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Dec 31, 2012: Chemrec Pited companies including pilot plants sold by

Chemrec AB to LTU Holding AB,

» Jan 1,2013: 17 pilot plant staff employed by LTU.

» Dec 31, 2012: lLicense agreement between licensor Chemrec AB &
HaldorTopsge with LTU and LTU Holding. Technology rights stay with licensors.

» Jan 30, 2013: Consortium Agreement between parties involved in continued
R&D.

» Chemrec has reduced staff awaiting long term stable regulations for advanced
biofuels. Two Chemrec Stockholm staff employed by LTU

» Jan 2013 — May 2016: Continued operation of the plants as part of LTU
Biosyngas Program

» June 2016: Application filed for mothballing the plant. Alternative: Dismantling

Where do we go from here?
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oday’s commercial Forrest Industry has two
main legs

TODAY'S
CONCEPT

| __Forest

Logs
Pulp
Wood

Saw -
mill

Q Recovery

Woo d Boiler
Products

Pulp
Mill

Pulp - L

New Value Streams from Residuals & Spent Pulping Liquors




e Vision: Tomorrow’s Biomass flow to the
Forrest Industry
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with three main process steps:
(1)Gasification, (2)Quenching and (3)Cooling
- Running as a gasification unit only Sep 2005 to June 2011 -
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Pitea BLG to DME plant

Block Flow Diagram
Gasification (operated Nov 2011 to April 2016)

qubon 3 CQ 3 Amine 3 HZS. / CO2 to
filter shift wash pulp mill incinerator

Gas conditioning & | Cleaning

3 MeOH
l Synthesis 2 I
Syngas 3 Sulphur 3 MeOH 3
Compressor guard Synthesis 1 >

Raw Methanol
=

DME day tanks g
7 g

I

- _(DME storage ) Y

e W, U”:‘}' \'y
bh ‘. i

p First single-pass MeOH synthesis featuring > 95% vyield

MeOH (recycled)

DME Product T

AN l off gases 4 T S

DME

— synthesis
l

V DME synthesis &
product purification T

WERMIY

i i | ' . nsrjj?



" The integrated Black Liquor to DME plant

in Piteé, Sweden
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to May 2016
> 1000 ton

Program
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» Available technology modified for DME
» Safety regulations based on LPG
» ~200 k€ per filling station (+33% vs diesel)

* Easy to achieve

Stockholm

W, @
Goteborg 500
O /

© Jonkoping

34 m3

trailer

"y,

OF TECHMOLOGY



8 trucks, 2013-01-01 to 2014-06-30

i @e
Km / Mil Stat Target
EIoDME

Total mileage 1 485 000 / 1 400 000 /
933 000 870 000
1 truck 296 000/ 184 000 250 000/ 155 000

Total Field test mileage
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£
~

600000

BloDME | Extended field test

300000
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(total calendar time: 4368h)

Tota'l Unplanned downtime caused by
Variable downtime Plann'ed | |
Jan-June | downtime | Gasifier | BioDME | Support Mill
2012 unit plant system
Gasifier + BioDME plant | 1527 h 737 252 433 26 80
not in operation
% of total time (4368 h) 35% 17 6 10 <1 2
% of total downtime 48 17 28 2 5
On stream factor, PLANNED: 50% of calendar time ﬁ -
On stream factor, ACHIEVED: approx. 65% of calendar time 7 XY
On stream factor, ACHIEVED: approx. 78% of planned operation time - |, - __
Longest run: 26 days followed by a planned stop e |
L A
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(p=27bar,A=0.3, T =1050 °C)
Inside reactor (%) Cooled syngas (%)

l‘/(;2/ 33.9+0.3 33.6 0.2
H,S 1.65 +0.04 1.71 +0.02

2

omizin

m

~E["CH,  1.36%0.07 1.44 40.07

% , CO 28.7 +0.2 28.5 +0.2

w2 H, 34.3 0.2 34.8 0.1
- . 2% COS 468 +22 ppm 122 +5 ppm )
.., j H/CO  1.19+0.01 1.22 +0.01 -
 HJCO, 1.01:0.01 1.04 +0.01 ’
CO/CO, 0.85+0.01 0.85 10,01 -

* Average of ten samples per sample point ‘tﬁ
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3 x 50% gasifier capacity for the Domsjo
Sulphite Mill in Sweden

Steam
Drum

Reactor

Approx. 90 MW
Feedstock
per gasifier
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1.

2.

Secured funding

200 million EUR, more than half of 350 million EUR total project
funding, arranged as follows:

55 million EUR Swedish Energy Agency Grant, approved by DG
Comp.

145 million EUR Pledged by mill owner, EPC Contractor and Int. Oll
& Gas major

Missing funding

Debt financing of the remaining 150 million EUR prevented mainly
due to lenders assessment of political risk:

Swedish CO2 & Energy tax exemption for Biofuels only applicable o
1 year at a time. Project finance requires min 3+10=13 year stable ';
legal framework.

Letter of Comfort required from Swedish Government did.not - 1‘: e ﬁ;m
provide clarity on long term regulations. 0 Y
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the fate of Biofuel production projects.

Projektets nuvarde (MSEK)

4,000
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2,000

1,000

(1,000)
(2,000)
(3,000)

(4,000)

Politiska beslut avgor projekts 6de

= Politiskt beslut om
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adding pyrolysis oil to the black liquor flow
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compared to chars of other origin
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the mix gets the reactivity of BL

-4 ! ! ! ! ! ! | .

¥ | BL & BL/PO80/20& 70/30 |
-9 T ~300 times i‘ PO
XN hi BL [8]
igher
T 9 X Pine [10]
61 $ +  Leaves [10]
— P N % Straw [9]
Tl SN 30-40 times O  Bit. coal [12]
S N ~| | higher = O  High rank coal [11]
X XE T ) ¢ Low rank coal [11]
-c 8 | \\ \\\ N N \* —
= CREEN I\ ‘ :
-_— S\\ (\)\ \\\ | \A
0L o \
O N 4
9t SR A i
B ’
-10 A 2 -

b
9(i3°C 818°C 78|0°C

0.85 0.9 0.95

1000/T, K



production is doubled

Capacity can be increased up Energy efficiency for gasification
to 100% by adding about 25% of added PO is 80-85%

PO to the BL (by weight)

400% 100%

350%

% 300%
]

5 ————————
 250% 0% L mmmm====== -

e SF-LHV total

= H2CO total
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|Pllot plant modifications
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Efficiency increases Very similar temperature
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Total: ~1100 h (900 h with MeOH/DME), 170 ton PO

24 20%

18 15%

12 I 10%
| | I | H 5%
0

June 15

Operating hours per day
Pyrolysis oil fraction

Oct-Nov 15 Feb-Mar 16
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Material and energy balances

0% PO | 25% PO | 50% PO \

PO: 0 MW, 122 MW, 365 MW

(183-97)/122

=0.7
Electricity
32 MW
45 MW
70 MW
Biomass ; Electricity Electricity MeOH
Fuel dryin
96 MW Boil:r . 15 MW 20 MW e 97 MW
92 MW Turbine 14 MW 31 MW 183 MW
86 MW 13 MW 23 MW 353 MW
[
= Off-gases -
Electricity
28 MW b
Bark 12 MW !
29 MW
Pulpwood ﬁ
420 MW ;
Pulp mill '
Lime kiln fuel
16 MW :
11 MW y

0 MW ™
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adding hydrogen from renewable power
(true for any type of gasification based process)
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http://www.petervaldivia.com/technology/energy/image/wind-power.gif
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		Base (gasification)	Comment by Erik Furusjö: I do not know if thee is room but I really think these diagrams illustarte teh concept well...
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		Eliminated WGS
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		With RWGS
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Electricity

(Power to Liquid Case)
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* Increased production from a given amount of
feedstock: 159.3/102.5 x 100 = 55%

 Conversion efficiency of hydrogen energy to

methanol energy:
100 x (159.3 — 102,5) / 64,2 = 88%




Power price 60 €/ MWh

Cost of power in the hydrogen production cost then
becomes 60/ 0.685 = 88€ /| MWh *

Power price 45 €/ MWh

If average power price is 45€ / MWh the corresponding
cost element is 66 €/ MWh *

* Regarding Oxygen

Hydrogen costs are credited for the oxygen supplied to
gasification
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 If Power price average Is 45€ /| MWh then
the cost of power in the methanol

production costis45/0.685/0.8 =82 €/
MWh.

 If Power price average Is 25€ /| MWh then

the cost of power in the methanol e

production costis 25/0.685/0.8 =46 €/ ﬁt
MWh.




respectively utilizing black liquor in pulp mills

(energy balances)

Partial
Naturalgas | oxidation | Rawsyngas _ N=energy conversion
100MW of N.G. 80MW efficiency
n=o0s8 (chemically bounded
energy OUT/IN)
Raw syntgas
The Chemrec Concept 91IMW 87’§MW
T e g
| ; — WGS => : Methanol !
- Biomass Gasification of ' I MeOH
Biomass! > v, - |
—*| H&P boiler Black Liquor A0 1| SEEDS e 1 70MW
100MW ol adjustment distillation |
=& power Black Liquor n=0,95 n=0,38 :
I | 1§
I H
Pulp 1
| Pulpwood Pulp Mil — T
! Biomass to MeOH: N =ca 0,7* |

— e o e e e e e e e M M E M M M M M REm M M e MEm M M e M M M e R M R e R R e e e

« Se e.g.. http://www.princeton.edu/pei/energy/publications/texts/Princeton-Biorefinery-Study-
* http://www.chemrec.se/admin/UploadFile.aspx?path=/UserU L GIVH
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http://www.princeton.edu/pei/energy/publications/texts/Princeton-Biorefinery-Study-Final-Report-Vol.-1.pdf
http://www.chemrec.se/admin/UploadFile.aspx?path=/UserUploadFiles/2003%20BLGMF%20report.pdf

(USD/MMBtu)

European Union Natural Gas Import Price Chart View Full Chart

5d | 1m | 3m | 6m | YTOD | 1y | 5y | 10y | Max Export Data | Save Image

For advanced charting, view our full-featured Fundamental Chart
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1 MWh = 3,4095 MMBTU
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https://ycharts.com/indicators/europe_natural_gas_price

respectively utilizing black liguor in pulp mills
(Cost of feedstock vs cost of raw syngas)

Partial /\ €cent / kWh
Natural gas | oxidation | Rawsyngas \ | N=energy conversion

1.3-2.4 ch]f_l\I(.)Gé 1.6-3.1 efficiency

(4,2-8 USD/MMBLtu) (chemically bounded
energy OUT/IN)

Raw syntgas
The Chemrec Concept 1.2-2.3 87,§MW

; I I
| ; — WGS => ' Methanol !
i Biomass Gasification of ’ I MeOH
Biomass! > v, -
—] H&P boiler ! H2/CO » synthesis & pH—
1.1-2.1 | — Black Liquor adjustment distillation | ! 7OMW
. LY power Black Liquor n=0,95 n=0,8 i
: | |
I L
Pul 1
i Pulp wood, Pulp Mill > 1
! Biomass to MeOH: N =ca 0,7* ||

« Se e.g.. http://www.princeton.edu/pei/energy/publications/texts/Princeton-Biorefinery-St e"'
* http://www.chemrec.se/admin/UploadFile.aspx?path=/UserU LG
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http://www.princeton.edu/pei/energy/publications/texts/Princeton-Biorefinery-Study-Final-Report-Vol.-1.pdf
http://www.chemrec.se/admin/UploadFile.aspx?path=/UserUploadFiles/2003%20BLGMF%20report.pdf

Liquid (PL) and electricity (non-biobased)
NOTE: Approximate calculation only

TWhly | Toely | % of EU estimate* of | Biomass
transport fuel in required
2030 (350 Mtoe) TWH/y

BL in Europe 140 -- --
MeOH fr BL in 77 6,7 1.9 110
Europe

PL part 25% in BL + 155 13,4 3.8 240
PL: Production x 2

PL part 50% in 230 20 5.7 365
BL+PL: Production

X 3

Add H2 instead of 370 32 9.1 365
WGS shift process

Add H2 and use 580 50 14.3 365

reversed WGS


https://ec.europa.eu/energy/sites/ener/files/documents/trends_to_2050_update_2013.pdf

happen would beto ....
(from Keynote EU BC&E conf. 2013 in Copenhagen)

1. Accept that renewable fuels cannot be introduced
without a long term incentive (> 10 years)

2. Agree on support level on an energy basis e.g.

- Advanced Biofuels will be priced double cost of fossil (a minimum fossil
price level needed) for the first demonstration like 100 €/ MWh when fossil price

is 50 €/ MWh
With these two requirements in place
- there will be plants built. s
- The risks associated with new technologies will be _' #
carried by the investors. J% N

- Technology barriers will be resolved / remqveﬁ'



T AT —

(from Keynote EU BC&E conf. 2013 in Copenhagen)

If the above does not materialize the risk is big that
developers and their financers leave the green fuels
business for an indefinite time period. This has major
consequences like

This scenario is a not unlikely and a real ;:

Built up knowledge disappears

Key individuals change work focus

IPR portfolios loose value

Time to get up and running again will be long

Fl-r— o 'r".l ?-. - :
"%: o . b e i ;
P M e
-1¢ Y By
\"J s a 2 &
Bl

threat to continued R&D efforts. e Ak
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from 2005 until today
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http://www.energimyndigheten.se/WEB/STEMEx01Eng.nsf/F_PreGen01?ReadForm
http://www.sodra.se/visasida.asp
http://www.etcpitea.se/
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