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 First formed in 1989, the Methanol Institute (MIl) serves as the trade
association for the global methanol industry.

« MI represents the world’'s leading methanol producers, distributors and
technology companies from offices around the world

9 ? 9
9

MI provides value to its members by:

« Ensuring safe handling of methanol and its derivatives

« Promoting methanol growth by furthering methanol as an essential
chemical commodity and an emerging source of clean and renewable
energy

« Influencing global regulatory and public policy initiatives that impact the
methanol industry
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Methanol is simplest
of alcohols

« Simple molecule rich in
hydrogen, with only a single
carbon bond

Clear and colorless liquid at
room temperature and ambient
pressure

Also known as “wood alcohol,”
methanol can be produced
from a wide range of
feedstocks
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Formula: CH;OH

Density: 0,792 g.cm

Molar mass: 32,04 g mol-

Appearance: colourless liquid
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Broad feedstock range, many applications

feedstock

natural gas
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products

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%
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source: IHS

markets

appliances

automotive

construction

electronics

fuel

paint

pharma

and more....
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Renewable methanol report available

In February 2019 Ml released its Renewable
VMethano!l Report prepared by ATA Insights

Renewable | Contents:
Methanol Report « Executive summary

» Why consider renewable methanol?

« Renewable methanol production

« Case Studies: CRI, Enerkem,
BioMCN

» Applications and uses of renewable
methanol

« Conclusions and how to find out
more

* https://www.methanol.org/renewable-methanol/
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Low carbon pathways exist

Sustainable
biomass
(residues, MSW, etc)

& & )

Fermentation Gasification Kraft process
=1
Biogas
Biomethane Syngas
Reactor &
distillation

Source: The Methanol Institute and Qafaq Bio-methanol
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Different forces impact e-methanol potential

E-methanol

demand
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PtX and CCU are similar, but different

HYDROGEN

fossil biogenic

CARBON
fossil

biogenic

CCU
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Direct Air Capture
Concentration ~415 ppm

Flue gases up to 700 ton/hour
Concentration ~10% - 15%

Ethanol fermentation up to 50 ton/hour
Concentration ~95%

Biogas purification up to 0,7 ton/hour
Concentration ~90%
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Increasing carbon conversion yield

C,H;OH
Ethanol 1 t/h

production CO,
1t/h
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Increasing carbon conversion yield

C,H;OH
Ethanol 1th
production

H,O steam

0,41t/ Methanol <0,7 ton CH;0OH
synthesis per hour
H,0
1,23 t/h

generation

L winaree 21 B g
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Very low carbon intensity and no (i)LUC

gC O eq/id
an
80 .
169, \ The EC Directive sets a default
70 for the fossil reference of 83.8
gCo,,,MJ
&0
S0 T
A maximum emission of 54.5
gC0O,./MJ is possible to reach
=l the 35% threshold
30
20
10
0
Ethanol fromwheat Ethanol from corn Ethanol from sugar Ethancl from sugar Renewable
{not specified) (EU) beet cane methanol

B Cultivation ®Corversion ®Transport, distribution

Source: Meo Carbon Solutions
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Methanol process requires less hydrogen

4H 2H

Power-to-Methanol CO, + 3H, = CH;0H + H,0 -

1/3 difference in hydrogen

Power-to-Methane CO, + 4H, = CH, + 2H,0
4H 4 4H
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Methanol has a density advantage

To store 4.800 kWh requires very different volumes:

Methanol* Methane (200bar)* Hydrogen (200bar)* Lithium-lon-Battery

Pumped Hydrostorage

-
o

100

Volumenin m3

1,000

10.000 4,800.0

*Calculation excluding conversion losses based on heating value
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One cubic meter of e-Methanol contains the same amount of energy
as the battery capacity of 222 BMW i3's*
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*Storage capacity BMW i3 = 21,6 kWh
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€200/MWh fuel
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/ Economics improving

.

Learning curve effects
Scale economies
Efficiency improvements

/ Growing renewable fuel demand

S

J
\
Increasing targets

Cap on biofuels
Battery electric drive not applied in trucks or ships

J

/ Increased low-cost RES electricity

-

N

Wind and PV costs falling
Intermittency = surplus capacity
Grid congestion
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Most e-methanol examples in Europe

CARBON

N RECYCLING
C A INTERNATIONAL

% Liguid Wind

w

HALDOR TOPSOE m @ DALIAN INSTITUTE OF CHEMICAL PHYSICS,

ToTaL

CHINESE ACADEMY OF SCIENCES

....the future?
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Combustion engines remain dominant

EU Reference Scenario 2016; Energy, transport and GHG emissions, Trends to 2050; https.//bit.ly/2yze W0z

7000 -

Gpkm

© Fuel Cell

¥ Pure Electric

M Plug-in hybrid

* Hybrid

¥ ICE Gaseous

¥ ICE Diesel

¥ ICE Gasoline

1995
2000
2005
2010
2015
2020
2025
2030
2035
2040
2045
2050
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20%

35%

- Traditional Derivatives

Fuel Derivatives

MTO/MTP

Source: IHS
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Methanol fuel use increasing globally

Canada — Waterfront Iceland — M100 Sweden — methanol
Shipping Vessels Trials ' R marine fuel - China— M15 to

b M100, industrial

Denmark — boilers, etc.
methanol fuel cells

for vehlcles

’;i' « UK - EN228 S '—- . o
-~ low blend .
Israel — Power generation & M15

Standard

Indla Methanol l

Economy Roadmap Sk

USA — methanol
motorsport fuel

Africa — cooking
stoves

Australia — GEM fuel

New Zealand —
Introducing M3



German OEMs investigate methanol fuels

C3-Mobility - Climatesheutral Fuels for Future Traffic

Project Structure
Usage of Climate-neutral Fuels

IFEV
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Methanol fuel cell range extender

Blue.World - Methanol Vision

Hydragen [H:) praduction

g From electrobysis of wi ng
L | renewable electricty
| -
| [
Renewable electricity " . . Municipal Solid Waste (MSW)
from solar and wind . ‘ s converted into a syngas containg
energy hydrogen and Carbon dioxide {C04)

\ /| : oA A
W ! F‘I_.

-’ Methanol feedstocks
o~
o
........................ | 4 Blo-syngas
. 1 I~ 2 ' ccccccc ted From biomass,
Methanal (MeOH) \‘;‘\ » agricultural and timber
produced from reformed ., . st
aynsgas and with feedstocks . Tai
from a variaty of sources - = .,

Residential areas . \ Waste-Carbon dioxide (£0:)
e \ retrival from industrial manuFacturing
SR i and power plants as well as absorption
. P, e \ From open air
. S \Lﬁ
Electric charging B Methanol refueling

3 both to and from vehicle, as is compatible with existing .
electric battery power an be refueling infrastructure

¥
wsed to charge home arid

FCEV
Methanol Fuel Cell Electric Vehicle

@

» 1.000 kilometer electric range
* 3 minutes refuelling
« Existing infrastructure
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Closing the carbon cycle in marine

HyMethShip

The Concept

@ Renewable
Energy Sources

Reformer 1

 HyMethShip System Boundary Methanol

Methanol-Tank

Refomer 2

COZ-Tank

................................................................................

co,

LARGE ENGINES COMPETENCE CENTER © LEC GmbH
HyMethShip - Project Information * 2017-08 + Slide 3
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Off-Shore
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Policy leaves room for interpretation

E-fuels are categorized in Renewable Energy Directive 2 (RED2) as ‘Renewable
Fuels of Non-biological Origin’

Specific details in the legislation leave room for interpretation at Member State
level:

Either, share of renewability determined by
national grid average from 2 years before

Or, 100% renewable provided a direct connection exists, and
power is...
* not taken from the grid
« 0r, when taken from the grid proof of sustainability is
provided
* and, electricity is additional

E-fuels no longer recognised as Advanced Fuel
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To conclude
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E-Methanol is an opportunity to provide electricity in liquid form (‘liquid
electricity’), which makes it an interesting way to utilize carbon and store
electricity because it:

« Uses mature technologies

« Enables energy efficient production, especially when integrated

« Can be used in existing engines and infrastructure

» |s suitable for road vehicles and ships, and for power as well as heat
 Reduces emissions

« Can be made economically viable

However, political bottleneck will have to be addressed to ensure a level
playing field exists between all low carbon options (technology neutral)

W INSTITUTE
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Modern approach

Sustainable biomass
(residues, MSW, etc)

Fermentation

Biogas

Biomethane

Reformer

Syngas

distillation

to biorefining

Reactor

&

Bio-methanol H
H °

= H
Courtesy QAFAQ

BioMCN, The Netherlands

BioMCN

WWW.METHANOL.ORG



Or gasification to syngas

Sustainable biomass
(residues, MSW, etc)

Gasification

Enerkem, Canada

Enerkem

Reactor
&
distillation

Syngas

Bio-methanol H

- °

i H
Courtesy QAFAQ
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And from pulp mill processes

Sustainable biomass
(residues, MSW, etc)

Kraft
process

Sddra, Sweden

SODRA

Reactor
&
distillation

Bio-methanol H
S @

= H
Courtesy QAFAQ
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Many energy applications still early in life cycle

sales

introduction growth mature decline
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Several methanol synthesis catalysts are commercially available, with
improved activity and selectivity. The catalysts are utilized for methanol
synthesis from carbon monoxide, carbon dioxide and hydrogen.

CO + 2H, <> CH,OH AH,, = - 91 kJ/mol
CO2 + 3H2 <> CH3OH + H2O AHR - - 49 kJ/mOI

Both methanol forming reactions are interconnected with the water gas
shift reaction:

CO + Hzo < C02 + H2 AHR - - 42 kJ/mOI

The above equilibrium reactions are exothermic, so low reaction
temperatures and high reaction pressures favor methanol yield.
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PtX and CCU are similar but not the same

a Convert electricity to e Convert hydrogen to fuel

hydrogen

electricity g electrolysis ga hydrogen eammonia

* methane » formic acid

* methanol
* butanol
*FT diesel
* gasoline
*a.o.
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Methanol is a great energy carrier

. ( A\ LeanShips
HZ: very bad at Storlng HZ & hZ‘;rige;go/;nrgissionsgﬁps

-
B
o

-t
N
o

-
o
o

8

3

8

Mass of Hydrogen per m3 of Compound / [kg]
and Change versus Liquid Hydrogen / [%]

® Mass of Hydrogen per m3 ® Percentage Increase over Liquid Hydrogen 9
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Comparing apples to apples

METHANOL

Signal word: (CPL) Danger

Hazard statements (CPL) T ——

301 Towc if swallowed.

H311 Tousic in contact with skin.
331 Towic if Inhaled.

H370 Causes damage to orgsm.

L

Precautionary statements e — =

DIESEL

Danger

H220: Flarmmabie bauid ard vapour

H313: Causes sidn irritation.
332 Harmiful if inhaled.
HI3L Ssunpected of causing cancer

(CLP) b e o et |||

GASOLINE

SOP SLOL SOV

Danger

PR Catis tag
e
e ——
01 e o

WWW.METHANOL.ORG



Less dangerous than gasoline

n 8. ENVIRONMENTAL PROTECTION AGENCY L] TABLE 6-1
HAZARD SUMMARY"
. | M100 | Gasoline
Methanol Fuels and Fire Safety Fammability
Ease of Occurrence
In 1986, there were 500,000 vehicle fires and 1,400 vehicle fire fatalities in the United States. Open & Restricted _ 9
Gasoline was the first material to ignite in 180,000 of these fires and many of the other fires Areas
ultimately involved gasoline. Enclosed Spaces 8 (2-4) b 2
Gasoline-ignited fires in 1986 involving cars, buses, or trucks resulted in 760 deaths, 4,100 - —
serious injuries, and $215 million in property damage. Relative Hazard if Fire
Projections indicate that casualties would drop dramatically if methanol were substituted for . C
- — - — S— . Fire Severity 3 10
gasoline as the country’s primary automotive fuel. Looking just at vehicle fires in which gaso- , s
line is the first material to ignite, a switch to methanol could save an estimated 720 lives, Ease of Ex!lngmshmg T 10
prevent nearly 3,900 serious injuries, and eliminate property losses of millions of dollars a Flame VlSlblllty 8 1
year.
Methanol’s fire safety advantage over gasoline stems from several physical and chemical prop- Toxicity
erties (see figures on page 3): Inhalation-Low Conc.
+ LOWER VOLATILITY (Figure 1) =
Methanol does not evaporate or form vapor as readily as gasoline does. Under the same Toxicity 3 10
conditions, exposed gasoline will emit two to four times more vapor than will exposed FEase of Occurrence 10 10
methanol.
« HIGHER FLAMMABILITY REQUIREMENT (Figure 2) Inhalation - High Conc.
Methanol vapor must be four times more concentrated in air than gasoline vapor for igni- Toxi Cit}’ 10 10
tion to occur.
+ LOWER VAPOR DENSITY Ease of Occurrence 3 4
Gasoline vapor is two to five times denser than air, so it tends to travel along the ground to 2
i . . : : Skin Contact.
ignition sources. Methanol vapor is only slightly denser than air and disperses more rap- —
idly to non-combustible concentrations. Toxicity 9 8
« LOWER HEAT RELEASE RATE Ease of Occurrence 3 3
Methanol burns 25 percent as fast as gasoline and methanol fires release heat at only one- -
eighth the rate of gasoline fires. Ingestion
These properties together make methanol inherently more difficult to ignite than gasoline and Toxici 10 10
less likely to cause deadly or damaging fires if it does ignite. Methanol is the fuel of choice for ty
Indianapolis-type race cars, in part because of its superior fire safety characteristics. Ease of Occurrence 8(2) ¢ 3

METHANOL
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Table adapted from Machiele, 1998; * 1-No concern. 2 to 3 = Low
Level concern. 4 to 6 = moderate concern. 7 to 8 = high-level
concern. 9 to 10 = extreme hazard. ® Numbers in parenthesis
reflect hazard reductions resulting from design changes. © Number
in parenthesis incorporates the lowered likelihood of ingestion due
to the presence of additives.

Source: Malcolm Pirnie, Inc. , Technical Memorandum
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Methanol has lower fire risk

Methanol evaporates slowly needs lots of vapour to burn confined fire zone;
fires less likely

Gasoline evaporates fast needs little vapour to burn broad fire zone;
fires more likely

WWW.METHANOL.ORG
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Putting things in
perspective

LC50 - Lethal dosis fish

Gasoline [ Diesel 2 Methanol
8,2 mg/l 65 mg/l 15.400 mg/l

Sources:

[l Petrobras/Statoil ASA, Safety Data Sheet, ECHA registration dossier Gasoline
121 ECHA, European Chemical Agency, registration dossier Diesel

I8l ECHA, European Chemical Agency, registration dossier Methanol
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