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. WHAT IS METHANOL?




SIMPLEST MOLECULE OF ALCOHOLS GROUP

An efficient, universal,
future-proof, and safe,
energy carrier that can be
sustainably produced in
large quantities
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METHANOL Methanol can be found in products
. . , , that we use every day:

An essential ingredient of modern life

Energy/Fuel Substitution Chemical  markets -

markets - represent the essential ingredient used

fastest growing demand --e-eeeeeeeeee : in  countless industrial

segment for methanol : and consumer products

(~45% demand) : (~55% demand)
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METHANOL PRODUCTION

World Total Rest of World — ex China
2018 ~ 122mn t nameplate capacity 2018 ~ 55mn t nameplate capacity

3%
<1%

m Natural Gas ® Natural Gas

1% W Heavy Liquids
¥ Heavy Liquids
» Coal
Excludes China's CTO sector
Coking Gas u Coal

Source: Argus
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GLOBAL METHANOL PRODUCTION VS CAPACITY
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» Rest of world methanol production (excluding China) operates to best of abilities. Excess production from the
rest of the world is exported to China

» China “generally” represents the high-cost methanol production bloc in the world and operates to meet China

demand, less imports received from the rest of the world

* Industrial scale since 1923 (BASF)

Source: Argus
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GLOBAL METHANOL DEMAND BY COUNTRY/REGION

China dominates global methanol
industry demand — 54% in 2018

W Europe and N America
compete for the 2nd and 3rd
spots — top three accounting for

China
West Europe

North America

75% of total Northeast Asia
Concentrated consumer base g :
’ outheast Asia
~30% of demand from top 25
consumers Middle East
o Main consumers are large, FSU
global chemical companies and . )
China MTO producers: BASF,  India/South Asia

Momentive, Celanese, BP,
Dow/Dow Corning, Lucite,
Evonik, LyondellBasell, SABIC,
Sinopec, Ningbo Fund, Jiangsu
Sailboat, etc
Industry growth expected at 4.5%
per year. The equivalent of 2
world scale methanol units

South America
Central Europe
Africa

Australasia

Source: Argus
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METHANOL INDUSTRY PRODUCTION CASH COST CURVES

* Methanol industry cash cost curves well
compressed
o Cash cost only, no depreciation, capital
recovery or return
o fob plant gate basis
o Shipping to destinations can add $20-
$60/t, depending on origin and destination

+ Aslowly rising crude oil forecast drives little
change in feedstock costs
o Industry incremental cash cost of
production remains in a narrow band
o Little opportunity to “driveup” the floor
price of the high cost producer increment

+ The methanol industry continues to see
robust growth

o ~4-5% into the next decade

o China continues to dominate industry
demand and production

o Nominal 2-3 “world scale” methanol units
needed per year to keep pace with
demand growth

Source: Argus

@ INSTITUTE

500

400

300

200

100

$/t, fob shippoint

China’s
production cost
structure

US cash cost
structure

Cumulative Production, min tons

2020
2025
Plant operating rates @ 85%
0 30 60 90 120

150



METHA
INSTIT

cZ
-0
mi

BROAD FEEDSTOCK RANGE, MANY APPLICATIONS

feedstock

natural gas

coal

»

N

biomass
&

renewables

conversion
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derivatives

other 7%

solvents 4%
chloromethanes 2%

MTO 18%

methylamines 3%

DME 8%
biodiesel 3%

gasoline blending 9%

MTMA 2%
MTBE 8%

acetic acid 9%

formaldehyde 27%

source: IHS

products

markets

and more. ..

WWW.METHANOL.ORG



METHA
INSTIT

cZ
-0
mi

RENEWABLE PATHWAYS ARE RAPIDLY DE VELOPING

Sustainable @
biomass
(residues, MSW, etc) Renewable
electricity

% .
o Al %0 ® e,

. -]
Fermentation Gasification Kraft process e v

Electrolysis Carbon capture
A
Biogas @ @

® a -

Biomethane Syngas Syngas
Reactor & Reactor &
distillation distillation
‘ \
® o 0
Source: The Methanol Institute and Qafaq A Bio-methanol Renewable methanol
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E-METHANOL: AN EFFICIENT ENERGY CARRIER

l Recycled through the atmosphere I
mz G H Emissions
H i" IU H
METHANOL Applications
H for pure CO,

Renewable \ Synthesis Reformer

Power

Methanol for storing and
distributing electricity
and hydrogen.

Renewable
Power

Other Applications

Methanol CH,0H has, on a volume basis, 40% more H, than liquid hydrogen at
-253°C, and 140% more H, than compressed hydrogen at 700 bars.

Source: Prof. SHIH Choon Fong, NTU, MI
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E-METHANOL: IN PRACTICE
T R s

renewable electricity

Renewable electricity
from solar and wind
energy

L/

.
.
.

Electrical power

Methanol feedstocks

Methanol (MeOH) J ﬂ

produced from reformed
synsgas and with feedstocks
. from a variaty of sources

Residential areas

\L/ﬁ ~~— Methanol refueling

is compatible with existing ‘
refueling infrastructure

both to and from vehicle, as
electric battery power can be
used to charge home grid MFCEV
Methanol Fuel Cell Electric Vehicle

’ Electric charging _/ ‘
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Municipal Solid Waste (MSW)
is converted into a syngas containg
hydrogen and Carbon dioxide (COz)

_____  Bio-syngas
converted from biomass,
agricultural and timber
waste

__ Waste-Carbon dioxide (COz)

retrival from industrial manufacturing
and power plants as well as absorption
from open air
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BROADLY, METHANOLIS...

A cost effective and “future proof”’ fuel which can be
produced from a variety of feedstocks — to include
renewables

One of the top 5 seaborne chemical commodities —
safely handled for over 50 years

A lower cost alternative for converting vessels,
boilers and other power sources to methanol -
minimal and economically viable without subsidies

Widely available and alleviates many infrastructure
and safety limitations both on land and at sea, trading
within a narrower price range than competing fuels

Not as well understood as a fuel, even though it has
similar handling characteristics as distillate fuel
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METHANOL: SAFE &
AVAILABLE




—
HAZARD COMPARISON
[

METHANOL

@ @ DD

s g by Yavenadbe | 6pd £ 00 v fing B e L Ry e e R R T R A

Hazard statements (CPL) 0 T et 0% b e ot P

11 Towc In conact w sk, HOL% Connen witn Ftation HOL: Causes 6 Ftation

DIESEL

e e R T ) AT AR CRIE QRTATC Safer

0 G g 10 rgann. L g ted o Ca g Copcm T Ry A G
ary T ol : on: FREES
L Tom 16 et n Ve it g Lacteg ofety D Ay (mpin el o

ML Tomk bo acnmtic i weh lorm bt v effec

Precautionary statements e s ———
(CLP) P T

PRI L § e o S, " . r—

D e e
e ———

R e — i

L e e ] P15 On 0 s v

B -

oy o wes B i e )

PO T re 4 et B o 4 |t R ore et wstain

PRI T s B o 8 S FOTIETT e b el e Bt e 6 S 8

. ves g e T

L D S Dwms D

Methanol classified as “not more dangerous” than other fuels such as gasoline or diesel —
fuels largely familiar to most people
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METHANOL POISONING CASE STUDY

Occupational Medicine, Volume 42, Issue 1, 1 January 1992, Pages 47-49, https://doi.org
/10.1093/occmed/42.1.47 A. Downie B, T. M. Khattab, M. I. A. Malik, I. N. Samara
Published: 01 January 1992

Easy and
Abstract 1
Methanol (CH 3 OH) is a chemical feedstock of increasing importance as well re I Ia b I e
treatment to
full recovery
with either

as a commonly used solvent. In the early 1980s methanol production was
introduced at a new petrochemical complex in the Saudi port of Jubail. A case
is presented of a consultant supervising tank cleaning prior to methanol
loading. He wore positive pressure breathing apparatus but no protective
clothing. After 2—3 hours working in the confined space of the tank, he
worked on deck and continued to wear his methanol-soaked clothing which
eventually dried out. Visual symptoms of acute methanol toxicity presented

ethanol (orally)
some 8 hours after exposure. The appropriate treatment (with ethanol

or fomepizole
provided by the ship bond) was carried out in hospital and the individual oL
recovered completely. Most reported cases of methanol toxicity are social in ( I nj e Cte d )

origin, arising from ingestion. This particular case, though unusual, does
present some interesting lessons.

Source: Malcom Pirnie Inc
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OR THE ENVIRONMENT

LC50, LC = LETHAL CONCENTRATION FISH
Concentration in water, at which half the marine
population died within the specified test duration

Safer than Diesel by a

factor of 240 times :
v
Methanol!1l Methane!®! Heavy Fuel OilB3! Diesell Gasolinel2
15,400 (mg/l) 49,9 (mg/l) 79 (mg/1) 65 (mg/1) 8,2 (mg/)

I ECHA, European Chemicals Agency, registration dossier Methanol

12l petrobras/Statoil ASA, Safety Data Sheet, ECHA registration dossier Gasoline
131 GKG/ A/S Dansk Shell, Safety Data Sheet

1 ECHA, European Chemicals Agency, registration dossier Diesel

151 ECHA, European Chemicals Agency, registration dossier Methane

Additional Source: Meyer-Werft
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METHANOL IS WIDELY AVAILABLE

Canada East Europe and Black Sea Russia
99t Baltic Region 94t 100t
441 .
Al "' w»w-

1 West Europe

695t

East China
1025t
US - West Coast

Southemn Europe
76t

»
» ,J'
105t "
US - East Coast
| 140t

South China
495t

US - Gulf Coast
808t

India M o
405t Korea, Japan
and Taiwan

812t

Latin America -
Pacific Coast
751

Africa - Med

st Other Middle East
610t South East Asia
A‘HU Australia
Latin America - Other Africa . # 13501
Atlantic Coast 20t /
720t
Source: IHS Middle East - Med
95t
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METHANOL AVAILABLE IN OVER 100 PORTS TODAY

© 2019 Mapbox © OpenStreetMap

https://public.tableau.com/profile/quantzig#!/vizhome/MethanolAvailabilityDataTopGlobalMaritimePorts/MethanolFuelAvailabilityatPorts

METHANOL  ———————————————————————————————————————————————————— \\\\\\\_METHANOL.ORG
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METHANOL AS A
HYDROGEN CARRIER




METHANOL: A HYDROGEN
CARRIER FOR FUEL CELLS

Blue World Technologies (Denmark)
Palcan (China)

Horizon Energy Systems (Singapore)
Oneberry (Singapore)

Altergy (USA)

Serenegy (Denmark)

SFC Energy (Germany)

Toshiba (Japan)

Ultracell (USA)

e1 (USA)
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COST OF H, COMING DOWN BUT INFRA COSTS STILL HIGH

=% FC cars are projected to Estimated annualised Total Cost of
=p == -1 5o achieve cost parity with : Ownership (TCO) [ct/km], 2017 prices
diesel at commercial

06 -

b production volumes at a ==\ D ) il LY
e de, ) md H, cost of €5/kg ~-40-50% /- 2030

“ Clean H, as a feedstock

can reach parity with
fossil-based inputs once
the cost of carbon is

included Infrastructure (incl. maintenance)

I Fuel
" Maintenance (FCEV)
B Financing (FCEV+infrastructure)

FCEV BEV Diesel FCEV BEV Diesel

Adapted from “Development of business cases for Fuel Cell and Hydrogen
applications for Regions and Cities”, 2017, Roland Berger for the FCH-JU

METH
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CHINA FUEL CELL PIVOT

« China now has just 1,500 FCVs and 23 hydrogen fuelling stations
+ Targets: 2020 — 5,000 FCVs; 2025 — 50,000 FCVs; 2030 — 1 millon FCVs
* Pivot away from EV subsidies and moving support to hydrogen fuel cells

* Emphasis on commercial vehicles: buses & trucks, long-haul

@ INSTITUTE



AlWays: Gumpert RG Nathalie
Reformed Methanol Fuel Cell electric supercar
1,200 km range

top speed 300 kph

@ INSTITUTE
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METHANOL ENERGY DENSITY

High density H, storage
remains a significant
challenge for transportation

solutions
Storage options typically
require large-volume

systems that store H, in
gaseous form

On a volume Dbasis,
methanol has almost 6X the
energy density of
compressed H, (350 bar or
35 Mpa)

Source: Ml, e
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MJ/L

o N B OO

18
16
14

Volumetric Energy Density

Methanol H, H,
(70 MPa)

(35 MPa)

(liquid)

WWW.METHANOL.ORG



ON-BOARD H, GENERATION FOR MARINE VESSELS

« Storing compressed H, onboard a vessel requires * Mature technology: 20 years, multiple lines
15X more space than liquid methanol paired with .+ Scaleable: to 300kW
a hydrogen generator . o 2>99.97% purity: <0.2ppm CO & CO,
.+ Feed: Methanol + DI water
Reactor
Compressed Hydrogen 309m3 Purifier
Liquid Methanol + M-Series 20m3
1 MW for 10 days
Compressed Hydrogen 3,090 m3
Liquid Methanol + M-Series 200 m3

Source: el

METH
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. METHANOL BUNKERING




METH
INSTI

iy
cZ
-0
mi

'PROGRESSION OF GUIDELINES FOR METHANOL

ccc1

» Ethyl/methyl alcohol
* Fuel cells
* Low-flashpoint diesel

cccz2

« Ethyl/methyl alcohol
* Fuel cells

* Low-flashpoint diesel

CcCC3

* Fuel cells
« EthylVmethyl alcohol
* Low-flashpoint diesel

ccc4

* Fuel cells
* EthyVmethyl alcohol
* Low-flashpoint diesel

CCCS

* Ethyl/methyl alcohol
» Fuel cells
* Low-flashpoint diesel

MSC 101
* Amendments

MSC 102

« Amendments

* Approval
« Adoption

Draft Interim Guidelines Validated

MSC 100

« Amendments
« Confirmation

= Referral to other sub-committees

* Referral to other
sub-committees

-----------------------------

* Ethyl/methyl alcohol
* Fuel cells
* Low-flashpoint diesel

03
----------------------------

WWW.METHANOL.ORG
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METHANOL FUELLED VESSELS AND PILOTS
DUAL FUEL FUEL CELL PROJECT | R&D

744 P 1 2 1 +4
Chemical  ROPAX Pilot :  Tourist Ferry :  Cruise ships, fishing
tankers :  ferry boat : boat : : boats, barges,
: : : : : dredges, others

: SUMMETH/MARTEC, Lean
Ships, Methaship, Billion

: : : Miles?, FiTech?, IWAI3, PCG
MOL, WL, : : MUSMA G |“"°9C1/ P ! Product Vessel4, NTU2,
Marinvest, : stenaLine i ScandiNaos KHTW i VikinglLine : GMW, Fastwater, Port of
Mitsui,  : : : onstanz : : Rotterdam Barge, Jupiter,
NYK : : : : Paxell, Methanex Fishing®
: high speed : :
2stroke : 4 stroke . : : .
MAN ' Wartsila chma,. : Serenergy fuel cell stacks : Sl hybrid, dual fuel, etc.
: Weichai : :
newbuild : retrofit i retrofit retrofit retrofit new build & retrofit

All projects are based in the EU unless noted otherwise’China/SG, 2EU/China/SG, 3India, *Malaysia, °China



METHANOL FUEL CHARACTERISTICS

Petrol Diesel
Natural Gas Methanol Ethanol
Parameters C:-C C,,-C
Hydrts)ca1r2bon Hydrg)caﬂ)on CH, (Slagoln SAigoly
C 85 86 75 { 375 % 522
Mass
Fraction H 15 14 25 12.5 13.0
@) 0 0 0 i 50 34.8
Density (liquid)(kg/L) 0.72-0.78 0.82-0.86 0.42-0.46 0.79 0.81
Boiling point (°C) 30-190 180-360 -162 65 78
Flash point (°C) -50 ~-20 >55 88 0 1 9
Auto-ignition point (°C) 420 250 650 465 426
Lower heating value
(MJ/kg) 44.0 42.5 50 19.5 25
Octane number 70-97 20-30 130 111 108
Cetane number -15 40-55 Low 3-5 8
Flammability limits (%) 1.1-5.9 1.58-8.2 5-15 6-36.5 4-19

Vapour pressure at
379C/kPa 55-103 <1.37 L o916 1 158

@ INSTITUTE



BUNKERING TECHNICAL CONSIDERATIONS
* Refueling station
o Refueling station should be located on open deck for natural ventilation
o There should be a device for safe disposal of leaked fuel, and skirting and collection tray below
the joint for safe collection
o Monitor and control the refueling from a safe location (equipped with overfill alarm and automatic

cutoff to monitor bunker level and overfill)

o Personnel protection (shower and eyewash station for emergency use must be available)

@ INSTITUTE



BUNKERING TECHNICAL CONSIDERATIONS

* Refueling system

o Every refueling line near the shore connector should be fitted with a manual shutoff valve and

a remote shutoff valve connected in series

o Should be able to perform gas inerting and degassing of the refueling line

o Should be equipped to purge the fuel from the refueling line after refueling

o The ship should be equipped with refueling ESD cut-off system, which can be operated
from the ship to be refueled or from the place performing the refueling

. S -}
! Bunkering ship

Gl

o
II I
i .. S ATMOSPHERIC F II
’ ] | TANE ) pump S |
* 1= - N __, A
Narogen o> X ) ; TRm S e

& > —

| Refueling System Diagram

@ INSTITUTE
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FUEL STORAGE

Proportion of gaseous methanol depends on the rate of evaporation

N2-filled
t /I\ 9 Nz \l/ Release from tank

|

Atmospheric tank

P, = 1 bar

ty=2>N, 1

Evaporation is not boiling; it is a very slow process!

METHA
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—
SUMMARY

 Physical characteristics of methanol are highly competitive or surpass
other alternative fuels, across a range of applications

« Application design, whether retrofit or new build are simple, advantageous,
practical and understandable — whether for ships, boilers, kilns, or cars

« Compelling emissions reduction properties in all cases

« Superior Life Cycle Analysis (LCA) advantage when combined with CCI
technology or when renewably produced

* Infrastructure is a key enabler for methanol’s uptake as a fuel due to
storage and handling being no more complicated than other liquid fuels

* More visibility over long-term pricing than competitive fuels

@ INSTITUTE
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