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French Academy of Sciences

1783 Challenge

« Alkali important to glass, textile and soap industries
« Potash from wood ashes had been source

* Deforestation - led to uneconomic source

e Alkali had to be imported - potash and soda ash
 Source: plant materials, wood ashes, trona
 France at odds with Great Britain and Europe

 Louis XVI ordered Academy to offer prize -
produce alkali from sea salt
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Nicolas Leblanc — French Physician

Soda

ash
_h...

Leblanc devised only process that proved practical — 1791

Basis for development of industrial chemical industry
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Growth Business lllustration
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lce Manufacture
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Situation Assessment

2.7 billion people live on less than $4/day and cannot

access electricity, clean water or sanitation

« Growing demand for energy/
the ways energy is used will change
Rapid technology diffusion
Extensive environmental threats/climate change

Inequalities of income and power
(both within and between countries)

Status quo Is not sustainable —

politically, economically, environmentally

°
Energy | Environment | National Security | Health | Critical Infrastructure

I

2
| ]

|

.
2

1

o, .y
2 fn
=
=

-
n e

=3



Significant Life-Style Changes

Total

Rural

billions

World Population
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Atmospheric CO, Concentration

Carbon Dioxide Variations
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Climate Change
Temperature - Precipitation - Sea Level
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~ 126,000 yea

Is ago
Human intervention: influences the rate of change
Affects Health, Agriculture, Forest, Water Resources, Ecosystems
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Targets for CO, Management
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Energy Forecasting

Many approaches

v Models: economic
development, technology
change

v Extension of trends
v Scenarios

- Limitations
v" Failure to capture disruptive
events
v" How we view data

v Predictions tell us more about
group psychology than reality
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U. S. Energy Use: 1950 - 1970
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Energy Consumption - Quad
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U. S. Energy Use Forecast in 1972
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U. S. Actual Energy Use
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U. S. Energy Use Forecast
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Petroleum Perspective
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Resource Control Implications

Transfer of Wealth
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60
> 50
3
J 40
Q0
Q 30
c
i)
= 20
=
10
O _|
Middle East, China and India Other
Russia,
Kazakstan,
Venezuela,
Africa

g—
-
-

Ref. BP 2008 data z
G

17 From Science to Solutions
Energy | Environment | National Security | Health | Critical Infrastructure o Selence o Seons

::Iﬂll
n

Efﬁu



Natural Gas Perspective
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lllustrating Unconventional Resources

Proven and Potential Shale-Gas Units
and Deep Basins of the U.S.

Source of Shale Gas:
Diatoms and other
microscopic marine

- organisms
EXPLANATION | g
W Established or potential gas production L‘
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—  Basin outfine
US. deep basin shale fairway From Pollastro (2005, AAPG-Paris)
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The Barnett Shale and other potential shale gas plays in the US.
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Projecting Wind Electric Power Capacity
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U.S. Electric Power Capacity Perspective
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Technology / Price of Light

Tungsten
. Pearl Street Filament Compact
Town Gas ‘Rock Oil’ Station Lamp Fluorescent
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Data from William D. Nordhaus ‘Do Real-Output and real-Wage Measures Capture Reality? The History of Lighting
Suggests Not’, published in The Economics of New Goods, edited by Bresnahan and Gordon, 1997 | -
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U.S. Energy Supply Since 1850
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Today’'s Grand Challenges

Power
Generation

Public,
Industry,
etc.

Disaster Resilience

Water

350 billion gal fresh
water/day: U. S.
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lllustrated Past R&D Grand Challenges

Apollo Project
(1960s)

~ $91 billion

Manhattan Project

(1940s)
Characteristics

~ $25 billion
Complex, Large scale, Multi-disciplinary, Captures the imagination
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Characteristics of Grand Challenges:

Boundaries Have Changed

Historic Grand
Challenges

Today’s Grand Challenges

Activities

Isolated
‘just had to get there’

Interdependent;
Conflicting Goals

Implementation

Technical Community

‘linear thought
process’

Diverse Stakeholders:

Requires collaborative
strategy

Funding

Government
‘limited constraint’

Multiple Sources;
Competition

Borderless Profession
Disappearance of borders between disciplines
Need for new team, organization, communication concepts
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What Metrics Guide Decisions?

Corn-Ethanol Biofuel

Emissions: Air, Water, Solids

By-Products

(e.g. animal feed,
starch sweeteners,
corn oil)

1

Ethanol
Production
—p Ethanol

. :g
2SS
ey Clomass Preparation,
g Fermentation,
Distillation
* Energy security o
Utilities
* Renewable
/41| S
From Science to Solutions

e Farmer benefit

Energy | Environment | National Security | Health | Critical Infrastructure

27



Where Do We Draw the Boundary?

Emissions — Air, Water, Solids
Field Chemicals: ammonium By-Products
nitrate, phosphorus and {e.g. animalfeed, Vehicle
Solar Energy potassium fertilizers, calcined starch sweeteners, Choice
lime, herbicides, insecticides com oil)
1_ YMT
r h l
= Biomass PEtgant?l
Seed | Production | Biomass roduction Ethanol . Fuel
Production {Agriculture, "l Transport i preparation / Transport Combustion -
Harvest) fermentation / Tranzpertation
T ; distillation
Soil Management
Water management {including irrigation)
t t t t
Human Laber, Electricity, Heavy Machinery, Infrastructure
t t t
Energy Seurce (Fessil, Renewahle, Nuclear), Agriculture, Mineral Recovery, Chemicals
U -
From Science to Solutions
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What Are the Options? Trade-Offs?
Emissions — Air, Water, Solids
Field Chemicals: ammonium By-Products
nitrate, phusphnrusaﬂ?u - R Vehicle
=:* star Eners, | Cheice
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What Metrics Will We Use?
Focus on Changing Behavior, Simple,
Reproducible, Anticipate Change

Resource Productivity (e.g. kWhr/GDP, water

productivity/hectare yield)
Resource Use (e.g. availability/use)

Plant Design and Economics for
Health (e.g. safety, deaths)
Environmental (e.g. GHG emissions/GDP)

Chemical Engineers

Max Peters
1958

«  Economic
e Security
* Land Use / Sustainability
*  Equity (e.g. share of population with electricity)
e Biodiversity

§ + CH:—CH; + ¢}y — CH.CICILC] + §
i Ethylens dichloride Dollars
Energy | Environment | National Security | Health | Critical Infrastructure
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Quality of Life / Technology Relationship
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Chemical Engineering Education

SCALE

Global
Systems

Enterprise
Systems

Plants

Equipment /
Unit Operations

Molecular

2000

v

2050

1900 1950
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U. S. DOE Energy RD&D
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Reflections

* The boundaries have changed
« Complicated trade-offs — requires big-picture systems view

« Solution is not at the limits: independence, no water use, no land use,
no carbon emissions

« Solutions will not come through individual technologies
« Solvable problem

* Need technology creativity and social creativity

* We have choices: engineers can inform public policy
» Will we be an integral part of the solution?
» Will we be leaders? What will it take?
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