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Bioprocessing and today’s infrastructure

Refining
»» Complex but efficient
* ~100 years experience
s ~150 refineries

» ~20 MM BPD

Scientific/technical Challenge

+» Catalysts developed for
the petrochemical and
refining industries are
generally not stable to
bioprocessing

* Engineering (materials of
construction, etc)
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Figure Courtesy of NABC

Atmospheric distillation uses
heat to separate crude oil into
naphtha, light oils, and heavy oils
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Refinery insertion points
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Pipeline

4

Tank Farm/ - -

Terminal

Renewables may be added to petroleum refineries at different locations.

The easiest is as a blendstock (insertion point 3),

Greater capital savings may occur if the renewables use refinery unit

operations for processing (Insertion 2)
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Insertion point 3

Biomass products blended into near
finished fuel

Research
Areas

Refinery-Ready
Intermediates
Biomass

Insertion
Point 2

Existing Reflnery
Infrastructure

Gas Reform
L. Naphtha FCC
H. Naphtha Alkylate |

LGO Isomerize

VGO Hydrotreat W
Atm. Res. Crack
Vac. Res. Coke

Atmospheric
and Vacuum
Distillation

* Allow use of infrastructure for moving fuels around
* The right renewable can provide value to a refinery
(bringing low value refinery streams to spec)
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Biomass is converted to a
near-finished fuel or
blendstock

Blended component must
meet all applicable
standards (ASTM) for
finished fuel

Allows tailoring processes
to unique properties of
biomass

Allows blending to be
controlled by refiner

B Strict rules on blending
outside of the refinery may
require re-testing of
controlled properties
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Biomass Intermediate is fed into » Conversion processes
facilities within the refinery B Hydrocrackers

B Fluid catalytic crackers
(FCC)

B Cokers

h
' Pefinery-Ready - Finished Fuels

Intermediates and Blendstocks

Biomass

Insertion Insertion - 5
ertn Point 2 Point 3 » Finishing processes
_________________________________________________ B Hydrotreating
Reform Drop-in Fuels Plpellne ® Naphtha HT

L. Naphtha FCC ' Gasoline .
BN Atmospheric | NI A Alkylate Diesel _’—'I ® Distillate HT
—’ and Vacuum LGO Isomerize Jet Fuel
VGO Hydrotreat ® etc
Distillation y
Atm. Res. Crack Tank : ]
Vac. Res = B Specialty units

.................................

® Isomerizing
® Reforming
* Must not harm catalyst or reactor (carbon steel) ® Alkylating

* Product yield cannot be reduced

* Product quality cannot be compromised
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» What refining capacities and capabilities currently exist in the US?
Per EIA, 149 refineries total, 136 sufficiently detailed
~20 million barrels/day total capacity (136 refineries)
Categorized into three main types:
Non-conversion & non-hydrotreating
Middle-distillate hydrotreating capability
Full conversion — fluidized catalytic cracking and hydrocracking

Total Refinery . e
Distillation Capacity U S l“nelow Infox mation
(136 refineries, Admumu ation
19.5 MM bbl/ day)

e . ™

1. Non-Conversion & 2. Mid-Distillate 3. Conversion=FCC
Non-Hydrotreat Hydrotreating & Hydrocracking
(23 refineries, (7 refineries, (106 refineries,
0.80 MM bbl/day) 0.25 MM bbl/day) 18.46 MM bbl/day)

1A. Asphalt—No 1B. Specialty -
Distillate Processing Gasoline & Lubes
(15 refineries, (8 refineries,
0.56 MM bbl/day) 0.24 MM bbl/day)

3B. Only Kero-Jet 3C. Only Diesel 3D. Both Diesel &
Hydrotreating Hydrotreating K/Jet Hydrotreating
(6 refineries, (38 refineries, (52 refineries,
0.88 MM bbl/day) 4.87 MM bbl/day) 11.49 MM bbl/day)

1792 W PPI\GEA)

3A. No Hydrotreating
(10 refineries,
1.23 MM bbl/day)




Survey of projected 2022 biomass 7
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likelihood of biofuel production**

20% of thetotal crude capacity for a given refinery

Annual Biomass Production (bgy) bars- based on 100 mile radius, limited to

* 20% additional yield loss o LY

$60/ton farm gate L

85 gal/dry ton conversion A I i A

. Initial look ,

**US refinery sites with highest est. fuel o 4
volumes SuggeStS //
100 mile radius around each refinery : : 111 1 LIEEY
FCC and HCK refineries only (Cat 3) reflnerles & e A Eigﬁ%;‘jg
Equiv. biofuel intermediate into any : spit 3es T
refinery limited to 20% of total crude b|0maSS may G : 2 ﬂ it

capacity
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Résearch » Crude units separate molecules
oo o not chemically alter the
material that they process

Insertion s » Contaminants would be spread
Point 1 throughout the refinery

Existing Reflnery i
(ruled ouy Infrastructure B Rather than be concentrated into
- ' --------------------------------- facilities that are best able to

Gas §
L. Naphtha handle these materials

Biomass

Alincspheric o » Many refineries produce jet fuel
SRS VGO directly from the crude unit

Distillation
Atm. Res.

Vac. Re

Insertion point 1 (blending renewable materials into crude) is not viable
unless the material is essentially purely composed of carbon and
hydrogen, with minimal levels of olefins
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