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OUTLINE
Is there any doubt –

- that man is changing the environment of the planet?
- that fossil fuel will eventually run out?
- that fresh water is becoming less available?
- that we are wasting many natural resources?

The issues are:
Population
Air
Water
Land – Agriculture – Chemicals 
Biodiversity
Energy

Our resources are:
Brains – imagination, planning
Individuals – creative ideas, responsibility, vision
Collective action – issues, government regulation, 

global cooperation



http://www.millenniumassessment.org/en/index.aspx
Crossroads for Planet Earth, Scientific American, September 2005





The activities of man are changing the face of our planet.
The resources of our planet are stretched.  The quality of air, 
water and earth are deteriorating.  Biodiversity is being lost. 
What is the responsibility of an Engineer in the world today?
How can I understand the problems and make a difference?

Population
Air
Water
Land
Biodiversity
Energy

http://nssdc.gsfc.nasa.gov/photo-gallery.htm

A fragile view 
of Earth



Global Population Status and Projected Growth
Population

(Scientific American, September 2005)



(Scientific American, September 2005)



In 2001, more than 1 billion people survive on less than $1 per day –
70% are in rural areas and depend on agriculture, grazing or hunting.

Inequality in income and human life quality increased during past decade.

A child in sub-Saharan Africa is 20 times more likely to die before age five, 
compared with a child in an industrial country.

During past decade, 21 countries declined in their Human Development Index,
14 of these countries are in sub-Saharan Africa.

Per capita food production has increased in the last four decades, but 
852 million people were undernourished in 2000-2002.

Since 1960, water use ratio to supply has increased 20% per decade.  More 
than 1 billion people do not have access to an adequate water supply.

More than 2.6 billion people do not have access to improved sanitation.

Status of Poverty and Ecosystem Services





(Scientific American, September 2005)



(Scientific American, 
September 2005)



Airborne Particulate Matter

Agriculture

Incineration

Fossil Fuel Combustion

Olympus Photo Deluxe, 2000

AIR



The primordial atmosphere of Earth had no oxygen.  The present 21%
of O2 is due to the plant production by photosynthesis which produced
oil and coal deposits.

Chemistry of Atmospheres, R.P. Wayne, Oxford Science Publication, 1991.



CO2 is combustion by product of all anthropogenic fuels –
it is used by plants in the cycle of photosynthesis to produce oxygen.
The increase follows the increase burning of anthropogenic fuels and 
the oscillation follows the summer/winter conversion of CO2.

Climate Change: The IPCC Scientific Assessment – World Meteorological Organization, 
Cambridge University Press, 1990.

CO2 Increase



Population growth and increase in CO2  from combustion

Policy Implications of Greenhouse Warming – National Academy Press, 1991.

(~ 4% per year)



Greenhouse Gases 

The IR absorption of Earth’s
radiation into space captures
additional heat and causes 
global average temperature 
rise.

Climate Change: The IPCC Scientific Assessment – World 
Meteorological Organization, Cambridge University Press, 1990.



Emission Spectrum of Sun and Earth  -
Infrared Absorption by Molecules

Energy and Climate Change – DOE Multi-Laboratory Committee, Lewis Publishers, 1990.  MacCracken and Luther, DOE/ER-0235.



Global warming threatens
to change the ice caps 
and glaciers.

Global-mean combined land-air 
and sea-surface temperatures
1861-1989, relative to the average 
for 1951-1980

Climate Change: The IPCC Scientific 
Assessment – World Meteorological 
Organization, Cambridge University 
Press, 1990.



Climate Change
By the end of this century (2100), global mean surface temperature 
will increase by 2.0 to 6.4oC.  The temperature increase is expected 
to be accompanied by forced climate extremes with droughts and 
floods, and a sea level rise of 9 to 88 cm.



This is not an acceptable alternative!

IBM Advertisement Websphere for Mankind – Back cover Discover Magazine September 2001.



Water



Fresh Water

Fresh water use exceeds sustainable supply by 5 to 20% in some 
regions.  That difference is taken from ground water.  In large 
areas, 15-35% of irrigation is unsustainable.

Industrial use of water doubled in past 40 years.

Humans now use 40-50% of the fresh water runoff.

The amount of water held behind dams exceeds the amount in natural 
rivers and streams by a factor of six. 







Geographical shift 
in catch locations 
reflects depletion 
of areas closer to 
shore.

Fishery
Catch
Locations



LAND
(24% of the Earth’s terrestrial surface has been converted to cultivation)





Forest Changes 1980-2000 (national reports and remote sensing)















BIODIVERSITY





8 Biogeographical Realms and 14 Biomes











China & India: The Dilemma of 
Coal-Fired Power - IEEE Spectrum, 
Nov and Dec 1999

In China, between
1990 –1995, there
were more deaths 
due to air pollution
than any other cause.

ENERGY



China & India: The Dilemma of Coal-Fired Power - IEEE Spectrum, Nov and Dec 1999



Energy Consumption Compared with Gross National Product

Environmental Physics, Boeker and Grondelle, John Wiley & Sons, 1995.



Our Primary Energy Source



(Scientific American, September 2005)



Millennium 
Goals





Perspective –

Our universe has been here
about 12 billion years,

our solar system formed
about 4 billion years ago,

man has been walking this 
planet about 4 million years,

civilization’s roots for modern
society are about 2500 years old,

the industrial revolution to
produce our goods and services
began about 100 years ago.

Olympus Photo Deluxe, 2000



Learn and Practice Green Design
Consider the Life Cycle for Any Design

Green Products by Design – Congress of the United States, Office of Technology Assessment, 1992.

ENGINEERING OPPORTUNITIES



Nuclear Energy

Environmental Physics, Boeker and Grondelle, John Wiley & Sons, 1995.

Horizons, Exploring the Universe – MA Seeds, Wadsworth Publishing, 1998.



Plasma Fusion

Fusion Plasmas –
http://www.plasma.org/photo-fusion.htm

Plasma fusion reactors
hold the promise for a
long term, relatively 
clean energy source.

Z-Machine
Sandia

Tokamak Plasma - Princeton

JET-Tokamak
UK Physics 

Inertial Confinement – Univ Rochester

Nebula M1-67



(Scientific American, September 2005)





Solar Cell Market Growth

Wind and Geothermal





(Scientific American, September 2005)
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Become environment steward
Electricity, Water, Recycle

Improve use of energy resources
Use computer for paperless society

Design for conservation 
Consider the life cycle

Plan for resource preservation
Teach others, educate young and adult

Practice personal conservation
Be an example

Additional
Work by a High Ethical Standard
Develop Technical Competence 

(Curious Observer)
Be Efficient Worker 

(Project Tools)
Create Environment for Success

What can you do?

http://nssdc.gsfc.nasa.gov/photo-gallery.htm



What can I do as an individual to conserve resources?
Use low phosphate detergent
Use low flow faucet aerator
Reuse containers
End junk mail
Use unbleached paper 
Use sponge or cloth to wipe spills
Use less heating and AC
Reduce water use in toilet
Low-flow showerhead
Shower-soap-shower (30-35%)
Water flow – brush teeth – water
Conserve electricity use 
Insulate home
Reduce travel by car – use public
Recycle glass, plastic, metal, paper
Plant a tree (avg use is 7 per year)
Eat low on food chain
Teach others to conserve
Support conservation with your pen50 Simple Things You Can Do to Save Earth, Earth Works Press, 1991.

Olympus Photo Deluxe, 2000



You are smart –

If you will approach every task
with concern for resources and
the environment –

If you will encourage that same 
concern among your co-workers
in the future –

YOU CAN MAKE 
A DIFFERENCE!

Olympus Photo Deluxe, 2000



http://www.millenniumassessment.org/en/index.aspx

If you want a pdf copy of this
presentation or the Millennium 
report, send me an email:

crp3@psu.edu
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