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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 Box elderAnd, A Couple of Disclaimers….

Not a lot trees in my background….

Box elder

z

Cottonwood

Cottonwood

Cottonwood



And A Couple of DisclaimersAnd, A Couple of Disclaimers….

Not a lot trees in my background….

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

z



And A Couple of DisclaimersAnd, A Couple of Disclaimers….

Not a lot trees in my background….

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

zInformation 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) comechemicals) come 
from?

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



A Petroleum Refinery





The Petro‐chemical “Leggo set”



A Biorefinery mimics 
a petrochemical refinerya petrochemical refinery 



Renewable Chemical Value‐Add

Slide courtesy of BioAmber



Let’s go back to the pigsLittle pigs turn into big pigsBut it didn’t all get made into SPAM

This little piggie went to market



“Use everything but the squeal”



hThe 

Carbon

Slaughterhouse





A Biorefinery?  Oughta’ be easy, right?The Bio‐based “Leggo set”





“It does grow on trees”



to thisFrom this

Chemicals

….to thisFrom this….

-Plastics
- Functional monomers
- Solvents
- Chemical intermediates
- Phenolics
- Adhesives
- Hydraulic Fluids
- Paints
- Dyes, Pigments, and Ink
- Detergents
- Paper
- Fiber board

f- Plastic filler
- Abrasives
Transportation Fuels

End Uses



A Bi fiA Biorefinery………..



Biochemical Route (“Sugar platform”)

(C5) Xylans
XyloseXylose
Arabinose
Galactose
Mannose

Glucose (C6)

Glucose (C6)( )



Chemicals
….to this

1,4 diacids (succinic, malic, 

Top Ten Sugar-Derived
Building Blocks

-Plastics
- Functional monomers
- Solvents
- Chemical intermediates

, ( , ,
fumaric)

2,5 furan dicarboxylic acid
3 hydroxy proprionic acid

Aspartic acid
Glucaric acid

- Phenolics
- Adhesives
- Hydraulic Fluids
- Paints

Glutamic acid
Itaconic acid
Levulinic acid

3-hydroxybutyrolactone
Glycerol
Sorbitol

- Dyes, Pigments, and Ink
- Detergents
- Paper
- Fiber board

Sorbitol 
Xylitol/arabinitol

Xylose
Arabinose

Sugar

- Plastic filler
- Abrasives
Transportation Fuels

Galactose
Mannose
Glucose

From this….

End Uses







Silvanova

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

PROPRIETARY
CORE 

TECHNOLOGY

INBOUND
BULK

BIOMASS

BIOMASS
PREPARATION

SUGARSDECRYSTALIZATION
SUGAR

PREPARATION
BIOREFINING

ACID AND
SOLVENT

RECOVERY

LIGNIN

2010 2013 >20052001

Lab Scale Bench Scale Pilot Plant Commercialization



Thermochemical Route

Bi f l

Chemicals
& Materials

Biofuels

Specialty
Products



DME (Dimethyl ether): the (green) fuel
of the future?of the future?

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



Domsjö Fabriker, a specialty celluloseDomsjö Fabriker, a specialty cellulose 
producer, in the outskirts of Örnsköldsvik, 
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. 



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



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



Bale to Barrel… to Barrel
Back to field as a soil amendment

Power for conversionPower for conversion

Syn Gas Upgrading

2,250,000BTU
Syn Gas

to
Advanced

Drop
In

Fuels

Conversion
(fMAP)

1,500,000BTU

On site
CHP

1,000lb, 100ft3

10lb/ft3

7,500,000BTU

1.2 barrel
500lb, 6.7ft3, 
75lb              /ft3

75,000BTU/ft3 3,750,000BTU
562,500BTU/ft3

Can be implemented on average size farms 
or small villages 
…a model for forest biomass/residues



fMAP 
(fast) Microwave-Assisted Pyrolysis

L b l ALab-scale
2004

Aspen

Continuous flow reactor
2007

Professor Roger Ruan

Portable unit
2010





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

Torrefaction 

A thermochemical treatment process,A thermochemical treatment process, 
similar to roasting or mild pyrolysis

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

i i l t toriginal energy content

Demonstration Scale Kiln ‐12,000 kg/day

Komarek Briquetter

g y



A Bi fiA Biorefinery………..







Nanocellulose ---
The next “wonder material”?

USDA Under Secretary Sherman Unveils 
N ll l P d ti F ilitThe next wonder material ?

stronger than steel
stiffer than Kevlar®

Nanocellulose Production Facility
Posted by Rebecca Wallace, USDA Forest Products 
Laboratory, on August 3, 2012 at 11:57 AM 
The U.S. Forest Service Forest Products Laboratory

tl d $1 7 illi d ti f ilit fvery lightweight, 
conductive
non-toxic 
highly absorbent

recently opened a $1.7 million production facility for 
renewable, forest‐based nanomaterials.

highly absorbent



Ultimate Body Armor

Super-Flexible Screens

Bendable Batteries

7 incredible uses for nanocellulose

Ultra-Absorbent Aerogels

Incredibly Fuel Efficient Cars

Strength:weight  = 8X stainless steel

Insanely thin - and flexible screens
Nannocellulose wrapped in graphene

Incredibly Fuel-Efficient Cars

F t Filt
Bounteous BiofuelShave 750 # off the weight of your car

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

Future Filters

Make saltwater drinkable, filter blood cells
Tweak the DNA of algae to chomp through wood pulp 

to make nanocellulose and create biofuel as a by 
product



$$ MONEY $$You can make
anything you

$$ MONEY $$
anything you
want out of 
lignin……lignin……

….. Except….. Except



Lignin -- A folded protein

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 g y g ,
observed.

Li i i th i l bi t t h i l bi iLignin 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.

One thing we do know about lignin is 
that it forms clumps and lumps.  
Persnicket scientists call them yp yp y g p

As Catullus wrote in Odi et Amo, so it is with 
lignin, “I hate and I love, how can I explain this 

t di ti ? I l f l it d I i

Lignin is known for its near-
chaotic variety – virtually no two 

Persnickety scientists call them 
aggregates.

contradiction? I can only feel it, and I am in 
agony.”

y y
lumps are the same, with a wide 
variety of complex aromatic rings 
and structures.



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



What would you have if you 
h d t ith t LIGNIN?had trees without LIGNIN?



Recombinant Lignin Depolymerase with 
Enhanced Stability and Catalytic 
ActivityActivity

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

“ lignin biodegradation as a vehicle for
Simo Sarkanen,
Professor

….lignin biodegradation as a vehicle for 
producing the first true lignin degrading 
enzyme that biobleaches chemical pulp.”

“ h li i b bi th i d“….how lignins may be biosynthesized 
in nature”





(Polyacrylonitrile)



Future of Forest Products IndustryFuture of Forest Products Industry

Forests can be made to produce fifty times theirForests can be made to produce fifty times their 
present volume of end products and still remain 
a permanently self-renewing source for rawa permanently self renewing source for raw 
materials …   Only forests – no other raw 
material resource – can yield such returns. Thematerial resource can yield such returns.  The 
forest can, and so must, end the chronic 
scarcities of material goods that have harassedscarcities of material goods that have harassed 
man’s experience since the beginning of history

Egon Glesinger, 1949



Forestry and Forest Products Division

Back to the future?Back to the future?



TodayToday

????



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

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

2 (C h) P d P t t li ibl2. (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 a3. (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 
twaste.



Why Minnesota? Why Not

????

Zu früh alt zu spät schlauZu früh alt, zu spät schlau.
Vee grow too soon oldt, 

und too late shmart. 



Questions

Comments

Input

Richard A. (Dick) Hemmingsen
Senior Fellow

612 386 2439612.386.2439 
hemmings@umn.edu


