The Direction of Research
at BSEL: Bioproducts,
Biloprocesses & Bioenergy

Making next generation
biofuels and chemicals
from biomass



The BSEL Mission

1. To develop and transform abundant
and renewable bioresources through
targeted research, development,
demonstration and commercialization
of bioproducts, bioprocesses and
bioenergy supported by a wide variety
of public and private partnerships.

2. To provide a quality and rigorous
education in the sciences and
engineering required to conduct an
active program of research, discovery
and commercialization while
integrating the teaching and research
missions.









Presenter
Presentation Notes
During the last century we became accustomed to a mono-supply of energy from fossil fuels





You are here

Oil and gas resourcesp
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Current technology:
Starch-based ethanol

Biomass: Corn, grain, sugar

Technology under implementation:
Lignocellulose based ethanol

Residues and waste: Corn stover, straw,
bagasse, wood, garden refuges etc.
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Competition with food
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Presentation Notes
Much of this debate takes a set-off in the food versus fuel discussion based upon limited land availability. One of the means to solve this problem is to look towards the sea





The lignocellulosic
problem of 2nd
generation biofuels

“ “ “ Cellulose
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Presentation Notes
Two problems Lignocellulosic structure mask the cellulose and hemicellulose to avoid acessibility of the enzymes


Feedstock
- Three major components
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MAXIFuels pilot plant — started September 2006 —
Abandoned July 2008

LIGNIN
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Presentation Notes
A general approach for our group – and for my own work – has been biorefineries for the production of multiple fuels. Within this topic I have focussed on hydrogen production. Pretreatment 150 kg biomass/day. SSF fermentation 2 2500l fermenters.
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The hydrogen, which is derived from the C5 fermentation is definitely not impressive.


Maxifuel Energy Balance
n=0.69
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Tested with success in the laboratory

Wheat straw

1 tonne
wheat
straw

Coffee
Husks

Ccorn
Stover

Willow

Eucalyptus
Wood

Rice Straw

270 liters of ethanol

Sugarcane
Bagasse




BornBioFuel



http://companyweb/Presentations/Biogassol11.skp�

1. Generation: Food-based fuels made from sugar, starch, vegetable and
animal oll.

2. Genera )| aef00d based fuels made from ligogas

3. Generation: E
algae

4. Generation: Synthetic or g
producing biofuels dire




3. Generation biofuels. Biomass-free biofuels produced
directly by photosynthetic algae and bacteria.

Photobiological
Hydrogen production

Algaeal biodiesel production
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4. Generation biofuels
Synthetic biology
Hydrocarbons, alcohols
- you name it.
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Biomass

Biorefinery Concept

Sugar Feedstocks

Sugar Platform
“Biochemical”

Residues

Combined Fuels,

Heat & Chemicals,
POWer & Materials

Clean Gas

Syngas Platform
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@Biomass will constitute an inevitable resource for carbon-based
fuels and chemicals

USES

Fuels:

— Ethanol

— Renewable Diesel
— Hydrogen

Power:
— Electricity
— Heat

Chemicals

— Plastics

— Solvents

— Chemical Intermediates
— Phenolics

— Adhesives

— Furfural

- Enzymatic Fermentation —;att%_’ agidg
i i : — ACellC ACI
- Ga_ts/hqwd Fer_mentatlon | _ carbon black
- Acid Hydrolysis/Fermentation | _ paints
- Gasification — Dyes, Pigments, and Ink
- Combustion — Detergents

- Co-firing ~ Ete.

Conversion
Processes

Biomass
Feedstock

Food and Feed
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Presentation Notes
Biorefineries could potentially use complex processing strategies to efficiently produce a diverse and flexible mix of conventional products, fuels, electricity, heat, chemicals, and material products from multiple biomass feedstocks. DOE is working to evaluate and develop the biorefinery concept into real world models. Biorefineries in a simple form are present today in some agricultural and forest products facilities.  These systems can be improved through better utilization of waste products and by applying the lessons learned from existing facilities to other comparable situations.  These facilities both convert wastes to fuel material, but also upgrade fuel materials to product raw materials. These industries also produce by-products, which are commonly under-utilized or treated as waste.  Finding higher value uses of these products as fuel and improving the processing efficiency of existing facilities is a primary goal of the BioInitiative.

The composition in general for biomass is:
38-50% Cellulose (Glucose sugar)
23-32% Hemi cellulose (Pentose sugar exp. D-xylose)
15-25% Lignin 
5-13% extractives, ash, etc.

The conversion process R&D.  Biochemical and Thermo chemical conversion.

One project in which DOE is funding R&D to move towards the biorefineries that I just described is titled:
Polylactic Acid, Ethanol, and Power
Objective: Cargill Dow Polymers LLC is developing laboratory-scale proof of concept information for conversion of corn fiber and corn stover to NatureWorks polylactic acid polymer, ethanol, and power.
Status: Bench top fermentation systems have been set up to characterize the performance of the engineered gene strains.  Cargill Dow has begun discussions with enzyme producers.




ldentifying Streams for Chemical
Products

- Ethanol « Anaerobic
Biomass fermentation digestion

Lignin
* Process
" = dm 0 Biogas S

Chemicals purification

« Enzymatic « Nutrient
hydrolysis recovery

...to support lignocellulosic and algal

biorefineries




Plants convert sun light, water and CO2 into new
plant material: biomass

One hectare
receives 10000
Mwh input of sun
light per year




What you harvest depends on what you grow
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C3 cane has high
efficiency for
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The aviation problem

«Density = fl; A
*Energy density B

*Freezing point
*Sulfur and particle
generating content <
«Availability
*Prize




The Biorefinery concept

Wood Products

and Energy or
Food/Feed
Chemicals

& Recycle o

Heat and New
Bioproducts

e o

' e P

Agricultural
Residues

EETRRIE L4 £ 4 6

¥
s

Yy

e

R

LR EREREEs
Bt
il ',!' 'I"!_:;'I "l:, "fi|m"ti,1"t|,1"t‘11
S
LA E
Yl I’I'rlj,rl"l‘l"l"l"
WL

Yy
Py




	Slide Number 1
	The BSEL Mission
	Slide Number 3
	Global annual energy use
	Slide Number 5
	Oil and gas resources
	Oil use
	Slide Number 8
	Bioethanol – Production technologies
	1. Generation biofuels plant�Food/Fruit-based fuels made from sugar, starch, vegetable and animal oil.�Corn and grain based ethanol, rapeseed and palmoil based biodiesel.�
	Competition with food
	Comparison values for 1 and 2 Generation biofuels 
	Pinus longaeva 5000 years
	Feedstock�- Three major components
	The BioGasol Concept : The carbon slaugther-house
	Slide Number 16
	What do we get out of Maxifuels???
	Slide Number 18
	Slide Number 19
	BornBioFuel
	The biofuel family
	Photobiological Hydrogen production
	4. Generation biofuels Synthetic biology Hydrocarbons, alcohols - you name it.
	         BIOREFINERY CONCEPT
	Slide Number 25
	Identifying Streams for Chemical Products
	Plants convert sun light, water and CO2 into new plant material: biomass
	What you harvest depends on what you grow
	Energy crops
	The aviation problem
	Slide Number 31

