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Introduction
Bitumen from Alberta oil sands is heavy (8 °C-10 °C API) and 

viscous (2-5 million cP) oil. In industry, bitumen is upgraded 
to syncrude with higher API gravity and lower viscosity for 
further refining. A typical method for syncrude upgrading 
is hydro processing the products from primary upgrading to 
make higher quality and saleable products.

Bio-oils derived from biomass have been attracting 
increasing attention as alternative sources of fuels and 
chemicals. Research on the fuel production from renewable 
sources by pyrolysis has received much recent interests. 
Renewable sources used in the pyrolysis of biomass are woody 
materials and marine algae; the latter are the main primary 
producer in oceans and they constitute the largest biomass 
in nature. Pyrolytic biooils are an alternative to fossil fuels. 
However, the high content of oxygenated compounds makes 
them thermal and chemically unstable. The oxygenated 
compounds can be removed by hydro processing, which is quite 
similar as fossil fuel upgrading. Several technical challenges 
remain for upgrading biooils to transport liquid fuel in a large 
scale. Therefore, this process is currently not economically  

 
attractive. Co-processing of biooils in conventional petroleum 
refining units can improve competiveness of refineries. It 
provides an alternative method for biooils upgrading and for 
the second generation biofuels production. Co-processing can 
reduce the costs of fuels and chemicals production from bio-
feeds by utilizing the existing production and distribution 
systems for petroleum-based products and avoiding the 
expensive capital investment. 

The co-processing of guaiacol, an oxygenated molecule 
from biomass pyrolysis, with straight-run gas oil (SRGO) 
by hydrodesulphurization (HDS) process was reported [1]. 
During the co-processing, the HDS performance with CoMo/
Al2O3as catalyst decreased at low temperature and high 
contact time due to the formation of phenol intermediates. 
The phenol intermediates competed with sulfur containing 
molecules for adsorbing on hydrogenation/hydrogenolysis 
sites. At above 320 °C, complete HDO of guaiacol was observed 
and HDS proceeded without any further inhibition.

Recently, co-processing of biooils with fossil fuels by 
hydro treating was also reported [2]. Pyrolysis oils from 
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lignocellulosic biomass were co processed by hydro treating 
with straight-run gas oil. In this process, both HDO and HDS 
reactions are essential. The influence of different oxygenated 
compounds from bioils on the hydro treatment of the straight-
run gas oil was studied on a CoMo/γ-Al2O3 catalyst under 
industrial operating conditions. The oxygenated compounds 
included 2-propanol, cyclopentanone, anisole, guaiacol, 
propanoic acid, and ethyldecanoate. Reaction mechanisms of 
HDO reactions were proposed for each oxygenated compound, 
and their impact on the gas oil HDS, hydrodenitrogenation 
(HDN), and aromatic ring hydrogenation (HDCA) was 
determined. 

The catalytic performances were not inhibited by 
2-propanol, cyclopentanone, anisole, and guaiacol, while 
propanoic acid and ethyldecanoate had inhibition effects on 
HDS, HDN, and HDCA reactions. The inhibition is attributed 
to the competition between the HDS reactions and the 
methanation of CO and CO2 formed during the decomposition 
of ethers and acids. The impact on HDS conversion of 
dibenzothiophenic compounds was also studied, showing no 
differences of inhibition effects among these molecules.

Due to the presence of large amount of oxygenated 
compounds, biooils are more polar than fossil fuels and not 
easily mixed with hydrocarbons. In addition, the viscosity is 
quite different between biooils and bitumen. For co-processing 
of bitumen with biooils, pretreatment of bitumen is necessary. 
Co-processing of the pretreated bitumen and biooils might 
provide an alternative method for bitumen refining, and co-
processing of bitumen with biopitch will provide a better 
solution for biopitch application. 

Co-Processing 0f Biooils with Hydrocarbons Derived 
from Bitumen Upgrading

Hydro treating is widely used for petroleum refining and 
biooils upgrading. Co-processing of a mixture of biooils and 
heavy vacuum oil (HVO, with 1.48wt% sulfur content) was 
reported in literature at typical hydro treating conditions 
(300-450 °C) with conventional hydro treating catalysts 
(sulfide NiMo/Al2O3) [3]. For biooils, the unsaturated C=C 
bonds were hydrogenated first, then three different reactions 
occurred, including decarbonylation, decarbonylation, and 
hydrodeoxygenation. The straight chain alkanes obtained 
isomerizes and crack to lighter and isomerizes alkanes. When 
sunflower oil and HVO were hydro treated separately, 71% 
yield of straight chain C15-C18 alkanes was produced based on 
carbon basis (the maximum theoretical yield is 95%) for hydro 
treating of biooils under optimized reaction conditions. The 
rate of alkane production from pure sunflower oil was 100% 
at 350 °C, which was greater than the HDSof HVO (41% sulfur 
conversion). After sunflower oil was mixed with HVO, the yield 
of straight chain alkanes increased, indicating that the co-
processing of HVO with sunflower oil facilitated the reactions. 

For a feedstock of a mixture of 5 wt% biooilsand95 wt% HVO, 
the maximum theoretical straight chain C15–C18 yield from 
the sunflower oil increased to87% from 75% yield with pure 
sunflower oil. The deactivation of catalysts for hydro treating 
of the biooils and VGO blend is often caused by deposits of 
coke and metals on the catalyst surface, eventually leading 
to plugging of the catalyst pores, thus severely limiting the 
lifetime of catalysts. 

Hydro cracking is another method widely used both for 
biooil upgrading and petroleum refining. Co-processing of 
biooil with petroleum hydrocarbons was also reported in 
literature [4]. Glycerol and sorbitol are present in some biofuels 
and used as representative of biomass-derived oxygenates. 
Co-processing of glycerol and VGO by fluid catalytic cracking 
(FCC) process was conducted in an industrial FCC reactor with 
the conventional FCC catalysts. Results showed no significant 
change of the product selectivity. However, the final selectivity 
was higher than those calculated by considering a simple 
additive effect due to interactions between the hydrocarbon 
components and the glycerol reaction intermediates.

During co-processing, free radical intermediates from 
oxygenates in biooils may interact with bitumen, resulting 
product distribution changes (depends on conversion level). 
In the meantime, higher temperature required for heavy 
oil cracking might produce more carbon monoxide from 
oxygenates decomposition.

Co-Processing of Biopitches with Heavy Oils from 
Bitumen

Biopitch, which is used as a substitute for fossil pitches, is 
generally produced as a byproduct from biomass pyrolysis and 
biooil distillation. The oxygen content in biopitch is about 20 
wt%, while in mineral pitches it is below 2 wt%. Eucalyptus 
tar pitches, which are produced in large scale as a byproduct 
in charcoal manufacturing industry in Brazil, contain some 
macro molecules, mainly phenolic, guaiacyl, and siringyl units 
commonly derived from lignin. The low aromaticity (60-70%), 
high O/C atomic ratios (0.20-0.27%), and large molar mass 
distribution distinguish biopitches from fossil pitches [5]. 
The viscosity of bitumen and biopitch is quite similar. Table 1 
compares the properties of Athabasca bitumen and biopitch 
[6].

Although it was not reported in literature, co-processing 
of bitumen and biopitches provides another pathway for 
biopitches application. Biopitch is at first blended with 
bitumen at suitable temperature, then solvent deasphatling 
of the mixture to remove asphaltenes and heavy components 
from the mixture. The deasphatling oil (DAO) and the heavy 
oil produced from delayed coking of asphaltenes will then 
blend with biooils for upgrading by hydro treating to produce 
transportation fuels. A block diagram of the integrated refinery 
is shown in (Figure 1).
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Table 1:  A comparison of Athabasca bitumen [6] with biopitch [5].

Property Athabasca Bsitumen Biopitch

Components

48.5% 
aromatics,16.8% 

resins,18.6% 
asphaltenes,16.1% 

saturates

50% aromatic and 
olefinic carbons,  >30% 
carbon linked to oxygen

C, % 83.2 69.6

H, % 9.7 6.4

O, % 1.7 23.6

N, % 0.4 0.4

S, % 5.3 --

Ni, ppm 93 --

V, ppm 259 --

Density, kg/L 1.006-1.016 1.163

Viscosity (Pa s) 3.63-4.35 (at 60 °C) 5.45 (at 120 °C)

Figure 1: A process block diagram of the integrated refinery 
proposed in this paper.

Vacuum
Residue

Residue
Hydrocracking

HDS
HDN
HDO

HDMetal

Vacuum
Distillation

VGO

Bitumen 
from Oil 
Sands

Visbreakers

Flexicoker

FCC 
Hydrocracking

Atmospheric
Distillation

Atmospheric
Residue Middle

Distillates

Biopitch

Biopitch Biofuels

Middle
Distillates

Biooils

Bunker Fuel

Conclusion
In summary, the co-processing of biooils with fossil fuels 

provides an economical and synergistic pathway for liquid 
fuels production using the current existing refinery facilities 
that enables biofuels to the fuel market immediately. However, 
the compatibility of the co-processing with current refinery, 
techno-economic analysis, and life cycle assessment of the co-
processing that are vital to its success need further evaluation.
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