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LOW CARBON AND
RENEWABLE METHANOL
CAPACITY
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RENEWABLE PATHWAYS 7] 4 & 47
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AN EFFICIENT ENERGY CARRIER 5 51557 #6 14

Recycled through the atmosphere
HERSHIER

CO0, Capture
CO,f%k

Emissions

HERL

Applications
for pure CO,
HHCO, MR

Reformer

s ‘ Y Synthesis
, =173

Methanol for storing and distributing
electricity and hydrogen.

Rt E R SRR

H, Generation
H, £/

Methanol CH;0H has, on a volume basis, 40% more H, than liquid hydrogen au -
253° C, and 140% more H, than compressed hydrogen at 700 bars.
7£-253° CHYf, FAEZCH,OHHIH,FFRLHES 540%,

#£700 barfTHIH, & 2L EFEE5140%.
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VARIOUS STAGES OF DEVELOPMENT X% 72 /1917757 ¢

Methanol category Commercial Feasibility and R&D Stopped or On-hold

R Rl AL WA R R 2 1L B 13

BioMCN (NL)
BioMCN (fif=%)
Enerkem (CAN)
Enerkem (H#Ek)
New Fuel (DEN)
New Fuel (J}%)

Biogo (GER)

Biogo ({#[)

Enerkem (NL)

Enerkem (fif2%)
LowLands Methanol (NL)
LowLands Methanol (fi%)

BioMCN (glycerine) (NL)
BioMCN (P =F%) (fif2£)
Chemrec (SE)

Chemrec (Fiijit)

Range Fuels (USA)

Range Fuels (£[E)

Bio-methanol

A=) R

Oberon (USA) Sddra (SE) Schwarze Pumpe (GER)

Oberon (3 [E) Sodra (Hidt) Schwarze Pumpe ()
NREL (USA) Varmlands Metanol (SE)
NREL (EED Varmlands Metanol (Hit)

Heveskes Energy (NL)
Heveskes Energy (fif%)

Woodspirit (NL)
Woodspirit (fif %)

CRI (IC)

CRI (k&)
Innogy (GER)
Innogy (ff[E)

bse Engineering (GER)
bse Engineering (fi[#)
Blue Fuel Energy (CAN)
Blue Fuel Energy (%K)
CRI (CN/GER)

CRI (/48D

MefCO2 (GER)

MefCO2 (f#[E)

Infraserv (GER)

Infraserv (f#[E)

Liquid Wind (SE)

Liquid Wind (i)

Port of Antwerp (BE)

Port of Antwerp CLEFIIE )
STEAG (GER)

STEAG (f#[%)

Swiss Liquid Future (CH)
Swiss Liquid Future (H1[#)
ZASt (GER)

ZASt (fEED

USC (USA)

usc (EED

Gensoric (GER)
Gensoric (f#[H)

Neo-H2 (USA)

Neo-H2 (E[H)

Renewable methanol

A A H

Haldor Topsoe (DEN)
Haldor Topsoe (1)
OPTIMeoH (GER)
OPTIMeoH (f[E)

Hybrid methanol
BeHEE

O NN NN NN NN NN NN NN NN NI NN NN NN NN NN NN NN NN EEEEE NS NN NN NN NN EEEEEEEEEEEE

@SN NN NN NS NN NN NN NN NN NSNS NN NN SN NN NN NN EEENNEEEEENEEEEEEEEEEEEEE

< GPIC (BAH) . Carbon2Chem (GER)
Low carbon methanol :- crczxs) . Carbon2Chem (&)

 Methanex (CAN) . FRESME (SE)
'ﬁ&ﬁ}% EFI @ . Methanex (&%) - FRESME i)

.« QAFAC (QAT) < NCF (CN)

.« QAFAC C(-EE) < NCF CHh[E)

.« SABIC (KSA) . GasTechno (USA)

«  SABIC (VBT ~ °  GasTechno (EED

< « Maverick Synfuels (USA)

®sunssssssnnnnnnnnnnnnns®

Maverick Synfuels (Z£[E)
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HEEE % AR RS FIR

Methanol is a versatlle fuel source

[ 20174 £ TK7500 5 MEEEEE S, ALERBRLEA SEE40% Out of the ~75 )
million metric tons of methanol sold globally in 2017, energy and fuel uses
represent 40% of total demand

« M2009-2017, BEiEHIEMARHSEFINIEIRL23% From 2009-2017, direct
\_ methanol fuel blending has increased at an annual rate of nearly 23% )

}Q**—I—FUELS H*TECHNOLOGIES
Neat fuel 4 FAfZ S| & Cl engines k%0
« Low blends {EEL ISR [E#RZ ML
= » Turbines S 4EHN
« High blends SEtLHIRE + Fuel cells BRIt
= « Industrial boilers T MI$5
v GEM /‘\./EEZ:ES‘EFIE?_ Mh
RE « Cook Stoves RF% &
« MTBE FAE T £t
- Biodiesel & #15¢55H
- DME & OME —Hf#
MRASEZRBE
- MTG FEgHR M

%44 SEGMENTS
« Road & non-road transportation 1& & F13E18 5~

« Power & heat generation % Eg a{it
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ER[HTHEZE

Global Methanol Content in Gasoline

Russia:
maximum methanol content of
1.06 %vol

Ukraine:
maximum methanol contents  ___2
of 5.86 %vol & 11.43 %vol

< - -~ United Kingdom:
“ maximum methanol content

Philippines: )
[ maximum methanol contents
y .,') of 1.06 %vol & 11.02 %vol

' k.

L

~ Moldova: N\ ﬁa—r £ e
maximum methanol contents &~ K==

of 1.21 %vol & 1.41 %vol e

Mean methanol value Chile:
B 0.01-050 v maximum methanol content
A of 22.81 %vol ;’

[ 1.01-300 %

E 3.01 - 5.00 Suiv

=500 %

B e methaniol or only traces of methanol could be detected
[ no recent recults

maximum methanol content
of 3.17 %ol

Source: Woridwide Fusel Survey 2017, 2018 & 2019

SATE=FitFhRRBALE, WL 2019F17

Source HiEk]E: SGS INSPIRE

METHANOL
INSTITUTE



« 3% EAfEE#B4E;55M M3 Methanol Fuel Blending in Regular Gasoline in
Europe

o BUMARESSMARE (EN228) RIFAMRE3%HHEE
3% methanol allowed in EU EN228 gasoline standard

Fuel Blending
Initiatives

S BEERERILRER
HEEARHSR s P

Currently in UK and Nordic Countries

. TAIEB4EHRERREINA Renewable Methanol in fuel pool

®

B7 and B100 (Biodiesel]

[&Perstorp <

BL0O (Biodiesel; Polarls Verdis Aura™) Qo

5Pa5 gasoline blending

Rz AT 2Bl EREIER, MBAMEXFEIA20

Methanol in ethanol gasoline as co-solvent, like Brazil and A20 in ltaly
E—EERLZIBTHAVFRMEN R

Even higher content than allowed limits found in many countries
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Z[E C3ImH German C3 Mobility

- C3: ¥ &{EIF C3 Mobility for Closed Carbon Cycle

- BEERERFREILWSS THARLRIIFFAR A & 1EJoint
public/private partnership with German Ministry of the Economy
and Energy and German automotive industry

« 2%, 24007 Bkt Two-year, € 24 million program

. @ e DAIMLER

%Fraunhofsle:; HMITI;!QTR?U?I LIEBHERR ""’ I @'

RWTH Aachen

4% TECHNISCHE UNIVERSIT G TECHNISCHE TECHNISCHE
RWTH @ R ¢ scwoue msete @B N IVERSITAT UNIVERSITAT
7 DARMSTADT DRESDEN

Assoziierte Partner und im Unterauftrag

o €
b s eengineeringD é’{‘})rz“ e) LR %) [] Hmlqureu /EE

innogy

W INSTITUTE



= 3-Mobility

- Climate-neutral Fuels for Future Traffic

Fluktuating renewable energies as well as needed energy imports require
chemical storages (Power-to-X)

A

IFEEV

1) CO, Washing (CCU)
- , | (Electro-) I_F
2) C/(CO,) from Biomass ‘. .
- CO/CO, Chemical H, ?
- =
3) CO,H,0 Capture  Kasd Synthesis
v v v v l |
Hydrogenation || Fermentation Methanation ||Fischer-Tropsch
(HVO) (Ethanol) (CH,) (Alkanes)
i-Methvlether Metl
C Tr l H ’d\ J ! Butai l‘ s (MEG) l Chemicals ‘
c Alternative
Blending Dual-Fuel Flex-Fuel Combustion Processes

Benedikt Heuse
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India: Roadmap to Methanol Economy

EORE . HI W24 5F A0 i i A

September 2015, NITI Aayog formed the
Methanol Economy Expert Group
2015 4F 9 A, NITI Aayog il 7 FIEE 4 5+ 5 41

2018 Methanol M15 Guidelines published
2018 kA T (HEEIRH M15 457 )

2018 IRClass published Guidelines for Methanol
Fueled Vessels

2018 4 IRClass & Afi 1 { BRI AHE R )

Launching Projects:
JE s I H -
o M15 fuel blending M15
T B AR
Methanol M100 gensets, buses and trucks Union & Road Transport
HIEM100 % AL, AZHEMRE Minister Nitin Gadkari

railway engines ‘K %3k TSREBRAZEEEK
inland waterways [ ifi 7K 4%

cook stoves i 4

industrial boilers T I 41
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METHANOL AS
MARINE FUEL
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PRACTICAL SOLUTION SE/H 47 i 7r &

Fuel valve train (GVU) Methanol service tank
PRSI (GVU) EREE{HAAFE
Methanol

| tem ° | — i i
supply syster Multi fl:le| engines will be the
norm going forward

2 IR BIH LR SN AR R B E TR

* Methanol can be readily and
safely applied in both new build

l\élrlf-li_n(;l Methanolcargo ‘fgel pump and converSion
VELGI gl MR G M YOG SR F AT LRI %
[ Doie ol pos 8 S H A

* Methanol can be a practical
solution for dual fuel
applications, to include other
alternative fuels such as LPG
and LNG
HR B R ] i SR S5 I RO RL4H & B F
fRRITR, BB FEE R
BE AL A SRR AR

WWW.METHANOL.ORG
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METHANOL / WATER BLENDING (EMULSIFICATION)
FEE K E (A

30 - ‘ r 182 ; ‘
== LG| B-54 = LGl B-54
*«—= Dl ref. DI %45 — BEGE
25} Final Tier-trae . — 180 E‘L,E,eef_},agl AR |

—_ *R RN - trae é = T EMIEL - trae
 —
= —&E 178
3= 20t 25
=2 19
o5 npl76
2] 0 15 o g
o =8
g 174
SE 3E
=g Q8172
g2 | o0

: . : .

S g 170}
: i ; ; ; ; ‘ i 16 ‘ ‘ i : i ‘ ‘
%6 30 40 50 60 70 80 90 100 %0 30 40 50 60 70 80 90 100
Load [%] Load [%]
138 [%] H1 38 (%]

« Approximately 25-40% water is added to the methanol to achieve a new, Tier Il solution
] BRI TR R 0K 2 25-40% 7K, 3RAS B8 I VB AT Vs 2 Wi 0B A ) 28 = B BCHETSCEE 3K
* NOx decreases almost linearly with water content, to approximately 2 g/kWh at 50% and 75% load
REMN T REIRIZ LT 58 KERD, 18 50% 1 75% Fifi 4109 2 g/lkWh
« Similar system is being planned for fuel oil, so the Tier Il compliant technology will be available as
a dual fuel solution
R L TR AT A5 FH 2R 2R G, AT SIS A2 R B AP 5 = BOHE TSR IR, 3RA R
KRR R 5 5
« R&D testing completed - service test is under preparation
WA C e — iz M AR v &
Source: MAN
KW MAN

W INSTITUTE



CONVENTIONAL MeOH EMISSIONS SCORECARD
12019 P BERG A AR i O

Particulate Matter

kL)

95% <

Methanol (MeOH) achieves low emissions & acts as
a bridge in lowering CO, in the future
(renewable/bio methanol)

HEE (MeOH) FISEBURHARE, AR AN —MLde Ty A AER
KFE CO, HFL (AT EY R ED

METHANOL
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GLOBAL PORT TERMINAL AVAILABILITY ('000 MT) — ALREADY 97 PORTS CONFIRMED
SRR S St & (000 i)

East Europe and Baltic Black Sea Russia
Canada lIEX Region Hi 15 W
99t RICRIY (01X 94t 100t

Pay.

Nbrth West Europe

”TE “ﬂub

' ASouthern Europe
DR i S

East China
Hp ] 2R 5 il X

1025t
US - West Coast

XE—mBF
76t

US - East Coast

[ Ffg
140t

' South China

us - ?u”n,CgaSt ']'IIIr‘jnllLl_
o [ - 28 Y BRI 495t

808t
India
. E[
= 405t

.
' ' Other Middle East

Hofth 1 725 X
610t

Latin America -Pacific
Coast

AT EM- KFFEEF
75t

| Korea, Japan
BREL HA
812t
N

South East Asia
and Australia
7R IﬂTF/xé BRI

}135t

Africa — Med
e —Hb
115t

Latin America -
Atlantic Coast Other Africa

FL TSP - HoAB AR HE X o
P 20t v 7
720t Middle East — Med :

PR — élﬂll“{ﬁ
w METHANOL
INSTITUTE
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METHANEX 10-YR AVG REALIZED PRICE
HFEEH A 710 FFLSLER 0175

240 10-yr average realized price
US$345/tonne
10512 SEBR AN % 3453 Jo/ A i

400 1} / _
TN
NV \%%

100 +—/————7 777777 7T T T T T T T T T T T T T T T T T T T T T T T T T T T

US$/tonne
2 TCIA N

» Methanex posts reference prices monthly in Asia and North America and quarterly in Europe
Methanex 7E LA L5 H KATSH s, 1ERRNEZE KA S E g
« Realized pricing is lower than reference prices due to discounts specified in contracts
o BT EFRPSRE—ERIT, SRR TSEM
Source: Methanex Corporation

K W eI 4 A
W INSTITUTE



METHANOL FUELLED VESSELS AND PILOTS
FA W JE i n T

FUEL CELL
DUAL FUEL M #% L et PROJECT | R&D T[{T1HI%E

i,r B
.

7+4 & 1 1 : 2 : 1 .
: Chemical : ROPAX :  Pilot : Tourist : Ferry : Cruise ships,
. tankers * ferry . boat : boat : : fishing boats,
. : : . : : barges, dredges,

. . . others
: : : : : : SUMMETH/MARTEC, Lean
: MOL,W-L, = : : Innogy : : sms, :\ﬂ;’f_rl\_as:izp,l v?lgllison
» Marinvest, : * MISMA - . o ) . iles?, FiTech?, ,
. . ine - i . HTWG © VikinglLine : PCG Product Vessel*
= Methanex, = St L - diN . . - )
r  Mitsui . enatine & ScandiNaos : Konstanz . = NTU? GMM, Fastwater,
ollo, NY,K - - = Port of Rotterdam Barge,
: . : : = Jupiter, Paxell, Methanex
. : ) ; " Fishing®
: : 4 strok . high speed ! :
2 stroke Wﬁrl;o_le : Scania, : Serenergy fuel cell = Sl hybrid, dual fuel, etc.
: MAN @ Wartsila = yejchai stacks :
new build retrofit retrofit retrofit - retrofit new build & retrofit

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

W INSTITUTE



SAFER FOR THE ENVIRONMENT
HEHEFELE

CONCENTRATION (EZEiRE)
LC50 B EFiRE, LC = LETHAL

Concentration in water, at which half the population died within specified test duration

AERE I 1] P B EGEETE AL PET IR 7

Better than Diesel by

------------------------- a factor of 240 times ‘-----------‘E
sesh 2401 :
Methanel51 Heavy Fuel Qills] Diesel Gasolinel?
Methanoll!l e BE 3 3= 5h
15,400 (mgl/l) 49,9 (mg/l) 79 (mg/l) 65 (mg/l) 8,2 (mg/l)

]
15,400 (mgl/l)

Better than Gasoline by

a factor of 1900 times
/'\./El'ﬁmg()(){ﬁ

(11 ECHA, European Chemicals Agency, registration dossier Methanol

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

(4] ECHA, European Chemicals Agency, registration dossier Diesel

[5] ECHA, European Chemicals Agency, registration dossier Methane

Additional Source: Meyer-Werft
HtFE: Meyer-Werft

WWW.METHANOL.ORG
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IMO CONFIRMATION OF

METHANOL AS A MARINE FUEL

5] F i 55 2H 2\ H

A AR ooc?
= Ethyl/methyl alcohol 2./H %
e Fuel cells #ARIAIH

» | ow-flashpoint diesel /%7 4
E— S

CCC1

o Ethyl/methyl alcohol /7T 7% g

s Fuel cells 1ok} it CCC3

s Low-flashpoint diesel « Euel cells 1#4k) iiih

VA=R=Y
fiC reih » Ethyl/methyl alcohol 2./

» Low-flashpoint diesel
fIGIA R s

CCC 4

MSC 101

e Amendments &iT%

e Fuel cells A% RIG

= Ethyl/methyl alcohol ~./H &
» Low-flashpoint diesel

iGN 58—

MSC 102

* Amendments {&i7%
» Approval itk
 Adoption %44

CCC 5

e Ethyl/methyl alcohol 2/
o Fuel cells #28l sit
= L ow-flashpoint diesel fIC/A & 253

Draft Interim Guidelines Validated 1151 45 B9 5 22 4 4k

MSC 100

* Amendments 7%
« Confirmation il
¢ Referral to other sub-commitiees

B Hop /N R

CCC6

e Ethyl/methyl alcohol 2./ 1

» Fuel cells %k it
= Low-flashpoint diesel
RN s S

After expected
Approval by MSC 102
in  May/June, 2020,
Interim Guidelines may
begin to be Adopted at
the flag state level with
the understanding that
additional amendments
will be added

= Referral to other # /A4 /
sub-committees 41 Z A=



METHANOL
FOR FUEL CELLS
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Net volumetric energy density //[MJ/kg]

PRACTICAL LIQUID FUEL

30
( Diesel
Gasoline
K b

r““\-_‘m"------...____...-

E85 1\,

)

[
wn

rJ
]

M85

\ F A i

"'"—-—-__-.."""'-...h N MeEgE;ol |
CH2IN . I
700 bar H2 . \

\

0 @ 200 bar Methane
200 bar EEE

( /

0 ®
\,_ TS 5 15 20 25 30 35 40
Net gravimetric energy density /[MJ/kg]

FREREEZE/[MJI/K]]

—
o

HHARTR R 5% B /IMJ/kd]
n

n
L

ENGIHNEERING

METHANOL
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R 1 20 1 T 1E £
HOW A FUEL CELL WORKS

(AT AT 45 B8 ISR BN A4 48R AT 15 R oAt
Bt Anything that can be
powered by electricity can run
on a fuel cell.

B REEZE Energy Efficiency:
35% - 85%

xE gy 1IZIFE Hit Zero or Near-
Zero Emissions

KEAFE £ Economical in
Long-Term

W INSTITUTE



S 541 £ HYDROGEN INCOMPATIBLE

- {EARBESHEIRTRERN, SSHIIEERAS
He e BEIR T IABIEESK As the lightest of all
gases, the physical properties of hydrogen
are incompatible with the requirements of the
energy market

- (RATHEFEN.2 BB EES1.4 BAURIRA
S About 1.2 units of electricity or 1.4 units
of natural gas needed just to produce
hydrogen

METHANOL
INSTITUTE




EH 2 B2 I8 23 7%
METHANOL ENERGY ECONOMY

- ESHEESTF, XBW Simple molecule rich in
hydrogen, with no sulfur

- AEEERMEETRBEZELGFEMEIConsumer-friendly

liquid at room temperature and ambient pressure

o REBMNTTHYEEEDIRE Can obtain from renewable
sources

- BELEE5, #FRBEEEES T /A5Methanol
Volumetric H2 Density higher than LH2

HiEZ Methanol:100g/L, SH2:71g/L

BRI ] LY Jo 7 S B St 7T 25 B M i f B985 4
#“Methanol could become a universal fuel for
fuel cells and many other applications.”

WWW.METHANOL.ORG
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HE Mg EENECAR 58 50t
NECAR 5 RECORD ROAD TRIP

W INSTITUTE

2002F6 H4H: BiEEh=EHETEI AR
NECAR 5 I B B A E 1N HIB & L2 48
TS X EE BEENPR B thZER

June 4, 2002: DaimlerChrysler’s NECAR 5
became the first fuel cell vehicle to
complete a cross-country trip, from San
Francisco to Washington, D.C.



HEE W EibVS S50k
METHANOL VS HYDROGEN STATION

© 2002547 : I RARIER S ELA LR TR EE N E
vt April 24, 2002: California Fuel Cell
Partnership opens methanol fueling station

©  2000fRE (N7.43175K) RIMBEf#EE, h18{R4.5
FA%7T 2,000-gallon above-ground tank and

dispenser just $45,000

- BE—MOE GEFM) 5, 10KEREHENRR
EEFMAE AR MERE S A 10 story tank
with a 10 meter diameter would be needed to
match liquid refueling capacity at the average
fueling station

METHAN
INSTITU
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RS he 2% s A LB Comparative Infrastructure CAPEX

AR =] £k
Liquid Fuels Electricity Hydrogen

Daily Miles Enabled by Typical Current Station

IIMEE R EFLENFEENHEE
Stations Needed to Achieve Energy 1 104 56
Equivalent Throughput Capacity

Fihub R E A

Cost Per Current Station $200,000 $80,000 $2,500,000
[B] 35 BE J18Yuh M 2 I A A

Cost Per Equivalent Station $200,000 $8,300,000  $139,000,000
10000 & i it &= [E] 4% 2012 %7t 8301z 1.4 A{LET
Cost for 10,000 Station National Network $2bin $33blin $1.4tIn

A% St

Hnid 3k An 2R A0 600,000/ A, F3#25 mpg, A8 % F1000/ 7/ i

Ak AR S 20082/ wFhE, FEISNEALH, BN VM, — K 0iE244H %
W A A iz kA 0 150kg/ K, 6038 E/ T

W INSTITUTE



Global Transportation Fuel Progress

SRR N AER (AR )

Denmark %
— Methanol Fuel Cell for EV range extension B F BB AE 4 E

PR R ER AR it

— Europe’s first methanol filling station in Aalborg, Denmark (Aug.

2015)F M e ™ R EE N F s — A EBEI/RE (2015 %F 8 A)

China 1 [E
— Palcan Cooperation with Dongfeng on FC Lorry with product
certificate IHRERERIANERAESERERM RBRXRERE
N
— Chinese government supporting FC vehicles and max. 500K
RMB subsidy EIZR W BT AR B ith =32 #5345 5 &= 503 st b
e
— Other methanol fuel cell companies cooperating with OEMs in
China to development more models £ th BR B2 #A 4} B8 th 4\ 5] 1E [F]

ERNAESEFASHER

Germany Z£E
— MS Innogy using methanol fuel cell for passenger ship MS

Innogy 4> &% FA B EZ A R B8 S AE A BTt oh
— Green methanol produced from CO2 £ FICO24 F= i) 4 & FR B

W INSTITUTE
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BB B OB R E
SUPER CAR WITH METHANOL FUEL CELLS "%
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THANK YOU
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