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Brief background ‘

SW MN (small) farm boy
Vo-Ag teacher

Farmer

County Agent

University lobbyist
IREE’s Founding Director




And, A Couple of Disclaimers....

Not a lot trees in my background....




And, A Couple of Disclaimers....

Not a lot trees in my background....

I’'m not a trained, licensed,

(or recovering) research scientist....

@ AcademickKeys.com

Oh that’s just Bob,
he's tenured.

"Tenured!"




And, A Couple of Disclaimers....

Not a lot trees in my background....

I’m not a trained, licensed,
(or recovering) research scientist....

Information and images in this
presentation from public web sites...

Descriptions of technology platforms
and/or businesses does not infer
endorsement....




So, where does
all this “stuff”
(fuels, plastics, and
chemicals) come
from?

Well, it doesn’t
(currently) grow
on trees



A Petroleum Refinery




OIL BARREL BREAKDOWN Liquified Refinery Miscellaneous

Despite consuming a small fraction of US oil Gases, 2.30% products, 0.40%
compared with fuel, petrochemical _
products are worth more. Still Gas, 4.10%

Asphalt and road oil,
3.00% Petroleum coke, 5.00%
Waxes, 0.10%

Lubricants, 1%

Special Naphthas,
0.20%

Residual Fuel Qil,
3.80%

Heavy Fuel Oil, 6.10%

Petrochemichals,
including: naphtha,
ethane, ethylene, other

0ils, 3.40%

ax-ratUe of petrochemical products, such as
plastics, cosmetics, pesticides, detergents, paints
and adhesives (excluding pharmeceuticals)

SOURCE: U.S. DEPARTMENT OF INDUSTRY 2005, AMERICAN INSTITUTE OF CHEMISTRY
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The Petro-chemica

Leggo set”

Raw Commodity Secondary commodity ) -
materials chemicals chemicals Intermediates Finished Products and Consumer Goods
TEXTILES
' ' | ‘ i
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Figure 2 — An Example of a Flow-Chart for Products from Petroleum-based Feedstocks



A Biorefinery mimics
’ a petrochemical refinery

BIOREFINERY

B_inrgf_ingry. _

W nass P Deconstruction * f}::g‘fﬁgﬁ::;y Upgrading * Drupnigsl;;l.;ejlseﬁ::lsec:line,

Existing Petroleum Refinery

SEsssEESEEE SRS

; : Refinery : "’ Drop-in Fuels: Gasoline,
M Distillation * Intermediates Upgrading ’ Diesel, Jet Fuel



Renewable Chemical Value-

value-added: $135 billion value -added: $385 billion

| | rail

transport

value -added: $375 billion

olastic
truck rubuor
transport products
ailr
transport
other
transport
equipment

chemical

non-transportation motor vehicles products
energy and products

Petroleum Consumption

Adapted From: Vol. 1 No. 1. Spring 2005 Industrial Biotechnology; New Scientist 2007.

Slide courtesy of BioAmber



But it didn’t all get made into SPAM

This little piggie went to market



“Use everything but the squeal”

Every ounce of Pig 05049 |
was used, helping create |

an astonishing 185

products, Here are some |

of the more surprising

uses for the animal - and

a diagram to show just
which bit of the beast,

firom the trotter to the
snout, is used where...

1 Chemical weapons

similarity to human tissue
2 lce cream: Gelatine
requlates the sugar
crystallisation and slows
down the melting process
3 Fertiliser: Made from
processed pig hair
4 Low fat butter: Gelatine
used for texture
5 Beer: Gelatine
used as a clarifying
agent. Reacts with
bitter substances
and tannins to
absorb cloudy elements,
leaving clear drinks

6 Fabric softener:
Fatty acids from
bone fat give colour

T Paint brush: Made

from plg hair

B Fruit juice: Gelatine
absorbs cloudy elements to
give clear drinks

9 Shampoo: Fatty acids
from bone fat are used to
qgive them a pearl-like
dppearance

10 Candle: Fatty acids from
bone fat are used to stiffen
the wax and raise the
candle's melting point

: (9@ Collar daubelcube

( @@ Collar steak ]

testing: Because of the plg’s

i
( lﬂ. Shoulder st smak

= | @@ Spare ribs —
8@ Collar joint n""'- 09® Rib chop ™™,

= @ Valentine steak \\ —
. VS
) \ {
i—

® Loin eyn steak i b ® Lom rack jo mj
L] Lom steak | ' @ Loin ;omt v

1 88® T-bone chop)
"_“I ©

@@ Shoulder ]ow_n_l
. ©® Mini collar joint

o0 Leg dnubelfcubes: s
09 Leg joint)
\

¥

|

! Loin 5 ?_‘T_M!_m,'?s,iﬂﬂt
@® Leg steak |

@ Cushion leg roast )

L ) A ! 8 Dice
(® Knuckle/shank ' : g
i / v > @ Pork bucco )
E — o0 Rus_{rc belly b @ Belly joint @@ Spare ribs
: 11 Bread: Protein from pig How a Meat % £ 18 Paper: Bone gelatine is 24 Cigarettes:
hair is used to soften dough ¢ 16 stone : used to improve stifinessand  # Haemoalobin from the
12 Bullet:Bone : 3lb pig 119“’ reduce moisture : blood used in cigarette
. gelatine ! breaks 51704 &/ 19 Heparin: Used to stop the  filters to create an artificial
| usedto help /@, down : { formation of blood clots, itis  1Ung that supposedly lessens
transport s  taken from the mucus inthe § harmiul chemicals reaching
the gunpowtder or Bones — 23l intestines J the smoker
cordite into the casing 20 Soap: Fatty acids 25 Photographic
13 Medicine tablets: : from bone fat act as film: Bone gelatine

a
.
B
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
!
s
H
H
H
H
H
i
H
H
H
H
H
H
H
H
H

4 Internal

acts as a bonding
agent on the film

Gelatine is used in the
chell to give it hardness

: 8 hardening agent "

il : and give colour

14 Washing powder: Fatty Miscellaneous 21 Corks: Bone ) sheet

acids from bone fat harden gelating is used as 5 26 Dog food treat:
the substance : Blood 12b3.3% abinder Haemugfnbln used asa red
15 Paint: Fatty © “ Fat 12Ib5.3% 22 Insulin: Taken fromthe & colouring agent

acids from . : pancreas, as closest to :

bone fat & Skin 66ib2.9% Eurnan in chemical structure 3 &2$m?ﬂ£::;‘;foum used
increase gloss W : 17 Wine: Gelatine absorbs ¢ 23 Yoghurt: Pig bone : indrug to treat retina decay
16 Tambourine: Made : cloudy elements to give § calcium is used in some ¢ inthe eye. Drug is activated
from the pig's bladder i clear drinks { yoghurts i by shining laser into eye

: 20 Dog snack:

: 2B Moisturisers: Fatty acids
i from bone fat used

Deep fried
pig nose
30
Crayons:
Fatty acids are

used as a hardening agent
31 Shoes: Bone glue Is used
to improve the texture and
quality of the leather

32 Train brakes: Bone ash
used in production

33 Toothpaste: Glycerine
from bone fat is used to give
toothpaste texture

34 Hide glue: A strong glue
used in the woodworking
industry
derived
from
collagen Eg

35 Face

mask: -
with \""
collagen to

help reduce wrinkles

and lines

36 Alternative energy:
Waste products used asfuel
to produce electricity

37 Eneray bar: Treated
caollagen is cheap source of
protein for body builders
38 Cream cheese: Gelatine
used to make it stable

39 Whipped cream:
Gelatine gives textire

40 Sweets: Porcine gelatine
used &s a binding and gelling
agent and to ensure the
right texture is found in the
following: liquorice, wine
qums, chewing gum




BIOMASS

Carbon

i i

Slaughterhouse

HEAT

POWER
FUELS

CHEMICALS

FO0D
FEED
MATERIALS




Further development of the biorefinery concept

High

BioMaterials
- Polymers
- Composites

BioChemicals
- Flavours

- Monomers

- Proteins

- Fine chemicals

BIOREFINERY - Speciality chemicals

B

BioFuel i
- Bioethanol '
- Biodiesel

- Biogas

BioEnergy

- Electricity/Heat
- Liquid Fuels

- Pellets

Low

Low

% Borregaard




The Bio-based “Leggo set”

Biomass

Feedstocks

Starch

Biobased
- A synGas

Intermediate  Building Secondary Intermediates

Platforms Blocks Chemicals

e [ m
e ——————
e s /

Linsar and Sranched 1* soshob, and mised higher sicoho

E——
13054 meotecules, [sotudne and Ex dedvathes W A { m
—— SO/

maleric, 1,2P00, Slackds,

Hemicellulose

Acnfabes, L-Froprlene gheool, Dioranes, Pobbars, Laciide

———— P Y otn ]

oil |

Cellulose |

Protein

) Sucrose
Starch

Aeriates, Anvamige, Esier, 13 Pmpasstiol Malenis s ad
ctan

Fomagn, propiondl, scrists

Phamma. Etemedas

2-amires-1,3-P00, T-amiresmalorse, famne- 20

o ETUN
T pr————— [ ¥, st s

Sugars

Glucose it W oo |

Fructose Ut succinate dertratives sve abae|
Xylose =
Arabinose e INLrmmee |
Lactose T A A i
e Y

: ‘hr 5,
— T E—
= e E——
\
= M :
J A —

E-aminnbeslne, 2-Wetey THF, 1,4disky, ssturs, vercinets

Amine dicls, II\II II H !
e e i
i
— |
{ i i/
EG. PG, phyoercd, lactste, hyroy forans, sugar scds

r—— W e

Products/Uses

Industrial

Corrosion inhibitors, dust control,
boiler water treatment, gas
punfication, emission abatement,
specialty lubricants, hoses, seals

Transportation

Fuels, oxygenates, anti-freeze, wiper
fluids molded plastics, car seats, belts
hoses, bumpers, corrosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Moalded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

I Housing

Paints, resins, siding, insulation,
cements, coatings, vamishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protective equipment,
camera and film, bicycle parts & fires,
wet suits, tapes-CD’s-DVD's, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products,
disinfectants, aspirin

Figure 3 — Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks




Petroleum Refinery vs. Biorefinery

20t Century 21st Century

Sustainability

Self-reliance
Climate

Ethanol
Butanol

Bio-fuels
Advanced .
Biofuels _ = DBio-based polymers

-

5 - Bio-based materials

V' PLGK
PHA

PLA

+ UF . : 5
~ PF TER

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 %‘1 ]
e Segetis

Source: McKinsey & Co., Segetis, Inc. —
B TS

'\;é




“It does grow on trees”




From this....

....to this

Chemicals

-Plastics

- Functional monomers

- Solvents

- Chemical intermediates
- Phenolics

- Adhesives

- Hydraulic Fluids

- Paints

- Dyes, Pigments, and Ink
- Detergents

- Paper

- Fiber board

- Plastic filler

- Abrasives

Transportation Fuels

End Uses







Biochemical Route (“Sugar platform”)

(C5) Xylans
Xylose
Arabinose
Galactose
Mannose

Glucose (C6)

Glucose (C6)




Top Ten Sugar-Derived

Building Blocks

=) . _tothis

Sugar

1,4 diacids (succinic, malic,

fumaric)
2,5 furan dicarboxylic acid
3 hydroxy proprionic acid
Aspartic acid
Glucaric acid
Glutamic acid
Sin 9

Levulinic acid
3-hydre profactone
Glycerol
Sorbitol

Xylitol/arabinitol

Chemicals

-Plastics

- Functional monomers
Solvents

- Chemical intermediates

- Phenolics

- Adhesives

- Hydraulic Fluids
Paints

- Dyes, Pigments, and Ink

From this...

Xylose
Arabinose
Galactose

7

- Detergents
- Paper

- Fiber board
- Plastic filler
- Abrasives

Transportation Fuels

End Uses




Segetis L-Ketals -
Renewable Platform Chemicals

£3 2010

Thea Miiclwast's Promsss Enevgy,
Economic snd Environmuntal Conference

Brian Tockman

Nov 30 2010
E3 Conference
St. Paul, MN &



Segetis L-Ketal Material Systems

l o

THERMOSETS

THERMOPLASTICS
POLYOLS
PLASTICIZERS
SOLVENTS Engaged >100 Industrial Customers
MONOMERS FUNCTIONALOLIGOMERS  POLYMERS >
Segetis




High value sugars

2001

Weyland strong acid hydrolysis process converts woody biomass
into fermentable sugars and high quality lignin

INBOUND
BULK
BIOMASS

PROPRIETARY
CORE
TECHNOLOGY

DECRYSTALIZATION
SUGAR
PREPARATION

BIOMASS
PREPARATION

ACID AND
SOLVENT
RECOVERY

SUGARS

LIGNIN >

BIOREFINING

Lab Scale

Bench Scale




Upgrading

Pyrolysis or

) . Fuel Processin
Liquefaction b Stabilization J




CHEMREC DME (Dimethyl ether): the (green) fuel
Energy to succeed of the future?

Black liquor extracted from the
pulp manufacture process can
be the fuel of the future.
Photo: www.chemrec.se




A fourth line of business at Domsjo Fabriker - gresn fuels through Chemrec gasification technology
1. Specialty cellulose 2. Ethanol 3. Lignosulfonate 4. Green fuels: DME & Methanaol

*""-—r-—-—____lhe location Doms;jo Fabriker, a specialty cellulose
of" the. _DRW. - producer, in the outskirts of Ornskéldsvik,

gasaflcatmn northern Sweden. A photomontage of the

new gasification plant producing green
fuels DME, dimethyl ether, and methanol,
using Chemrec technology. The plant will
be ready in 2013 if everything goes

according to plan.
CHEMREC

Energy to succeed




Volvo Trucks Takes DME Plunge,
Biofuel Or No Biofuel
Friday, June 7, 2013 5:57

BIoDME




Biomass-derived pyrolysis oil
Credit: Pacific Northwest Mational Laboratory

Is it the future of fuel? New Battelle

mobile pyrolysis unit nets 130 gallons

of bio-oil per ton

Battelle evaluating pilot-scale mobile
catalytic pyrolysis unit to convert
biomass to bio-oil

8 November 2013



... to Barrel

I
: |
| P - ,
I , | :
' l H, co. :
. | CeHT T
I I Syn Gas L 4 Upgrading
| 250,000BTU ¢ | , 0
| I Drop
, | In
| Fuels
L l
Conversion == | onsite
(IMAP) P — o CHP
/500,000BTU
|
; [RE— |
1,000Ib, 100ft3 1.2 barrel
10Ib/ft3 500lb, 6.7ft3,
7,500,000BTU 751b [ft3

75,000BTU/ft3

apnJooig

3,750,000BTU
562,500B TU/ft3

...amodel for forest biomass/residues
M UNIVERSITY OF MINNESOTA

Driven to Discover®




fMAP
(fast) Microwave-Assisted Pyrolysis

| Lab-scale
2004

Continuous flow reactor
2007

—

Poftable unit
2010

UNIVERSITY OF MINNESOTA

PI’OfESSOI’ ROger Ruan BFI:}?}FOdUCtS and Biosystems Engineering Driven to Discover™



Woody Round Wood and
Residues Woody Energy Crops

m ® Feed stock%‘
il Depr:lts
- 2
0\% ineries

Multiple Biorefinerias

Municipal
Solid Wastes

150-300
miles

Rail, Truck,
or Barge _

Conversion (Blochemical
or Thermochemical)

. o0 o
Wet Herbaceous Residues Dry Herbaceous Residues
and Energy Crops and Energy Crops

An example of the Advanced Uniform-Format Feedstock Supply System.



Integrated Torrefaction and Briquetting Demo Plant (12 T/day)

Torrefaction

A thermochemical treatment process,
similar to roasting or mild pyrolysis

Energy density increases as ~70%
biomass remains with 90% of
original energy content

dump_hopper

Chip van

Demonstration Scale Kiln -12,000 kg/day

Natural Resources
Research Institute

UNIVERSITY OF MINNESOTA DULUTH

wood chip feed hopper

_ to pellet cooling and truck loading

Equipment contained in the outlined area will
be purchased as part of the dryer/ kiln

dust collector

dust collector

»
combustion air
waste gas

-
gas mixer

A
¢atural gas

torrefaction off gas

torrefaction kilnl

torrefied wood hopper

Komarek Briquetter






Specialized Cellulose Value Chain

Wood 3 Chemical ‘ . Intermediate : End Product

Cellulose Fiber
= Pulp with high purity = Viscose staple » Textiles (like rayon)
cellulose content fiber » Food
(>90%) = Lyocell * Disposable wipes
» Product specifications = Acetate » Pharmaceuticals
are differentthan kraft = Others = Cosmetics
pulp and need to be = Cigarette filters
managed with tighter = efc.
tolerances

sappi




Sappi Cloquet Mill

sappi



Nanocellulose --

USDA Under Secretary Sherman Unveils

The next “wonder material”? Nanocellulose Production Facility

Posted by Rebecca Wallace, USDA Forest Products
stronger than steel Laboratory, on August 3, 2012 at 11:57 AM
stiffer than Kevlar® The U.S. Forest Service Forest Products Laboratory
very lightweight, recently opened a $1.7 million production facility for
SR e renewable, forest-based nanomaterials.
non-toxic
highly absorbent

Natural Cellulose Fibers

on -crystalline

Method 1. Method 2. Method 3.

Strong acid Multiple Enzymatic hydrolysis
hydrolysis \ mechanical combined with

+ sonication shearing % mechanical shearing
\

',-’ Nanoscopic fibrils ™\
\

! Microcrystalline N

Whiskers _fibril bundles Microfibrillated cellulose

L =100 nm-300 nm L = several um
— — very high aspect ratio




7 incredible uses for nanocellulose Super-Flexible Screens

Bendable Batteries
Ultimate Body Armor (O ¢ :

: : ; Nannocellulose wrapped in graphene
Strength:weight = 8X stainless steel
Ultra-Absorbent Aerogels

Incredibly Fuel-Efficient Cars

Float 10,000 times it's weight, super absorbent

Bounteous Biofuel

Future Filters

Tweak the DNA of algae to chomp through wood pulp
to make nanocellulose and create biofuel as a by
product

Make saltwater drinkable, filter blood cells



You can make
anything you
want out of
lignin......

..... EXCept

$ MONEY $




Lignin -- A folded protein

One thing we do know about lignin is
that it forms clumps and lumps.
Persnickety scientists call them
aggregates.

Lignin is known for its near-
chaotic variety — virtually no two
lumps are the same, with a wide
variety of complex aromatic rings
and structures.

If you know your Star Wars, lignin is sort of like
the Force. “It surrounds us, penetrates us, and
binds the galaxy together,” as Obi-Wan Kenobi
observed.

Lignin is the single biggest technical bio-processing
barrier to cellulosic biofuels. It's exceedingly difficult
to separate lignin from cellulose, and costly. After
separation, lignin remains a low-value, unloved
byproduct that is typically burned to generate power.

As Catullus wrote in Odi et Amo, so it is with
lignin, “I hate and | love, how can | explain this
contradiction? | can only feel it, and | am in
agony.”



You know, we'd
plant a lot more
of you if you'd
just ease back
on the LIGNIN!







Recombinant Lignin Depolymerase with
Enhanced Stability and Catalytic
Activity

“....developing new thermoplastics with the
highest attainable contents of simple lignin
derivatives.

; “....lignin biodegradation as a vehicle for
Simo Sarkanen, producing the first true lignin degrading
Professor enzyme that biobleaches chemical pulp.”

“....how lignins may be biosynthesized
in nature”

:-..;...-ur-.'d'rj A ’ y i SITY f g
BIOPFOdUCtS and Blosystems Englneenng M UNIVERSITY OF MINNESOTA

Driven to Discover®



\

low volume - high value market 10000 €/t

Lignin

» Potential feedstock for wide range of chemicals
(aromatics!) and performance products.

» Valorisation lignin improves carbon footprint &
economics lignocellulose biorefinery.

io—plastics

bio-resins for
wood-adhesives

N activated carbon,
fuel-additives ¢arhon-fibres and

bio-bitumen for carbon-black
asphalt

v e bio-char for soil
bio-fuel for CHP ~ 'mprovement

high volume - low value market 100 €/t

* No large-scale commercial market for lignin at the
moment (in contrast to sugar derivatives).




Biorefinery Lignins

* Approximately 20 weight percent
of biomass, on average (2nd
most abundant polymer)

* Value-added markets, like
carbon fiber, can generate
additional revenue

+ 1.2 million tons @ $5/Ib = $12
Billion market (automotive & light
truck)

* |In producing 1 Ib of carbon fiber

— 2 Ibs of biomass could
replace 3 Ibs of PAN derived
from 6 Ibs of petroleum

(Polyacrylonitrile)

meUNIVERSITYo TENNESSEE|or

Forest Products Center |
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Futdre of Eo tProdu&t’fsfi e lJf_";iry-'

Forests can bé ade to produce. fl}lty tlmes their
present volum&of end products and’ still rem'aln
&permanently elf-renewing source faf raw F
materials . nly forests™ no other raw:
material resour€e — can yield such“returns. The
forest can, and, S0 must, end the €hronic i@
scarcities of material goods: that have har;assed

manrs experlerice since the beglnmng of history

-3 on lesinger; 1949 X
g 'G‘ ge p il




The Coming Age
al Wood

Jy DA GLISINGER

s e
HANEF B

Koo spol b bw - T Tk

Forestry and Forest Products Division

":::-‘:'-:-::rf | Food and Agriculture Organization
.5/ of the United Nations

Back to the future?



215t Century

Today

Minnesota Wood Consumption

Heat and

Electricity

lumberand 8
Specialty Produ
17%

Bio-fuels
Bio-based polymers
Bio-based materials

Figure 5.5
Minnesota’s forest resources 2oog. (2010) Saint Paul, MN: Minnesota
Department of Natural Resources. Pg. 9. Retrieved on September 12, 2011 from
hitp:/ files.dnr.state. mn.us, forestry/ um,forestresourcesreport_og.pdf



HF2465/SF2101: A bill for an act....creating

1. A Renewable Chemical and Advanced
Biofuel Capital Equipment Loan Fund;

2. (Cash) Producer Payments to eligible
producers of advanced biofuel at a
qualifying facility*;

2. (Cash) Producer Payments to eligible producers of renewable chemicals at
a qualifying facility;

3. (Cash) Producer Payments to eligible producers of biomass thermal at a
qualifying facility;

* 80% of feedstock from MN agricultural or forestry sources or organic content of municipal solid
waste.




Why Minnesota?

Northern
Minnesota
Wetlands

River - Morthern
Lakes and

Forests
Central
Northern Hardwood
Glaciated
Plains

Western Corn Belt Plains

Zu fruh alt, zu spéat schlau.

Vee grow too soon oldt,
und too late shmart.



Rlchard A. (chk) Hemmingsen

Senjor Fellow

612.386.2439
hemmings@umn.edu
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