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METHODS AND APPARATUSES FOR 
CO-PROCESSING PYROLYSIS OIL 

TECHNICAL FIELD 

0001. The technical field generally relates to methods and 
apparatuses for co-processing pyrolysis oil. More particu 
larly, the technical field relates to methods and apparatuses 
for co-processing pyrolysis oil with another feedstock stream 
in a Fluid Catalyst Cracking (FCC) unit to form an FCC 
product stream containing renewable components. 

BACKGROUND 

0002. As the demand for fuel increases worldwide there is 
increasing interest in Sources other than petroleum crude oil 
for producing fuel. Specifically, biological Sources are being 
investigated for use in Supplementing or replacing petroleum 
crude oil as the primary feedstock in hydrocarbon processing. 
Bio-derived sources include biomass, Such as plant oils 
including corn, rapeseed, canola, Soybean and algal oils; ani 
mal fats such as tallow, fish oils and various waste streams 
Such as yellow and brown greases; and sewage sludge. Bio 
derived sources also include carbon-based products formed 
by engineered organisms, such as engineered algae cells. 
0003 Lignocellulosic biomass is particularly suited for 
processing into pyrolysis oil. Such biomass may be converted 
to pyrolysis oil by rapid thermal processing or by pyrolysis 
technologies such as a bubble-column, auger or intermediate 
pyrolysis systems. Because lignocellulosic biomass is much 
more abundant than vegetable oils, pyrolysis oil is less expen 
sive. However, pyrolysis oil has a much higher oxygen con 
tent (about 45%) compared to vegetable oil feedstocks (about 
11%). Further, it may contain up to about 35% water and also 
contain acidic components that may cause corrosion. 
0004. The high water content and acidic content of pyroly 
sis oil makes processing in FCC units challenging. Specifi 
cally, the high Volume of water in a pyrolysis stream intro 
duced to an FCC unit negatively impacts the heat balance of 
the FCC unit. Further, the acid content of the pyrolysis stream 
can potentially harm FCC catalysts, such as through acceler 
ated coke formation, and reduce the FCC unit product yield. 
0005 Accordingly, it is desirable to provide methods and 
apparatuses for processing pyrolysis oil in an FCC unit. Also, 
it is desirable to provide methods and apparatuses for co 
processing pyrolysis oil in an FCC unit. Further, it is desirable 
to provide methods and apparatuses for increasing the renew 
able content of FCC product streams. Furthermore, other 
desirable features and characteristics will become apparent 
from the Subsequent detailed description and the appended 
claims, taken in conjunction with the accompanying draw 
ings and this background. 

BRIEF SUMMARY 

0006 Methods for co-processing pyrolysis oil streams and 
fuel processing apparatuses are provided. In an embodiment, 
a method for co-processing a pyrolysis oil stream and a 
hydrocarbon Stream is provided. The method includes mixing 
the pyrolysis oil stream and the hydrocarbon stream with a 
surfactant to form an emulsion. The method introduces the 
emulsion to a reaction Zone in an fluid catalytic cracking 
(FCC) unit. The method includes contacting the emulsion 
with a catalyst in the reaction Zone to form an FCC product 
Stream. 
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0007. In another embodiment, a method for co-processing 
a pyrolysis oil stream and a lipid stream are provided. The 
method includes mixing the pyrolysis oil stream and the lipid 
stream with a surfactant to form a mixture. The method intro 
duces the mixture to a reaction Zone in an fluid catalytic 
cracking (FCC) unit. Further, the method includes contacting 
the mixture with a catalyst in the reaction Zone to form an 
FCC product stream. 
0008. In another embodiment, a fuel processing apparatus 

is provided. The fuel processing apparatus includes a pyroly 
sis oil source and a mixing unit in fluid communication with 
the pyrolysis oil source and configured to mix pyrolysis oil, a 
hydrocarbon feedstock, and a Surfactant to forman emulsion. 
The fuel processing apparatus also includes a fluid catalytic 
cracking (FCC) unit in fluid communication with the mixing 
unit and including a reaction chamber Suitable for contacting 
components of the emulsion with a catalyst to form an FCC 
product stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The various embodiments will hereinafter be 
described in conjunction with the following drawing FIG 
URE, wherein: 
0010. The FIGURE is a schematic diagram of an appara 
tus and a method for co-processing a pyrolysis oil stream in 
accordance with an exemplary embodiment. 

DETAILED DESCRIPTION 

0011. The following Detailed Description is merely exem 
plary in nature and is not intended to limit the methods and 
apparatuses described herein. Furthermore, there is no inten 
tion to be bound by any theory presented in the preceding 
Background or the following detailed description. 
0012 Various embodiments contemplated herein relate to 
methods and apparatuses for co-processing pyrolysis oil. 
Specifically, embodiments herein provide for co-processing 
pyrolysis oil in an FCC reactor with another stream, Such as a 
hydrocarbon stream and/or a lipid stream. An exemplary pro 
cess uses a Surfactant to form an emulsion from the pyrolysis 
oil, the hydrocarbon Stream, and the Surfactant. The emulsion 
is fed directly into the FCC reactor through conventional 
means, i.e., no special injection equipment is needed. The 
FCC reactor converts the emulsion into an FCC product 
stream including upgraded fuel products. The FCC product 
stream may be distilled into various streams including naph 
tha, light coker oil, and decant oil. 
0013 The FIGURE illustrates an exemplary apparatus 10 
utilizing an exemplary method for co-processing a pyrolysis 
oil stream 12 with a hydrocarbon stream 14 and/or a lipid 
stream 16 to forman FCC product stream18. In the illustrated 
embodiment, the pyrolysis oil stream 12 is provided by a 
pyrolysis oil source 15. For example, the pyrolysis oil source 
15 may be a pyrolysis reactor for converting biomass into 
pyrolysis oil. 
0014 Pyrolysis is the thermal decomposition of a sub 
stance into its elemental components and/or Smaller mol 
ecules. Pyrolysis typically requires temperatures of about 
325°C. or higher to sufficiently decompose the feedstock to 
produce pyrolysis products. Pyrolysis of a biomass feedstock 
typically produces water, pyrolysis oil or bio-oil, char, and 
gases such as hydrogen, carbon monoxide, carbon dioxide, 
methane and other light hydrocarbons that do not condense 
under typical conditions, 
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00.15 Pyrolysis of lignocellulosic biomass typically pro 
duces organic compounds such as lignin fragments, alde 
hydes, carboxylic acids, phenols, furfurals, alcohols, and 
ketones, as well as water. The exemplary pyrolysis oil stream 
12 is provided to apparatus 10 as a full, non-fractionated 
pyrolysis reaction product. For example, the pyrolysis oil 
stream 12 may include from about 15 volume percent (vol%) 
water to about 35 vol% water. 
0016. In the FIGURE, the pyrolysis oil stream 12 is fed 
into a tank or settler 25. Further, the tank 25 receives the 
hydrocarbon stream 14 and/or lipid stream 16. An exemplary 
hydrocarbon stream 14 may be any appropriate petroleum 
based fraction. In an embodiment the hydrocarbon stream 14 
is a diesel stream or an atmospheric gas oil stream. The 
hydrocarbon stream 14 is provided by a hydrocarbon source 
31, Such as a processing unit located elsewhere in the appa 
ratus 10. In the exemplary embodiment, the hydrocarbon 
stream 14 is fed to a tank or drum32. As shown, drum 32 also 
receives a surfactant 33. In an exemplary embodiment, the 
surfactant is dissolved in the hydrocarbon stream 14 in drum 
32. Drum 32 may be provided with a mixing apparatus to 
facilitate dissolution. 
0017. An exemplary lipid stream 16 may be any suitable 
lipid stream including vegetable oils, animal fats, algal oils, 
used cooking oil, triglycerides, esters, fatty acids, or mixtures 
thereof. The lipid stream 16 is provided by a lipid source 36, 
Such as a processing unit located elsewhere in the apparatus 
10. In the exemplary embodiment, lipid stream 16 is fed to a 
tank or drum37. As shown, drum37 also receives a surfactant 
38. In an exemplary embodiment, the surfactant 38 is dis 
solved in the lipid stream 16 in drum 37. Drum 37 may be 
provided with a mixing apparatus to facilitate dissolution. 
0018. In an exemplary embodiment, each surfactant 33 
and 38 is a non-ionic surfactant. Surfactant 33 may be the 
same as or different from surfactant 38. For example, the 
surfactant 33 and/or 38 may be or include sorbitan esters of 
fatty acids, polyglycol esters offatty acids, mono-glycerides, 
di-glycerides, a mixture of mono-glycerides and di-glycer 
ides, esters of monofunctional fatty acids with poly-12-hy 
droxyStearic acid, esters of monofunctional alcohols with 
poly-12-hydroxyStearic acid, polymeric esters of difunc 
tional fatty acids, polymeric esters of difunctional alcohols, 
esters offatty acids with polyethylene glycol having up to five 
polyoxyethylene units, esters of hydroxyacids with polyeth 
ylene glycol having up to five polyoxyethylene units. Succinic 
anhydride or Succinimide-modified linear and branched poly 
alkylene compounds. Blends of two of more Surfactants can 
be used. In some cases, blends may provide better results than 
a single Surfactant, or else may permit the use of a smaller 
total amount of Surfactant. 

0019. A stream 34 of hydrocarbon with dissolved surfac 
tant and/or a stream 39 of lipids with dissolved surfactant is 
fed to the tank 25. An exemplary tank 25 is provided with a 
motor driven multi-bed agitator. As a result of the agitation, 
an effluent 40 is formed. 

0020. When the hydrocarbon stream 14 is fed to the tank 
25, the effluent 40 may be formed as an emulsion and a 
dispersed phase. In an exemplary embodiment, the stream 34 
and pyrolysis oil stream 12 are fed in proportion to one 
another to form the effluent 40 with a content of from about 1 
to about 55 vol% pyrolysis oil stream, from about 45 to about 
50 vol% hydrocarbon stream, and about 0.5 to about 5 vol% 
surfactant. In another embodiment, the effluent 40 may be 
formed with a content of from about 1 to about 8 vol % 
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pyrolysis oil stream, from about 87 to about 99 vol% hydro 
carbon stream, and about 0.5 to about 5 vol% surfactant. In 
other embodiments, the effluent 40 may be formed with a 
content of from about 48 to about 52 vol% pyrolysis oil 
stream, from about 47 to about 48 vol% hydrocarbon stream, 
and from about 2 to about 3 vol% surfactant. 

0021. In cases in which the pyrolysis oil stream 12, lipids 
stream 16, and surfactant 38 are mixed, without hydrocarbon 
stream 14 and surfactant 33, the effluent 40 may be a single 
phase, stable mixture of the lipids and the pyrolysis oil. 
0022. In an exemplary embodiment, the stream 39 and 
pyrolysis oil stream 12 are fed in proportion to one another to 
form the effluent 40 with a content of from about 1 to about 55 
vol% pyrolysis oil stream 12, from about 45 to about 50 vol 
% lipid stream 16, and about 0.5 to about 5 vol% surfactant 
38. In another embodiment, the effluent 40 may be formed 
with a content of from about 1 to about 8 vol% pyrolysis oil 
stream 12, from about 87 to about 99 vol% lipid stream 16, 
and about 0.5 to about 5 vol% surfactant 38. In other embodi 
ments, the effluent 40 may be formed with a content of from 
about 48 to about 52 vol% pyrolysis oil stream 12, from about 
47 to about 48 vol% lipid stream 16, and from about 2 to 
about 3 vol% surfactant 38. 

0023. In certain embodiments, the pyrolysis oil stream 12 
is included in amounts up to about 50 vol% of the lipid stream 
16, such as up to about 40 vol%, up to about 30 vol%, or up 
to about 20 vol% of the lipid stream. Exemplary embodi 
ments include at least about 1 Vol % pyrolysis oil in the 
effluent 40, such as at least about 3 vol%, or at least about 5 
vol% pyrolysis oil in the effluent 40. 
0024. The exemplary effluent 40 includes an effective 
amount of non-ionic surfactant 38, which compatibilizes the 
lipids and the pyrolysis oil, and allows the formation of a 
single phase, stable mixture of the two materials. The selec 
tion of the non-ionic surfactant 38 can be optimized for the 
particular lipid feedstock being used. The amount of non 
ionic Surfactant 38 may vary depending on the particular lipid 
feedstock and pyrolysis oil being used, and the ratio of these 
two components in the effluent 40. 
0025. An effective amount of surfactant 38 is any amount 
equal to or above the minimum amount that results in the 
formation of a single phase, stable mixture. There is no upper 
limit to the amount of surfactant 38 that can be used. How 
ever, above a certain level, the use of more surfactant 38 does 
not result in the enhancement of the stability of the mixture. 
Although it is possible to use more than this amount without 
having a negative physical effect on the composition, the cost 
of the composition would increase. Consequently, using more 
surfactant than needed to provide the stability benefit is less 
desirable. 

0026. In general, the greater the amount of pyrolysis oil in 
the composition, the greater the amount of non-ionic Surfac 
tant used in the composition. The amount of non-ionic Sur 
factant used is typically at least about 0.2% by weight of 
pyrolysis oil in the composition, although some surfactants 
may require at least about 0.3%, or at least about 0.4%, or at 
least about 0.5%, or at least about 0.6%. Typically, the maxi 
mum amount of surfactant that enhances the stability of the 
mixture is about 1% by weight of pyrolysis oil in the compo 
sition. The amount of Surfactant that might be used in prac 
tice, depending on the conditions of storage, handling and 
desired shelf life of the composition, is typically less than 
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about 10% by weight of pyrolysis oil in the composition, or 
less than about 5%, or less than about 3%, or less than about 
2%, or less than about 1%. 
0027. The effluent 40 can also include one or more lower 
alcohols or polyols with carbon numbers of 3 to 8, such as 
butanol, propylene glycol and the like, for increased stability, 
if desired. The exemplary effluent 40 is a stable, intimate 
mixture of the lipid stream 16 and the pyrolysis oil stream 12. 
0028. The hydrocarbon stream 14, surfactant 33, lipid 
stream 16 and/or surfactant 38 may be heated. If any compo 
nent is a Solid or paste at ambient temperature, it is heated to 
a temperature at which it is a liquid. If either the lipid stream 
16 or the surfactant 38 is heated before being mixed, the other 
should be heated to a temperature within about 5 degrees of 
the same temperature. Similarly, if either the hydrocarbon 14 
stream or the surfactant 33 is heated before being mixed, the 
other should be heated to a temperature within about 5 
degrees of the same temperature. 
0029 Mixing of the surfactant 33 or 38 and the hydrocar 
bon stream 14 or lipid stream 16 may be performed in a series 
of mixing tanks. For example, an appropriate amount of one 
or more Surfactants (generally in the range of about 0.2 to 
about 1% by weight of pyrolysis oil to be included) may be 
fed slowly into the lipid stream 16. To the extent possible, 
laminar flow mixing should be maintained. After all of the 
Surfactant has been mixed in, mixing may be continued for a 
period of time to ensure thorough mixing of the surfactant 38 
in the lipid stream 16. The additional mixing period can be 
about 15 minto about 2 hours or more. 
0030 Then, the pyrolysis oil stream 14 may be slowly 
added to the lipid/surfactant mixture 39 in the tank 25 while 
maintaining mixing and heating (if any). After the addition of 
the pyrolysis oil has been completed, any heating is turned 
off, and mixing is continued for a period of time. Such as about 
15 minto about 2 hours or more. 

0031. The effluent 40 can be filtered to remove any coarse 
particles that may be present, if desired. The effluent 40 can 
then be used in processes designed for pure lipid feedstocks, 
or pure hydrocarbon feedstocks, without any additional 
upgrading of the pyrolysis oil or any significant modifications 
to the process equipment. 
0032. As shown, the effluent 40 is pumped by a circulation 
pump 45. A recycle portion 51 is redirected for mixing with 
the pyrolysis oil stream 12 while a product portion 52 flows 
into product processing. As shown, the recycle portion 51 
passes through a flow control valve 55 for maintaining an 
appropriate ratio of recycle effluent 40 and fresh pyrolysis oil 
stream 12. The recycle portion 51 is then introduced to the 
pyrolysis oil stream 12 to form a combined stream 56. The 
combined stream 56 is mixed together. Specifically, the com 
bined stream 56 passes through a static mixer 60 and through 
a mixing valve 65 to form mixed stream 66. Mixed stream 66 
is fed to the tank 25. In this manner, the pyrolysis oil stream 12 
is introduced to the tank 25. 
0033. As shown, the apparatus 10 may include a pressure 
differential indicator controller (PDIC) 70 connected to the 
pyrolysis oil stream 12 and the combined stream 56. The 
controller 70 is utilized to ensure a fixed pressure drop from 
combined stream 56 to mixed stream 66 through mixing valve 
65 to ensure proper mixing of the pyrolysis oil stream 12 and 
the recycle portion 51 before introduction to the tank 25. 
0034. The product portion 52 of the effluent 40 may be 
optionally blended with a hydrocarbon stream 71 from a 
hydrocarbon source 72 to form a blended stream 75. In an 
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exemplary embodiment, the hydrocarbon source 72 is a pro 
cessing unit from elsewhere in apparatus 10. While any suit 
able and available hydrocarbon stream may be blended, an 
exemplary hydrocarbon stream 71 is a vacuum gas oil (VGO) 
Stream. 

0035. The product portion 52 of the effluent 40, optionally 
in the form of blended stream 75, is fed to and processed by an 
FCC reactor 80. As shown, the FCC reactor 80 includes a 
reaction Zone 82 holding catalyst 84. The effluent 40 or 
blended stream 75 is fed into the FCC reactor 80 through a 
main feed line. In other words, the effluent 40 or blended 
Stream 75 need not be introduced into the FCC reactor 80 
through special injectors or nozzles. Further, the components 
of the pyrolysis oil stream 12, hydrocarbon stream 14, lipid 
stream 16, Surfactant stream 33, surfactant stream 38, and/or 
hydrocarbon stream 70 are introduced to the FCC reactor 80 
in a single stream, rather than separately. 
0036. Accordingly, methods and apparatuses for co-pro 
cessing pyrolysis oil streams have been described. The vari 
ous embodiments comprise upgrading a pyrolysis oil through 
mixing with a hydrocarbon stream and Surfactant and/or with 
a lipid stream and Surfactant. Further, the embodiments pro 
vide for FCC processing of the effluent formed by mixing the 
pyrolysis oil and the selected stream or streams without 
requiring water removal. 
0037. While at least one exemplary embodiment has been 
presented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiment or exem 
plary embodiments are only examples, and are not intended to 
limit the scope, applicability, or configuration of the Subject 
matter. Rather, the foregoing detailed description will provide 
those skilled in the art with a convenient road map for imple 
menting an exemplary embodiment. It being understood that 
various changes may be made in the function and arrange 
ment of elements described in an exemplary embodiment 
without departing from the scope as set forth in the appended 
claims. 
What is claimed is: 
1. A method for co-processing a pyrolysis oil stream and a 

hydrocarbon stream, the method comprising the steps of: 
mixing the pyrolysis oil stream and the hydrocarbon 

stream with a Surfactant to form an emulsion; 
introducing the emulsion to a reaction Zone in an fluid 

catalytic cracking (FCC) unit; and 
contacting the emulsion with a catalyst in the reaction Zone 

to form an FCC product stream. 
2. The method of claim 1 wherein the pyrolysis oil stream 

comprises from about 15 vol% water to about 35 vol% water. 
3. The method of claim 1 further comprising dissolving the 

Surfactant in the hydrocarbon stream before mixing the 
pyrolysis oil stream and the hydrocarbon stream. 

4. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion comprises mixing the pyrolysis oil stream 
and the hydrocarbon stream with a non-ionic Surfactant. 

5. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion comprises mixing the pyrolysis oil stream 
and the hydrocarbon stream with sorbitan esters offatty acids, 
polyglycol esters of fatty acids, mono-glycerides, di-glycer 
ides, a mixture of mono-glycerides and di-glycerides, esters 
of monofunctional fatty acids with poly-12-hydroxystearic 
acid, esters of monofunctional alcohols with poly-12-hydrox 
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yStearic acid, polymeric esters of difunctional fatty acids, 
polymeric esters of difunctional alcohols, esters offatty acids 
with polyethylene glycol having up to five polyoxyethylene 
units, esters of hydroxyacids with polyethylene glycol having 
up to five polyoxyethylene units, succinic anhydride or Suc 
cinimide-modified linear and branched polyalkylene com 
pounds, or mixtures thereof. 

6. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion comprises forming the emulsion with a 
content of from about 1 to about 55 vol% pyrolysis oil stream, 
from about 45 to about 50 vol% hydrocarbon stream, and 
about 0.5 to about 5 vol% surfactant. 

7. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion comprises forming the emulsion with a 
content of from about 1 to about 8 vol% pyrolysis oil stream, 
from about 87 to about 99 vol% hydrocarbon stream, and 
about 0.5 to about 5 vol% surfactant. 

8. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion comprises forming the emulsion with a 
content of from about 48 to about 52 vol% pyrolysis oil 
stream, from about 47 to about 48 vol% hydrocarbon stream, 
and about 2 to about 3 vol% surfactant. 

9. The method of claim 1 wherein: 
the hydrocarbon stream is a diesel stream or an atmo 

spheric gas oil stream; 
mixing the pyrolysis oil stream and the hydrocarbon 

stream with the Surfactant comprises mixing the pyroly 
sis oil stream and the hydrocarbon stream with the sur 
factant to form the emulsion; 

the method further comprises blending the emulsion with a 
vacuum gas oil (VGO) stream to form a blended stream; 

introducing the emulsion to the reaction Zone in the FCC 
unit comprises introducing the blended stream to the 
reaction Zone in the FCC unit; and 

contacting the emulsion with the catalyst in the reaction 
Zone comprises contacting the blended stream with the 
catalyst in the reaction Zone to form the FCC product 
Stream. 

10. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the Surfactant com 
prises mixing the pyrolysis oil stream, the hydrocarbon 
stream and a lipid stream with the surfactant to form the 
emulsion. 

11. The method of claim 1 wherein mixing the pyrolysis oil 
stream and the hydrocarbon stream with the surfactant to 
form the emulsion further comprises forming a dispersed 
phase. 

12. A method for co-processing a pyrolysis oil stream and 
a lipid stream, the method comprising the steps of: 

mixing the pyrolysis oil stream and the lipid stream with a 
Surfactant to form a mixture; 
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introducing the mixture to a reaction Zone in an fluid cata 
lytic cracking (FCC) unit; and 

contacting the mixture with a catalyst in the reaction Zone 
to form an FCC product stream. 

13. The method of claim 12 wherein the pyrolysis oil 
stream comprises from about 15 vol% water to about 35 vol 
% water. 

14. The method of claim 12 further comprising dissolving 
the Surfactant in the lipid stream before mixing the pyrolysis 
oil stream and the lipid stream. 

15. The method of claim 12 wherein mixing the pyrolysis 
oil stream and the lipid stream with the Surfactant comprises 
mixing the pyrolysis oil stream and the lipid stream with a 
non-ionic Surfactant. 

16. The method of claim 12 wherein mixing the pyrolysis 
oil stream and the lipid stream with the Surfactant comprises 
mixing the pyrolysis oil stream and the lipid stream with 
Sorbitan esters of fatty acids, polyglycol esters of fatty acids, 
mono-glycerides, di-glycerides, a mixture of mono-glycer 
ides and di-glycerides, esters of monofunctional fatty acids 
with poly-12-hydroxyStearic acid, esters of monofunctional 
alcohols with poly-12-hydroxy Stearic acid, polymeric esters 
of difunctional fatty acids, polymeric esters of difunctional 
alcohols, esters offatty acids with polyethylene glycol having 
up to five polyoxyethylene units, esters of hydroxyacids with 
polyethylene glycol having up to five polyoxyethylene units, 
Succinic anhydride or Succinimide-modified linear and 
branched polyalkylene compounds, or mixtures thereof. 

17. The method of claim 12 wherein mixing the pyrolysis 
oil stream and the lipid stream with the surfactant to form the 
mixture comprises forming the mixture with a content of 
from about 1 to about 55 vol% pyrolysis oil stream, from 
about 45 to about 50 vol% lipid stream, and about 0.5 to about 
5 vol% surfactant. 

18. The method of claim 12 wherein mixing the pyrolysis 
oil stream and the lipid stream with the surfactant to form the 
mixture comprises forming the mixture with a content of 
from about 1 to about 8 vol% pyrolysis oil stream, from about 
87 to about 99 vol% lipid stream, and about 0.5 to about 5 vol 
% surfactant. 

19. A fuel processing apparatus comprising: 
a pyrolysis oil source: 
a mixing unit in fluid communication with the pyrolysis oil 

Source and configured to mix a pyrolysis oil, a hydro 
carbon feedstock, and a surfactant to form an emulsion; 
and 

a fluid catalytic cracking (FCC) unit in fluid communica 
tion with the mixing unit and including a reaction cham 
ber Suitable for contacting components of the emulsion 
with a catalyst to forman FCC product stream. 

20. The fuel processing apparatus of claim 19 wherein the 
apparatus is configured to blend the emulsion with a gas oil 
stream to form a blended stream, wherein the blended stream 
is fed to the FCC unit. 

k k k k k 


