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Father of Biobased Industry

"l believe the Great Creator has put
ores and oll on this earth to give us
a breathing spell.....As we exhaust
them, we must be prepared to fall
back on our farms, which are God's
true storehouse and can never be
exhausted. For we can learn to
synthesize materials for every
human need from the things that
grow."

Dr. George Washington Carver
(1864-1943)



Historical Perspective

Charles Robert
Darwin (1809 -1882)
“On the Origin of
Species by Means of
Natural Selection, or the
Preservation of
Favoured Races in the
Struggle for Life" (1859)

Scientific Discovery

National Security and
Stability: American Civil
War (1860-1865)

Economic Development
Cyrus Hall McCormick
(1809 — 1884)

International Search
for Oil Began 1859 —

Improvement in Energy Security

Machines for Reaping
Small Grain

Mechanical Reaper
Patent Number(s) Patented
June 21, 1834




Entry into the 20" Century

Albert Einstein
(1879 — 1955)

Special Theory of
Relativity (1905)
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Mechanization of Agriculture



War on Terror

Climate Change

Global Economic
Competitiveness

Transgenic Corn

Human Genome Project


http://www.nature.com/nature/supplements/collections/humangenome/index.html
http://en.wikipedia.org/wiki/Image:Corn_borer.jpg

How do we meet the
energy and materials
needs of a sustainable
global community?

f Cornell University




Multiple Solutions!
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The
Economist

OCTOBER 25TH-31ST 2003

www.economist.com

Don’t blame China
PAGE 65

The Democrats’ economic ideas
PAGE 25

Iran’s last chance
PAGE 12

A SURVEY OF CORPORATE LEADERSHIP

AFTER PAGE 50

Biomass Is the
only renewable
that directly
reduces our
dependency on
liquid fuels.



Good Science and Engineering
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@ genomics

@ proteomics

@ protein engineering
@ system biology

@ molecular modeling
@ nanobiotechnology
@ advanced materials
@ advanced bioreactors

@ more sophisticated
control systems

@ advance systems
engineering tools



Integrating Knowledge and Methods from
Basic and Applied Sciences for a Mission
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technology
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Elements of Industrial Ecology Design

@ Integrate an entire industrial
process to determine maximal
beneficial use of resources

@ Optimize the utilization of the
resource

@ Minimize waste generation
during obtaining and processing
of the resource

@ Minimize waste during
manufacturing

R. A. Frosch



Elements of Industrial Ecology Design

@ Maximize destruction or reuse
of waste resulting from
manufacturing

@ Maximize the ultimate
recycling or disposal of the
product,

@ Minimize consumption of
energy throughout the process, €
and,

@ In all parts, environmental
Impact must be considered.

R. A. Frosch.

Cornell University




Principle of Ecosystems Design

An ecosystem model implies
an evolutionary process as a
major organizing principle:

Number of tractors on

@ Components come into existence at  farms exceeds the
: - i number horses and
different times and are therefore In  mules for the first time in
different stages of their 1954

evolutionary history.

@ New components coexists with
mature products and with other on
their way to extinction.




Principle of Ecosystems Design

An ecosystem model assumes that the system
IS not the results of centralized planning or
any systematic design process:

@ Ecosystem modeling simulate &
the present state of an ongoing e e T e
opportunistic process. . @;w' ot
@ Evolutionary processes do not e~ s stes ""“"@em
necessarily produce optimum ™ = .
outcomes —they produce mmz.,,wf" ”’"’v‘vw -
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satisfactory outcomes.
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Principle of Ecosystems Design

@ Research Is needed to
determine the best species
poly-culture development of
biofuel feedstocks.

@ Explore using manure to
meet nutrient requirements
for crops that could be
suitable for biofuel




Major Subsystems of Sustainable
Agricultural Based Energy System
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Innovative in How We Network
Transformation Processes

How do we integrate
structural and dynamic
aspects of natural
ecology In our design
of industrial ecology?
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What Is a system?

“A system Is an assemblage or combination of
elements or parts forming a complex or
unitary whole, such as a river system or a
transportation system...”

Blanchard and Farbrycky
System Engineering and Analysis
1998



Feedstock Supply System
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Alternative Subsystem
Definition and Configuration
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Two Approaches Ecosystems
Modeling

& Structural studies or
“systems ecology” —
concentrations on the flow
of material and energy.

@ Dynamic studies or
“population ecology™ —
time varying behavior of
components.




INDUSTRIAL ECOLOGY

USDA Multidisciplinary Graduate Education and Training
Program (MGET)

Core Course Work:

1. Sustainable Development Seminar

2. The Science and Engineering
Challenges to the Development of
Sustainable Bio-based Industries

&+ 3. Biomass Conversion for Energy
and Chemicals, and

4. Industrial Ecology of Bio-based
Industries




Engineering Industrial Ecologies

“...as a dominating species on the surface of the
earth, man must learn how to engineer the
developments In industry, agriculture, and human
habitats as components of an industrial ecosystem.
In this greatest and most challenging of engineering
efforts we must be concern with feasible alternative
ecosystem goals and how to direct landscape
development toward these goals, rather than with

projections of present trends.”
Koenig, Cooper and Falvey,1972
Engineering for Ecological, Sociological
and Economic Compatibility



Input-output Modeling Of
Systems: Goals

@ To i1dentify generic processes found In
man-made and natural systems.

@ To develop simple material flow models
for generic processes.

@ To define how basic processes are
connected together to form a system.

@ To develop and implement algorithms for
calculating material flows.



Input-output Modeling Of
Systems: Generic Processes?

@ Material transformation
@ Material transport
@ Material storage

1Koening, H. E. & R. L. Tummala. 1972. Principles of ecosystem design and
management. Trans. IEEE Sys., Man Cybernetics, VVol. Smc-2 (4): 449-459.



Material Transformation Processes

Graphical Model

| YO-

(1)

Mathematical Model



Example of Material Transformation
Processes: Solid Waste Recycling.

Paperi)
Y2 1 O
Yl’l Plastic & Tags
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Example of Material Transport

Processes:
:\ ,n a conveyor
\ P3 /
/ ;/0,4 -
:\ i a fleet of trucks
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Material Storage Processes:

Yo \ Yo, dy,

>

>\ P‘ O dt =Y =Yy, (4)

- dy,
0 "L >/—.\ =Yy (5)

5 dt




Socletal Costs

We can define a cost vector that essentially
represent the cost In nonrenewable resources:

X:; =Labor
=2

X; i =Solar Energy (Land)
=3 .

X;; =Physical Energy
=4

X;; =Monetry

whera = process number,

] = the flow associated with process “i”,
| = costs.



Material Transformation Processes

The cost equation for the
stimulus variable is define as:

X = JZ;(k“x“) £ (Y, )
where (3)
| = the process number,
Graphical Model j = the flow associated with
process “1”,

| = costs.




Material Transformation Processes

Dissecting equation 3:

Xj, :_Zn:(kj,ixlj,i)_ fi (Yo,i) (3)
VESEA 1

_— T~

Represents the costs Represents the costs per
Involved in making unit of output required to
Input available to the carry out the material
process and to move the | | transformation process.

outputs from the process




Example of Nodes Connection

A

Y3,3 Y

0,5

The constraint for this node i1s

Y3,3 +Y1,2 ""Yo,s =0 (7)



Source of Study

Kurdikar, D., Fournet, L., Slater, S.C., and
Paster, M, Gruys, K. K., Gerngross, T. U.,
& Coulon, R. 2001. Greenhhouse Gas
Profile of a Plastic Material Derived from a
Genetically Modified Plant. Journal of
Industrial Ecology, 4(3): 107-122.



System Description: Fossil Fuel
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System Description: Biomass
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Input-Output Model of Cellulosic
Ethanol Plant
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Benefits of Industrial Ecology
Modeling Framework

» Explicitly couples principles of ecology with
system thinking.

» Emphasizes the importance of examining
different mixed of technology and different
“network™ structures.

» Provides a very robust method for documenting
how key technology coefficients and cost
equations are linked to processes and evolve
over time.



Benefits of Industrial Ecology
Modeling Framework

» Can generate the material, energy and
monetary flows need for life-cycle analyses, and
for determining carbon footprint.

» Represent the middle ground of between
spread-sheets and full blown Aspen modeling.

» |s an excellent tool for teaching undergraduate
and graduate students the principles of
Industrial ecology.



Cellulosic Ethanol Program (CEP) at
Cornell University

Feedstock Pretreatment of Enzyme Whole organism  Systems

Biomass lignocellulosic optimization fermentation integration

Plant Breeding

Alkaline Ethanol )
Don Viands pretreatment Single cellulases Industrial ecology
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Plant genomic Susan Henry
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Cornell University Larry Walker
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Educating the Next Generation of
Scientists and Engineers




Educating the Next Generation of
Scientists and Engineers
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Some key questions?

@ What Is driving the evolution of this paradigm?

@ How do we manage the inherently disruptive
nature of evolutionary processes?

@ How do industry, government and universities
work together to exploit opportunities and
address challenges arising from this disruptive
process?

- Cornell University




Innovative in Human Development

'-:U “ "
3 -
- \
.
*




“This only one world Is
our own to make and to
keep.”

Gerard Piel

Thank You for your
support and interest!
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