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Evaluating GHG Emissions of
Transportation Fuels

A Defined baseline greenhouse gas (GHG) emissions

for petroleum-based fuels
Well-to-Wheels (WTW) = 95.0 kg CO,E/MMBtu LHV diesel

.,
-
Well-to-Tank (WTT) = 18.4 kg CO,E/MMBtu LHV diesel Proposed
p A \ Sec 526
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Diesel Well-to-Wheels GHG Emissions (kg CO,E/MMBtu LHV)
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Evaluating GHG Emissions of
Transportation Fuels

A Defined baseline greenhouse gas (GHG) emissions
for petroleum-based fuels

A Evaluated incremental impacts by crude oil source

Domestic Imported Top GHG Emitters

Crude Qil WTT Baseline Crude Oil $100 Billion in 2008*
13.5 18.4 21.4 28.4
0 5 10 15 20 25 30

Diesel Well-to-Tank GHG Emissions (kg CO,E/MMBtu LHV)

A Portrayed impact of a PHEV-CO,-EOR system
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*At a weighted average acquisition price of $92/bbl for Canada oil sands, Venezuela upgraded bitumen, and Mexico and Nigeria crude oil



Presentation Overview

A Baseline GHG emissions from
petroleum-based fuels

A GHG emissions for production
of diesel by crude oil source

A Combining petroleum baseline study with other
transportation analyses products
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Goal and Application of Petroleum Baseline
GHG Emissions Study

Develop life cycle GHG
emissions for petroleum-based

transportation fuels . :
Consistent with Energy

Independence and Security

Act of 2007
To allow accurate

comparison of alternative
transportation fuel
options
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Year 2005 Petroleum Reflnery Flows*

Hl crude Oil

Il conventional Gasoline

I conventional Diesel

LC Stage #1: LC Stage #2:
Raw Material Raw Material
Acquisition Transport

LC Stage #3: LC Stage #4:
Liquid Fuels Product Transport
Production and Refueling

|
I
Other | 19 MMbbl/yr Exported
|
I

I Kerosene-Based Jet Fuel
Refinery Jet Fuel
1,488 MMbbl/yr 14 MMbbl/yr CExportt_ed | LC Stage #5:
Refinery Fuels og\ilggellona Vehicle/Aircraft
340 MMbbl/yr | Use

73 MMbbl/yr,  Exported

I
I
I
I
[ Products
I
I
I
: Conventional

in the U.S. in 2005

Crude Oil Extraction
for Foreign Production

of Jet Fuel | 65 MMbbliyr*

T

Volume Gain

| Gasoline
) I
Feedstock Acquisition Domestic: 1,876 MMbbl/yr 2,772 MMbbl/yr 3,176 MMbbl/yr
for U.S. Refineries 149 '
- Domestic Crude Oil Foreign: 3,679 MMbbl/yr u.s. Conventional
- gct)rr]mgln Crtlde Oil Refineries Gasoline Consumed
- er Inputs inthe U.S. in 2
Other Inputs: 365 MMbbl/yr I inthe U.S. in 2005
| | | |
I | T 1,056 MMbbl/yr |
| | Volume Gain |
| I 387 MMbblyr 545 MMbbl/yr | |
| | | 1,113 MMbbl/yr
I I |
Conventional
! I Foreign Refineries Exporting I Diesel Consumed
I | Gasoline to the U.S. I I in the U.S. in 2005
| (59 Countries) | |
404 MMbbl/yr
Crude Oil Extraction | | I
for Foreign Production | Foreign Refineries Exporting | |
of Gasoline | 379 MMbbl/yr* Diesel to the U.S. | |
(26 Countries) 57 MMbbl/yr
Crude Oil Extraction I I I I 614 MMbbl/yr
for Foreign Production | Foreign Refineries Exporting |
of Diesel 54 MMbbl/yr Kerosene Jet Fuel to the U.S. I | Kersosene-Based
(26 Countries) 69 MMbbl/yr | Jet Fuel Consumed
I
I
I

32 MMbbl/yr
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* 2005 U.S. refinery feedstock and product and imported products quantities from Energy Information Administration (EIA) Petroleum Navigator



Crude OIll Extraction Emissions Dependent on
Associated Gas Handling and Heavy Oil Production

c
. o . .
A Impact of associated £es ® Nigeria
. . © O o
gas flaring and venting £ 83 m Angola
o) uEJ g Algeria
o o) 5 BUS m Mexié%quador
Nigeria [INNNEGG 2 © g WragVenezuela
Canada Oil Sands [ GG © saudi Arabia
Angola | Flared Hydrocarbons During Crude Oil Extraction
Other Crude Imports | EGTEIN (per kg of crude oil)
Weighted Average G
Mexico || IEGEGN
canada Conventional || Gz
o deen A Impact of oil sands
on-Crude Inputs [N :
I —— production
Domestic Crude Oil |l
V I - - - -
erezuen = A Data limitations in
P — Venezuela
Saudi Arabia i}
0 5 10 15 20 25

Crude Oil Extraction GHG Emissions
(kg CO,E/MMBtu LHV diesel)
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Assignment of GHG Emissions to Refinery
Co-Products Is Key

A EIA data on 2005
fuels consumed at
refineries and API
emissions factors
provide total GHG
emissions from
refinery operations*

A Assignment of
emissions between
refinery co-products
using a process-
based approach**
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*Additional sources used for GHG emissions estimates for acquisition of hydrogen and purchased fuels/energy
**E|A data provides estimated 2005 throughput of process units and Energetics 2007 study provides process-unit specific energy requirements
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Baseline Life Cycle Greenhouse Gas Emissions for
Petroleum Transportation Fuels Sold or
Distributed in the U.S. Iin Year 2005

100
= 80
gg 60
£ 2 4
2o
2 :: 20
0
> Life:Cycle Stage Convent.ional Conv-entional Kerosene-Based
o X Gasoline Diesel Jet Fuel
2(& Crude Oil Extraction 7 8% 6.6 7% 6.8 7%
é :f: Crude Oil Transport 1.4 1% 1.3 1% 1.3 1%
o< T Refinery Operations 9.8 10% 9.5 10% 6.0 6%
F.', = Finished Fuels Transport i ¥ 1% 0.9 1% 1.0 1%
= " Combustion of Fuel 76.6 80% 76.7 81% LT 84%
Total: Well-to-Tank (WTT) 19.6 20% 18.4 19% [ 15.1 16%
Total: Well-to-Wheels (WTW) 96.3 100% 95.0 100% | 92.9 100%
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Sensitivity Analysis on Diesel Well-to-Tank

Crude QOil Extraction Profile
Adjustment

Foreign Average Crude Oil
Extraction Profiles

Canadian Oil Sands Profile

Venezuelan Profile

Crude Oil Foreign Pipeline
Transport

Catalytic Reformer
Hydrogen Production

Catalytic Cracking
Contribution to Products

Gas Oil Hydrocracking
Contribution to Products

Refining Profile for
Imported Products

Total Products
Transported Domestically

Baseline GHG Emissions

-1% Baseline +1%
1

Reduced flaring/ Baseline adjustment in line with
venting U.S. profile

1 m LC Stage #1:
58%of study value 125%of study value

( to US) (65%of Angola) Raw Material
equal to U.S. oof Angola Acquisition A
. | 30 parameters
75%of study value - 125%of study value LC Stage #2:
Raw Material eval u ated
1 - Transport
25%synthetic/ blended A
. bitumen EaCh
LC Stage #3:
50 miles; 200 miles; Liquid Fuels param eter
80%of U.S. 120%of U.S. i
1 Production
electricity profile 1 electricity profile ev al u ated
1 .
800 scf hydrogen/ 1 1,200 scf hydrogen/ ® LC Stage #4: . .
bbl throughput I bbl throughput Product I <49% shift in
: Transport )
6AW15W1% | 569622962% and Refueling WTT prof”e
gasoline/diesell/jet fuel : gasoline/diesel/jet fuel
709420% : 309460% I <1% shift in
gasoline/diesel ! gasoline/diesel .
! WTW profile
65% of study value : 130%of study value
1
. 80% of study value
]
94 95 96 97

Well-to-Wheels GHG Emissions in kg CO,E per MMBtu LHV
of Conventional Diesel Fuel Consumed in the U.S. in 2005
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Goal and Drivers of Crude Oil Source-
Specific GHG Emissions Analysis

Understand variability of
GHG emissions by

crude oil source . .
Consistent with 2005

petroleum baseline
GHG emissions analysis

To enhance
comparison

of alternative
transportation fuel
options
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GHG Emissions for Production of Diesel Fuel
Variability by Imported Feedstock Source

WTT GHG emissions for diesel production from imported crude oil
sources vary from -35% to +80% of 2005 baseline

WTT Petroleum Diesel Baseline
12%

4] : (U.S. 2005 Average from Imported
g Domestic [ A and Domestic Crude Oil)
) (34% of 2005 I
= Crude Oil Input) _
D 10% | . Mexico
i saudi | (@ —
3 Arabia OLEr Cre WTT GHG emissions
. l Oil Imports .

T J ~20% of the baseline
2 Canada — Nigeria WTW profile; remaining
5 (Conventional) \“ Venezuela @ 80% due to combustion
E- 6% (Conventional) of the fuel
8 l Canada
_g 4% (Oil Sands)
> h Iraq .
(@) Ecuador — ‘ . Angola
S 20 B
S “ q. Kuwait . Venezuela

Algeria (Upgraded

L Bitumen)
0%
0 5 10 15 20 25 30 35 40

WTT GHG Emissions (kg CO;E per MMBtu LHYV diesel)
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Drivers of Variability in Source-Specific
GHG Emissions by Feedstock Source

A Flaring and venting of associated natural gas during
extraction

A Alternative extraction techniques and pre-processing
requirements required for oil sands and bitumen

A Ocean transport distances

A Varying processing requirements within the refinery for crude
oils of different quality
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Challenges in Evaluating GHG Emissions
for Venezuelan Bitumen Acquisition

A Raw material extraction and transport GHG emissions profiles
available from baseline analysis by import source

A Evaluating Venezuela bitumen acquisition profile
I Canada oil sands v Venezuela bitumen

I 90% confidence interval developed due to limited availability of
data

Venezuela Upgraded
Bitumen

0 5 10 15 20 25

Extraction and Pre-Processing GHG Emissions
(kg CO,E/MMBtu LHV diesel)
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Raw Material Transport Impacts Variability
to a Lesser Degree

Crude Oil Transport GHG Emissions
(kg CO,E/MMBLtu LHV diesel)

0. 1.0 15 2.0 2.5 3.0

o
o
o

Kuwait
Iraq
Saudi Arabia
Other Crude Oil Imports
Angola
Nigeria
Ecuador
Algeria 1.5
Weighted Average 14

Venezuela
NGL and Unfinished Oils

Mexico

Canada
Domestic Crude Oil

Persian Gulf
crude oll
transport GHG
emissions double
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Refinery Processing Requirements
Impacted by Crude OIil Quality

A Crude oil quality impacts refining requirements
I NOT a process model to evaluate refining 100% of a given crude oll

I Heuristics developed to determine impact of API gravity and sulfur
content

I Baseline analysis provides emissions associated with refining
operations impacted by crude quality

_ 44,
Algeria Api‘{ -58%

U.S.Average e,

23.8 API 3.0wt%

Mexico

0% 50% 100% 150% 200%
% of U.S. Average GHG Emissions for Diesel Refining Operations
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*Base GHG emissions are those not due to processing heavy fractions or sulfur removal and thus are not significantly impacted by API gravity or sulfur content



Source-Specific Diesel Fuel Life Cycle GHG
Emissions by Life Cycle Stage

Canada Oil Sands .
Venezuela Upgraded Bitumen . :
Nigeria .
Mexico B LC Stage #1.:
Angola Raw Material
Kuw ait Acquisition
Iraq
[ LC Stage #2:
Baseline Raw Material
Venezuela Conventional Transport
Canada Conventional
LC Stage #3:
Ecuador Liquid Fuels
Saudi Arabia Production
Other Crude Oil Imports
™ Bl LC Stage #4:
NGL & Unfinished QOils Product
Domestic Crude Oil Transport .
and Refueling
Algeria |
0 5 10 15 20 25 30 35 40

Well-to-Tank GHG Emissions (kg CO,E per MMBtu LHV diesel dispensed)
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CTL w/CCS: A Well-to-Wheels GHG Emissions Advantage

uwait

)
O% [ [ [ [ [ [ [ [ ﬂ [ [ 1
0 10 20 30 40 50 60 /0 80 90 100 110 120

Well-to-Wheels Life Cycle GHG Emissions (kg CO,E/MMBtu LHV diesel)

52% of Imports** to U.S. in 2008 Above the 2005 WTW GHG Baseline (Sec. 526)
(19) NATIONAL SNSRGY TECHNOLOGY LASORATORY

* Source: NETL report, Development of Baseline Data and Analysis of Life Cycle Greenhouse Gas Emissions of Petroleum-Based Fuels, November 26, 2008
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