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Transport accounts for about 55% of oil demand and is
key to understanding future oil demand

Oil (total liquid fuels) demand by sector
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On road fuel demand accounts for ~75% of transport
demand is the key driver for future oil demand growth

Global transport demand by sector - Demand for transportation fuels

continue to grow worldwide as economic
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Global transportation demand reached nearly 54 MMboe/day in 2016
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Three key drivers
for natural gas in

on road transport

Economic

« Natural gas expected to be
priced at a large discount to
oil in the long term

» Differentials in fuel prices
create strong commercial
incentive for switch to natural
gas

Environmental

Natural gas offers much
lower emissions in transport,
even with increasingly strict
fuel standards for oil

Policies to improve air quality
make a stronger case to
move to natural gas

Technology for natural gas
engines has continued to
develop, closing the
performance gap to diesel

New generation of vehicles
are becoming more attractive
for operators
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A continued price differential between oil and gas is
expected to last

IHS Base Case: Comparative gas prices (Real), 2000-2040
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Natural gas in on road transport: United States

© 2016 IHS 6



Presentation Name / Month 2014

Summary of natural gas in transportation today
United States

Light-duty Market

Expect slow growth for natural gas in light-
duty transportation.
High up-front purchase price, limited driving range,
continued advancements in the internal combustion

engine, and consumer acceptance of alternative
technologies influence the pace.

« Though there are limited CNG factory direct vehicles
on offer there are after-market CNG conversions

Federal and state policies favor plug-in
electric vehicles (PEVs) over natural gas
vehicles (NGVs)

CAFE credits & CA ZEV Mandate favor PEVs

High cost of CNG refueling infrastructure
makes a consumer market for NGVs difficult
to develop, but commercial fleets holds
some promise.

Residential CNG ~ $5,000

« Commercial $500,000 - $750,000

Heavy-duty Market

US HDV truck operators are still running
pilot cases to test natural gas in their fleets
Operators are very cautious to change
Drop in oil prices made operators even more cautious

LNG now faces major new challenge from
CNG ‘long-range solutions’

Natural gas can be stored as either CNG or LNG on
the vehicle, current US HDV engine offerings focus
on spark-ignition (Sl) engines

CNG and LNG retail is growing, however it
still remains a bottleneck to wide spread
CNG/LNG truck adoption

“If you buy it they will come”: US natural gas supply

and retail is ready and able to quickly support
operators as sales grow.
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What entices HDV operators to finally make the switch?

1. Low payback times Diesel vs. Natural Gas Retail Cost Breakdown

« Fuel is a major cost to the heavy goods industry 100%
but in order to make the switch to system that
offers cheaper fuel at the pump, operators need to 90%
see the extra investment of a natural gas truck .
paid off quickly. This is achieved through a wide 80%
natural gas-diesel spread and/or low incremental o 70%
truck costs. 2
S 60%
H 1]
2.  Stable prices 3 s0%
« Feedstock costs make up an estimated 15-40% of ®
the total retail price for natural gas-based fuels, 2 40%
compared to over 60% of the retail diesel price. ° o
. " . . 2 30%
This means that in times of oil and gas price °
volatility, the price to end-users will fluctuate much 20%
less, giving operators a greater price stability
around which to plan their budgets. 10%
3. Reduced emissions and after treatment 0% Diesel LNG CNG
requirements Fuel
« Diesel use requires extensive after treatment to B Other Costs (distribution, margins, etc.)
remove particulate matter. Natural gas engines Taxes (federal and state)
that don’t require this extensive after treatment ¥ Feedstock
lowers maintenance costs. Based on 2014 PADD 1 pricing estimates
Source: IHS © 2015 IHS
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NGV adoption will also depend on freight business

model

] Who owns the Sample c Number of 4 | Ease of entry
Business Model vehicle? Companies Ompany-owne into NGV Comments
trucks in fleet market?
These companies have full
Old Dominion: control over their fleets,
Fu" i 6,400 tractors ber:tes::i’lc?otlheedytgﬁ:t’etr):ge
Compan Frelght YRC: 8700 their integrated distribution
p y Com pany T across their vehicle fleet.
Ownership tractors These players often have
large fuel supply contracts
with major retailers
Companies that rely on owner
~ 235,000 class 8 operators are dealing with
. trucks are drivers who act as
Frelght Dnvers/Owner controlled by |ndepend§nt con?ractors gnd
Operators owner/operators those. ownerioparators are
brokers (~7% of all class highly sensitive to cost, they
8’s) are also unlikely to invest in
an NGV until infrastructure
expands
UPS: 100,000 trucks Hybrid companies that own
] some vehicles and also hire
Freight FedEx: 77,000 trucks ownerloperators have
expressed interest in
Company and/or . experimenting with NGVs,
J.B. Hunt: 10,500 .
Owner/Operator truck especially amongst
rucks companies like UPS that have

Con-Way: 2,700
trucks

a large company-owned fleet
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Sales profile: who buys, when and why

A

First Movers Second Movers Last Adopters

Penetration of natural gas vehicles

Time
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CNG vs LNG
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Recent CNG tank improvements have made CNG in the
US an option for long-haul trucking

« Tank storage for CNG has greatly improved in recent years due to increased R&D and
investment

« Type IV CNG tanks are up to 70% lighter than conventional steel tanks and are less
corrosive

« Type IV CNG tanks are also much more expensive then types | through Ill, hence the
increased cost of CNG storage relative to LNG

CNG storage issues

« Although the storage systems for CNG have made the fuel an option for long haul
applications, there remain important considerations:
« Only ~90% of this capacity is usable as 10% needs to remain in the tanks

 Fast fill required but reduces usable capacity: For use in highway freighting operations, fast-fill CNG
is essentially a must-have, but in achieving a fill rate of 10 DGE/minute, the capacity is effectively
reduced by an additional 5%

« Fuel is not lost, but rapid fueling produces heat, expanding the hydrocarbons and taking up more space
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CNG infrastructure outpaces LNG

Public LNG stations
° Public CNG stations*

Major highway

[ I ]
250 500 Miles

o

*Fast fill stations
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With similar payback times, IHS expects other CNG
benefits, to tip the scale towards CNG adoption in the
US
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US natural gas demand is expected to make slow in
roads into US on road fuel demand

Natural gas share of US on road fuel - CNG in LDVs is expected to be stay niche
and limited to fleets.
Lack of policy support and vehicle options keeps vehicle
costs high
7.0% - LDV lower annual mileage makes the payback time for
/ high cost CNG vehicles 5 years or longer depending on
6.0% the gasoline/CNG price differential
'g / CNG in LDVs might gain traction if the refueling
g 5.0% infrastructure is created through HDV applications first
w /
T 4.0%
o .
® 509 / « CNG/LNG in HDVs has a greater market
_cc'?s 70 potential since these vehicles run at much
® 0% higher mileage making the pay back more
R / reasonable
o « Today’s lower oil/gas price differential has slowed down
1.0% : ) : ; ; .
/ adoption, however certain majors are still running their
pilot cases
O_O% __ﬁlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIII . . .
«  While LNG is more popular in other markets, IHS expects
QQ Qb ~ '\<° ‘19 "ﬁo be fb<° b9 CNG to gain more market share in the US HDV market
D S S SISO I S
Source: IHS © 2016 IHS
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Natural gas in on road transport:
China & Europe
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LNG predominately dominates the Chinese and

European HDV markets

Chinese On Road Market
« CNG is very limited in the LDV market

« Currently Chinese vehicle policy is focused on promoting
PEVs for the passenger vehicle market

IHS expects CNG in LDVs to remain a niche market

- While LNG quickly gained market share back
in 2012, natural gas price reform and
growing economic weakness, particularly in
construction and heavy industry, has slowed
adoption

» Price reform has increased the payback period, and
smaller companies are hesitating to make the switch

« On the flipside, tightening fuel and emissions standards
are making diesel trucks and fuel costs higher, increasing
the competitiveness of natural gas.

European On Road Market

« CNG in LDVs is very limited and extremely
dependent on policy.
Current European policy is focused on promoting electric
vehicles for the LDV market

Certain countries promote CNG over others — ltaly,
Germany, Sweden, and France

« LNG has a price advantage over CNG and
thus is preferred for HDV operators

LNG is already imported and ready to use, where as CNG
would have to be either first compressed, or re-gasified
and then compressed from LNG, making the retail pump
price higher compared to LNG

« European Union has very supportive natural gas adoption
policies, however there has still be little movement
towards adoption

© 2016 IHS
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Regional dynamics lead to regional differentiation

Heavy freight NGV fleet penetration, IHS Base-Case .
« Each market has a key element which
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Source: IHS
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makes it economically attractive:
« US - low gas prices

« Europe — high diesel taxes

« China - Low incremental truck costs

« Each of these factors leaves little room for

improvement, other than through higher oil
prices and improvement in the other areas.

« Economics are a strong driver of fleet

penetration, but they are secondary to
policy decisions

© 2016 IHS
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Natural gas use as a road fuel

The use of natural gas in heavy goods vehicles (trucks) is expected to grow
globally, especially in China and North America. Stronger oil prices are needed
fo accelerate the pace of adoption.

Natural Gas consumption in the heavy-duty truck sector
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NOTE 1: Heavy-duty truck natural gas demand could be met by LNG or CNG

© 2016 IHS 19




Thank you!

IHS Customer Care:

CustomerCare@ihs.com

Americas: +1 800 IHS CARE (+1 800 447 2273)
Europe, Middle East, and Africa: +44 (0) 1344 328 300
Asia and the Pacific Rim: +604 291 3600

IHS™

COPYRIGHT NOTICE AND DISCLAIMER © 2016 IHS. For internal use of IHS clients only.

No portion of this report may be reproduced, reused, or otherwise distributed in any form without prior written consent, with the exception of any internal client distribution as may be permitted in the license agreement between client and IHS. Content
reproduced or redistributed with IHS permission must display IHS legal notices and attributions of authorship. The information contained herein is from sources considered reliable, but its accuracy and completeness are not warranted, nor are the
opinions and analyses that are based upon it, and to the extent permitted by law, IHS shall not be liable for any errors or omissions or any loss, damage, or expense incurred by reliance on information or any statement contained herein. In particular,
please note that no representation or warranty is given as to the achievement or reasonableness of, and no reliance should be placed on, any projections, forecasts, estimates, or assumptions, and, due to various risks and uncertainties, actual
events and results may differ materially from forecasts and statements of belief noted herein. This report is not to be construed as legal or financial advice, and use of or reliance on any information in this publication is entirely at client’s own risk. IHS
and the IHS logo are trademarks of IHS.




