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Petrochemical integration almost doubles the average European
refinery net cash margin (NCM)

15 European 2019 preliminary NCM incorporating petrochemical integration (USS/bbl)
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The i mprovement in fuel efficiency, gr owi ng
participation of transportation fuels in th
additive manufacturing (3D printing) have t
transportation demands, | eading to even mor
Furthermor e, t he higher availability of i g
derivatives that facilitate the production of
the higher added value of petrochemicals 1in
demand for petrochemicals tends to rise in t
keep his protagonism in the market



Petrochemicals feedstock leads demand growth in the long run -
while fuel demand from light vehicles will start to fall

Global liquids demand by sector
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According to data presented in Figure 3, a
intermedi ates is expected, and a refining heé
derivatives can of fer significant competiti
petrochemical assets and higher wvalue addit:.i
North Ameri &GampoMar lbdte, tiot observe the falling
presented in Figure 4.
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Anot her deep change in the downstream sector
refining hardware is the | MO 2020. Restricti)
pressure over refiners with | ow bottom barre
to add value to residual streams, especially
(in mass) to 0,5 %. Refiners with easy acces:
advantage i n this scenario These players ¢
technol ogies to produce the new marine fuel
(Sol vent Deasphalting, Del ayed Coking, etc.) .
part of the players need to | ook for source:
putting under pressur e hi s refining mar gi ns
technol ogi es t o ensur e mor e val ue addi tion
competitiveness in the downstream market. Fo
hydrocracking technologi es can offer great

spending I n this scenari o, with necessity t
growing mar ket of petrochemical s, refiners wi
achieve great competitive advantage in the dc
Based on desd@sr ipassoinblaeb otvee apply the article
Ren®e MaubdBlgwee cGcddadmdnStHaatveagyd Business Revi
competitive mar ket s i n t he downstream i ndu:¢
conventional mar ket as a red ocean where 't he
focusing on defeating competitors through th
di fferentiation and | ow profitability The &b
noexpl ored (or few explored markets), creat.i
di fferentiation. This model can be applied (
to the downstream industry, considering the
petrochemical sector.

Due his characteristics, the transportation f
the margins tend to be | ow and under hi gh
di fferentiation capacity. On the other side

ocean where few players are able to meet the
mar gi ns, and significant di fferentiation 1in
mar ket . Figure 5 presents the basic concept
traditional red ocean where the players fight

*Create Unexplored Market
Spaces

*Make the competition
irrelevant

sCreate and Capture the New

*Competing in Existent
Markets

*Beat Competitors
*Enjoy Existing Demand

*Create the Value x Cost
Dilemma

sAlign the company's entire
system of activities with your
strategic choice of
differentiation or low cost

Demand

*Breaking the Value x Cost
Dilemma

s Align the entire System of
Activities of the Company in
Search of Differentiation and
Low Cost

Red Ocean Strategy
Blue Ocean Strategy

Fi guili f5f erences between Blue and Red Ocean Strate
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As presented above, t he mar ket forecast s i
petrochemicals against transportation fuels
short term, in this sense, the crude oil to ¢
advantage to the refiners with capacity of cza
Can be difficult t o s omdadipfefoeprieenriti ahh @ odl® wais a
industry once this is a market that deal wit
to the capacity to reach more added value t
nowadays this is translated in the <capacity
di fferentiation badatnwegm aitretde gprl aatyeed sand non
Considering 2025 as the base year, the petro
700,10 billion with an expected compound ann
and 2034 as presented in Figure 6.
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Based on these dat a, the petrochemical mar k
1.193, 26 billion i n 2034, reinforcing t he a
refiners under a scenari o where the transpor
scenari o due to the necessity to reduce the ¢
Considering just the aromatics solvent mar Kk
expected between 2021 and 2030 is 4,80 % | ea
usb 8,1 billion in 2030 still according to Pr
Considering exclusively the propylene market
investments in on purpose propylene product
propyl ene mar ket size for the next years.

ffecedence Propylene Market Size 2025 to 2034 (USD Billion)
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Fi guirkevo/l uti on of Propylene Market Size for the ne

According to Figure 7, the propyl ene mar ket
2034 with an annual rate of 3,76 % with Asia
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Synergies between RefiniRgteaoadhémitcakhkemieagt ¢

The focus of the closer integration between
and seize the synergies existing opportunitd.i
value to the whole crude oill production <chai
refining and petrochemical i ndustry and the ¢

Table 1 — Refining and Petrochemical Industry Characteristics

Refining Industry Petrochemical Industry
Large Feedstock Flexibility Raw Material from Naphtha/NGL
High Capacities Higher Operation Margins
Self Sufficient in Power/Steam High Electricity Consumption
High Hydrogen Consumption High Availability of Hydrogen
Streams with low added Value Streams with Low Added Value (Heavy
(Unsaturated Gases & C2) Aromatics, Pyrolysis Gasoline, C4°s)
Strict Regulations (Benzene in Gasoline, Strict Specifications (Hard Separation
etc.) Processes)
Transportation Fuels Demand in High Demand Products
Declining at Global Level
As aforementioned, the petrochemical i ndustr
when compared with the transportation fuels
nobl est destiny and |l ess environmentally agg
bases of the refining and petrochemical i ndu
ynergies capable of reducing operational CoSs

refineries.

Figure 8 presents a block diagram that s how:e
processes and the petrochemical industry.
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. Xylenes
Pyrolisis Lhs t.;lc Benzene
gasoline pl‘OdUCtlon

complex Toluene
Styrene

T Reformate

Ethane/natural
gas liquids

— Ethylene
———> Propylene

ﬁcsidua]‘ VY 7/ Recycle

gases .
Crude oil — Gasoline

> R;i‘;‘:;’gs —> Jet fuel
P — Diesel

)——y Fuel 0i] =——

-—a Fuel )
— Power generation ey
— ChEMICAlS ——

Fi guirymer gi es between Refining and Petrocher

ess streams considered with | ow added val
rials to the petrochemical industry, as
stries (butanes, pyrolisis gasoline, an .
uce high gual ity transportation fuel s,
ronment al and quality regulations to deri
integration potenti al and the synergy a
ted by the refinery and the consumer ma
king (FCC) and Catalytic Ref orming can
rmedi ates to the detri ment of streams th
install ati on of uni t s dedi cat ed to p
ochemical FCC, aims to reduce to the mi
sportation fuel s, however, the capital i
ires the use of material with noblest met

|l HS Mar kit Company proposed a classifica
ented in Figure 9.
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Crude to Chemicals

Refining + Steam Cracking + |
Paraxylene Complex

Refining + Steam Cracking or A
Refining + Paraxylene Complex |

Refining + BTX Extraction + |
Propylene

Refining

Fi guirRet9r ochemi cal I ntegration Levels (I HS N
cording to the classification proposed, t
Xi mum | evel of petrochemical integration w
to petrochemical intermedi ates | ike ethyle
enario of the downstream industry, the cru
fferentiation to allow the players to react
e Crude Oil to Chemicals Refining Assets
e to the increasing market and higher add
ansportation fuels demand, some refiners al

devel op crude to chemicals refining asset
is alternative is the Saudi Aramco Company
ude oil to petrochemical intermedi ates as
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Figurigaiudi Aramco Crude Oil to Chemicals Conce|
The process presented in Figure 8 is based o
technol ogi es I i ke Hi gh Severity or petroch
technol ogi es. The processed crude oi l is i
characteristic in the Middle East crude oi l
conversion process aiming to reach maxi mum
configuration, the petrochemical FCC units h
processed crude oil
An exampl e of FCC technology developed to
i ntermedi ates ™protckss Pdtyr oF@CRC Company, t hi s
petrochemical FCC and separation processes
petrochemical process plants, as presented i
HSFCC®process commercialized byMAxeanss Colmpaealy:

Lummus Company. The basi cF@Utoeelrsolfdpow ids agr
Figure 11.
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H2 + UHY

A

Sponge Gas Ethylene C
A > —>» (2

Treating Recovery
FCC Catal Main Col. cZ -
Secati::nvSt > and Gas Con. LPG Treating
Section V(
Cato
Refinery € C3/Cq Splitter
Fresh Feed | Raffinate P:)pylene |
Recovery —> (3
" R : Aromatic —> Benzene C3=
eavy Recycle conimex —> p-Xylene
Liaht Ends

Figurieelt dOMPOObDcess Technology by UOP Company

I 1 mportant to consider that the technology
FCC units that present especial design due t ¢
To petrochemical FCC wunits, the reaction te
circulation rate raises the gases productio
sectTlhae. hi gher t her mal demand makes advant a
advantageous, |l eading to the necessity of in:c
The installation of petrochemical catalytic
into account the high capital i nvest ment and
indicate growth of 4,0 % per year to the marlk
scenari o can be attractive the <capital i nve
petrochemical sector, all owing then a favora
the maximization of petrochemical i nter medi al
case study demonstrating how the petr™chemi
technol ogy by Lummus Company, can maxi mi ze
har dwar e. Anot her technology dedicated to m
process, developed by Axens.
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ERU Fuel Gas
— ——>
Ethylene
C.s N PRU | Propylepe
Indmax| .. ¢ .
AR
Light Naphtha

AR Atmospheric Residue Slurry oil
RHDS Residue Hydro Desulfurization
ERU: Ethylene Recovery Unit
PRU: Propylene Recovery Unit HDS+AEU |
OCT: Olefin Conversion Technology —
HDS+AEU: Hydrodesulfurization,

Aromatics Extraction Unit BTX Products
SHU+CD-DelB: Selective Hydrogenation

and CD Deisobutylene Unit

Figun®l g2ins Maximization in théYyR®Edining Hardw
Technol ogy by Chevron Lummus Gl obal Company (

I n refining hardware with conventional FCC
catalyst ci@®Gcploatiidh er atoesaappilty the addition
materi-altBEA&M can raise the olefins yield cl oc¢

the original catal yst. This alternative rais
can be economically attractive considering ¢t
I nstall ation of catal yst cool er system rais
conversion enhancement and selectivity to no
gases and coke production. The catalyst cool
under total combustion mode due to the higher

C + Yo (Parti algHCnib kstail d mo |
C +VYa@02 (Total CgHnb@a4tkoal)/ mol

In this case, the temperature of the regener .
to higher risks of <catalyst damage which 1is
option by the total combustion mode needs to
case, wi || not have the possibility to prodL
temperature in the regenerator requires ater
the installation costs of these wunits Whl ch
capital access.

Anot her key refining technology to crude oil
Despite the high performance, the fixed bed
effective t o treat crude oi |l s directly cue
Technol ogies that use ebull ated bed reactors
campaign period and hi gher conversion rates,
H-Oi1 | andMtHycvharhd!l ogi es devel oped-Fbgi MxeRB O CoI
Chevhwmmus, anWprloeedgcbdby Shell Gl obal Sol uti
temperatures above 450 oC and pressures until
di agram-HionfMpgolc@ss unit, devel oped by Chevr

H-OiM™Mprocess by Axens Company is presented in
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CLG Company

( MUKHE |

-plr wroies&d)e s

and crystalline (zeolites) and have bifuncti
acid sites) and hydrogenati on

Figurierbdéess

(in the metals
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