIS: Comunita Stati Indipendenti, 9 stati ex URSS. Asia, %: Cina 59, India 15, Giappone 8, Sud-Corea 4, Indonesia 3,

Malesia 2, Tainlandia 2, etc.
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N DISTRIBUZIONE CONSUMI ENERGETICI, 2015
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N| CRESCITA CONSUMI

ENERGETICI, % annuo
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Nel 2015 la crescita dei consumi energetici € stata guidata dall’India + 6%
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Nl CONSUMI GLOBALI DI PETROLIO
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Nel 2015 il 40% del petrolio USA € di tipo non convenzionale
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NI| CONSUMI DI GAS NATURALE
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Nel 2015 calo del 5% dei consumi del gas russo

. E. D’Addario
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\l| CONSUMI DI CARBONE
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CINA 2015 48 % del consumo globale
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NI EMISSIONI GLOBALI DI CO,
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Le emissioni di CO,in Cina sono aumentate di 3,5 volte rispetto al 1990
Nel 2015 per la prima volta sono diminuite dello 0,4 %
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\J EMISSIONI CO, ITALIA

—4—C02, Mt —l—% UE

Dati tratti da: https://yearbook.enerdata.net/
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E\ CRESCITA ECONOMICA ED EMISSIONI

Energy: G20 key figures in 2015%*

-0.2%
10.8 Gtep | 27 Gtco,

Economic Energy CO, emissions
growth

At purchasng power pa ity

consumption stabilisation
stagnation

2014 : +1.1% 2014 +0.9%

2014 - + 3. 4%,
2003-13 : +2 .19, 2003-13 : 4+2.3%

NI4T - P
2003-13 : +3.7%

* Note: G20 countries account for about B0%: of global energy consumption

https://yearbook.enerdata.net/
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N INTENSITA’ DEL CO, A PARITA’ DI POTERE D’ACQUISTO, kg/$2005

kCO2/$2005p
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Riduzione del 42% rispetto al 1990 per i paesi del’'annesso 1
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N INTENSITA’ DEL CO, A PARITA’ DI POTERE D’ACQUISTO, kg/$2005

‘ Unit: kCO2/$2005

" Below 0.25

0.25 to 0.4

r
0.4 to 0.5

# .
Year: Unit: kCOz2/ \1{!“ '11 :;‘:; ;-';gﬂsl(culf Highest ten =
2013 £2005p ) s : L
| Sweden 0.114 I # “ | Kazakhstan 1.171 ]
|' Norway 0.149 | . | Uzbekistan 1.uaﬁ |
|. Colombia 0.157 | Source Enerdata | Ukraine 0.905
' France 0.169 I | Saudi Arabia 0.802 ]
' spain 0.200 | ' Russia 0.737
|' Portugal 0.207 I | China 0.712 l
|' U T 0.214 I | South Africa 0.704 ]
. . - '
 Ttaly 0/216 ’(‘ ] | Iran 0.672 ]
| Brazil 0218 I | Kuwait 0.620 l
| Belgium 0-260 I | Taiwan 0.552 l
' https://vearbook.enerdata.net/ - -
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N| EMISSIONI GLOBALI DI CO, NEL TEMPO .

Gt 32 Global sconomic downturm

28

Ditsodution of the Soviet Union |

2nd oil price shock ‘

15t oil price shock |

Bnd of Warkd War Il

Great depression

EA {20 13) Redravaving the &n engy climate map
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E\ CONCENTRAZIONE GLOBALE CO,

Carbon dioxide concentration at Mauna Loa Observato
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400 ppm registrate a maggio del 2013
Previsioni dellaumento di temperatura di lungo tempo: 5,3 °C
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N|CONSUMI ENERGETICI PER SETTORE

Total Energy Consumption by Fuel Sector Energy Consumption by Fuel Type

Renewabls  Nuclear Transportation

Energy Fower
9% 8%
‘ ' 3% 49

Inclustrial

m.

Besdanlial and Commercial

Elactric Power

4% 21%
10

WOl B Matural Gas Cioal B Renowable Encray Mucloar Powor

iource: AED 2014, Farly Relsase, Tables A1) AZ and AT

Annual Energy Outlook 2014. US Energy Information Administration
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PROCESSO

Y

+» Carbone
+» Gas naturale

+» Gasolio

*» Energia prodotta

% CO,

Y

LiQuiDi

GAS

ENERGIA

RIFIUTI

VENDITE

N\ CO, DA UNA TIPICA CENTRALE A CARBONE, 2000 MW

4.075.569 t

171.485 kSm3

40 t
11.603.020 MWh

9.745.749 t

Impianto termoelettrico Torrevaldaliga Nord, Civitavecchia

Dichiarazione ambientale Aggiornamento 2011
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N EMISSIONI GASSOSE DA UNATIPICA CENTRALE A CARBONE

Tabella 5 - Inquinanti emessi dai camini principali che sono monitorati in continuo

Limiti AlA - PMC

Inguinante
Concentrazioni Massa

Polveri totali 15 mg/Nm? 35 t/mese

260 t/anno
SOx (come S0,) 100 mg/Nm? 2100 t/anno
NOx (come NOz) 100 mg/Nm* 3450 t/anno
Ammoniaca NHs 5 mg/Nm?* /
Monosside di carbonio (CO) 130 mg/Nm* /

Impianto termoelettrico Torrevaldaliga Nord, Civitavecchia
Dichiarazione ambientale Aggiornamento 2011

AlA Autorizzazione Integrata Ambientale PMC Piano di Monitoraggio e Controllo
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N ICROINQUINANTI DA UNATIPICA CENTRALE A CARBONE

Tabella & - Microinquinanti monitorati in discontinuo

Parametro Valori limiti secondo AlA — PMC
Meataili -

Mercurio (Hg) Hg 0.05 mg/Nm*

Cadmio (Cd) Cd+Tl 0.05 mg/Nm?
Tallic (T1)

Arsenico (As) (As+Sb+Pb+Cr+Co+Cu+Mn+Ni+V+5n)
Antimonio [(Sh) 0.5 mg/Mm?*

Piombo (Pb)

Cromo (Cr)

Cobalto (Co)

Rame (Cu)

Manganese (Mn)

Michel (Ni)

Vanadio (V)

Stagno (Sn)

Idrocarbun Policclic Aromatici (IPA) 0.01 mg/Nm’

Policlorodibenzo-p-diossine (FCDD) 0.1 ng/Nm?
Policlorobenzofurani {PCDF)

Cloro e suoi compost 10 mg/Nm’
(espresso come HCI)

Fluoro e suoi composti (espresso come HF) 5 mg/Nm*

Impianto termoelettrico Torrevaldaliga Nord, Civitavecchia
Dichiarazione ambientale Aggiornamento 2011

. = ,
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N\ VALUTAZIONE DEGLI IMPATTI SULL’AMBIENTE ™ *©

LCA considers the entire life cycle of a product, from
raw material extraction and acquisition, through energy
and material production and manufacturing, to use and

end of life treatment and final disposal

[1SO 14040/744/2010]
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N| LCA - ISO 14040 — 14044 2006/2010
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ﬂ LCA - DEFINIZIONE DEL SISTEMA

Air Emissions

Heat
Environment N
.~ =
Fuel Process
Enerqgy INPLS OUTPL Products
Raw material -—’.———’- Unita’
pN ~ Funzionale

System boundaries ;
.
Water/Soil Discharges
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N PRINCIPALI CATEGORIE DI IMPATTO AMBIENTALE

Land Use Change: Diretto (sostituzione foreste con palme), Indiretto: spostamento delle coltivazioni
alimentari da terreni agricoli a terreni non agricoli (esigenze di biomasse non alimentari, attenzione su
biofuel di 2° e 3° generazione)
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PRINCIPALI INDICATORI DI IMPATTO AMBIENTALE

CATEGORIA INDICATORI SIGLA
Impoverimento risorse abiotiche | kg Sb (antimonio) eq “

Riscaldamento globale kg CO, eq m
Riduzione strato ozono kg CFC-11 eq m

Tossicita umana kg 1,4-DB HTP
(diclorobenzene) eq

Aciicaonsdotais[igSo,0 (A
R S

AIDIC
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N| LCA - GLOBAL WARMING POTENTIAL

|
Esempio di calcolo

Effetto Serra Riscaldamento
CO,, CH,, N,O... :
[éram:ni 3.] GHG 100 years Globale Potenziale
- [9 CO, ¢4l GWP =2 GHG 100, * g,

GHG 100

gCO,eqi T .
| quantitativi di ogni gas emesso

CO, L all’atmosfera vanno moltiplicati per il
corrispondente effetto serra e i
CH, 23 : . .
risultati sommati

N,O
Halon 1301

Tetrafloruro
di Carbonio
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N LCA - IMPATTI DI CENTRALI A CARBONE

: | OKoomnes! PC
without CCS o S
@0dsh PC

O el SuparfG

B5chreisar PC 1560

#1232 _
1 43

50 ) ¥ a7 T 10
DEchreisar PG 2010
DSckmmisar PO 2000
Oviebamn P
B5peth PC

| mNoeds PC 2026

| OKome PC (Bituminous)
OMumatos PC

aquivalent
impacts

35

l !
] 0.8 = | 5
0.9
i 0.1

L

| d - muz la

CWP kg CO2- AP Jg802- EP[gPO43- POCP [g C2H4- CED [SMkWhi
equivikWhl  equivkWh]  equivkWh]  equiv/kWh] XBot case

Y A T

[= =]
[%] normalized share of world wide

0

| risultati degli studi dipendono fortemente dalle tipologie di impianti e dalle
condizioni operative. Valori tipici sono: Riscaldamento globale 0,8-1

kgCO,eq/kWh, Acidificazione aria 0,9-3,5 gSO,/kWh, Eutrofizzazione acque
0,1-0,8 g PO,*/kWh, Ossidazione fotochimica 0,2-1,3 gC,H,/kwh, CED
Consumed Embodied Energy

A. Schreiber, P. Zapp, J. Marx. Journal of Industrial Ecology, Volume 16, N. Sl, p S 155, 2012
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L |
N\ DISASTRI CLIMATICI GLOBALI. Periodo1980-2011

Attenzione centrata sul Global Warming Potential
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SYMPHONY

SCENARI ENERGETICI ED EMISSIONI DI CO, (1/2)

2050

Limited; energy
choice based on
free markets — only
limited nuclear,
CC(U)S, large hydro

Government support
for nuclear, large
hydro, CC(U)S and

renewables

G. Callera, P. D’Ermo World Energy Scenarios Composing

JAZZ
2050

SYMPHONY
2050

Limited Stronger
(and more diverse)

(with global convergance)

Better access to

More expensive
unconventionals
(less competition,

unconventional
resources (esp. gas)

regulation, water)
echnology innovat

il il

Further development of Focused R&D programmes

esp. CC(U)S demonstration,
nuclear, solar photo voltaic
(SPV)

CCGT, decentralised
power (SPV), wind, gas
vehicles, EVs

Increasing

Increasing more
strongly

Autore presentazione
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N SCENARI ENERGETICI ED EMISSIONI DI CO2 (1/2)

Share of fossils fuels in the total primary energy supply:

» Jazz 2060:77%
 Symphony 2050: 59%

(share of fossils in 2010: 80%)

Global final energy demand:

» Jazz 2050: 629 EJ
« Symphony 2050: 491 EJ

(demandin2010: 373 EJ)

Per capita electricity consumption:

» Jazz 2050: 5440kKWhiy
 Symphony 2050: 4600KWhAy

(consumption in 2010: 2580KWhiy)

The cumulative CO2 emissions are for 2010 to 2050:

» Jazz: 20000t
» Symphony: 14006t
(1000Gtfrom the period 1900-2004)

G. Callera, P. D’Ermo World Energy Scenarios Composing Energy Futures to 2050
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N ENARI ENERGETICI E FABBISOGNI DI ENERGIA PRIMARIA

|
JAZZ SYMPHONY
Total Primary Energy Supply Total Primary Energy Supply
o
+61° +27
900 - 67% 900 - 7o
LLoh DRenewables 700 1 BRenswables
600 1 @Hydro 20% 600 - EHydro 30%
500 oBiomass  _A 500 - mBiomass L
E wNuclear E mMuclear
400 oGas w400 4 BGas
300 =0 300 - mOi
200 - oceal 200 - oCoal
100 -
100
0
2020 2040 2050 0
Renewables: output of electricity and heat, Biomass: primary supply incl, waste; 2010 2040 2050
Muclear: 3% efficiency Renewables: cutput of electricity and heat: Biomass: primary supply incl. waste;
Huclear: 33% efficiency

| rlscaldamento del pianeta potrebbe arrivare a livelli aIIarmantl
Dlpende da quello che facmamo

G. Callera, P. D’Ermo World Energy Scenarios Composing Energy Futures to 2050
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ADESIONI AL COP 21

W Pledges submitted ’.S
" Yet to submit pledges S

http://www.worldenergy' look.org/pressmedia/recentpresentations/151110_WEO2015_presentation.pdf
T

Climate pledges for COP21 are consistent with a temperature rise of 2.7 °C, with

Autore presentazione




N OPZIONI DI DECARBONATAZIONE

CO, emissions in a post COP 21 world
40
Trend post-COP 21
36
Energy efficiency
32 I Renewables
1 Fuel & technology
B 28 17.9 G switching in end-uses
Nuclear
24 W CCS
2 °C Scenario B Other
20
16 I T T T T T 1
2010 2015 2020 2025 2030 2035 2040
F. Birol. IEA, KEEI Conference Seoul, 2 Set. 2016

* COP 21 Parlgl Impegno a contenere I aumento entro 2°C sottoscrltto
da USA Cina, India e aItrl |
- Austria e Svizzera: affrancamento totaIe dai fossm entro il 2050
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N| PIANO EUROPEO “LOW CARBON ECONOMY”

2030: la strategia per ridurre le emissioni di carbonio

Riduzioni dei gas serra rispetto al 1990

Trasporti ind. trasporto sereo, esc.  Setiore residenziale e dei senvizi
fraspord martmi (C0,) (00
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N CLEAN ENERGY PACKAGE UE

Source: 25 Energy Efficiency Policy Recommendations , IEA 2011
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N RIDUZIONI POTENZIALI

DELLE EMISSIONI DI CO2

Cross-sectoral

1. Energy efficiency data collection and indicators 14,

2. Strategies and action plans

3. Competitive energy markets with appmprlate 15.
regulation e oo s

4. Private investment in energy efficiency B -

5. Monitoring, enforcement and E\raluatinn of pnlicies

and measures : #,“{ i‘f.
(18

. “
Buildings

6. Mandatory building energy codes and minimum
energy performance requirements;

7. Aiming for net zero energy consumption in buildin

8. Improving the energy efficiency of existing hmldmgs Cre C

9. Building energy labels or certificates ' ( 10y | s
10. Improved energy performance of building ., Ly 22.
components and syste ; JIRY, 23,
Tpaedd.
Appliances and Eqmpment k=
11. Mandatory MEPS a I:

equipment
12. Test standards and ¢
appliances and equipmi
13. Market transformation policies for applia
equipment

25 EE Policy Recommendations

Lighting

% {Industrv

Washi
athlg

Energy

Manufacturer

Phase-out of inefficient lighting products and
systems
Energy efficient lighting systems

ory vehicle fuel efficiency standards
res to improve vehicle fuel efficiency
fficient non-engine components

ved vehicle operational efficiency throug
riving and other measures
port system efficiency

Energy Management in industry

High efficiency industrial equipment and syste
Energy efficiency services for small and mediur)
enterprises

Complementary policies to support industrial
energy efficiency

ities and end-use
Energy Utilities and end-use energy efficiency
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N OSSIBILI MIGLIORAMENTI DELL’EFFICIENZA ELETTRICA 1/2

||
Smart Grid: sistemi integrati multi-direzionali con pianificazione di

lungo termine

Rinnovabili
Trasmissione e distribuzione ] .
Controllo LRI o . _
o Smart | Centrali di generazione di
{ e g y elettricita e calore
III r = - L ‘h‘."'
' 3 apn |

Risorse
distribuite =

Pompaggi

_&
Stoccaggi Aria compressa

energetici Trasporti elettrici

http://unfccc.int/files/bodies/awg/application/pdf/3 iea.pdf

. = ,
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OSSIBILI MIGLIORAMENTI DELL’EFFICIENZA ELETTRICA 2/2

Lampade a incandescenza

Ingresso rete
38 kWh

A B

Centrale

62 kWh Perdite rete

2 kWh

1

>
o
)

Energia Primaria
100 kWh

Perdite come calbrrer
34 kWh

Energia per
illuminazione
36 kWh

Energia Luminosa 2 kWh
http://unfccc.int/files/bodies/awg/application/pdf/3 iea.pdf
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N ENERGIA ELETTRICA RINNOVABILE, % totale, 2015

| |
Unit: %
Below 10
[V 10t0 20
B 20 to 40
- Wotoso
y .:' .Above 60
: Unit: % Lowest ten =
Unit: % Highest ten -
97.9 Saudi Arabia 0.00
Norway 5
80.0 United Arab Emirate®.00
MNew Zealand +
73.5 Kuwait 0.00
Brazil .
‘ %I i 0.53
eria .
Venezuela 68.9 g
South Korea 2.1
Colombia 67.9
64.3 South Africa 3.3
Sweden .
da 62.7 Ukraine 5.0
Cana .
40_3 Taiwan 5.3
Portugal .
Iran 6.5
Romania 42.6
41.6 Thailand 8.2
Chile .
38.4 Malaysia 8.4
Italy .
Egypt 8.9
Spain 35.5

~utore presentazione
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EMISSIONI PUNTIFORMI e CCS. Energia Elettrica

Geothermal Solar [l Wind %% Biomass (with CCS) [l Biomass
Hydro B Hydrogen Nuclear [l Gas 7% Gas (with CCS)

0] Il Cecal %% Coal (with CCS)

SYMPHONY
O e —

1000 e

40,000

30,000

20,000

10,000

AIDIC
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N EMISSIONI PUNTIFORMI e CCS. Industria

Annual emissions (GtCO,)

9

8

7

6

5

4

3

&

1

0 - T T

2010 2030 2050

@ Aluminium @ Pulp and paper B Natural gas processing [ERefining [EChemicals ECement [Olron and steel
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N CATTURA E STOCCAGGIO DELCO,

Giacimenti di Carbone
non estraibili

Pozzi esausti di petrolio
e gas

Aquiferi salini

Daeep saling formations

http://www.worldcoal.org/coal-the-environment/carbon-capture-use--storage/ccs-technologies/

Autore presentazione ' - E.D’Add riq



N| CARBON CAPTURE & STORAGE, CCS

E

SCHEMA A BLOCCHI

SEPARAZIONE

Operazioni presso centrali elettriche o
grandi impianti industriali

PURIFICAZIONE
COMPRESSIONE

TRASPORTO
Pipelines
Navi

Pre combustione (produzione Idrogeno)
Combustione con ossigeno

STOCCAGGIO
Geologico
Aquiferi salini
Giacimenti
esausti di
idrocarburi

Autore presentazione
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OPZIONI CATTURA CO,

Post combustion
(PC)

Coal

Pre combustion
(ilece) /o,

Coal

=" S s

i e =
- iy

P
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N CONFRONTO PRINCIPALI IMPIANTI DI POTENZA, capacita 500 MW

||
Tipo di Centrale Avapore  Adciclo IGG™Y Cco, /02
- FGD 90% combinato
Combustibile Carbone Gas Naturale Carbone Carbone |
I Efficienza elettrica % > 39,9 52,0 41,7 328 ——
Caratteristiche del flue gas
T.%C 92 89 122,0 65,8
P, bar 1,016 1,013 1,01 1,03
Componenti d‘?&v flue gas kg/s -
HO 40,9-109 44069 | 31045 '28,7-315
| 29,6-4,5 1564138 | 134,0-119 7,345
@ I 115,1-12,6 Si4-34 } 108-7,0 139,062,6 <—
1 7,009 12409 | 13,0-09 0,6-0,3
'N; 414,6-71,2 742,2-75,0 743-75,4 0,9-0,6
SO, mg/Nm’ 190 - 2 1-0,3
NOx, mg/Nm’ 650 50,0 25 0,2-0,07
Totale, kg/s 607 4 1007 4 1028,4 1777
Emission| di CO;, kg/MWh 829 406 794 1000

(1) Processo Texaco con rimazione H,S mediante processo Selexol (quota CO; emessa all'atmosfera dal processo Solexol 15%)

o e U Nessunatagnaipglavinggnte— B 0
Ciascur a SI adatta aII dlverse' op IOI‘II dl prod ;’- '}one dell’en rgla elettrlc
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N TECNOLOGIE PER LA CATTURA DEL CO2

Assorbimento Chimico

Reazione chimica, ammine
Fluor Daniel, BASF, Dow

Assorbimento fisico (Henry)
Metanolo, Rectisol (Lurgi)
Glicole polietilenico e dimetiletere Selexol (Norton)
Propilen carbonato (Fluor Daniel)
Adsorbimento (interazione fisica con la matrice solida)
Generalmente usato per purificazione gas
In fase di R&D per cattura CO2

Allumina, zeoliti (naturali ed artificiali), carboni attivi
Membrane e Processi criogenici
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AMMINE E REAZIONI

|
TYPICAL EQUILTBRIUM LINES FOR CHEMICAL AND PHYSICAL SOLVENTS
HO HO e T | — —
~ N
H (llé CC 14 _
[ LI I~ L
S T ; :
" A
| ; _
HO HO g W
Monoetanslamining Diie tanolamanina Trie canolanmaming ‘.;_"} 20.5 with DEA
| | HO s B l22°F =]
<
—CC—oH N n : )
! [ | | i
¢ — - I \N—CH, no—c—gz—o—i‘,—(:_n/ g
_!('l: —— &/ | (. 4= -
_(fﬂ: — OH Ho/l | . L |
THisopropanolanmning Nletilddic tanolamanina Driglicolamanin: | : | |
0 ]
a kL] 20 o 40 50 ] 70 =) 4]
ACID GAS, wal/vol absarbant

2RNH2 + C02 D RNHCOONH3R sale amminico dell’acido carbammico
2RNH, + CO, + H20 <— (RNH;),CO; carbonato

(RNH;),CO4 + CO, + H20 <—= 2 RNH;HCO; bicarbonato

piu veloce rispetto alle prime due

. E. D’Addario
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N RIMOZIONE DI CO, CON AMMINE IN UNA CENTRALE A CARBONE

||
< NOx Removal Mechanism < SOx Removal Mechanism
I. Absorption (SO, to be absorbed Into water)
Catalyst S0, + Hy0 —= H,50,
; g )/ i Il. Oxidation (SO, to become SO, by injecting Oy)
< / ) IIl. Neutralization (Neutralization by injecting lime stone/alkali)
Exhaust * i, - D’”’/ G @) E:> H,;50,+CaC0,—CaS0,+C0O,+H,0 (Lime stone process)
Gas o w0, [ oemm, / @ @ H,S0,+2Na0OH—Na,S0,+2H,0  (Alkali process)
ol >® o
. Crystallization (In case of Wet lime stone process)
g .*u:m- < O'“/ﬁ @ @7:' g CaS0, + 2H,0 — CaS0, * 2H,0
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SCHEMA DI PROCESSO IMPIANTO AD AMMINE NGCC 200MW

||
L — . |
Rilascio fumi - - Uscita CO,
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”" 3 ’jﬁ
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X< 2 e o
d__@"‘ Co — Ralfun Dn [ o
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(@) L N O
; _— - o 113 °C | N2
43 C Lean Amine -Q "_ o
1ngeF o o C | \ (@)
15.8 psia e o o | | \ 2 »
» O
94vF n | o <
'@ < o) O
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/ 16pic  130°F =" | Cooler L -IGJ-__. ™ _‘_;L?:"’_‘] Siaan | Shews
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Ingresso - S ot
fumi con - . _3 J :
C02 ;.q ©) 1004 u_l:;i ['I::tll .

¥

perazmne energlvara camblamentl d| temperatura energla
i rigenerazione, etc b |

—SRIProcess Economic Program Report N, 180 1087
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N‘ IMPIANTO AMMINE E CARBONATO, DATI DI BASE

CICLO COMBINATO A GAS da 200 MW

Concentrazione CO, nei fumi 8, 5 % in volume

Pressione alimentazione 1,07 atm
Rimozione CO, 90 %

Concentrazione solvente (MEA) 30 %

Concentrazione solvente (K,CO,) 25 % p

Pressione stripping (rigenerazione) 1,8 atm

Energia rigenerazione ammine 900 kcal / kg CO,
Energia rigenerazione carbonato 950 kcal / kg CO,

SRI Process Economic Program Report N. 180 1987
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\J| IMPIANTO AD AMMINE, NGCC 200 MW, 360 000 t CO2/anno

|
Caratteristiche apparecchiature
Eau1PMENT
m" _____ _ wANL EIZE MATERLAL OF COMSTRUCTEON REMARKS
COLUMNS DIAMETER  MEIGHT TRAYS/
CFey {FT) EHELL PACK NG
c-101 ABTOREER 2.3 &5 CARBON BTL ETAIHLESES SO0 FF oF 1.% IMCH FACEIND
C-i02 STRIPPER 2.8 &3 CARBON ETL STAIJMLESS 35 FY OF 1.5 IMCH FACEING
C-103 DIRECT COMTACT OOOLER 2.2 Pi - g 33 STAIMLESS 10 FT oF 1.5 fNCH PACKEING
HEAT ENCEAMCERS AREA  MEAT LDAD
(83 FT) (MM BTL/ ) SHELL TS
E-101 DLC WATER COOLER 5,583 o, 3o 83 Ik 55
E-102 LEAM AMIME COOLER 3,554 A8 CARBDN STL (CARDOM STL
E-103A-C  AMIME-AMINE EXCHANGERE B, 700 =a 435, s CARBOM STL CARSON STL
E-108A-E  AEBOILERS 8,800 an 13, ea  CARSON 5TL CARBON STL
E-10% RECLAIMER 4,500 169 04 £S5 304 55 USED [NTERMITTENTLY
E-10& REFLLYM COMDENSER T.,200 55.& L1+ 304 55
E-10F MATER WAsSHE COOLOR 2,100 5T, I0s =5 3 55

SRI Process Economic Program Report N. 180 1987
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N LIMITI APPLICATIVI DELLE AMMINE

“* MEA piu reattiva (maggiore alcalinita ) di DEA e TEA

% Calore di rigenerazione MEA ca. 900 kcal /kg CO,, DEAe TEAS0 e 75 %
MEA

¢ Capacita assorbente soluzioni acquose MEA piu alte (piu basso peso
molecolare 61,1 Vs 149 TEA)

% Soluzioni acide MEA molto corrosive (si opera al 15-18 % con una
capacita assorbente di 25 gCO,/100 g MEA)

*» Corrosione piu alta in presenza di ossigeno

*+ Necessaria rimozione spinta di SOx e NOx che formano sali stabili con le
ammine e conseguente perdita di capacita assorbente

¢ Ricerca indirizzata a trovare inibitori di corrosione, a ridurre il calore di
rigenerazione (impedimenti sterici) e a aumentare la selettivita per la CO,

** In presenza di inibitori di corrosione MEA pud essere usata al 40-45 %

SRI Process Economic Program Report N. 180 1987
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N TECNOLOGIE DI CATTURA DEL CO,

Sorbent
+CO,

CO; Capture

Sorbent

Gas with
GO,

a) Separation with sorbents/solvents

Gas A
Gas B

Gas
(A+B) Membrane

b} Separation with a membrane

CO;

W

Sorbent
Regeneration

-

'

Spent
sorbent

Power

v

Gas

(A+B)

—> B

c) Separation by cryogenic distilfation

:>GasA

Distillation

Gas B

SRI Process Economic Program Report N. 180 1987
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N AGGRAVI ENERGETICI DOVUTI ALLA CATTURADI CO,

CENTRALE A CARBONE DA 500 MW

SRI Process Economic Program Report N. 180 1987

Autore presentazione




N| OPZIONI TRASPORTO CO,

1000
£
__Onshore pipeline | .40 £
K . oo pont 311°, 7 00
sobd
o
=3
Cffshore pipeline g
1 Il i
73 23 27 77 127
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N SITI DI STOCCAGGIO E RETE DI TRASPORTO

LEGEND

Sinks 30 year annual
capacity (Mtiyr)

* <25
° 255
® 510
@ 1015
@ 1520
@ 2050
O s04

Source clusters 2030
'@ Power sector source
® ndusinal source




USA - PROGETTI EOR e PIPELINE CO,

|
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Location of Current CO, EOR Projects and Pipeline infrastruc ture

CO2-Net B.V. - Energy and Emission strategy consultancy
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ﬂ STOCCAGGIO GEOLOGICO On-Off-Shore

 Esistono giacimenti naturali di petrolio, gas e CO,
*» Viene correntemente effettuato lo stoccaggio del gas naturale

% Viene praticato I'Enhanced Oil Recovery (EOR) con CO,

| giacimenti naturali possono essere simulati con modelli
matematici

s Possono essere modellate anche le perdite dai pozzi

* Esistono progetti di stoccaggio della CO, in giacimenti di olio e gas
e in acquiferi salini
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NJ| MECCANISMI DI STOCCAGGIO GEOLOGICO DEL CO,

¢ Strutturali: intrappolamento sotto uno strato di roccia impermeabile
che fa da tenuta

* Residuali: intrappolamento negli interstizi delle rocce porose

¢ Dissoluzione: dispersione in acqua, appesantimento e deposito sul
fondo della formazione
** Mineralizzazione: dissoluzione in acqua e reazione chimica con le rocce

con produzione di minerali

CO, (g) + H.O — H.CO, — HCO,” + H* — CO + 2H-

3 E-feldspar + ZH. O + 200, — Muscovite + & Quarz + 2K~
+ IHCO,

Autore presentazione Ing. E. D’Addario ! M



NJ| SICUREZZA DELLO STOCCAGGIO GEOLOGICO On-Off-Shore

800 m condizioni
supercritiche

Depth (km)

100
Structural & POl i 25°Clkm from 15°C atthe BB _ﬁi
stratigraphic il surface, and hydrostatic pressure,
trapping ] 7
250 200 200 g0 800 i 1000
Density of CO, (g/m?)

reasing Storage Security

E’ necessaria la selezione

\ 4

% Trapping contribution

Solubility A accurata dei siti e il monitoraggio

trapping ,

[TH

nel tempo

.-"",
" Mineral
_ trapping
1 10 100 1,000 10,0000

b L LHE TSN, LK

AR

Time since injection stops (years)
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NJ| sToccAGGIO GEOLOGICO On-Off-Shore COSTI E RISCHI

|
B Low
A& Madium
Caso Range "
ﬁ'} Ons.DOGF Leg :—l—;
3
(@ Ons.DOGF Noleg S .10 DOGF: Depleted Oil GAS Field
@ oOns.5ANoLeg =2—&5 =12 Leg: Esistenti
@ oOffs.DOGF Leg »——ar—u SA: Saline Acquifer
(8 Offs.DOGF.NolLeg =3 10— 14
(8 oOffs.5A.NoLeg =g *14 =20
0 2 4 8 8 10 12 14 18 18 20 22 S—_ | | €/ ton CO2
stoccata

Potential Escape Mechanisms
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NJ| FASI DI UN PROGETTO DI STOCCAGGIO GEOLOGICO DEL CO,

m
Remediation Remediation
Si - (as needed) (as needed)
ite expansion
i o | A | A i
Y | by \l ] Y
. Requlat
cmgﬂ. > | Injection | »| Closure |—»-| Postclosure  |—» l°"| 94°|""|.
/s
|
Permitting Injection Postclosure Stewardship
: a : ' :
1-10 10s 1-10s 100s

Approximate duration (years)

Insurance for remediation and liability costs Payment on injection of CO, into a national sinking fund to
B in case of default E— cover costs associated with long-term stewardship

—===== [anditinnal nathe

Parametri: Capacita del giacimento, Numero di pozzi necessari, “Iniettivita” e sue variazioni
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N LCA - IMPATTI DI CENTRALI A CARBONE CON CCS

m
post-combustion MEA :
OKoomnesf PC
150 & QO0ceh Super-PC
¢ 53 i BSchraber 2010 retr
500 4 £ OSchveber 2020 retr.
g @ 24 i3 % OSchrober 2020 groont.
OViebahn PC
E 50 X 23 .2 2 .;.
™ 15 : @Spath PC
o il I] I l S | mNeeds PC 2025
g, URTR [#xez [IMIX oz, 0% ot | e
= AP EP POCP CED 3
OMuramatsu PC KS-1
50 2 g OMuramatsu PC
- Z xBost case
-100 - d 4 #Werst coso

GWP = Global Warming Potential, AP = Acidification Potential, EP = Eutrophication Potential, POCP =
photochemical ozone creation potential, CED = cumulative energy demand

Con la CCS si riducono le emissioni di gas serra ma si aumenta il consumo

delle risorse fossili e le altre categorie ambientali (acidificazione dell'aria,
eutrofizzazione delle acque e ossidazione fotochimica)

A. Schreiber, P. Zapp, J. Marx. Journal of Industrial Ecology, Volume 16, N. Sl, p S 155, 2012

AIDIC
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N LIVELLO DI SVILUPPO DELLE TECNOLOGIE

-~
| Carbon capture and storage (CCS)

Ceologic storage
with monitoring in

Transport

Separation anpre.ssion by pipeline or ship
and cleanup

saline aquifers,
depleted hydrocarbon
reservolrs or via EOR

l

Post-process capture = 6000km existing pipelines - Decades of research
Syngas/hydrogen capture - Existing technical standards - Natural CO, accumulations
Oxy-fuel combustion = Transport by ship (albeit in . Pilot projects
Inherent separation small quantities) - Existing large-scale projects
Capture technologies Transport is the CO, storage has been
are well understood most technically demonstrated but
but expensive. mature step in CCS. further experience is

needed at scale.

Autore presentazione



Nl LARGE SCALE CCS PROJECTS DATA BASE

A

234 Progetti Totali, 74 Large Scale Integrated Project, 8 Operativi e 6 in Costruzione

http://www.globalccsinstitute.com/projects/large-scale-ccs-projects#overview




N PROGETTI SU LARGA SCALA

HECA, HPAD,
United United
TCEP, United States States States

Kemper, United States @

Taylorville,
------------------------------------------------ Boundary Dam, Canada (O)(CJ)United States

\ Parish,
RDAD', Hetherlands Unitad States

ESI, United Arab Emirates (O)

Medicine Bow,
Biofuels —----—-—- Groat Plains, (Weybarn), Decatur; United States-(") -United States

United States Quest, Canada ACTL Sturgoon,

Canada
Enid, United O Port Arthur;, United Statgso

States, 1982 . . Lake Charles,
Chomicals 4 O Coffeyville, United States @ United States

1

Power (pre-combustion)

Power (post-combustion)

Iron and steol

Rofining

Shute Crock. United States. 1986  Century, United Stat ACTL Redwater,
! ! Canada
In Salah,
O Algoria o |—O m Spectra,

Sloipner; Horway, 1996 Snohvit, Lost Cabin, g Canada
Val Verde, United States, 1972 Norway United States ;. oot

Gas procossing

Sowrce: IEA

Australia

AT 4) IR DL I A
LS EEE ST ST st

O Size = 1MLCO,/yr captured O CO, used for EOR O C0, used for storage without EOR  (based on available information)

234 Progetti Totali, 74 Large Scale Integrated Project, 8 Operativi e 6 in Costruzione
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Nl CcOSTI- MERCATO CO, Decisioni Politiche
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i httpoliec surapa aufanangy/stratagies 2008/ 2008 _11_sarZ_an.htm
" www dacc gowuk/sssets/docc statstics/projactions/71-uk-alectricty-genaration-costs-update- pdi
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PREZZI CO,

EUA Spot Price (€/te CO,e)
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Source: ICIS Heren, Intercontinental Exchange
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L [ |
N| PROSPETTIVE CCS

=y
KEEP
CALM

MAKE

CCS
HAPPEN !

ALSTOM
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N uTiLIZZAZIONE cO,

[ |
Carbonatazione
Bevande

Petrolio

<
@
Q

Caffeina
Colesterolo

a7)002

Fotosintesi

Sup

Stoccaggio Sottosuolo

CCS

Policarbonati

Estinguente
Polmonazioni Eertilizzanti
secco
CCS Carbon Capture and Storage
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ﬂ OSTACOLI AL RIUTILIZZO

Carbon dioxide is a very stable molecule

To date, only a few industrial processes utilize COQ as reactant:
(1) urea synthesis: 2 NH, + CO, — H,N-COONH, — (NH,),CO + H,0
(2) salicylic acid synthesis: C.H.OH + CO, — C,H,OHCOOH
(3) carbonates synthesis: metal salt + CO, — metal carbonate

Energy must be supplied to drive the desired transformation

Option 1: highly reactive co-reagent + catalyst

Option 2: very high temperatures

Option 3: electricity / energy from photons

G. Visconti, L.Lietti. Politecnico di Milano. Dipartimento di Energia. Universita di Bari 31 Marzo 2017
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N/ co, e IDROGENO

H, production is energetically intensive!

In order to reduce global CO, emissions, the adoption of H, as
coreactant for CO, reuse makes sense only if H, can be obtained using
“excess” electric energy
(eg. energy from renewables, nuclear power, “stranded” energy, etc.)

\\ ‘-\.- - o a
| - .I"'J
.l r L=
' “- /; Maihans
A
i
1%
| .-’- C:H: Disse
[ A — _—_ll asnling

G. Visconti, L.Lietti. Politecnico di Milano. Dipartimento di Energia. Universita di Bari 31 Marzo 2017
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N REAZIONI CON IDROGENO

H, is particularly interesting for CO, reuse

CO
HCOOH I CH,

X /

i Higher
HCONR, «—— CO,+H, — Hydrocarbons

CH,OCH, Higher alcohols
CH,OH

either fuels or chemicals can be obtained through catalytic processes

G. Visconti, L.Lietti. Politecnico di Milano. Dipartimento di Energia. Universita di Bari 31 Marzo 2017
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N IDROGENAZIONE ASPETTI CRITICI

“* Non sono disponibili catalizzatori commerciali (on shelf) per

I'idorgenazione di correnti concentrate di CO,

% Le cinetiche dei processi di idrogenazione ad alte concentrazioni di CO,

spesso non sono disponibili
¢ | processi di idrogenazione sono spesso molto esotermici

% Sono richiesti reattori compatti, facilmente scalabili e flessibili (modulari

e capaci di adattarsi ai frequenti cambiamenti di carico

Autore presentazione Ing. E: D’Addario m




ECNOLOGIE DI IDROGENAZIONE Livello di Sviluppo

Higher

HCONR, ydrocarbons

<::t:J2 R 1—|2

CH, DCH ngher alcohols

CH,OH

'

demo scale

pilot scale

i

lab scale

G. Visconti, L.Lietti. Politecnico di Milano. Dipartimento di Energia. Universita di Bari 31 Marzo 2017
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N | ricicLo co,

DIFFUSE CO; SOURCES
Traffic, Residential, SME

A PHOTOSYNTHESYS

-l-l"'"'"
TRANSPORTATIO
DISTRIBUTION

co,
CAPTURE

Lﬁ

E CO, STATIONARY
SOURCES

PG, Oil and Heavy Industry

Calivlcas, Hamicallulosa, Lignin

| MICROALGAE

Lipida, Carbohydratas, Protein
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N PRODUTTIVITA’ DELLE PRINCIPALI BIOMASSE

=
. . ) Yield Photosynthetic
Biomass community Location (t d.w. ha-t y-1) efficiency (%6)
ybrid poplar (Populus spp.) Minnesota 8 -11 0.3- 0.4
C3) : :
I;"’at.er hyacinth (ichornia Mississippi 11 — 33 (>150) 0.3- 0.9
rassipes)
witch grass (Panicum virgatum) Texas 8-20 0.2- 0.6
C4) i i
weet sorghum (Sorghum . .
icolor) (C4) Texas-California 22 - 47 0.6-1.0
Coniferous forest England 34 1.8
Maize (zea mays) (c4) Israel 34 0.8
Tree plantation Congo 36 1.0
Tropical forest West Indies 60 1.6
icroalgae Different 70 2-2.5
locations
E“gar Cane (Saccharum Hawaii-Java 64-87 1.8-2.6
fficinarum) ) )
L\Iapier grass (Pennisetum Hawaii, Puerto 85-106 592.28

urpureum)

Rico
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N BIOFUEL E BIOJETFUEL DA BIOMASSE E WASTE GAS

[
Starches J
! - - ]
Enzymatic Conversion Biochemical Conversion

L N i
== Enzymatic Hydrolysis =——s|  SUgars ]—'Femenmtinn —— Separation =s——— Alcohols, Chemicals
] 3

v
Gas Fermentation
Industrial | Catalytic Conversion ———— Gasoline, Diesel, Jet
Waste Gases » Fermentation — Separation — » Alcohols, Chemicals
(CO, COyH,) | =
Thermochemical Conversion
Fischer Tropsch - Gasoline, Diesel, Jet
Lignin, Cellulose. A
Ii!igmzicelmme_ Alcohol Synihesis == Alcohols
Catalytic Upgrading ==—— Gasoline
4
Algae J— = :
Lipid Conversion
Trans-esterification »= FAME, FAEE
Natural Oils J— —— Oil Extraction 4[:
2 Hydrotreating/Hydrocracking » Diesel, Jet
A
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CONVERSIONE OLI VEGETALI IN BIODIESL E HVO

Biodiesel

Methanol@ E - =
> -
-

Triglyceride  (oil/fat) Glycerin Biodiesel (FAME)
Renewable diesel (HVO) Pure hydrocarons
E Hydrogenation, | — -
Deoxygenation & | Y
Triglyceride  (oil/fat) C02,H20  Propane  Renewable diesel
. Dirop-in
. Mo best before date
. Excellent cold properties
L Mo blend walls
. Improves fuel properties

Il processo di produzione degli HVO (Hydrogenated Vegetable Oil) puo
essere gestito in modo da ottenere diesel oil o biojet fuel
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B E
N| PRINCIPALI SPECIFICHE DEI JET FUEL

| Biodiesel C12-C20
Paraffins M~~~ ~~cu, we L _cH
e e
?ﬂ 5 Bﬁﬂ‘,fu Narmal Paraffirns rsn-;_:-urufﬁns -;EHI: Fﬂf:'lﬂlmm
| Aromatic : cHy |
< 25% o™ O L
Olefins o o - CH,
< 5% : -
S, N, qhﬁprammg :f:';;’:s";:""h, S OH 0
| Compounds < 5% ‘- j e OH
.ﬂm )
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\J | CONVERSIONE ALCOLI A JET- FUEL

m
Conversion Condensatjon
Alcohols to higher with ydrotreatmen
alcohols acetone

PhD research topic

B  Gas-phase condensation of alcohols

k1
R (H R2 sly OH
\ / o+ N / -
- H:z0

R2

B  Coupling of intermediate higher alcohols with acetone:
carbnnylurhrdmxﬂ-g'ﬂup

C oM

\—/)J\”“\A/T\/\/\/J\/\/

R1= Hr CH3: CH3{CH2]n, linear and branched
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\J| BIOFUEL: LE REALTA’ ITALIANE

IMPIANTO BIOCHEMTEX MOSSI E GHISOLFI
Competitivita con petrolio a 70 USD/barile

Una tonnellata di bioetanolo per 4,5-5tonnellate di biomassa secca

AIDIC
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B E
N‘ DIESEL DA BIOMASSE MEDIANTE LIEVITI OLEAGINOSI

{diztitation nat
T

Typical process overall vield :
21 kg LIPIDS / 100 kg dry biomass LIPIDS
e
Process under development by ENI Ei Green Diesel
16-17 kg
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IL FUTURO: BioCCU(S)

@ Phase 1
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Paiwfumant o Whils Foss

@ Fhase2, 3

Potential Turther COE deplonsment, buiiding on
IrfrasIrucii and aepedenos ol PRass 1 progcs,

cou Part Chain Detcressing Aranis of poteriie gover imen| Bupparn,
Capture
{Carbon Capture €O, - Carbon Dicxide
& Liilisation)
a l Clustering
il o g |
I r— Appion [FOkrm

BECCS (Bio-
energy with
CCS) @

Financial Incentives :
Industrial
& Electricity Market  ccog
Reform
Raising Finance Part Chain EOR (Enhanced

Storage Oil Recovery)

. E. D’Addario
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\J| NOTE CONCLUSIVE

% Poche sono le attuali opzioni economiche di utilizzo del CO, (mercato
corrente ed EOR)

% La diffusione delle tecnologie di utilizzo richiede interventi di sostegno
di carattere normativo: consumi imposti, i.e. biofuel per autotrasporti, o
incentivi alla produzione

* In considerazione del depauperamento delle risorse fossili, il sostegno
alle rinnovabili rimane fondamentale, anche a prescindere dalla
salvaguardia ambientale

|l fattore piu importante per la diffusione della CCS pud essere
individuato nell’andamento del mercato del CO,
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\J| PossiBILI USI DEL co,

= G oo JIR
Solvent |

\
Working fluid (EOR)

vinddains [Beverages & microcapsules

Non-conver slon’
Beverages & microcapsules

Earbnwlatu & in:‘tnne
Conversion
Urea, isocyanates

o e
a8mic : x
Other chainicals Feedstock Ln.::rh;gn:aut:'g. organic
Biochemical Biodegradable polymers
Photochemical

Renewable fuels
Syngas, methane, etc.

Formic acid,
methanol, DME

Conversione molto difficoltosa per motivi termodinamici (CO, poco reattiva) e di costi
Alternativa: fotosintesi e uso della biomassa

l Electrochemical
B

DNV position paper 7-2011
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N|PROGETTI DI CLUSTERING Mare del Nord

Potential CO2 hubs
- notterdam

B C0, wansport by pipeine

2asside

CO, transport . .

P OCAP: CO, to greenhouses

N S
_ 1.?: 2] borge and/or pipetne

)

N
by pipehne Ruhr area

Antuwerp

@ <O, copture opportunities
@ €O, storage opportunities
! I.:IZII sh'ppm!tmnuil

CO2-Net B.V. - Energy and Emission strategy consultancy
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\J| CATTURA E STOCCAGGIO DEL CO,

Capture

Separation of CO,
produced during
production of power or
other products,
followed by clean-up
and compression of
the CO,

Transport

Movement of CO, by
pipeline, truck, rail,
ship, or barge to a

storage facility

Storage

Injection of CO, into a
suitable storage unit,
selected to safely
contain the injected
CO, for long
timescales
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\J| CATTURA E STOCCAGGIO DELCO,

Carbonaeous #**

Fuels Capture *

boa
il -*Brocessgst
% I

gl

Rliciwi i G o i | * .
Transport mld?Smrage Options

F
F
g -

{Sourcar COMNRO)
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