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Emissions Reductions: A Driver of Change

0.1% Sulfur Limits in ECA effective 2015
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Vessel options to meet emissions regulations

Meeting the Emissions regulations With
Operational Efficiency
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Technical Requirements
Emissions Solutions

Ll 1L 4L

LNG
Engine Design?
Cargo space?
Availability?

Heavy fuel
Engine Complexity+
After treatment

Low sulfur Fuel
Operating cost+



Emission Advantages of LNG Fueled Vessels

Spark Ignited lean Burn Gas Engines:

* ~92% reduced NO, emission
« ~22% reduced GHG emission
* 100% reduced SO, emission
« Zero smoke

 Low unburnt fuel slip

 Low number of particles
 Low maintenance cost



NG Relative Price Stability

energy spot prices
2012 dollars per diesel gallon equivalent

History Projections
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European
countries such as
Norway are
significantly more
advanced in all
areas of using NG
as a marine fuel.
Tapping into their
expertise can
reduce costs and
time.

* Norwegian Ferry Terminal
with LNG storage tanks




Europe has been using LNG fueled ships for a

decade!
Natural Gas as FueI for Future Vessels
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+ 35 daily port calls 51000/year
* Engines have run more than 35.000 hrs since Jan 2007
* NOX reduction = 160,000 cars running for 1 year

Lets see her underway!



Some of the New LNG vessels

= Builder: Myklebust yard, Norway
= 3 Norwegian CG patrol crafts
= Power Generation: DF (Gas + Diesel)

= Max Speed: 20 knots, Range: 7 days

Owner: Buquebus, Montevideo

1000 pax ferry. Argentina/Uruguay
GE LM 2500 Gas Turbine
50 knots
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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 g2
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, local 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/

Natural Gas: A viable

marine fuel option - typical questions
What is the difference between Compressed
Natural Gas (CNG) and Liquefied Natural Gas (LNG)?

How much does it cost to change?

— Capital - initial

— Ongoing — fuel and maintenance

Where can | get CNG or LNG?

What safety concerns are there?

What regulations will need to be followed?

Will conversion be economically viable and meet
my operational requirements?

What are the environmental pros and cons



General Study Findings for the Great Lakes Region

* The LNG and CNG supply chains are in their infancy.

*High Horsepower (over 500 BHP) users more likely to use
LNG rather than CNG because of energy density.

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

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

Marine, Rail, Trucking, Mining, Agriculture, Off-the
grid are all starting to adopt natural gas as a fuel.



U.S. Marine Natural Gas Fuel Projects

Interlake Steamship planning on converting Great
Lakes vessels to LNG. Ohio

Washington State Ferries study use of LNG as a
primary fuel. Washington

Staten Island Ferry exploring moving to LNG. NY

Harvey Gulf Marine building four LNG offshore
supply vessels. LA

TOTE converting RO/RO vessels to LNG. WA & AK
LNG fueled container vessels on order. FL &PR

VanEnkevort Tug & Barge, Inc. planning on
converting Great Lakes vessel to LNG. Mi









Truck Conversions to CNG or LNG
/~07 SCHNEIDER.

PAPER o\
TRANSPORT, NG,

La Crosse, WI

Pilot
FLYING J .

UsVenture




Rail Conversion to

T

First LNG

Fuele
Locomotives Placed Into
Revenue Service September
18, 2014

* At present, the four units are
being utilized in pairs coupled . N Railroad retrofitted diesel

with a LNG tender car, with engines in two 3,000-

Electro-Motive Diesel each Diesel (EMD) SD40-2

having providing a pair. locomotives to run on natural
* For fuel, the trains are relying gas and are paired with a LNG

on an existing 20,0000 gallon fuel tender between them

tender built by Air Products
and Chemicals, Inc.



Mining Industry Adopting NG Fueled Vehicles

Figure 23. Close-up of LNG fuel tanks in CAT 793 dual-fuel haul truck at Belle Ayr Mine

Table 17. Estimated Net Present Value of converting one mine haul truck to dual-fuel LNG operation

Haseline Diesal Use (diesel galfyr) 274,000
Estimated Incremental Capital Cost {CapEX) £200,000
Diosel Displaced (diesel galfyr) 109,600
LNG Required (LNG galfyr) 184,000
Annual Fuel Cost Savings 3164400
1.2 years

Simple Payback Timeframe
MPY of Natural Gas Option vs. Baseline Diesel $£1,542 000

Assumpitions: 3150 per DGE Tuel price spread, 40% fuel substiuion rate, 20 year life, 7% discount rate, 100% engine eMoency compared 1o bassine akese] muck



What is a LNG Supply Chain?

* Similar to a Refinery Distribution Model

* Large high pressure pipeline connection from
bulk NG sources to Liquefaction plant is best.

* Distribution from Liquefaction plant to end
users by:
— Rail
— Truck
— Marine



Liquefied Natural Gas
Supply Infrastructure

V¥ Import-Export Terminal ® Peak Shaver
A Production Plant o Satellite Peak Shaver _ Source: research from 2010-2014 by
/\ Planned Production Plant ' Gladstein, Neandross & Associates
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Case study of 18" Largest Port in U.S.

Duluth/Superior
Potential NG/LNG customer base: 250 mile (402 Kilometer)
radius .
 Marine —Great Lakes and Inland rivers
* Rail
* Transit
* Mining
* Trucking
* Agriculture

* 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 (402 Kilometer) drayage
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Potential Liquefaction Plant Locations with a
250 mile (402 Kilometer) dray radius
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GNA Study October 2014
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+ Marine facilities |
Rail facilities \ ‘ Marine: U.S. Army Corps of Engineers Navigation {
3 \l Data Center (data from 2012); GNA research. a4
Marine + Rail Rail: Eastern Regional Technical Advisory Committee (ERTAC)

Locomotive Emissions Inventory (data from 2008); GNA research,
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Inland Waterway Ports
(annual fuel use in mmBtu)

PORT NAME

5,000,000 - 20,000,000
Port Name

1,000,000 - 5,000,000
Port Name

500,000 - 1,000,000
Port Name

125,000 - 500,000

FUEL USE BY VESSEL

Articulated tug barge
Bulk carrier

General cargo

Offshore support vessel
Passenger @ Tanker
Pushboat @ Tug

000000

SWITCHER RAIL FACILITIES
(annual fuel use in mmBtu)

° 25,000 - 50,000
° 50,000 - 100,000
* 100,000 - 800,000

LNG SUPPLY

© Peak shaver

A 4 Import-Export terminal
A\ Production plant

A Planned production plant



Diesel Fuel Sold to Railroads

owa  (thousand gallons/year)
30,156

Mississippi Louisiana _West Virginia
Arkansas 29,848 28,110 10,456

Missouri 43,494
44,914

Tennessee
52,522

Kentucky
61,840

Illinois . _
63,808 Indiana Minnesota

68,061 92,275




Midstream Refueling
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+ Liquefied Natural Gas.,
Delivering a cleaner future.




Topics For Consideration

There is a significant price differential between
Diesel and NG.

There is a large supply of U.S. natural gas.

— Gas wells and Oil/gas wells

— Methane from coal mines, landfills, composting

The supply chain for LNG as a transportation
fuel is undeveloped.

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



Topics For Consideration

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

— Scrubber technology for diesel engines — costly &
disposal issues

— Low Sulfur distillate fuel — expensive & needed by trucks

* There are environmental concerns expressed about
using NG as a transportation fuel.
— Methane slip

— Potential environmental impacts from the Fracking
process

— Emission life cycle comparison to other fuels
— Micro-particles

* There is concern about transportation NG use
raising residential NG fuel costs.



Topics For Consideration

Transportation companies that use NG will
need a safety culture.

The selection of LNG or CNG will be on a case
by case basis driven by fuel availability and
economics.

Diesel will still be used as a primary fuel by
all modes. There will not be 100%
conversion.

Building the NG supply chain will take time,
capital and a public private partnership.



State and Multi-State plans for Adoption of
Natural Gas as a Transportation fuel

Wyoming LNG Roadmap

Prepared by GNA with support from
state of Wyoming

* The State of Wyoming has
played an important role in the
development of LNG as a fuel
for HHP

* The Roadmap characterizes the
many choices, considerations,
opportunities, challenges and
barriers for wide-scale use of
natural gas in Wyoming’s HHP
vehicle and equipment sectors,
and it lays out initial steps in
the process to attain that
vision.

Multi-State Compact for
supporting the adoption of CNG

FIRST STEP- STATES VEHICLE
CONVERSION

On Nov. 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 ﬁ\_%m

Colorado - {.r'

Wyoming w
Pennsylvania

Utah / \Jz
Maine & .

New Mexico CNG

West Virginia Y /

Kentucky 4

Texas

Ohio

Mississippi
Louisiana



100%
Q0%

B0%

0%

percentage of total locomotives
E&!
'

20%

10%

0% -
1035 1040 1045 1050 1055 1900 1905

Sowrte Rabsd U Ayedd, Léshe W, Asees, Bérjarmin Warr “Exérgy, pomedy ondhwork i Bhé LS atondmey, 123001998 " Octabér 25, 200

Figure 4: Diesel Powered Locomotives, North America

i
!

-~

U
4



DNV Predicts 1000 LNG Fueled Ships

by 2020 — March, 2014

Number of ships delivered
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GLMRI’s Continuing LNG Research

* Research foreign LNG supply chains
— Canadian Ferry LNG supply chain
— European marine LNG Supply chain

* Research containerized transport of LNG
— Marine transportation options
— Rail movement of containerized LNG
— Japanese containerized LNG system

* Supply chain options for Upper Mississippi (north
of Vicksburg, MS) and the Ohio Rivers
— Build on GLMRI and GNA studies
— Potential location of liquefaction plants
— Outreach to inland rivers fleets to support adoption



* Thank you!
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“Questions...

Photo by Chris J. Benson







What about Engines? Two Types

Dual Fuel vs. Spark Ignited - Considerations

Gas Only (Spark Ignited):

= Expected to Meet IMO IIl / EPA Tier 4 without After-treatment
= Biggest Fuel Cost Savings
= Simple and well proven Engine / Control System
= Durability Better Than Diesel
Slower Response than Diesel
Requires Regular Access to Gas Supply
Dual Fuel vs. Spark Ignited - Considerations
Dual Fuel: 5 ; Dual Fuel:
2 Transient Response & Acceleration Similar to Diesel http://www.youtube.com/watch?v=qv8hQVRKDrk&feature=related
= Fuel Flexibility — Diesel, Gas, HFO or Mix http://www.youtube.com/watch?v=60j3 fO- L8&feature=endscreen&NR=1
Requires more Sophisticated Controls http://www.youtube.com/watch?v=vfCSGdmBJHI&feature=related

Fuel Cost Savings Limited by Need for Diesel Pilot
+ Durability expected to be similar to Diesel



http://www.youtube.com/watch?v=qv8hQVRKDrk&feature=related
http://www.youtube.com/watch?v=6oj3_fO-_L8&feature=endscreen&NR=1
http://www.youtube.com/watch?v=6oj3_fO-_L8&feature=endscreen&NR=1
http://www.youtube.com/watch?v=6oj3_fO-_L8&feature=endscreen&NR=1
http://www.youtube.com/watch?v=vfCSGdmBJHI&feature=related

