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A The Methanol Institute (MI) was established in 1989

A 30 years later, Ml recognized as the trade association for the global
methanol industry

A Facilitating methanol®& expansion from our Singapore headquarters and
regional offices in Washington DC, Brussels, and Beljing

Brussels

Beijing

Washington, DC
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METHANOL
PRODUCTION AND
DEMAND
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Methanol: Broad Feedstocks and Markets
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Methanol I1s a versatile fuel source

8 h

Out of the ~80 million metric tons of methanol
sold globally in 2018, energy and fuel uses
represent 40% of total demand

-

FUELS TECHNOLOGIES
A Neat fuel A S| & Cl engines
A Low blends A Turbines

A High blends A Fuel cells

A GEM

A MTBE

A Biodiesel

A DME & OME
AMTG

SEGMENTS
A Road & non-road transportation

A Power & heat generation
A Marine

WWW.METHANOL.ORG



Global Methanol Fuel Examples
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Methanol Blending
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Solutions for gasoline and diesel engines

BN gasoline

Low blends
Mid level blends SI/CI HDVs

High blends DME/OME _ g
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M3 1 M15

A EU allows M3
(EN228)
Blended a.o. in UK
and NL
China uses M15
Estimated 7 million
metric tons where
~75% of cars built by
international
automakers
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A201 A30

A Automakers call for
higher octane to
facilitate greater
engine efficiency

A Methanol and ethanol
alcohol fuels together
at mid-level blends
provide needed
octane

M51-100

A ASTM D5797
standard M51-M85

A M100 dedicated
vehicles (e.g. Geely)

A Use of SI
technologies in light
duty vehicles

A Both Sl and CI for
heavy duty vehicles




Methanol - Practical Liquid Fuel Alternative

4 700 bar H2 |

15 20 25 30 35 40
Net gravimetric energy density / [MJ/kg]
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Fuel Properties

Property Gasoline Diesel Ethanol (E85) | Methanol
(M85)

Chemical C,t0C,,
Structure

Feedstocks Crude Ol
Gasoline 100%
Gallon

Equivalent

Energy 116,090
Content (LHV) Btu/gal
Energy 124,340
Content Btu/gal
(HHV)

Pump Octane 84-93

ANOL
TUTE

Cgto Cys

Crude Oll

113%

128,450
Btu/gal

137,380
Btu/gal

n/a

CH,CH,OH

Corn

75%

76,330
Btu/gal

84,530
Btu/gal

110

CH,OH

Natural Gas,

Coal,

Biomass, CO,

65%

57,250
Btu/gal

65,200
Btu/gal

112
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Vol%

Ethanol in Fuel,
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Ethanol vs Methanol Gasoline Blend Vehicle Performance

/ B 10
CRC - E20 performed well for Model Year 1997+ Vehicles
China Introduced M15 starting in 2005 - 8
E15 Waiver for Model Year 2000+ Vehicles 5
China Introduced
E10 Gasohol since 1978 M15in 2004 - 4
E5in EU
-2
! v vy
M7 M10 M14 M15
| | 1 0
0 5 10 15 20
Methanol in Fuel Vol %
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Q Earlier commercial Fuel Standards started with nominal 3 vol % methanol in gasoline

Q Higher methanol content in gasoline allowed as global automotive fuel system
technology and materials continue to improve in global vehicle fleets

Approved Methanol Gasoline Blends with Requirements for Co-solvent Alcohols and Additives

Maximum Minimum Maximum

Market Introduction | Volume % | Volume % Wt % Corrosion
Region Year Methanol | Co-solvent Oxygen Additives
Europe EC Directive 1985 3.0 > Methanol 3.7 %

USA Sub Sim * 1979 2.75 > Methanol 2.0 %

US.A Fuel Waiver 1981 4.75 > Methanol 3.5% Required
US.A Fuel Waiver 1986 5.0 2.5 3.7 % Required
China, M15 2007 15.0 For Water ~1.9% Required
Shanxi Standard Tolerance

* U.S. EPAG Substantially Similar Regulation for commercial gasoline

Other countries evaluating introduction of methanol blending standards in gasoline:
Egypt, India, Israel, Italy, New Zealand, Trinidad, Others
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Ultra-high Efficiency Characteristics:

- Methanol use in spark ignition Properties: l Methanol
engines allows higher efficiencies by Gasoline

increasing the engine knock limit « Hiagh heat of vaporization
1100

Methanol has much higher flame i325 (kJ/kg)

speed, which allows for tighter

combustion control and more precise
torque management

» High octane number

109
95 RON

+ High flame speed

Laminar burning velocity at NTP (cm/s)

Improving knock performance is

important to help avoid undesired
ki . . 45
detonation while also allowing for
: . 30
highly effective recovery of energy

from exhaust heat
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Methanol Has Superior RON Blending Property

15 20
Vol% Oxygenate

25

30

~——Methanol
—+—Ethanol

—+— 1-propanol
—— |sopropanoal

-~ 1-butanol

— 2-putanol
—&—|sobutanol
——2-Me-1-butanol
—+—2-pentanol

=& Diisobutylene
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Key Performance Property Contribution To Gasoline Blending

Per Unit Volumeand Per Unit of EnergyDelivered to Gasoline Supplies

Ethanol Methanol % over Ethanol

RON
OctBBLs 10.5 11.5 +10
OctBBLs/GJ  3.12 4.60 +48

HoV/(cooling)
GJ/n8 0.66 0.91 +38
GJ/GJ 0.03 0.06 +86

Methanol delivers much more octane and evaporative cooling to
gasoline blending than Ethanol
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0 Elastomer Compatibility with Methanol Blends well studied in the 1980&

0 Society of Automotive Engineers (SAE) Compatibility Guidelines established M15
as fuel standard for selecting materials used in vehicle fuel systems starting 1993

Elastomer Volume Swells of Gasoline Methanol Blend
Base gasoline with 10% Methanol Swells Similar to High Aromatic Gasoline
200 A
L 160 w =@ Natural Rubber
= === Ethylene-propylene diene
2 terpolymer
A 120 == Polyacrylate
]
c / =~ Clorosulfonated
S 380 Polyethylene
E / =& Butadiene-acrylonitrile
Sfi &= Fluorosilicone
¢ <&
1%
0 ‘
Gasoline @ 30% Gasoline @ 50%
_@ + 10% Methanol @
Aromatics Aromatics
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Neat Methanol Material Compatibility 1 23

Material Compatibility Material Compatibility
304 stainless steel A-Excellent & Hypalonr A-Excellent &
316 stainless steel A-Excellent ® Hytrelr B-Good @
Acetal (Delrinr) A-Excellent & Kalrez A-Excellent @
Aluminum Al-Excellent ® Kel-Fr Al-Excellent @
Brass A-Excellent @ LDPE Al-Excellent &
Bronze A-Excellent @ Natural rubber A-Excellent &
Buna N (Nitrile) A-Excellent & Neoprene A-Excellent @
Carbon graphite A-Excellent @ NORYLr A-Excellent &
Carbon Steel A-Excellent @ Nylon B!-Good @
Carpenter 20 A-Excellent @ Polycarbonate Bl-Good ©
Cast iron A-Excellent & E‘iﬁ?&?;ﬁ;& A-Excellent ®
Ceramic Al203 A-Excellent @ Polypropylene A2-Excellent ®
Ceramic magnet A-Excellent ® PPS (Ryton®) A-Excellent @
ChemRaz (FFKM) | A-Excellent ® PTFE A-Excellent &
Copper Bl-Good @ PVC Al-Excellent ®
CPVC A-Excellent @ PVDF (Kynar®) A-Excellent @
EPDM A-Excellent @ Silicone A-Excellent @
Epoxy B!-Good @ Titanium B-Good ®
fllg%carb v C-Fair ® Tygonr Al-Excellent &
Hastelloy-Cr A-Excellent & Vitonr C-Fair @
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Source: http://www.coleparmer.com/techinfo/chencompresults.asp
Explanation of Footnotes

1. Satisfactory to 72°F (22° C)

2. Satistactory to 120°F (48° C)

Ratings — Chemical Effect

A =Excellent.

B = Good -- Minor Effect, slight corrosion or discoloration.

C = Fair -- Moderate Effect, not recommended for continuous use. Softening, loss
of strength, swelling may occur.

D = Severe Effect, not recommended for ANY use.

N/A = Information Not Available.

The only severe defect (level D) noted were for ABS plastic and polyurethane.

However, neither of these materials is likely used in fuel wetted parts in vehicles,

since aromatic compounds such as benzene, toluene and xylene each have an

equivalent rating of severe defect level D for both ABS plastic and polyurethane.

Thus, these specific material incompatibilities have no practical significance in

the context of low level methanol blended transportation fuels.



0 Good operating practices in gasoline distribution system maintain quality gasoline
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