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What? Feasibility study of the decarbonization of a refinery’s
energy supply.

AS S e S S m e nt Why? In sight of the European and national decarbonization
objectives. Which result in the increase of the price of CO, and
Objective

therefore of the expenses related to the ‘over free allowance’.

How? The study is based on the concept of smart energy
system (EnergyPLAN) coupled with multi-objective
optimization.

Expected results? In this case, the objectives are two: the

minimization of the total annual costs and CO, emissions.
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ase study: Sonatrach Raffineria Italiana - Raffineria di Augusta

Macro-Areas and
. Processes
Functional Areas
VPS-2 Vacuum pipe still 2.
COMBLEX A HF-1 Hydrofiner 1.
United LPGS Low pressure gas scrubber.
Kingdom FCUU Fluidized bed catalytic cracker.
M. 5-1 Sulfur recovery 1.
5-2 Sulfur recovery 2.
Ireland Poland TGCU Tail gas clean up.
COMPLEXB |MEAREGEN MEA regenerator.
Netherlands
= T-4 Topping 4.
} Germany 2 T-5 Topping 5.
Tl < HF-T5 Hydrofiner topping 5.
Luxepbowy Czechia E ALKY Alkylation.
Stovakia = C3/C4 Splitter Propane & butane splitter.
'&_‘ 2 COMPLEXC |PP Splitter Propane & propylene splitter.
\cAstrio e E 5 Blowdownj&Ga.sflare
France peizepnc: £ Butamer Isomeriaztion
> s E R-4 Reforming 4.
7 Croatia E R-5 Reforming 5
Bosnia and = : "
Herzegovinas, 'Serbia COMPLEXD PsU Poweri:on'ner stripper unit.
R-1 Hydrofiner R1.
e ""i*“'"fc'ﬂh Scanfiner&splitter Desulfurization della FCCU
¥ SWS Sour water scrubber,
(3 VPS-1 Vacuum pipe still 1.
Albania n ol -
@ LUBE 1 {P)DAU-1 {Propane) er unit-1.
Portugal s [ EFU-1 Exolfiner unit-1.
J E PDU Propane [Toluene) dewaxing unit.
§ (P)DAU-2 (Propane) deasphalter unit-2.
LUBE 2 EFU-2 Exolfiner unit-2.
T KDU Ketone dewaxer unit.
Makta
) g
t'-" Oil movement & blending.
o
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Data preparation — Reference year

|
X
X

Reference year of

the analysis: 2017.

Energy Dimension
toe
580’341
584’886

611’290
Refined goods throughput 644’002

and energy dimension
closest to the nominal
conditions.

586’492

* energysis.

Produced goods

tons
8231'200
9’172'240
9146716
9’984’'507
8405'155
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Data preparation - ‘Import-only’ model

Not included:
self produced
energy vectors.

_J

Acquired Energy Vectors

Electric Energy HV
Electric Energy MV

Included:
imported
energy vectors.

HP Natural Gas

LP Natural Gas

Y, Hydrogen

Diesel

Petrol

* energysis.

Analyzed Quantities
GWh/year
62.164(import)

2.5
973
859.5
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‘Import-only’ model

* energysis.

. Reported in green are the portions of ‘Import-Only’ Model Assessment Shares
the overall energy demand which are o
included in the analysis. 3.00
« Heat demand modelled: - L7
1177 GWh/year. 2%
* Electric demand modelled: gz'oo
375 GWh/year. Z 150
* Hydrogen demand modelled: oo
123 GWh/year. .
e Petrol and diesel demand modelled:
0.68 GWh/year. o steam Furnace process heat Electricity
B Attributable to refining by-products B Only attributable to import

100%

0.124
I

SMR Hydrogen

4:



«

AALBORG UNIVERSITY
DENMARK

7t International Conference on Smart Energy Systems
21-22 September 2021
H#SESAAU2021

-—
; '@\‘“*”f{; < === Freie Universitit Bozen —

;1 \f UNIVERSITA u nibz Libera Universita di Bolzano D (
//"m\\\\'\ DI TRENTO

— Universita Liedia de Bulsan

‘Import-only’ model

HP Ngas

HRSG-501 HP Steam

A 4

A 4

LP Ngas

A 4

{ Furnaces Process Heat
St. Gen. HP Steam

Imported HV & MV EE

Imported H, from Air Liquide
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Annual consumptions and hourly profiles
taken from provided data.

Annual consumptions taken from provided
data. Hourly distribution derived as
monthly aggregated percentage of the
FG#45 network.

Annual consumptions and hourly profiles
taken from provided data.

Annual consumptions taken from provided
data:

*  Petrol: 34’000 liters/year.

* Diesel: 30°000 liters/year.
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Baseline 2017
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A1

ooOXxX
OoOoXxXX

2. Annual emissions & Costs of the

1. Implementation import-only model in _
reference year import-only model.

EnergyPLAN.

3. Validation through comparison, were
possible, between simulation output and
refinery-provided data.
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Baseline 2017

*  Supply (electrical, gas, hydrogen, Diesel, petrol).

*  National grid electricity cost (PUN).

- co, <> <> * Annual OPEX cost.

* Energy vectors.

J Efficiencies and lifetimes.

generation efficiency.
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Sustainability Vision 2025

OO Assumed year of sustainable
n-é interventions: 2025.

—

~ap
h Energy demands & technological mix of 2017.

4

—

‘Business-as-Usual’ Scenario.
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Planning steps.

2025 plant downtime.

Costs and supplies foreseen for 2025.

Refinery’s performance if no
interventions are made.
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Implemented Sustainable Technologies
Thermal Sector: @ 'z . ™\
» Concentrating solar thermal (LFR). % Electrical Sector: _
» Hydrogen blending. . So.Iar photovoltaic. iii
* Biomass steam generators and furnaces. * W'nd power.
* Electric steam generators and furnaces. * Biomass ORC.
g -  Waste heat recovery ORC.
g /
«0 o
Hydrogen Sector: 0D a Y
* Electrolytic hydrogen. OQ@) Energy Storage Sector:

* Thermal energy storage. 47 H
* Electrical storage.

Transport Sector: tm‘ * Hydrogen gas storage.
* Battery electric vehicles. oWg \ 4
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Implemented Sustainable Technologies - Solar thermal

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

European

Commission

Indirizzo:

Luxembourg SZEchd P
Pari B -
L Slovakia \ G
Wiend oBratislava jy
h n S PAUStrial
Liec r'ergfj“ LAy teial BEudspen
France e ‘i‘?.‘?“‘ B Hungary.
Switzerland Wt - Slovenia
: .
< )“ HiUDjnsy ©Zagreb Romania
: Croatia :
Bosnia and el v
H ] d
M San/Marino SLE900n2 R¥tbia ¥
onaco S 2
Citta di San Sarajevo
Marino Bulgari
Montenegro
Andorra |
ds Italy = Kosovo* €Codun
Andorra la . Podgorica °
Vella Roma Cxonje
Tirané® — North Macedonia
Albania
Greece
o
ABriva
° e
Alger Malta
o
L Valletta
1500 2000 2500 KWh/m*
Tunisia ﬂ
Eglspra, Ital Lat/Lon Eg. 45.81%|[ Eg. 8611

Secondary receiver
P with vacuum
absorber tube

3 Modules

Support structure

11 individually
tracked primary
mirrors

Width7.5m o9
Length of one module 4.06 m
2| 22!
n, a; (W/m2K) a, (W/m2K?)
0.635 0.0265 0.00043
Incidence Angle Modifier - 1AM
12
¥ = -2E-11x6 + BE-09x5 - 1E-06x4 + SE-05x3 - 0.0012x2 + 0.0095x + 1.0004
ee@®eein., 9.
14 LD RPN S
‘..,". * >y g
.‘.”“ .
08 e e -
‘o... e,
E 0.6 . . ‘..
E ‘»,
°
.,
04 e . e
o. .
02 R3
'~.‘ L
Y = 4E-12x6 - 4E-10x5 + 3E-08x4 - 2E-06x3 - 7E-05x2 - 0.0043x + 0.999 "~.’ “e
0 w1t S
5 5 15 25 35 45 55 65 75 85 95
oT,8L[]
. Transversal - 6T . Longitudinal - 6L
------------- Polin. (Transversal - 0T) cececscecees Polin. (Longitudinal - 6L)

For every sq. meter of collector,
the energy collected is:
661 kWh/m?year.

Thermal Energy Production kWh/m2/month
140
120

100

80
60
XN | ..

Jan  Feb Mar Apr May Jun Jul

[N
o

Aug Sept Oct Nov Qi

=N
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Implemented Sustainable Technologies — Solar PV

Energia FV [KWhH]

200

150

100

50

Energia prodotta dal sistema FV fisso fisso
(C) PYGIS, 2021

169,56 455 55

161,78 156,58
1454
136,12
99-95 I' I |
Gan Fab dar Apr Mag Giu Lug

Mese

13593

115,66

Ott

Naowv

92,27

Dic

* energysis.

For every kW of PV
installed, the electrical
energy obtained is:
1538 kWh/year.
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Implemented Sustainable Technologies

GLOBAL WIND ATLAS
TLAS | ENERGYDRTAINFO.

For every installed MW, a
production of 1683 MWh/year
is estimated.
"W” Presenting a utilization factor
of 20%.

1000 On-Site Wind Power Generation

800
5 10 15 20 700

500
40
30
20
I I
0 d

Jan Feb Mar Apr May Jun Jul Aug Sept Oct No‘%
Ty
-

o O O o
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Electrical Efficiency vs. Operating Conditions

oo 0.6443x + 0.3842 s
e
0.90 POt 4
’..’
E o
< o8 * ’...-’""
Tg 0.70 * ’
= ..
[ o
< o080 [—— .
o *
0.50
.
0.40
0.20 0.40 0.60 0.80 1.00
Pel/Pel,nom

* energysus.

With respect to the operating
conditions suggested by the
manufacturer, a production of
2780 MWh/year is foreseen.
Having installed an ORC capacity
of 400kW.,,.

2 ZUCCATO
ENERGIA

WE TRANSFORM ENERGY
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Intermittent Renewable Electricity E i ated Estimated
. . . . aa: Post
Decision variables: ca pacities. Renewable Capacity:  Stabilisation Distribution profile Production  Correction Cu:'ectiun
Energy Source kwf share GWwh/year factor production
Photo Voltaic -« |0 0 Change | V3_SRI_PV.t¢  0.00 0 0.00
Wave Power el 0 0 Change | V3 SRI_ORC_w  0.00 0 0.00
Manuzﬂly change jche deuspn v§r|ables Wind " 0 Chenge | V3_SRLWind 0 0.0 ° | oo
to find the optimal combination? _ — S
Tidal -l [o 0 Change | V3 SRI_ORCBi 000 |0 0.00
CSP Solar Power - |0 0 Change | hour_tidsl_power  0.00 0 0.00
! CSP Solar Power - [0 0 Change | Hour_wave_ 2000 0.00 0 0.00
Unfeasible ——
strategy |E5F’ Solar Power + |0 0 Change | Hour_solar_prod1  0.00 |IJ 0.00
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Multi-Objective Evolutionary Algorithm

* energysis.

Generic MOEA|

. . . v |

Automation of the generation of scenarios v Rank !

Start Inttializaion — | |gividuals Individuals i

Inspired by natural evolution, the algorithm only promotes those scenarios |
which outperform others in terms of annual costs and emissions. Mutation |—3| Srcose indhiduats
After 100 generations, and 10’000 simulated solutions, convergence is |
reached. | J

Evaluate Individuals

Optimized scenario: 100 solutions defined by minimal annual cost and ; Decson ],

minimum annual emissions.

EnergyPLAN

Heurly Distribution
Data

hl

-~ ________________[ | " .4
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Boundary Conditions

As first approach, we considered the area
available suggested by the refinery.

We subsequently increased the area to investigate
greater capacities of concentrating solar thermal
and PV.
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Boundary Conditions: diverse scenarios
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|
| | |
| | | | | | | | |

PV. MW 38.35 38.35 38.35
\Wind. MW 6.9 6.9 6.9
Biomass St. Gen./Furnaces| GWh/year 1177.06 0 0
Biomass ORC. MW 101.38 0 0
Electric St. Gen./Furnaces.| GWh/year 1177.06 1177.06 0
Solar thermal. GWh/year 128.6 128.6 0
Solar thermal. % 11% 11% 0
Battery. MWh 362 362 362

76.7 76.7 76.7
13.8 13.8 13.8
1177.06 0 0
101.38 0 0
1177.06 1177.06 0
257.2 257.2 0
22% 22% 0
724 724 724

383.5 383.5 383.5

31.05 31.05 31.05
1177.06 0 0
101.38 0 0
1177.06 1177.06 0
1286 1286 0
0 0 0

3316.4 3316.4 3316.4
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Boundary Conditions: Decision variables & value ranges

Technology Min Max Unit
Electric Energy Production

Photovoltaic. 0 See scenario chart. kW

Wind. 0 See scenario chart. kW
Waste heat ORC. 0 406 kw
Biomass ORC. 0 See scenario chart. kW
National electric grid. Calc. by EP, no grid constr. GWh/year
Cogeneration

Natural gas CHP. 0 1177.06 GWh/year
Thermal Energy Production

Natural gas steam generators/furnaces. 0 1177.06 GWh/year
Hydrogen steam generators/furnaces. 0 1177.06 GWh/year
Biomass steam generators/furnaces. 0 See scenario chart. GWh/year
Electric steam generators/furnaces. 0 See scenario chart. GWh/year
Concentrating solar thermal. 0 See scenario chart. GWh/year
Hydrogen

Electrolytic feedstock H, demand. 0 123.62 GWh/year
Steam methane reforming feedstock H, demand. 0 123.62 GWh/year
Electrolytic production for H, steam generators/furnaces. Calc. by EP as min cap. needed kw
Electrolytic production for feedstock H, Calc. by EP as min cap. needed kw
Trasportation

Petrol vehicles demand. 0 1152001 km/year
Diesel vehicles demand. 0 1152001 km/year
Battery electric vehicles demand. 0 1152001 km/year
Storage

Electric storage - Batteries. 0 See scenario chart. MWh
Thermal energy storage for concentrating solar thermal. Cons. cap. of 1 day of av. heat dem. MWh

H, gas storage for H, steam generators/furnaces. Cons. cap. of 1 day of av. H2 dem. MWh

H, gas storage for H, as feedstock. Cons. cap. of 1 day of av. H2 dem. MWh
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Results - Convergence and simulated scenarios.

Progression to convergence of the Pareto fronts as a function of generations.

Example of Pareto front (blue) and dominated scenarios (grey).

350000

300000

250000

200000

150000

100000

Total annual cost (k€/year)

50000

0

350000
300000
250000
200000

0 50 100

—_—G] =—Gh —Gl0

SRI SCENARIOS - S1A SRI SCENARIOS - S1A
400000

Total annual cost (k€/year)

150000
———— 100000
50000
0
150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
€02 emission (kt/year) CO2 emission (kt/year)
G —GH —— G —CE —GE —G100 ® 2025 DOM 2025 0PT e 2025BAU = 2017 BASE

CO2-Emission
ktonCO2/year

2017 Baseline 427
2025 BAU 417

0%

Annual Cost

K€ <
6652 &

88’604

o
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Results - S1X Pareto fronts BT

SRI SCENARIOS S1X

CO2-Emission Annual Cost 300000 1R I S e I "%

o =) o o o\

s 2 '8 '8 < 'S
ktonCO2/year K€/year ‘%‘250000 ' P P ! ' |
I I | | I
2017 Baseline 427 66’525 = | ! . | | .
W 200000 | | | I I I
2025 BAU 417 88’604 = | i | i i i

v I I
S 150000 | | | | | |
‘© I I I | | I
£ 100000 ' """'---:. I ) I
. . . . C I I I
With low surface availability, deep = ! ! AL T VS S ———
g 2 . = I | I | | I
decarbonizations are only achievable S 50000 | , , , | ,
through the employment of biomass. ! : : : : :
01 I | I 1 I
0 100 200 300 400 500 600
CO2 emission (kt/year)
e 2025 OPT S1A 2025 0PTS1B o 2025 0PTS1C e 2025 BAU 2017 BASE

7
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Results - S2X Pareto fronts

CO2-Emission Annual Cost

ktonCO2/year K€/year

2017 Baseline 427 66’525
2025 BAU 417 88’604

By doubling the available surface, the
increase in decarbonization potential
is negligible.
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Low surface availability — 29.5 ha

* energysis.

High surface availability — 259 ha (x10)

S1X
[ ] [} [ |
| ] | | 1 | 1 1 | |
SRI SCENARIOS S2X
300000 | 3@ lo I'o Ie e s
I 8 1S 1S IS 1S 1
= 1% 1 © (N (b I
— 250000 | 1 P! [ [ [
0 I e I I I I I
= 1 ™ | I I I I
W 200000 | I I I I I
= | I I I | |
2 | I | I I |
O 150000 ) 1 1 1 1 1
= | I | I I |
2 ! = I I I I
§ 100000 | T WY PSSR S, R =SS i ——
3 | | I | | I
50000 | | | | | |
| I | I I |
| I | I I |
0 i I i I I |
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Results — S3X Pareto fronts

CO2-Emission Annual Cost

ktonCO2/year K€/year

2017 Baseline 427 66’525
2025 BAU 417 88’604

With a significant surface increase (x10),
only a partial improvement (about 35%) of
decarbonization potential is witnessed
without biomass.
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Results - Energy Sectors I

Technological breakdown: penetration of sustainable technologies in _

thermal and electric sectors, sector coupling (CHP), national electric ' } 1 r } ) r } )
grid exchange (import/export). -
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Results - Energy Sectors I

Technological breakdown: penetration of sustainable technologies in _

hydrogen sector, sector coupling (PtH,), role played by storage.
2
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Conclusions

* Qil refineries are energy intensive, and their productive structures rely heavily on fossil fuels.
* Deeply decarbonized scenarios are attractive with a programmable and steady source of biomass.

* Integration of non-programmable RES (solar, wind), are economically feasible for intermediate
decarbonization. To reach 100% CO, reduction, high terrain occupation and seasonal storage are required.

 Economically attractive scenarios see biomass fired steam generators and refinery furnaces, as opposed to
the more costly biomass ORC.

* Electrolytic hydrogen is mandatory as substitution of gray feedstock hydrogen but is the most expensive
technology among all energy sectors.

* |In favor of electrolytic feedstock hydrogen is the ease of integration in the existing system layout and the
possibility of long-term, large-scale storage.
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