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1.0 Executive Summary 

A low carbon fuel standard (LCFS) policy requiring a reduction in the carbon content of 

transportation fuels is intended to reduce greenhouse gas (GHG) emissions from the transportation 

sector by setting a performance standard based on the total amount of carbon emitted per unit of fuel 

energy. A major challenge to the effectiveness of LCFS is the possibility of ―shuffling‖ or ―leakage.‖ 

The market will tend to promote solutions to meet LCFS that are the least costly, potentially 

shuffling production and sales in a manner that meets the requirements of LCFS but does not 

necessarily produce the desired outcomes for GHG emissions., This analysis illustrates that 

implementing LCFS in the U.S. could encourage ―shuffling‖ that would double the greenhouse gas 

emissions associated with crude oil transport to and from regions directly and indirectly impacted by 

the policy, as shown in Figure 1. 

Figure 1 LCFS Crude Shuffle GHG Impacts 

 

 Note: GHG impacts are shown for a ―base case‖ developed to assess transport emissions associated with current crude import/export patterns 

between Canada and the U.S. and the Middle East and China, to a ―crude shuffle case,‖ with Middle Eastern crude replacing Canadian imports to 

the U.S. and displaced Canadian Crude exports routed instead to China. GHG Emissions shown in this figure were calculated ass uming transport by 

tanker includes a deadhead trip from delivery port back to the port of origin. 
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A LCFS implemented in the U.S. results in a notable increase in greenhouse gas emissions due to the 

displacement of Canadian crude imports to the U.S. and re-routing of crude imports and exports to 

accommodate this displacement. The policy is likely to discourage U.S. imports of Canadian crude 

produced from oil sands because of the higher-lifecycle GHG impacts1, instead encouraging imports 

of crude from areas that produce light sweet crude, most notably from the Middle East. Nearby 

Canadian crude sources would be diverted to regions not affected by LCFS and replaced with 

supplies from distant parts of the world. 

This study provides an evaluation of the net GHG impacts of implementing LCFS in the United 

States by focusing on resulting shifts in crude oil transport to isolate the net change in GHG 

emissions. The analysis compares a ―base case,‖ developed to assess transport emissions associated 

with current crude import/export patterns between Canada and the U.S. and the Middle East and 

China, to a ―crude shuffle case,‖ with Middle Eastern crude replacing Canadian imports to the U.S. 

and with Canadian crude exports routed instead to China (Figure 2). 

Changes in transportation energy use and greenhouse gas emissions between the base case and crude 

shuffle case were evaluated on a per-barrel basis and on a total basis to provide two metrics for 

assessing LCFS impacts.  Calculating the net change in transportation energy use per barrel requires 

identifying energy inputs for each segment of transport and linking energy usage with the amount of 

crude transported as a result of the calculated energy usage. Evaluation of total energy use and GHG 

impacts requires linking per-barrel values with expected quantities of crude displaced under LCFS. 

This study evaluated a range of assumptions about total crude displacement to bracket potential 

LCFS impacts in terms of total change in energy use and GHG emissions. Total change in energy use 

and GHG emissions has been calculated for the displacement of all crude currently imported to the 

U.S. from Canada and all crude currently imported to the PADD II region of the U.S. from Canada.  

                                                      

1 1 A Low-Carbon Fuel Standard for California Part 1: Technical Analysis, Project Directors: Alexander E. Farrell, 

UC Berkeley and Daniel Sperling, UC Davis, 2007 

(http://www.energy.ca.gov/low_carbon_fuel_standard/UC_LCFS_study_Part_1-FINAL.pdf) 
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Table 1 Summary of GHG Impacts of the LCFS Crude Shuffle (Change in GHG emissions) 

Scenario 

Change from base case to 
crude shuffle case in Metric 
tons CO2-e per barrel of 
crude transported (including 
tanker transport—one way) 

Change from base case to crude 
shuffle case in Metric tons CO2-e 
per barrel of crude transported 
(including tanker transport—
roundtrip/deadhead) 

Average of potential pipeline 
routes 

7.21E-03 1.27E-02 

Scenario 

Change in Metric tons CO2-e 
total per year (tanker 
transport—one way) 

Change in Metric tons CO2-e 
total per year (tanker transport—
roundtrip/ deadhead) 

All Canadian Imports to U.S. 
displaced 

15,081,322 18,975,585 

All Canadian Imports to U.S. 
PADD II displaced 

7,142,118 8,986,339 

 

This analysis of the change in crude-transport-related emissions accompanying implementation of a 

LCFS indicates that the net effect will be a doubling of GHG emissions associated with changes in 

crude-transport patterns.  It indicates an increase in global GHG emissions by 7.1 to 19.0 million 

metric tons per year (Table 1), depending on the extent of resulting Canadian crude displacement.  

Modeling results show a doubling of GHG emissions on a per-barrel basis and on a total basis. 

Implementing an LCFS has the effect of shifting crude import/export patterns in a manner that 

requires a change in the mix of transport methods and requires that crude be transported over much 

greater distances.   
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2.0 LCFS Crude Shuffle 

A low carbon fuel standard (LCFS) is a policy requiring a reduction in the carbon content of 

transportation fuels.  LCFS is intended to reduce greenhouse gas (GHG) emissions from the 

transportation sector by setting a performance standard based on the total amount of carbon emitted 

per unit of fuel energy. The standard is based on a life-cycle evaluation of carbon emissions, 

including all the carbon emitted in the production, transportation, refining, and use of the fuel. A 

major challenge to the effectiveness of LCFS is the potential for ―shuffling‖ or ―leakage.‖ The 

market will tend to promote solutions to meet LCFS that are the least costly, potentially shuffling 

production and sales in a manner that meets the requirements of LCFS but does not necessarily 

produce the desired change in GHG emissions. For example, a producer of lower-carbon fuels could 

divert its LCFS-compliant supplies to areas where LCFS is in effect and simply shift its higher-

carbon fuel supplies to areas with no LCFS. In this scenario, LCFS is ineffective in bringing about a 

decrease in the GHG emissions associated with fuel consumption. 

LCFS implemented in the United States is likely to discourage imports of Canadian crude produced 

from oil sands.  Canada is currently the largest single exporter of oil into the United States, and it 

serves most refineries in the northern part of the U.S.  Even refiners in the southern part of the United 

States are beginning to refine heavier Canadian crudes.  Because more energy is required to recover 

heavy Canadian crude oil than lighter, sweeter crudes, Canadian crude generates more GHG on a 

lifecycle basis2. Because of the higher-lifecycle GHG impacts, LCFS would tend to discourage the 

use of Canadian crude in the U.S. and encourage imports of crude from areas that produce light sweet 

crude, most notably the Middle East. LCFS would support the replacement of nearby Canadian crude 

sources with crude supplies from other parts of the world, and supplies of Canadian oil sands would 

be diverted to regions not affected by LCFS. 

While it is likely that LCFS would change the mix of crude imports to the United States, LCFS 

implemented in the United States is not expected to change overall trends in energy use and demand 

for crude resources throughout the rest of the world.  A shift in U.S. crude-supply preferences will 

simply cause redirection of crude supplies elsewhere.  Canadian crude exports to U.S. will be 

diverted to former recipients of Middle East crude supplies. Market analysis indicates that one 

                                                      

2 A Low-Carbon Fuel Standard for California Part 1: Technical Analysis, Project Directors: Alexander E. Farrell, 

UC Berkeley and Daniel Sperling, UC Davis, 2007 

(http://www.energy.ca.gov/low_carbon_fuel_standard/UC_LCFS_study_Part_1-FINAL.pdf) 
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plausible shift corresponding to the U.S.’s substitution of Middle Eastern crude for Canadian crude 

would be the replacement of Middle Eastern crude imports to China with Canadian crude.  With no 

net impact on the amount or type of oil consumed worldwide, U.S. implementation of LCFS would 

simply modify transportation patterns associated with crude imports and exports  (Figure 1).  The net 

impact of LCFS on global GHG emissions, therefore, can be isolated by focusing on the resulting 

shift in crude transport patterns.  Because the negative impacts attributed to greenhouse gas 

emissions occur at a global scale, the effectiveness of an LCFS policy in modifying anthropogenic 

GHG forcing on the climate should be evaluated relative to these net global impacts on GHG 

emissions. 

This study evaluates the net GHG impacts of implementing LCFS in the United States by focusing on 

resulting shifts in crude-oil transport.  The analysis compares a ―base case,‖ developed to assess 

transport emissions associated with current crude import/export between Canada and the U.S. and the 

Middle East and China, to a ―crude shuffle case,‖ with Middle Eastern crude replacing Canadian 

imports to the U.S. and displaced Canadian crude exports being routed to China (Figure 2).  
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Figure 2 LCFS Crude Shuffle redistribution of oil imports/exports 
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3.0 Crude-Shuffle Scenarios 

To evaluate the net greenhouse-gas impacts of the LCFS crude shuffle, this analysis quantifies the 

difference in energy consumed for the transportation of crude in the ―base case‖ and the ―crude 

shuffle case‖ discussed above.  It assumes that, prior to implementation of LCFS, oil sands crude 

from Canada is imported to the U.S. via pipeline and crude from the Middle East is transported to 

China via tanker.  Implementation of LCFS results in crude transport from Canada to China via 

pipeline and tanker, and from the Middle East to U.S. via tanker and pipeline.  Pipeline routes and 

shipping ports were chosen based on a general assessment of current and planned pipeline-transport 

routes and frequently used ports capable of accommodating a typical crude tanker (very large crude 

carriers, or VLCCs). 

Because this analysis focuses on isolating the net change in transportation energy use, it considers 

only transportation routes, modes, and distances expected to change as a result of LCFS. Segments of 

the relevant transport paths that we expect to remain unchanged are not evaluated.  For example, 

pipeline transport from the point of extraction in the Middle East to the tanker at a Middle Eastern 

port would be required whether the crude was destined for China (under the base case) or the U.S. 

(under the crude shuffle case).  In contrast, pipeline transport of Canadian crude follows an entirely 

different route, via different pipelines and over a different distance, under the base case (transport to 

U.S.) and the crude shuffle case (transport to port for shipment to China), so energy usage associated 

with the different pipeline routes across Canada was evaluated.   

Changes in transportation energy use and greenhouse gas emissions between the base case and crude 

shuffle case were evaluated on a per-barrel basis and on a total basis to provide two metrics to assess 

LCFS impacts.  Calculating the net change in transportation energy use per barrel requires 

identifying energy inputs for each segment of transport and linking energy usage with the amount of 

crude transported as a result of the calculated energy usage. Pipeline energy use per barrel was 

calculated by evaluating total energy use associated with known throughput rates for each segment of 

pipeline.  Tanker energy use per barrel was calculated by evaluating total energy use over a known 

trip distance for a given tanker capacity. Specific methods for calculating energy usage on a per-

barrel basis for pipeline transport and for tanker transport are discussed further in Section 4.3. To 

calculate overall per-barrel energy use and GHG emissions for each case, per-barrel energy usage 

was summed across each leg of transport associated with each case.  
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Evaluation of total energy use and GHG impacts requires linking per-barrel values with expected 

quantities of crude displaced under LCFS. To allow a direct comparison between the base case and 

the crude shuffle case, this analysis identifies a specific quantity of crude transported from Canada to 

the U.S. under the base case and evaluates the transport of this amount of crude across both cases.  

Under the base case, total energy use is calculated for moving a specific amount of crude from 

Canada to the U.S. and for moving a corresponding amount of crude from the Middle East to China. 

This allows a direct comparison to the crude shuffle case, in which the same quantities of crude are 

assumed to be shifted from Canada to China and from the Middle East to U.S. For the purposes of 

this study, we have used a range of assumptions about total crude displacement to bracket potential 

LCFS impacts in terms of total change in energy use and GHG emissions. Total change in energy use 

and GHG emissions has been calculated for the displacement of all crude currently imported to the 

U.S. from Canada and all crude currently imported to the PADD II region of the U.S. from Canada.  

Figure 3 provides an overview of start and end points and transportation modes associated with the 

base case and the crude shuffle case. 
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Figure 3 Base Case and LCFS Crude Shuffle Pathways 
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3.1 Base Case 

In the base-case scenario, no LCFS is in place and crude movement reflects current market dynamics. 

Canadian crude imports to the U.S. are not inhibited, and Canadian crude bound for the U.S is not 

diverted to China. A variety of assumptions have been made in defining routes, modes of transport , 

and other relevant inputs for the base case.  These assumptions and inputs are discussed below.  

Table 2 provides a general overview of the transportation modes and routes that comprise the base-

case scenario.  

Table 2 Base-Case Modes and Routes 

General Transport Route Start/End Points Transport Mode 

Crude transport from Canada to U.S. Edmonton/Chicago Pipeline 

Crude transport from Middle East to China Basrah/Ningbo Tanker 

 

3.1.1 Canadian Crude to U.S. 

Under the base case, crude is transported from Canada (Edmonton) to the U.S. (Chicago) via one of 

two potential pipeline routes, the existing Enbridge Chicago pathway or the Express Chicago 

pathway (see Appendix A).  All transport from Canada to the U.S. is assumed to occur over land 

routes and no tanker transport is included in this analysis. 

3.1.1.1 Pipeline Transport 

A number of specific characteristics vary by pipeline and are critical in calculating energy usage.  

These key characteristics for each route are detailed in Table 3, in which pipeline transport is broken 

into  segments from Edmonton to Chicago. Section 4.2 further details how these inputs were used in 

modeling total energy use and GHG emissions for this leg of the base case.   
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Table 3 Base Case Canada to U.S. Pipeline Transport Route Inputs and Assumptions 

Route Origin Destination Pipeline 
Distance 
(mi.)** 

Diameter 
(in.) 

100% 
Capacity 
Flow Rate*** 
(thousands 
of barrels 
per day) 

Change in 
Elevation 
(ft) 

Notes 

Oil Sands Enbridge 
Chicago Pathway 

   
    

 

Segment 1 Fort 
McMurray 

Cheecham Athabasca 62 30 390 203 [8] 

Segment 2 Cheecham Edmonton Waupisoo 236 30 350 775 [7] 

Segment 3 Edmonton  Hardisty Enbridge 85/15 36/48 880   [1] 

Segment 4 Hardisty  Superior Clipper 1070 36 450 1409 [2] 

Segment 5 Superior Chicago Line 6A 467 34 670 63 [3] 

Oil Sands Express 
Chicago Pathway 

        

Segment 1 Fort 
McMurray 

Cheecham Athabasca 62 30 390 203 [8] 

Segment 2 Cheecham Edmonton Waupisoo 236 30 350 775 [1] 

Segment 3 Edmonton  Hardisty Enbridge 85/15 36/48 880   [1] 

Segment 4 Hardisty Casper Express 785 24 280 -3072 [4] 

Segment 5 Casper Wood River Platte 932 20 164 4693 [4] 

Segment 6 Wood 
River 

Patoka Woodpat 58   309 -75 [5] 

Segment 7 Patoka Chicago Chicap 203 26 360 -74 [6] 

* Assume Western Canadian Select crude or a crude with similar characteristics  

** Distances derived from http://www.mvs.usace.army.mil/permits/pn/p-2303.htm 

*** 100% Capacity flow rate assumed initially, see Section 6.1 for discussion of sensitivity analysis.  Capacities from page 77 of http://www.neb.gc.ca/clfnsi/ 
rnrgynfmtn/nrgyrprt/lsnd/pprtntsndchllngs20152004/pprtntsndchllngs20152004-eng.pdf 

[1] 517 Gw-hr per year at capacity per "Line 4 Buildback" settlement filed at NEB 

[2] http://www.enbridge.com/about/enbridgeCompanies/pdf/preliminary-information-package-enbridge_pipelines_inc.pdf 

[3] Enbridge 2008 Refiner and Customer Update 
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Route Origin Destination Pipeline 
Distance 
(mi.)** 

Diameter 
(in.) 

100% 
Capacity 
Flow Rate*** 
(thousands 
of barrels 
per day) 

Change in 
Elevation 
(ft) 

Notes 

[4] http://www.kne.com/business/canada/Express_Platte.cfm 

[5] no information available 

[6] http://www.bppipelines.com/asset_chicap.html 

(7)  http://www.enbridge.com/waupisoo/about-project/proposed-facilities.php 

(8)  http://www.enbridge.com/ar2008/management-discussion-analysis/liquids-pipelines/enbridge-system-and-athabasca-system/ 

http://www.enbridge.com/waupisoo/about-project/proposed-facilities.php
http://www.enbridge.com/waupisoo/about-project/proposed-facilities.php
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3.1.2 Middle-East Crude to China 

Under the base case, crude is transported from the Middle East (Basrah) to China (Ningbo) via crude 

oil tanker. In this analysis, pipeline transport from the point of extraction to port in the Middle East is 

expected to occur regardless of destination (U.S. or China) and transport from port to refinery in 

China is expected to occur regardless of origin (Middle East or Canada).  Since neither of these 

pipeline segments represents a change in transport from base case to crude shuffle case, they are not 

evaluated. 

3.1.2.1 Tanker Transport 

The key route characteristic that impacts total energy use associated with tanker transport is total trip 

distance. British Petroleum (BP) distance tables were used to derive a total trip distance of 6,020 

nautical miles from Basrah to Ningbo. 

3.2 Crude Shuffle Case 

Under the crude shuffle case, LCFS is in effect in the U.S., and  imports of Canadian crude are 

replaced with imports from the Middle East, with Canadian crude diverted to China. A variety of 

assumptions made in defining routes, modes of transport, and other relevant inputs are discussed 

below.  Table 4 provides a general overview of the transportation modes and routes for the crude-

shuffle scenario.  

Table 4 Crude Shuffle Modes and Routes 

General Transport Route Start/End Points Transport Mode 

Crude transport from Canada to China 
Edmonton-Kitimat/ 
Kitimat-Ningbo 

Pipeline/Tanker 

Crude transport from Middle East to U.S. 
Basrah-Galveston/ 
Galveston-Chicago 

Tanker/Pipeline 

 

3.2.1 Canadian Crude to China 

Under the crude shuffle case, crude is transported from Canada (Edmonton) to China (Ningbo). 

Pipeline transport moves this crude from the point of extraction (Edmonton) to a Canadian port 

(Kitimat), where it is transferred to a tanker and shipped to a Chinese port (Ningbo). Pipeline 

transport through Canada is assumed to occur via one of two pipelines, the TMPL China Pathway or 

the Gateway China Pathway (see Appendix A). For this analysis, pipeline transport from a port in 

China to a refinery in China is expected to occur regardless of origin (Middle East or Canada).  Since 
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this particular pipeline segment does not represent a change in transport from base case to crude 

shuffle case, it is not evaluated. 

3.2.1.1 Pipeline Transport 

Specific characteristics that vary by pipeline are critical in calculating energy usage associated  with 

this mode of transport.  These are detailed in Table 5, which also shows pipeline transport broken 

into segments along each pathway. Section 4.2 further details how these inputs were used in 

modeling total energy use and GHG emissions for this leg of the crude shuffle case. 
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Table 5 Crude Shuffle Case Canada to China Pipeline Transport Route Inputs and Assumptions 

Route Origin Destination Pipeline 
Distance 
(mi.) 

Diameter 
(in.) 

100% 
Capacity 
Flow Rate 
(thousands 
of barrels 
per day) 

Change in 
Elevation 
(ft) 

Notes 

Oil Sands TMPL 
China Pathway 

        

Segment 1  
Fort 
McMurray 

Edmonton AOSPL 270 22 275 853 [3] 

Segment 2 Edmonton  Vancouver TMPL 716 24 260 2044 [1] 

Oil Sands Gateway 
China Pathway 

        

Segment 1  
Fort 
McMurray 

Edmonton AOSPL 270 22 275 853 [3] 

Segment 2 Edmonton Kitimat Gateway 738 36  525 2061 [2] 

* Assume Western Canadian Select crude or a crude with similar characteristics  

[1] Transit time - 7 to Kamloops, 9 to Burnaby http://www.kindermorgan.com/business/canada/data/2/rec_docs/KMinCanada_web.pdf 

[2] //www.northerngateway.ca/project-info/northern-gateway-at-a-glance 

(3) http://phx.corporate-ir.net/phoenix.zhtml?c=63581&p=irol-pipelines 

http://phx.corporate-ir.net/phoenix.zhtml?c=63581&p=irol-pipelines
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3.2.1.2 Tanker Transport 

The key route characteristic that impacts total energy use associated with tanker transport is total trip 

distance. BP distance tables were used to derive a total trip distance of 4,903 nautical miles from 

Kitimat to Ningbo. 

3.2.2 Middle-East Crude to U.S. 

Under the crude shuffle case, crude is transported from the Middle East (Basrah) to the U.S. 

(Chicago). Tankers transport this crude from the Middle Eastern port to the U.S. Gulf Coast 

(Galveston), where the crude is transferred via pipeline to Chicago via  the Freeport Chicago 

Pathway or the St. James Chicago Pathway (see Appendix A). Forthis analysis, pipeline transport 

from the point of extraction in the Middle East to port is expected to occur regardless of destination 

(U.S. or China).  Since this particular pipeline segment does not represent a change in transport from 

base case to crude shuffle case, it is not evaluated as part of this analysis. 

3.2.2.1 Pipeline Transport 

Specific characteristics that vary by pipeline are critical in calculating energy usage associated with 

this mode of transport.  These are detailed in Table 6, which shows pipeline transport broken into 

segments along each pathway. Section 4.2 further details how these inputs were used in modeling 

total energy use and GHG emissions for this leg of the crude shuffle case.   
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Table 6 Base Case Middle East to U.S. Pipeline Transport Route Inputs and Assumptions 

Route Origin Destination Pipeline 
Distance 
(mi.) 

Diameter 
(in.) 

100% 
Capacity 
Flow Rate 
(thousands 
of barrels 
per day) 

Change in 
Elevation 
(ft) 

Notes 

Middle East/ 
St. James–Chicago 
Pathway 

        

Segment 1 St. James Patoka Capline 632 40 1200 -489 [1] 

Segment 2 Patoka Chicago Chicap 203 26 360 0 [2] 

Middle East/ 
Freeport–Chicago 
Pathway 

        

Segment 1 Freeport Cushing Seaway 530 30 350 -935 [3] 

Segment 2 Cushing Wood River Ozark 440 22 239 505 [4] 

Segment 3 Wood 
River Patoka Woodpat 58   309 -74 

[5] 

Segment 4 Patoka Chicago Chicap 203 26 360 0 [6] 

* Assume Western Canadian Select crude or a crude with similar characteristics  

[1] http://www.bppipelines.com/asset_capline.html (today does less than 400thousands of barrels per day) 

[2] http://www.bppipelines.com/asset_chicap.html 

[3] http://www.teppco.com/operations/onshoreCrudeOilPipelinesServices.htm 

[4] http://www.enbridgeus.com/Main.aspx?id=2374&tmi=138&tmt=4 

[5] no information available 

[6] http://www.bppipelines.com/asset_chicap.html 
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3.2.2.2 Tanker Transport 

The key route characteristic that impacts total energy use associated with tanker transport is total trip 

distance. BP distance tables were used to derive a total trip distance of 13,102 nautical miles from 

Basrah to Galveston. 
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4.0 Greenhouse-Gas Emissions:  
Modeling Methodology and Assumptions 

This analysis depends on a variety of assumptions that were made based on best available, publicly 

accessible data sources.  Critical assumptions and the modeling framework for estimating transport 

energy use and emissions are discussed below. 

4.1 ―A Barrel Is a Barrel‖ 

For the purpose of this analysis, it has been assumed that transport of one barrel of crude, regardless 

of origin or characteristics, is comparable to transport of one barrel of any other type of crude.  It 

follows from this assumption that importing one barrel of Canadian crude, for example, to the U.S. 

satisfies the same amount of end-use demand as one barrel of Middle Eastern crude.  Thus, under the 

crude shuffle case, it makes sense to conclude that each barrel of displaced Canadian crude is 

replaced with a barrel of Middle Eastern crude on a 1:1 basis.  

4.2 Pipeline Transport: Methodology and Assumptions 

Energy requirements for pipeline transport were calculated by using the Applied Fluid Technologies 

(AFT) Fathom software to model energy usage at pump stations along each pipeline pathway 

discussed in Section 3.  Modeled energy usage was then coupled with region-specific energy-use 

emission factors to calculate greenhouse-gas emissions.  Emissions were calculated on a per-barrel 

basis by dividing total greenhouse gas emissions per day by total barrels of crude transported per day 

over the pipeline of interest.  A map of specific pipeline routes is provided in Figure 4. 
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Figure 4 Base Case and LCFS Crude Shuffle Pathways 

 

 



 

  21 

4.2.1 Fathom Modeling: Pipeline Energy Use 

AFT Fathom modeling was conducted to estimate the power required to pump crude oil along the six 

different pipeline routes discussed in Section 3.0.  Calculations and detailed model assumptions for 

each pipeline segment are provided in Appendix A.   

 Calculation 001 Pump Energy Requirements and Usage – Enbridge Chicago Pathway 

 Calculation 002 Pump Energy Requirements and Usage – Express Chicago Pathway 

 Calculation 003 Pump Energy Requirements and Usage – TMPL China Pathway 

 Calculation 004 Pump Energy Requirements and Usage – Gateway China Pathway 

 Calculation 005 Pump Energy Requirements and Usage – Saint James Chicago Pathway 

 Calculation 006 Pump Energy Requirements and Usage – Freeport Chicago Pathway 

 

All of the calculations were performed using publicly available information for the following inputs: 

pipe sizes, pathway piping length, pump stations, changes in pipeline pathway elevations, crude oil 

properties, and crude flow rates.  The pump stations were modeled as close to existing pump stations 

on each pathway as possible given publicly available information.  The total pressure drops between 

each pumping station and for the entire pathway were determined by using the AFT model.  The 

resulting pump horsepower requirements were then calculated by using the pump-flow and pump-

head requirements.   

The following general assumptions underlie the power usage estimates for all pipeline segments : 

1. Crude has the characteristics of Western Canadian Select (WCS) as shown on the 

Enbridge 2009 Crude Characteristics table.   

2. Crude is transported at 10°C and the temperature remains constant for the entire 

distance of transportation. 

3. Piping is steel with a wall thickness of 0.5 inches 

4. Piping lengths indicated in Section 3 of this report include required fitting lengths. 

5. Pumps are 70- 80% efficient 

6. Pump motor is 95% efficient. 

7. WCS viscosity is 350cST 

8. Working pressure in pipeline is 800psig – 1200psig 

9. Change is elevation from station to station is at a constant slope. 

 

The following equations were used to calculate the pump power required to transport the crude oi l. 

Hyd hp = lb of liquid per minute x H(in feet)            

                                          33,000 

             

         Brake hp = ____Hyd hp____                                      

                                    Pump efficiency 

 

 



 

  22 

 KW input to motor = Brake hp x 0.7457                    

                                    Motor efficiency 

 

 

  H (feet) =   psi x 2.31                                      

            Specific Gravity 

       

kWh = Pump Power Required (kW) x running time (h)  

 

Each calculation contains the references used to determine the required pumping power.  The 

calculations also include the AFT model input and output.  The results of the calculations are an 

estimate of the required pumping power; detailed pump layout and sizing calculations were not 

performed. 

Table 7 summarizes the results of each of the calculations.   

Table 7 Summary of Pumping Power Requirements 

Pathway 
Pipe length 
(miles) 

Total pressure 
loss in piping 
(psid) Head loss (ft) kWh 

Enbridge Chicago Pathway 1,935 25,241 62,695 2.25E+09 

Express Chicago Pathway 2,376 47,981 119,179 2.20E+09 

TMPL Pathway 986 19,274 47,874 1.03E+09 

Gateway China Pathway 1008 14,186 35,236 1.20E+09 

St. James–Chicago Pathway 835 24,170 60,035 3.89E+09 

Freeport–Chicago Pathway 1,231 25,209 62,616 1.18E+09 

 

4.2.1.1 Calculation 001, Pump Energy Requirements and Usage—Enbridge Chicago Pathway 

Calculation 001 modeled the power requirements to pump crude oil from Fort McMurray to Chicago 

along the Enbridge Chicago Pathway.  It modeled 33 pumps stations over 1,935 miles of pipe ranging 

from 30 to 48 inches in diameter. Modeling indicates that the total kWh required for transporting 
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crude oil from Edmonton to Chicago 365 days a year, 24 hours a day, is 2.25 x 109 kWh. Calculation 

details and references are provided in Appendix A.  

4.2.1.2 Calculation 002, Pump Energy Requirements and Usage—Express Chicago Pathway 

Calculation 002 modeled the power requirements to pump crude oil from Fort McMurray to Chicago 

along the Express Chicago Pathway.  It modeled 54 pumps stations over 2,376 miles of  pipe ranging 

from 20 to 48 inches in diameter. Modeling indicates that the total kWh required for transporting 

crude oil from Edmonton to Chicago 365 days a year, 24 hours a day, is 2.20 x 109 kWh. Calculation 

details are provided in Appendix A. 

4.2.1.3 Calculation 003, Pump Energy Requirements and Usage—TMPL China Pathway 

Calculation 003 modeled the power requirements to pump crude oil from Fort McMurray to 

Vancouver along the TMPL China Pathway.  It modeled 36 pump stations over 986 miles of pipe 

ranging from 22 to 24 inches in diameter. Modeling indicates that the total kWh required for 

transporting crude oil from Fort McMurray to Vancouver 365 days a year, 24 hours a day, is 1.03 x 

109kWh.  Calculation details are provided in Appendix A. 

4.2.1.4 Calculation 004, Pump Energy Requirements and Usage—Gateway China Pathway 

Calculation 004 modeled the power requirements to pump crude oil from Fort McMurray to Kitimat 

along the Gateway China Pathway.  It modeled 21 pump stations over 1008 miles of pipe ranging 

from 22 to 36 inches in diameter. Modeling indicates that the total kWh required for transporting 

crude oil from Fort McMurray to Kitimat 365 days a year, 24 hours a day, is 1.20 x 109 kWh.  

Calculation details are provided in Appendix A. 

4.2.1.5 Calculation 005, Pump Energy Requirements and Usage—St. James–Chicago Pathway 

Calculation 005 modeled the power requirements to pump crude oil from St. James, Louisiana, to 

Chicago along the St. James–Chicago Pathway.  It modeled 24 pumps stations over 835 miles of pipe 

ranging from 26 to 40inches in diameter. Modeling indicates that the total kWh required for 

transporting crude oil from St. James to Chicago 365 days a year, 24 hours a day, is 3.89x109 kWh. 

4.2.1.6 Calculation 006, Pump Energy Requirements and Usage—Freeport Chicago Pathway 

Calculation 006 modeled the power requirements to pump crude oil from St. James to Chicago along 

the Freeport Chicago Pathway.  It modeled 30 pump stations over 1,231 miles of pipe ranging from 

22 to 30 inches in diameter. Modeling indicates that the total kWh required for transporting crude oil 

from St. James to Chicago 365 days a year, 24 hours a day, is 1.18 x 109 kWh. 
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4.2.2 GHG Emissions: Energy-Use Emission Factors 

Calculating GHG emissions associated with pipeline energy use requires coupling modeled energy 

use with appropriate emission factors.  In both the U.S. and Canada, GHG emission factors have been 

developed and are updated routinely for electricity production by region.  For each region, total GHG 

emission estimates from power generation are coupled with total power production to yield an 

emission factor in mass of GHG emitted per gigawatt hour.  For this analysis, emission factors for 

each province in Canada were obtained from Environment Canada, National Inventory Report, 1990-

2006: Greenhouse Gas Sources and Sinks in Canada (May 2008), Annex 9: Electricity Intensity 

Tables3. Emission factors for major power-production regions in the U.S. were obtained from EPA’s 

E-grid database (factors eGRID2007 Version 1.1 Subregion Location(Operator)-based File (Year 

2005 Data) www.epa.gov/cleanenergy/energy-resources/egrid/index.html). 

4.3 Tanker Transport: Methodology and Assumptions 

Emissions from tanker transport were calculated by evaluating total fuel usage over the relevant trip 

distance and coupling fuel-usage estimates with fuel-specific GHG emission factors.  Emissions were 

calculated on a per-barrel basis by dividing total-trip GHG emissions by the total quantity of crude 

transported per trip (in barrels).  It is not uncommon for oil tankers to empty their crude at a 

destination port and make the return trip to the port of origin without cargo.  Therefore , estimates of 

GHG emissions from tanker transport were completed for two possible scenarios: a one-way trip and 

a two-way, or ―deadhead,‖ trip. 

4.3.1 Tanker Features and Transport Fuel Use 

To calculate a fuel-use value for each potential tanker route under consideration, it was necessary to 

develop a ―generic‖ tanker with a set of features including speed, capacity, and fuel efficiency that 

could be broadly applied across all relevant sea routes. A VLCC tanker (designed to carry up to 

50,000 to 250,000 dead-weight tons of cargo) represents a reasonable potential vessel for transport of 

crude along the sea routes considered as part of this analysis.  As noted above, shipping ports 

included in the analysis were chosen based on a general assessment of frequently used port locations 

capable of accommodating VLCCs. 

Average VLCC characteristics were developed based on evaluation of three actual VLCC models that 

are currently part of a crude transportation fleet.  These include the Patris (built in 2002), the BW 

Luck (built in 2003), and the Bunga Kasturi Enam (built in 2008).  Based on specific fuel-

                                                      

3 www.ec.gc.ca/pdb/ghg/inventory_report/2006_report/a9_eng.cfm 

file:///C:/Documents%20and%20Settings/gds/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/ZECF2BQ4/www.ec.gc.ca/pdb/ghg/inventory_report/2006_report/a9_eng.cfm
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consumption estimates and speed estimates for each ship, average fuel usage (both laden and 

unladen) was calculated for use in the analysis. Appendix B provides detailed inputs and fuel usage 

calculations for the ―average‖ tanker used in this analysis.  

For each tanker transport route included in this analysis, the calculated ―composite tanker‖ fuel usage 

rate (MMBtu/Nautical mile-barrel) was multiplied by total trip distance.  Where deadhead trips were 

considered, unladen fuel-use rates were used for the return trip to the port of origin.  An ―average‖ 

VLCC tanker capacity of 2 million barrels was assumed, based on typical cargo-capacity volumes for 

VLCCs currently in service. All route distances were calculated using BP distance tables as indicated 

in Section 3.0. 

Table 8 summarizes fuel-usage rates per barrel for each segment of tanker transport evaluated. 

Table 8 Summary of Tanker Fuel Usage Estimates 

Pathway 

―Composite‖ 
tanker fuel-
usage rate 
(MMBtu IFO 
380/nautical 
mile—barrel) 

Trip 
distance 
(nautical 
miles) 

Fuel usage 
per barrel 
transported 

(MMBtu IFO 
380/barrel) 

Cargo 
transported 
per trip 
(barrels) 

Basrah to Ningbo 
(laden) 

5.33E-06 6,020 3.21E-02 2,000,000 

Basrah to Ningbo 
(unladen) 

4.59E-06 6,020 2.76E-02 2,000,000 

Kitimat to Ningbo 
(laden) 

5.33E-06 4,903 2.61E-02 2,000,000 

Kitimat to Ningbo 
(unladen) 

4.59E-06 4,903 2.25E-02 2,000,000 

Basrah to Galveston 
(laden) 

5.33E-06 13,102 6.98E-02 2,000,000 

Basrah to Galveston 
(unladen) 

4.59E-06 13,102 6.01E-02 2,000,000 

 



 

  26 

4.3.2 GHG Emissions: Emission Factors for Tanker Transport 

Calculating GHG emissions associated with tanker fuel use requires coupling modeled fuel usage 

with appropriate emission factors.  Although the VLCC tankers considered in this evaluation 

commonly use intermediate fuel oil with a maximum viscosity of 380 centistokes (IFO-380), fuel-

specific GHG emission factors were not available for IFO 380.  Instead, fuel emission factors for 

residual fuel oil #5 and #6 were taken from The Climate Registry General Reporting Protocol v. 1.1 

May 2008 (www.theclimateregistry.org/resources/protocols/general-reporting-protocol/).
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5.0 Results 

Transportation energy use and GHG-emission calculations were completed for the base case and 

crude shuffle case.  GHG emissions were calculated on a per-barrel basis and a total basis to provide 

two metrics with which to evaluate crude-shuffle impacts.  Detailed calculations are provided in 

Appendix B. 

5.1 Transport Efficiency 

As an intermediate step, before comparing the base case and crude shuffle directly, we assessed the 

efficiency of each of the modes of transportation evaluated. To this end, GHG emissions were 

calculated per barrel for each leg of transport for each case.  Table 9 provides a comparison of GHG 

emissions per barrel transported for each pipeline pathway and for each tanker route (with and 

without a deadhead return trip). 
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Table 9 Transport Efficiency for Each Route Segment 

Scenario 
Mode of 
transport Route 

Metric tons 
CO2-e per 
barrel of 
crude 
transported 

Distance 
transported 

Metric tons 
CO2-e per 
barrel of crude 
transported/mile 

Base 
Case 

Pipeline 

 

Edmonton to Chicago 
via Enbridge Pipeline 5.53E-03 1,637 3.38E-06 

Edmonton to Chicago 
via Express Chicago 
Pipeline 

1.19E-02 2,078 5.72E-06 

Tanker Basrah to Ningbo—One 
Way 

2.55E-03 6,928 3.68E-07 

Basrah to Ningbo—
Roundtrip/Deadhead 

4.75E-03 6,928 6.86E-07 

Crude 
Shuffle 

Pipeline Edmonton to Kitimat via 
TMPL China Pathway 3.09E-03 716 4.32E-06 

Edmonton to Kitimat via 
Gateway China 
Pathway 

2.69E-03 739 3.64E-06 

Tanker Kitimat to Ningbo—One 
Way 

2.08E-03 5,673 3.66E-07 

Kitimat to Ningbo—
Roundtrip/Deadhead 

3.87E-03 5,673 6.82E-07 

Pipeline Galveston to Chicago 
via St. James–Chicago 
Pathway 

6.60E-03 835 7.90E-06 

Galveston to Chicago 
via Freeport–Chicago 
Pathway 

6.74E-03 1,231 5.48E-06 

Tanker Basrah to Galveston—
One Way 

5.55E-03 15,078 3.68E-07 

Basrah to Galveston—
Roundtrip/Deadhead 

1.03E-02 15,078 6.86E-07 

 

5.2 Base Case and Crude Shuffle Comparison 

5.2.1 Per-Barrel Basis 

As noted in Section 3, calculating the impacts on a per-barrel basis requires identifying energy inputs 

for each segment of transport and linking this information with crude volume transported per unit of 

energy input. Pipeline energy use on a per-barrel basis was calculated by evaluating total energy use 

associated with known throughput rates for each segment of pipeline.  Tanker energy use on a per -

barrel basis was calculated by evaluating total energy use over a known trip distance for a given 
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tanker capacity. Per-barrel energy use and GHG emissions for each case were calculated by summing 

across all transportation segments for that case.  Table 10 provides a summary of GHG emissions per 

barrel for each scenario. 

Table 10 Per-Barrel GHG Emissions 

Scenario 

Metric tons CO2-e per barrel 
of crude transported 
(including tanker transport—
one way) 

Metric tons CO2-e per barrel of 
crude transported (including 
tanker transport—
roundtrip/deadhead) 

BASE CASE (using 
Enbridge Pipeline 
option) 

8.08E-03 1.03E-02 

BASE CASE (using 
Express Pipeline 
option) 

1.19E-02 1.19E-02 

BASE CASE AVERAGE 
(average of potential 
pipeline routes) 

9.98E-03 1.11E-02 

CRUDE SHUFFLE 
(TMPL and St. James) 

1.73E-02 2.39E-02 

CRUDE SHUFFLE 
(TMPL and Freeport) 

1.75E-02 2.40E-02 

CRUDE SHUFFLE 
(Gateway and St. 
James) 

1.69E-02 2.35E-02 

CRUDE SHUFFLE 
(Gateway and Freeport) 

1.71E-02 2.36E-02 

CRUDE SHUFFLE 
AVERAGE (average of 
potential pipeline 
routes) 

1.72E-02 2.38E-02 

 

Table 10 shows per-barrel emissions with a separate row for each of the potential pipelines or 

combinations of pipelines that could be used to transport crude under each case.  In addition, average 

emission intensity is shown for each scenario.  Per-barrel emissions are shown in separate columns 

for one-way tanker transport and a round trip (deadhead). 

5.2.2 Total GHG Emissions Basis 

Evaluation of total GHG impacts involves linking per-barrel values with expected quantities of crude 

displaced under LCFS. As discussed in Section 3, total change in GHG emissions has been calculated 

for the displacement of all crude currently imported to the U.S. from Canada (2,436 thousand barrels 
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per day) and all crude currently imported to the PADD II region of the U.S. from Canada (1,154 

thousand barrels per day. Total crude transport volumes per day were obtained from U.S. Department 

of Energy data for 2008.  The total volumes considered here cannot necessarily be accommodated by 

a single pipeline pathway (e.g., the Enbridge pipeline cannot accommodate all crude imported to the 

U.S. from Canada).  A detailed market evaluation, beyond the scope of this study, would be required 

to pinpoint a likely combination of pipeline routes that may be used under the crude shuffle scenario, 

depending on total oil volume displaced.  Therefore, a worst-case scenario has been assumed in the 

total GHG emissions calculations by adopting the GHG efficiency (metric tons CO2-e per barrel) of 

the least efficient pipeline segment evaluated for all pipeline transport (See Table 10—Edmonton to 

Chicago via Enbridge Pathway). 

Table 11 Total Transport GHG Emissions 

Scenario 

Metric tons CO2-e 
total per day 
(assumes tanker 
transport—one way) 

Metric tons CO2-e total 
per day (assumes 
tanker transport—
roundtrip/ deadhead) 

Base Case 

All Canadian Imports to U.S. 
displaced 

35,160 40,519 

All Canadian Imports to U.S. 
PADD II displaced 

16,651 19,189 

Crude Shuffle Case 

All Canadian Imports to U.S. 
displaced 

76,478 92,507 

All Canadian Imports to U.S. 
PADD II displaced 

36,218 43,809 

 

Table 11 shows total emissions per day with a separate row for each of the potential quantities of 

crude displaced.  Total emissions are shown in separate columns for one-way tanker transport and for 

a round trip (deadhead). 
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6.0 Discussion and Conclusions 

This analysis of the change in crude-transport-related emissions that will accompany implementation 

of an LCFS in the U.S. indicates that the net effect of the policy will be an increase in global GHG 

emissions. As shown in Figure 5, modeling results show a doubling of GHG emissions on both a per-

barrel basis and on a total basis.  

Figure 5 LCFS GHG Impacts: Base Case vs. Crude Shuffle 

  

Implementation of an LCFS shifts crude import/export patterns in a manner that changes the mix of 

transport methods and requires that crude be transported over much greater distances.  As indicated 

in Section 5.1, shifts in transportation mode might be expected to exert some influence over the GHG 

footprint associated with crude transport.  In the case of the crude shuffle, however, the changes in 

the total distance traveled are significant in determining the magnitude of the change in GHG 

emissions.  Under the base case, crude is transported approximately 8,500 to 9,000 miles from 

Edmonton to Chicago and from Basrah to Ningbo.  Under the crude shuffle case, total transport 

distance nearly triples, with crude transported approximately 22,300 to 22,700 miles from Basrah to 

Chicago and from Edmonton to Ningbo.  Resulting GHG emissions are approximately twice as high 

on a per-barrel basis and on a total basis (for any of the crude displacement scenarios considered). 

Figure 6 shows the range of total potential GHG emissions associated with transport for the base case 

and the crude shuffle case.  The range of values presented represents the lower and upper bound of 
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calculated GHG emissions, considering the possibility of tanker transport with and without a 

deadhead return trip, and considering a range of possible crude-displacement scenarios (all Canadian 

crude imports to U.S. displaced and all Canadian crude imports to U.S. PADD II displaced).  Under 

all scenarios considered, the crude shuffle results in emissions that are approximately twice as great 

as the emissions associated with current base-case crude transport patterns. 
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Figure 6 Total Transport GHG Emissions (Thousand Metric Tons CO2-e) 

  

Note: range presented represents possibility of tanker transport with and without a deadhead return trip and considering a range of possible crude -displacement scenarios 
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6.1 Change in GHG Emissions: Per-Barrel Basis 

Table 12 below highlights the change in GHG emissions per barrel associated with the crude shuffle 

(calculated using an average of modeled values for the various pipeline routes considered for each case).  

Implementation of an LCFS results in an increase in emissions on a per-barrel basis, but this increase is 

approximately twice as great if a deadhead return trip is considered for the tanker portion of the route. 

Table 12 Change in Per-Barrel GHG Emissions 

Scenario 
Metric tons CO2-e per barrel of 
crude transported (tanker 
transport—one way) 

Metric tons CO2-e per barrel of 
crude transported (tanker 
transport—roundtrip/deadhead) 

Average of potential 
pipeline routes 

7.21E-03 1.27E-02 

 

6.2 Change in GHG Emissions: Total Basis 

Table 13 below shows the total change in GHG emissions associated with the crude shuffle. While LCFS 

increases GHG emissions across all cases evaluated, the magnitude of the total increase in GHG 

emissions depends on the extent to which LCFS results in displacement of Canadian crude imports to the 

U.S.  A nationwide LCFS that discouraged all Canadian imports to the U.S. could increase GHG by 

approximately 52,000 metric tons per day.   

 

Table 13 Change in Total Transport GHG Emissions 

Scenario 

Metric tons CO2-e total per 
day (including tanker 
transport—one way) 

Metric tons CO2-e total per 
day (including tanker 
transport—
roundtrip/deadhead) 

All Canadian imports to U.S. 
displaced 

41,319 51,988 

All Canadian imports to U.S. PADD 
II displaced 

19,567 24,620 

 

6.3 Conclusions 

For the purpose of this study, it has been assumed that implementation of LCFS has the effect of 

making crude from certain sources with higher extraction-related carbon intensity unfavorable.  

While we have assumed LCFS in one region or in one country is not likely to change crude oil 

demand and consumption worldwide, the resulting change in preferences within the country or region 
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where it is implemented is assumed to have a notable impact on import and export patterns.  Under 

these assumptions, LCFS encourages transport from regions where fuel can be extracted with a low 

carbon footprint, resulting in inefficiencies as crude is transported over much longer distances to 

meet the shift in preferences. Because LCFS fails to influence worldwide demand, the only impact it 

has on total global GHG emissions is the increase associated with redistribution of crude imports and 

exports.  The magnitude of this negative impact varies with the extent to which the LCFS results in 

displacement of crude from nearby sources and with the total increase in transport distance required 

to accommodate the fuel preferences created by the LCFS.  For the scenarios evaluated as part of this 

analysis, the LCFS crude shuffle results in approximately a doubling of transport -related GHG 

emissions on a per-barrel and a total basis. 
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Pipeline Power Usage Modeling 

  


