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Processes for renewable fuels production 
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(Syn)crude oil components
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Paraffines Naphthenes

Aromatics



(Syn)crude value chain
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First distillation (topping)

Second distillation (vacuum)

Hydro-treatment

Fluid catalytic cracking

Coking

Reforming

Alkylation
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Distillate fraction Boilingpoint (°C) C-atom/molecule

▪ Gases <30 C1-C4

▪ Gasoline 30 –210 C5-C12

▪ Naphtha 100 –200 C8-C12

▪ Kerosene 150 –250 C11-C13

▪ Diesel, Fuel oil 140 –400 C13-C17

▪ Atmospheric Gasoil 220 –345 C20-C45

▪ Heavy Fuel oil 315–540 C20-C45

▪ Atmospheric residue > 540 >C30

▪ Vacuum residue > 615 >C60

Nomenclature
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(Syn)crude value chain
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Hydro-treatment
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First distillation column
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LPG

Gasoline

Naphta

Diesel

Vacuum residual

Low value

High value

Low value
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(Syn)crude value chain
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Vacuum distillation
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Charge for post-treatment

Ejectors to keep 

vacuum conditions
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(Syn)crude value chain
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▪ Prior to catalytic processes, removal of:

• Sulfur     (RSH + H2 → H2S + RH)

• Nitrogen   (RNH + H2 → NH3 + RH)

• Oxygen  (ROH + H2 → H2O + RH)

• Metals

▪ Saturation of unstable hydrocarbons & de-aromatization of kerosene

• E.g.: C6H6 + 6H2 → C6H12

Hydrotreating
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Catalyst
Hydro-

desulphurization
Hydro-

denitrogenation
Aromatics 

hydrogenation

Co-Mo/Al2O3 +++ + o

Ni-Mo/Al2O3 ++ ++ +

Ni-W/Al2O3 + + +++C
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Example #1: desulfurisation
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▪ Operating point: compromise 
between thermodynamic equilibrium 
and reaction kinetics

▪ Effect of space velocity

Example #2: Dearomatisation
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(Syn)crude value chain

E
. 

M
o

io
li

14

First distillation (topping)

Second distillation (vacuum)

Hydro-treatment

Fluid catalytic cracking

Coking

Reforming

Alkylation

C
a

ta
ly

s
is

 f
o

r 
E

m
is

s
io

n
 C

o
n

tr
o

l 
a

n
d

 E
n

e
rg

y
 P

ro
d

u
c
ti
o
n



Coking #1
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▪ Heat and temperature 
favor light and heavy 
products

▪ Process control (i.e. 
stripping medium 
temperature) improves 
mid-weight products

Coking #2
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(Syn)crude value chain
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Why catalytic cracking?
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Paraffin → paraffin + olefin

Alkyl naphthene → naphthene + olefin

Alkyl aromatic → aromatic + olefin



Oil refinery –Catalytic processes
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▪ Fluidized Catalytic Cracking (FCC)

• Main process in oil refinery; heavy desulphurized 

feedstock → light, high octane gasoline.

• Feed: heavy gas oil (bp: 316 – 566 °C) = mix of 

aromatics, paraffins, and cycloparaffins.



Oil refinery –Catalytic processes
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▪ Fluidized Catalytic Cracking (FCC)

500 oC

700 oC

• Coke formation on catalyst (deactivation) requires regeneration of catalyst (coke burning).

Valero Energy Corp

http://www.secinfo.com/dsvrp.uEe6

.d.htm#1stPage

http://www.secinfo.com/dsvrp.uEe6.d.htm#1stPage
http://www.secinfo.com/dsvrp.uEe6.d.htm#1stPage


Oil refinery –Catalytic processes
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• Acidic catalysts promote the formation of saturated, 

branched, cyclic and aromatic hydrocarbons via the 

formation of a carbenium ion intermediate.

1) Historical catalysts:

2.) Modern catalysts:

Amorphous Al-Si + 

10-15 wt% Al2O3

5-40 wt% crystalline  Al-Si 

(zeolites)

+ Amorphous Al-Si

E. T. C. Vogt and B. M. Weckhuysen, Chem. Soc. Rev., 2015, 44, 7342

▪ Fluidized Catalytic Cracking (FCC)



▪ Fluidized Catalytic Cracking (FCC) – Mechanism of cracking 
reaction

Oil refinery –Catalytic processes
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▪ Fluidized Catalytic Cracking (FCC) – Mechanism of cracking 
reaction.

Oil refinery –Catalytic processes
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Skeletal isomerization



Conversion vs. yield profiles
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Increasing conversion → more light products and more coke



Oil refinery –Catalytic processes
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▪ Hydrocracking

• Catalytic cracking with hydrogen. Allows also conversion of heavy distillates/residues into fuels.

        Advantage:  - Simultaneous removal of nitrogen (NH3), sulphur (H2S) and metals

   - Less side reactions and less coke formation due to H-saturation of hydrocarbons

        Disadvantage: - Expensive! Requires 300 – 500 m3 H2/t crude oil

    - Harsh conditions: 270 – 450 °C, 80 – 200 bar

Hydrogenation 

Function

Co/Mo Ni/Mo Ni/W Pt or Pd

weak medium strong Very strong

Cracking Function Al2O3 SiO2-Al2O3 Zeolite

weak strong Very strong



Oil refinery –Catalytic processes
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▪ Hydrocracking

Typical two-stage hydrocracker

Alkane hydrocracking

Hydroalkylation

Ring opening

Valero Energy Corp

http://www.secinfo.com/dsvrp.uEe6.d.ht

m#1stPage

http://www.secinfo.com/dsvrp.uEe6.d.htm#1stPage
http://www.secinfo.com/dsvrp.uEe6.d.htm#1stPage
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What is reforming?
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Paraffins (low RON) → Aromatics (high RON) + H2



Oil refinery –Catalytic processes
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▪ Catalytic Reforming

• Reforming = endothermic transformation of C7-C10 hydrocarbons (low octane number, 

     RON = 20-50) into aromatics and iso-paraffins (high octane number, RON = 90-100).

P     N      A P     N      A

P: paraffins, N: naphthenes (cycloalcanes), A: aromatics, RON = research octane number



Oil refinery –Catalytic processes
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▪ Catalytic Reforming - Reactions

Desirable Reactions:

Undesirable Reactions:

Dehydrogenation of naphthenes:

+ 3H2

Dehydroisomerization of naphthenes:

+ 3H2

Dehydrocyclization of paraffins:Isomerization of paraffins:

+ 4H2

Hydrocracking and Hydrogenolysis: Coke formation:

+ H2 C2 - C6 

(paraffins)

C8+ 9H2

Pt/Cl-Al2O3

Pt/Zeolite

Bi-functional catalysts:

De-hydro-
genation

Cyclization
Isomerization



Process configuration/ 
semiregenerative
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Process configuration/ 
continuous regeneration
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(Syn)crude value chain

E
. 

M
o

io
li

33

First distillation (topping)

Second distillation (vacuum)

Hydro-treatment

Fluid catalytic cracking

Coking

Reforming

Alkylation

C
a

ta
ly

s
is

 f
o

r 
E

m
is

s
io

n
 C

o
n

tr
o

l 
a

n
d

 E
n

e
rg

y
 P

ro
d

u
c
ti
o
n



▪ Conversion of olefins(C3-5) and iso-butane (iC4) into higher branched 
gasoline with higher octane number (RON).

Alkylation 
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Alkylation block diagram Historically: 

→ thermal process

(500oC, 200-400 bar)

Today:

→ catalytic process

(50oC, 30 bar, strong 

acids: H2SO4 / HF )



Alkylation process
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