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Natural Gas (NG) Study Overview

The U.S. Maritime Administration (MARAD) funded
studies on conversion of the U.S. flag fleet to natural gas
(NG) by GLMRI through a Cooperative Agreement =i,
established in August of 2011. "

Additional support has been provided by the Lake
Carriers Association members, the U.S. Coast Guard , the
natural gas industry, Twin Ports economic development
agencies and businesses.

Extensive literature review: Studies, presentations,
websites, and video clips concerning the use of CNG &
LNG for all modes and general information is available
online at www.glmri.org



http://www.glmri.org/

General Study Findings for the Great Lakes Region

* The Liquefied Natural Gas (LNG) and Compressed Natural
Gas (CNG) supply chains for all modes of transportation is
in its infancy.

*The NG industry is interested in expanding the supply
chain. There is a lack of liquefaction plants to make LNG.

* Rail and marine lag trucking in fueling locations.

Marine and rail are likely to use LNG rather than CNG.
Both modes looking to convert.

*Adoption by multiple modes/user groups can further
reduce costs.



Facts For Consideration

There is a large supply of domestic natural gas.

Diesel costs are trending upward and there is a
significant price differential with NG.

Harmful air emissions are less with NG than
diesel but NG is not the only option to reduce
air emissions.

— Scrubber technology for diesel engines

Companies that use NG will need a robust safety
culture.



~ Price Stability
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Facts For Consideration

* LNG or CNG selection will be on a case by
case basis driven by availability and asset

utilization.

 Adoption by multiple user groups will
expand the supply chain and realize
economies of scale.

e Building the NG supply chain will take
time, capital and public private
partnerships.
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Figure 4: Diesel Powered Locomotives, North America
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Incentives for Fuel Change

e Government:

— Financial incentives
 Grants — DOT, EPA
e Tax incentives — state, federal, local
e Safe but reasonable regulations

— Support for Technology transfer

e Education and outreach - suppliers, users, public
e Research

* Industry:
— Economics

— Shipper’s support for greening supply chain

mGreat Lakes Maritime
W‘"}ﬂ 2 Research Institute
U

A University of Wisconsin - Superior and
niversity of Minnesota Duluth Consortium



FIRST STEP- STATES VEHICLE
CONVERSION

On Nowv. 9, 2011, Gov. Mary Fallin pledging to use CNG vehicles in
the vehicles of 11 other states and working with the Big 3

Automakers
States In Compact:

Oklahoma
Colorado
Wyoming
Pennsylvania
Utah

Maine

New Mexico
West Virginia
Kentucky
Texas

Ohio
Mississippi
Louisiana

The MOU between multiple states created to
support CNG development can be a prototype
for supporting LNG development.

http://www.naspo.org/documents/RFI12NASPO0001JW Exhibit A.pdf



http://www.naspo.org/documents/RFI12NASPO0001JW_Exhibit_A.pdf

Oklahoma CNG Growth

*Since 2008
 940%: growth in natural gas consumption

300%: growth in natural gas vehicles

390%: growth in CNG fueling infrastructure

$1.79: OnCue’s current CNG price per gallon
Over 80: Oklahoma public CNG stations

In 2013
e $5,000,000+: OnCue customer savings vs gasoline/diesel

« 2014 Projected
« $6,000,000+: Customer Savings

Source: OnCue Express HQ: 916 N Main Street Stillwater, OK 74075 April 2014



Wyoming LNG Roadmap :

initiated by Governor W

Matt Mead who is WYOMING LNG

“ . ” ROADMAP
Leading the Charge.

Goals:

= Reduce costs of Apnlats

ownership through
lower fuel costs

= Reduce emissions of
critical pollutants and
greenhouse gases

= Diversify America’s fuel
mix by using an
abundant domestically gna o
produced energy e
source




Figure 23. Closa-up of LNG fuel tanks in CAT 793 dual-fuel haul truck at Belle Ayr Mine
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Table 17. Estimated Net Present Value of converting one mine haul truck to dual-fuel LNG operation

Baseline Diesel Use (diesel galfyr) 274,000
Estimated Incremental Capital Cost {CapEX) £200,000
Diesel Displaced (diesel galfyr) 109,600
LNG Required (LNG galfyr) 184,000
Annual Fuel Cost Savings 3164400
Simple Payback Timeframe 1.2 years
MNPV of Natural Gas Option vs. Baseline Diesel $£1,542 000

AssLUmpiions: 150 per DiaE fusl price spread, 405% fuel substituion rate, 20 year life, 7% discount rate, 100% engine eMdency compared o0 Dassine aese| mck



Population comparison in millions
Wyoming .53 Wisconsin 5.74 Minnesota 5.42

Table 31. Estimated annual fuel cost savings in Wyoming's key HHP sectors

Wyoming High-Horsepower Sector for LNG Conwversion Estimated Annual Fuel Cost Savings
{with Feasibility Factors for Percentages of Inventory) After Conversion to LNG
Mine Haul Trucks (100% on dual-fuel LNG) £72,309600
Locomotives (50% on HPDI LNG) $77.456 250
Drill Rigs {(25% on dedicated LNG $10788 462
PPS (25% on dual-fual LNG) £5,400,000
Grand Total of Estimated Annual Fuel Cost Savings $£165,954 312

Table 33. Estimated fuel savings, costs, and job creation for initial Wyoming LNG build-out

Total Annual Fuel Savings to Equipment Operators $166,000,000
Annual Diesel Displaced {gallons per year) 108,100,000
LNG Infrastructure Spending for 509,000 GPD System (CapEX) $333,200,000
Cngoing Annual Costs for Matural Gas Equipment Operation & Maintenance (OpEx) 10,400,000
Estimated Full Time Employees (FTEs) Supported by CapEx and OpEx 4760




A Natural Gas Pathway for the Twin Ports

e Educate all parties of the opportunities and
challenges in adoption.

 Research and development to facilitate
change.

* Establish safe and reasonable regulations.
* Foster and grow public private partnerships.

* Create energy corridors to move LNG and CNG
from the Twin Ports hub to markets.



Potential of a Liquefaction Plant in the Existing
Duluth-Superior Energy Cluster

Potential NG/LNG customer base: 100 miles radius
* Marine

e Rail

* Transit

e Mining

* Trucking

e Agriculture

e Other industries using diesel, heavy fuel or
propane and are off the gas pipeline grid.

* Delivery to other users by container, truck, rail or
water.



Twin Ports LNG Liquefaction Plant Marketing Region
250 mile drayage in a hub and spoke system
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Potential Great Lakes Liquefaction Plant
Locations with a 250 mile dray radius
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In Summary

» LNG is a viable fuel alternative with cost,
security and environmental benefits.

» Safe operation is critical for adoption
» There are conversion costs and suitability issues
» Adoption by large user groups will expand the
supply chain.
» The supply chain is being developed.
» The Twin Ports has potential to expand its role

as an energy cluster and be a hub for LNG/CNG
production and distribution.
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