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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rlghts Reference therein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or
Imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions
of authors expressed therein do not necessarily state or reflect
those of the United States Government or any agency thereof.
Specifically, the findings in this report do not represent fuel
compliance determinations by the Environmental Protection
Agency with respect to the Renewable Fuel Standard program or
other fuel compliance programs.
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Purpose

« Existing and Emerging GHG Emissions Regulations

— Energy Independence and Security Act (EISA) of 2007: Life
Cycle GHG emissions for alternative fuels contracted by a
Federal agency other than for research and testing must be
less than or equal to life cycle emissions from conventional

fuel from conventional sources

« US Air Force Aircraft Fuels Testing Program

— Non-petroleum based fuels
— Focus on conventional petroleum/F-T blends

« Other Existing and Emerging Federal/State Regulations
— US EPA Renewable Fuels Standard
— California Low Carbon Fuel Standard, etc.
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Workgroup Charge and Progress

« Develop guidance to satisfy EISA 8526:

— Provide guidance for developing LCAs that satisfy 8526 for alternative
jet fuels (synthetic paraffinic kerosene) for comparison with a
conventional jet fuel baseline

— Justify with Examples

AFRL-RZ-WP-TR-2009-2206

« Step 1. Framework and Guidance for Estimating |
Greenhouse Gas Footprints of Aviation Fuels

(December, 2009) ot ——
— www.netl.doe.qov/enerqy-analyses/pubs/ - e
EStGHGHtprntsAvFuUelsZ2009.pdt

« Step 2: Test Framework and Guidance Document
on a Case Study example:

— F-T jet fuel made from lllinois No. 6 coal and
switchgrass

— External peer review completed July 2011

— Final Report submitted to Air Force for
publication/release August 2011
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http://www.netl.doe.gov/energy-analyses/pubs/EstGHGFtprntsAvFuels2009.pdf
http://www.netl.doe.gov/energy-analyses/pubs/EstGHGFtprntsAvFuels2009.pdf
http://www.netl.doe.gov/energy-analyses/pubs/EstGHGFtprntsAvFuels2009.pdf
http://www.netl.doe.gov/energy-analyses/pubs/EstGHGFtprntsAvFuels2009.pdf
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10 Life Cycle Scenarios Evaluated

Coal and Biomass to Liquids (CBTL) 30,000

Barrel per Day (bbl/d) Plant Configuration

Coal
(% by wt.)

100%
84%
69%
86%
86%

100%
84%
69%
86%
86%

Switchgrass
(% by wt.)

0%
16%
31%
14%
14%

0%
16%
31%
14%
14%

Type of
F-T
Catalyst

lron
lron
lron
Cobalt
Cobalt
lron
lron
lron
Cobalt
Cobalt
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CBTL Jet

Fuel

Production

(bbl/d)
15,940
15,940
15,940
17,360
23,600
15,940
15,940
15,940
17,370
23,950

Carbon
Management
Strategy

CO,-EOR
CO,-EOR
CO,-EOR
CO,-EOR
CO,-EOR
Saline Aquifer
Saline Aquifer
Saline Aquifer
Saline Aquifer
Saline Aquifer



10 Life Cycle Scenarios Evaluated

Coal and Biomass to Liquids (CBTL) 30,000
Barrel per Day (bbl/d) Plant Configuration

Scenario  iiinois No. :
6 Coal Switchgrass
@ bywt) (PYWL)
1 100% 0%
2 84% 16%
3 69% 31%
4 86% 14%
5 86% 14%
6 100% 0%
7 84% 16%
8 69% 31%
9 86% 14%
10 86% 14%

N B

Type of
F-T
Catalyst
Iron
Iron
Iron
Cobalt
Cobalt
Iron
Iron
Iron
Cobalt
Cobalt

CBTL Jet Fuel
Production
(bbl/d)

15,940
15,940
15,940
17,360
23,600
15,940
15,940
15,940
17,370
23,950

Carbon
Management
Strategy

CO,-EOR
CO,-EOR
CO,-EOR
CO,-EOR
CO,-EOR
Saline Aquifer
Saline Aquifer
Saline Aquifer
Saline Aquifer
Saline Aquifer

CO,-EOR
Crude Oil
Production
(bbl/d)

63,440

63,440

63,440

63,440

63,440
0

o O O O
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System Boundary

LC Stage #3
Liquid Fuels
Production

LC Stage #1
Raw Material
Acquisition

LC Stage #2
Raw Material
Transport

CBTL Plant
(F-T Jet Fuel)

Illinois No. 6 Coal

Rail Transport
of Coal

& o

5 Plant Configurations
Included in Study:

* 100% Coal, Iron Catalyst

« 85% Coal, Iron Catalyst

* 70% Coal, Iron Catalyst

* 87% Coal, Cobalt Catalyst

* 87% Coal, Cobalt Catalyst,
Optimized for Jet Fuel
Production

Truck Transport
of Switchgrass

L

Switchgrass
Production

Pipeline Transport of
Carbon Dioxide (CO,)

—

Land Use Change
Carbon Management
Strategy

2 CO, Sequestration Options
Included in Study:

* CO,-Enhanced Oil Recovery
(CO,-EOR)
* Geological Saline Aquifer

Product Transport & Refueling

Pipeline Transport

of F-T Jet Fuel

-L
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RS Ll
\\ \g

LC Stage #5
Use/Aircraft
Operation

LC Stage #4

Blending Pipeline Transport Aircraft Operation
50% F-T Jet Fuel of Blended (Combustion)
with Jet Fuel

50% Conventional
Jet Fuel (by vol.)

A

Petroleum Refiner*
(2005 US Average)

Crude Oil Transport
(2005 US Average)

Crude Oil Extraction
(2005 US Average)

System Boundary
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Modeling Approach

« (Geographic System Boundary: US Midwest; Permian Basin
(Texas) for EOR

- Temporal System Boundary: 30-year operations
commencing in 2012; 3-year construction

* Functional Unit: Quantity of jet fuel to produce 1 MJ (LHV) of
combustion energy

 Allocation: Energy, volume, mass, system
expansion/displacement

« Life Cycle Inventory Metrics: Global Warming Potential,
((:arbor; dioxide equivalents, IPCC 2007, 100-year time horizon
CO.e
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Key Model Choices

 Coal Type: lllinois No. 6 bituminous coal

* Coal Bed Methane Emission Rate: 150 scf/ton

« Coal Bed Methane Capture Rate: 40%

 Land Use Metrics Considered: GHG emissions

« CBTL Products: F-T jet fuel, F-T diesel, F-T naphtha

« CBTL Facility Capacity: 30,000 bbi/d

« CO, Losses: CO, EOR (0.5%) and saline sequestration (0.5%)

 Fuel Blending: 1:1/ F-T jet fuel and conventional petroleum jet fuel

(by volume)

« Combustion: jet engine (airplane)
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Uncertainty and Allocation

« Uncertainty Options Included in the Model

— System Boundary
« Baseline System Boundary (shown previously)

* Modified Baseline System Boundary (displacement of natural
CO, - boundary ends immediately following CO, transport)

— Co-Product Allocation

«_Energy Allocation

* VVolume Allocation

« Mass Allocation
» System Expansion/Displacemen
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Scenario 1: Deterministic Results
(100% Coal, 0% Switchgrass, Iron F-T Catalyst, EOR)

Unallocated SN Displacement
' . Allocation Allocation Global
Life Cycle Stage Global Warming _ _ _
Sub-Categories Potential (CO2e) Global Warming Warming Potential
0 Potential (CO,e) (CO.€)
g/MJ % g/MJ % g/MJ %

« Conventional Jet Fuel Life Cycle Emissions:
— 87.4 g CO,e/MJ LHV

Life Cycle Total: 121 Q0% | 849  100% | 98.2 100%
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Scenario 1: Probabilistic Uncertainty Analysis
(2,000 Model Runs)

110
100 T T
~. X
QT
O - —— -
(ON!
o = 80
% Best Estimate
70
== Conv. Jet Fuel
60
50

Energy Allocation Displacement Allocation Combined
Result

Boxplot Key: center line = median; top/bottom box = 751/25!" percentile;
whiskers = min/max; x = study best estimate
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Scen. 1: Sensitivity Analysis, Energy Allocation

84.3 84.4 84.5 84.6 84.7 84.8 84.9 85 85.1 85.2 853

comur_upst_co2 | Conventional JF CO, m s —

rrac_cha_can_1a | Fraction CBM Captured

I
023 | CO, Capture Rate @ CBTL P———
I —
I —

emron1a | CBM Released from| Coal
rec_ercor_upsr_coz | Upstream Elec Emiss (ERCOT)

Frac_CO2_EOR_emit_air_3c

Elec_Pipe_kg_mi_4

ConvJF_Upstr_CH4

e
I —
——
Elec_SERC_Upstr_CO2 *
-
-
-
m=
-
-
-

TripDist_1way_mi_2a

Electricity_kg_1a

Pipe_Tortl_4

Pipe_pig_time_3b

Diesel_kg_km_2a

Pipe_Len_pp_mi_3b

Pipe_tort_3b
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CO2N_x_2b
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C_above_oth_1c

f_pa_ind_1c
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B Minimum B Maximum
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Sensitivity Analysis: Displacement Allocation

96 96.5 97 97.5 98 98.5 99 99.5

rrac_cna_cap_1a |Fraction CBM Captured s ———
co2.p 32 |CO, Captlire Rate @ CBTL m e ————————
em 12 |(CBM Released from Coal e
eiec_ercot_upsr_co2 | Upstream Elec Emiss (ERCOT) ms s ——
I —

Frac_CO2_EOR_emit_air_3c Captured CO2 Lost at EOR

con_ups_coz | Conventional JF CO, C —

TripDist_1way_mi_2a

Elec_SERC_Upstr_CO2

e
R
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-
-
-
-
-
m
.
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Elec_Pipe_kg_mi_4

ConvJF_Upstr_CH4

Diesel_kg_1a
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C_above_oth_1c

f_pa_ind_1c

r_N20_1c
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Fert_N1_x_1b

B Minimum B Maximum
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Scenario 6: Probabilistic Uncertainty Analysis
(100% Coal, 0% Switchgrass, Iron F-T Catalyst, Saline Seq.)

110
100
-5 90 .
(o
O~
o= 80
70 X Best Estimate
== Conv. Jet Fuel
60
50 . .
Energy Allocation Displacement Allocation Combined
Result

Boxplot Key: center line = median; top/bottom box = 751/25!" percentile;
whiskers = min/max; x = study best estimate
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CO.e Emissions, All Scenarios
(g CO2e/MJ LHV)

110 X Best Estimate
= Conv. Jet Fuel
100 T T
90 X
T %
- _ X
O | 80 T T T %7
(OND
o= % x
X
70 ' L :
1

60

50 l

Scenario1 Scenario2 Scenario3 Scenario4 Scenario5 Scenario6 Scenario7 Scenario8 Scenario9 Scenario 10
(0% SG, Iron, (16%SG, (31%SG, (14% SG, Co,(14% SG, Co,(0% SG, Iron, (16% SG, (31% SG, (14% SG, Co,(14% SG, co,
EOR) Iron, EOR) Iron, EOR) EOR) EOR, max Seq) Iron, Seq) Iron, Seq) Seq)  Seq, max JF)

JF)

Boxplot Key: center line = median; top/bottom box = 75"/25! percentile;
whiskers = min/max; x = study best estimate
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Comparison of Allocated CO,e Emissions
(g CO2e/MJ LHV)

120 mmmm Base. SB: Energy Alloc. mmmm Base. SB: Displ. Alloc.
= Mod. BSB: Energy Alloc. === Mod. BSB: Displ. Alloc.
= = Conv. Jet Fuel

100

CO,e (g/MJ LHV)

Sc. 1: Sc. 2: Sc. 3: Sc. 4: Sc. 5: Sc. 6: Sc. 7: Sc. 8: Sc. 9: Sc. 10:
0% SG, 16% SG, 31% SG, 14% SG, 14% SG, 0% SG, 16% SG, 31% SG, 14% SG, 14% SG,
Fe, Typ. Fe, Typ. Fe, Typ. Co, Typ. Co, Max. Fe, Typ. Fe, Typ. Fe, Typ. Co, Typ. Co, Max.
JF, EOR JF,EOR JF,EOR JF,EOR JF,EOR JF, Seq. JF, Seq. JF, Seq. JF, Seq. JF, Seq.
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Study Conclusions

« Coal to Liquids (0% biomass) viable with carbon
capture and sequestration in a saline formation
« Factors that Substantially Affect Results:
— Biomass feed rate (0%-31%)
— Coal Bed Methane emission rate (150 scf/ton)
— Coal Bed Methane capture rate (40% capture rate)
— Carbon Capture Rate (91% at CBTL Facility)

— Carbon Management Strategy (saline sequestration vs
EOR)

— Allocation methods (Energy, Displacement, etc.)
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Study Conclusions

« Factors that Minimally Affect
Results:

— F-T catalyst (iron or cobalt);

— Switchgrass harvesting practices;

— Facilities/equipment construction;

— Finished fuels transport options
 Most Env. Competitive Options

— 31% Switchgrass
(Scenarios 3 and 8)

— Saline sequestration over EOR £ e~
. Fighter Jet Hits Mach 2 on Synthetic Fuel Blend
(Scenario 8) oy o St Aot 21, 200
- . [ [excerpt] An Air_Force F-15 Eagle flew twice th_e sp_eed of sound th_is week, L_Jsing a synthetic fuel
— However: costs, siting, feasibility e st s .
broke the sound barrier, using the mixture. But this is the first time a maneuverable, high-
. perfi
Issues need to be addressed

erformance fighter has been powered by the stuff.
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http://www.wired.com/
http://www.military.com/news/article/f15-hits-mach-2-on-synthetic-fuel.html?col=1186032310810&ESRC=topstories.RSS
http://www.military.com/news/article/f15-hits-mach-2-on-synthetic-fuel.html?col=1186032310810&ESRC=topstories.RSS
http://gizmodo.com/370992/first-supersonic-flight-with-synthetic-fuel-shows-air-forces-true-treehugging-hippy-nature
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Thank you!

Questions?

For additional information about the IAWG-AF
Jet Fuel Study contact:

William.Harrison@wpafb.af.mil
Timothy.Skone@netl.doe.gov
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