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Biomass-to-Methanol, is there enough biomass?

"The 3 E’s”

2015 European Methanol Policy Forum
13 & 14 October - Brussels



Disclaimer

This presentation may contain confidential information and is intended solely for the
addressee and/or relevant colleagues/decision-makers in same organization. Any
disclosure of the content of this is strictly prohibited and may be unlawful. If you have
received this presentation by mistake, please notify both the sender as well as Nordic
Green (info@nordicgreen.eu) immediately and delete this file.
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Founded in August 2011, Nordic Green is the L. : jreer
result of two guys meeting by chance...

One was inspired by The other was looking for green products with
"The Methanol Economy” a unique identity in the market
I

Ceorge A. Olah, Alain Goeppert, WWILEY-VCH
h r———

Beyond Oil and Gas:
The Methanol Economy

both wanting to make an impact,
perhaps even change the world



Todays agenda

1)
2)

Who is Nordic Green

Understanding bio-MeOH — in more than one way
1) From a production POV
2) From a customer POV

Our friends and allies
"Novel Concept”

"The 3 E’'s”
- And why there is plenty of biomass in the future...

The nearer future...
Plato...



In an ideal world... LA green

All the noble ideas triumph

But in the real world; without
economics in place...
You crash and burn!



Making sure message is not lost... AT Green

Our main-key to success is

“The Nordic Green Value Tool”,

enabling us to understand the VP from our
customers POV



Economics

We have made our way into several major fuel
companies and more are in the pipeline by
understanding the business-case from their
POV: “The Black Box” of the gasoline
companies.

We can calculate the earnings the companies will achieve with high accuracy
based on a “snapshot”

One of the major companies said, about our prediction on their earnings:
“This is very very close”
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Economics LINI gireer
A look inside...

Nordic Green has developed tools that breaks down into pieces all the different cost and value-
adding components of bio-methanol in a Gasoline Low Blend.

There are five groups of components for Gasoline
Low Blend and a total of nine factors. The factors are
seen below (DK as example)

Impact factor

1. Infrastructure inv.

Gasoline impact 4. vapor pressure

Biodiesel (EtOH) 6. Substitution
Tax : -
. -tax

3. Price per m3
8. Energy-tax
9. CO2



Nordic Greens black box
Verified by purchasers in major oil companies

Tool for calculating

fuel price structure & cost reduction of using 2G bio-methanol, Gasoline Low Blend

1. Fill in the information below

4. Detailed
4.1 Infrast

4.4 Gasoli

45 Gasoli|  Tvpe in the current exchange

4 6 Biodi
4.7 Biodi

4.8 Tax: Ef surce:

4.9 Tax: Cf nttpy/fwew e

4.10 Addi
5. Sensitivit]

6. Quote. Gasoline  [m3/year)
Diesel sales  (m3fyear)

The spreadsheets contain confidential infarm) &
of the cantent is strictly prohibited and may

No. of terminals in DK (#)

comjcurmencyconuerter/

Type in number and type of tern

1

Type in the volume of fuel you s
year (cubic meters)

1,000

DRVP equations

(black box parameter), page 11 -
Sensitivity analysis, page 20

Payback time, ROI (page 22), auto-

4.4 Vapour pressure

Butane factor on naphta

[ odamepree |
[ vebiane | (wa |

Higher vapour pressure of m

\ , Hividio
cd

\.J‘l Gl

Frontpage, 24 pages in total, page 1
All parameters put into one
page, page 2

O

Jiecii

5. Sensitivity analysis

5. Sensitivity analysis

Tax impact

Factor 2 - 9 total

How much of the total variance is att &
(factor 2 -7) wil i
5%

—~ 1% Ly

41%

Break-even and Return on investment (ROI) analysis

Payback time
-
Worst (€)
| Medium (€)|

1) There is a Return On Investment between 456% and 10,789%.

The most important factor is wheter there are tanks that can be re
used or not and how many terminals there are to be upgraded.
The medium ROI is 4,684%.

2) There is a break-even time of between 3 and 66 days. The
medium break-even time is 08 days.

Page 22

generated quotation (not shown), page 24



Renewable methanol map LI Green

AT
%QOOOO

10



'R ‘
HIVIJIG

. . < |
Nordic Green; Always expanding network < ¢ [ oo

HALDOR TOPSOE (M ?

CATALYSING YOUR BUSINESS ]
Serienergy

A The Power of Simplicity
[

Methanol Institute

VirmlandsMetanol AB
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Methanol — not only a fuel LIS
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Bio-methanol production pathways L

1) Paper pulp - Lundberg

2) Black liguor conversion - Chemrec

3) Black liquor purification - Invicotech AB

4) Crude Glycerine - BioMCN

5) Biogas (both from sugar and municipal waste) 2 BioMCN

6) Electrolysis - CRI

7) Wood gasification - VarmlandsMetanol AB

8) Waste - Enerkem



Paper pulp

- It is obvious: "wood alcoho

Y
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New Destillation Technology:

* ALPAC(Alberta Pacific Forest industries) , largest
single line bleached kraft pulp mill in NA.

* Stripper Off Gas -> MeOH purified up till 99.85%wt
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Recoier

e |
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‘ | N A\ Methanol Proa 2N
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e T .I "Q To sewer >
N *

L¥ Lunosere

Methanol Purification plant

(A

HIViIJIG

LR S

14



F IV UG

Chemrec — turning black ligour into C3J Jreer,
MeOH and then into bio-DME

SmurfitKappa

Kraftliner

Storage
, v . - >

4/ Black Liquor
—~ 4% to gasification

DME 4tons/d
production

capacity:

Pipe ~10000 m
installation:

Hand valves &
on/off valves: ~ 1400 pieces

Instruments: ~ 450 pieces

Vessels: ~ 30 pieces
Heat ~ 25 pieces
exchangers:

Process Plant 20x30m
Foot Print:

Investment ~ 22 million €
cost (excl
gasification):

European Project BioDME B?’ODME

7th Framework Programme

15
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Black liquor purification /NI Greer

- often you find sulphur levels to be high

Patenterad process

Kristallisation Avdrivning Destillation 1
Rémetanol — DMS, H,S, MM
—_—
sva% ! Dekantering
> Vatten /ﬁ Terpentin
Ammoniumsulfat

"""""""" : Restsyra 7‘
Extraktion Destillation 2, 3 och 4

f_: DMDS
_- Renad

> — Ketoner >
S metanol
_ _—

~—

—

I = —> Vatten —> Etanol l
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Biogas (from sugar and municipal waste) & [ oo

BioMCN

driven by nature

Alternative feedstocks identified

o Tow oo [on w5 [oe [0 [on
N

Crude glycerine .
Bio-methane | :)
Biogas |____4"
Bio-syngas l :)
CO, +H, ——

Woodspirit

Use of alternative feedstock:
* increases capacity

« improves flexibility

* reduces risk

17



Electrolysis, by CRI

L,C?) Emission to Liquid Technology

Carbon
) Capture

Methanol
(CH,OH)

é Clean
Conversion

>

a Hydrogen
Generation

LC‘) Carbon Recycling International

18



o qumass as recelv

M/Iethanol energy .

b | 21

v _Investment cost € 350 million
v Start up.36 months after investment decision

Photo: Lars NIsson
Photomontage: Structor

v. 1500 owners ‘
1 Vsl ardsHetans VYErmlandsMetanol AB
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Enerkem, turning waste into alcohol LA G

F AT World’s first commercial
' o MSW-to-biofuels and
chemicals facility
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ENERKEM ALBERTA BIOFUELS

Capacity: 38 million litres per year
(i.,e. 1 X standard Enerkem system)

Feedstock: 25-year agreement with City of Edmonton
for 100,000 dry tonnes of MSW per year

Products: Biomethanol, cellulosic ethanol
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Huge investments are being incented

I 11

Further to this, billions of €’s are being awarded to bio-projects in the NER300-
program and other programs

Thereby the EU are paving the way for private funding, estimated to be at least
twice this size, on their own.

Included in this is the massive expansion “Wood Spirit”-project in NL.

We know also of methanol plants being planned/constructed/expanded in

- Iceland

- Sweden

- Germany

- Spain

- France

- Finland

- Denmark

- Netherlands (besides Wood Spirit)
- And several in Eastern Europe

CLIMATE ACTION

European
Commission

21
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Nordic Green was recently appointed LA gieer
Haldor Topsoe Ambassador

What we do
Converting natural resources into chemicals

Natural
resources

aldehyde 5

N

Ammonia

HALDOR TOPsoE M

22
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Traditional concept LA reei

1000 t/d wood = 523 t/d methanol

CcO2
Steam .
704.0
™ Shift CO2 Removal
Bed Material ] Purge gas
e Gasifier 1389.0
oo H2S wash | [ LZQ
Hot Gas Filter Tar Reformer f i MeOH Syn
1000.0 685.0 =
14940 [1488.
Oxygen
261.8
. Condensate
co2 Bottom Ash Fly Ash Condensate H2S in CO2 Condensate
pe=====—u]
346 6.9 216 2071 1278 440

359.0

Figure 46: Traditional methanol production plant based on biomass gasification, units are in metric tonss per day [t/day]

1000 t/d wood 523 t methanol/d
Concept

Methanol 59.2
District heating 22.6
Total 81.8
Carbon utilization 42

23
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Novel concept AN Gieei
1000 t/d wood = 1053 t/d methanol

Steam Solid Oxide Electrolyser 141 MW

7821

Purge gas

Bed Materia 2229

Hyﬂroge\

Gasifier

Wood H2S wash /
Hot Gas Filter  Tar Reformer /
1000.0 '
14040  [1500.C
Oxygen
261.8
co2 Bottom Ash Fly Ash Condensate H2S in CO2Y, Condensate 20 ‘C""densa“e
— |

346 6.9 216 208.0 128.0 101.7 104.8
Figure 47: Sankey chart of mass flows in the gasification concept, units are in metric tons per day [t/day]

Efficiencies (% Novel

1.41 MW electricity Methanol S
yields L :
District heating 10.8
Total 81.6
Carbon utilization 84

24
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Methanol.. LAY gireer

The two times two matrix

Bio-carbon from.. Biomass (concentrated) Air (not concentrated)

Bio-hydrogen from...

Biomass Pro: Simply and cheap (if Not relevant
biomass is cheap)
Con: Low carbon utilisation
(rest is emitted as CO2)
1st to become commercial

Electrolysis Pro: Can effectively double Pro: Unlimited supply of
the biomass potential both products
Con: Depending on cheap  Con: Most CAPEX and
electricity energy-intensive

2nd to become commercial 3rd to become commercial

25
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Not enough bio-mass...(?) LA green

Transport fuel demand
108 EJ (2010/7 bio)
168 EJ (2050/9-10 bio)

Biomass potential
200 EJ/yr

Conclusion

Since we can not convert ALL biomass to fuel and since there are
losses the numbers DO NOT add up!.... Or do they...

26
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Wrong conclusion from IEA LA Greai

“Biofuels can provide up to 27% of world transportation fuel by 2050”

We believe the IEA conclusion is wrong and if we use the three
E’s as our guiding principle there will in fact be plenty!

27
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The three E’s - Efficiency!
(Index 100 -> 50)

Reduction in

Technology CO, emissions

Low-friction lubricants 0.5%
Engine friction reducticn 1-3%
Variable valve timing and lift 3-4%
Cylinder deactivation &%

Turbocharged downsized engine . he
Ons W

Camless valve actuatior

) nn :
'\ncremema\ " eduction
0

the 'E 6%

S-‘ aﬂ 4.5-4.5%

O pead dual clutch 5.5-13%

Aerodynamic drag reduction 2-3%
(20% cars, 10% trucks)

10% reduction in tire-rolling resistance 1-2%

EFFICIENCY GAINS AND COSTS

Incremental price
per vehicle

53
$50-100
£125-252

$192-224
$99
$47-92

542

$6

10% reduction in weight

High-efficiency alternator and
electrified accessories

We are not here to talk about
engines so let’s move on!

Electric power steering 1.5-2%
Integrated stop-start system 7.5%
Hybrid motor assist 20-30%

94
5351-437

$2,854-4.431
29
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The three E’s — Electrification < green
(Index 50 -> 40)

Battery-costs will drops and cars like VW Golf-e, Tesla Model S,
BMW i3 and Nissan LEAF will become common in the future

We are not here to talk about
batteries so let’s move on!

30
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The three E’s - Electro-fuels
(Remaining 40 -> 0)

Why methanol as electro-fuel?

The simplest of all liquid energy-carriers suitable as transport
fuel and having the highest hydrogen to carbon ratio

(4 hydrogen to each carbon atom)

31



Meanwhile... for transport AN G

(Bio-)MeOH offers a variety of easy implementable solutions:

Switching from fossil to bio in esterification-process in biodiesels (Bio-)
Low blends (Bio-)

High blends, including GEM-fuels (Bio-)

MTBE (Bio-)

Shipping

Trucking (DME)

Synthetic gasoline

Jet fuel

32



A few words of wisdom...

We can easily forgive a child who is afraid
of the dark; the real tragedy of life iIs when
men are afraid of the light.




www.nordicgreen.eu

info@nordicgreen.eu

Nordic Green
Marselis Boulevard 80
DK-8000 Aarhus C
& +45 2nd-G-MeOH

(+45 263-4-6364)

Bo Gleerup
CEO & Co-Founder
M: +45 2044 2988
bg@nordicgreen.eu

Thank you for your attention!
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