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Earth Processes

Melting, Evaporation, Freezing, Condensation, 
Sublimation, Dissolution, Vaporization, 
Reaction, Decomposition, Dissociation, 
Chemical Precipitation, Photosynthesis, 
Respiration, Transpiration, Evolution,…

Nature has created a 3 billion year old success 
story of life on Earth. This success is reflected in 
the way that life is diversified and organized to 
make the best use of the resources available. 



Moving Air in the Troposphere (0-18 km),  From Gaia by James Lovelock (1991)



Hydrologic Cycle

From Laboratory Manual in Physical Geology by Busch et al., 1997.





Geologic Cycle from Physical Geology, C. Plummer et al., 1996.



Remark

Humanity derives a wide array of crucial 
economic and critical life-support benefits 
from biodiversity and the natural 
ecosystems in which it exists. This is 
captured in the term “ecosystem services”. 



Ecosystem Services

“Ecosystem services are the conditions and processes 
through which natural ecosystems, and the species that 
make them up, sustain and fulfill human life.”

- Maintain biodiversity
- Produce goods
- Provide life-support functions
- Provide Intangible aesthetic and cultural benefits

G. C. Daily 1997



Ecosystem Services

Critical services valued at trillions of dollars annually, 
provided at no cost by Nature such as:

• Purification of air 
• Global oxygen production (photosynthesis)
• Maintenance of  O2/ N2 gas concentrations for 

respiration
• Purification of water (wetlands, sediments,     

underground)
• Cycling of nutrients
• Pollination of crops and natural vegetation



Ecosystem Services (2)

• Generation and renewal of soil and soil fertility 
(nitrogen fixers and detritus)

• Mitigation of floods (vegetations, river shape) and 
droughts

• Production of soils, preservation of top soils
• Regulation of climate and oceans
• Moderation of temperature extremes and force of   

winds and waves
• Detoxification and decomposition of wastes
• Control of  the majority of agricultural pests
• Dispersal of seeds & translocation of nutrients
• Support of human cultures



“The human body is a dynamic field of energy. It is 
constantly participating in exchange with the larger of field 
of energy that surrounds it…

 98% of the atoms in your anatomy were not 
there a year ago..
 bones are re-created brand new every three 
months..
 a new liver every six weeks..
 skin is new every month..
 a new stomach lining every four days..
 surface cells that actually come in contact with 
digesting food are renewed every five minutes..

Basically, your body completely re-creates itself down to 
the last atom over a period of four or five years”

(Deepak Chopra, 1995)



Anthrosphere
Technosphere

(Infrastructure)

HydrosphereAtmosphere

Geosphere Biosphere
Nutrients, organic matter

Precipitation, water vapor, hydrologic cycle,
energy, CO2, O2

Particulate m
ineral m

atter, H
2 S, C

O
2 , H

2 O

B
iom

ass, nutrients, H
2 O

, C
O

2 , O
2

FROM:  Figure 1.1, Industrial Ecology, Environmental Chemistry and Hazardous Waste, Stanley E. Manahan



What makes the anthrosphere?

Structures used for dwellings
Structures used for manufacturing, commerce, 

education, and other activities
Utilities, including water, fuel, and electricity 

distribution systems and waste distribution 
systems, such as sewers

Structures and facilities used for transportation, 
including roads, railroads, airports, and 
waterways constructed or modified for water 
transport



What makes the anthrosphere? (2)

Structures and other parts of the environment 
modified for food production, such as fields used 
for growing crops and water systems used to 
irrigate the fields

Machines of various kinds, including automobiles, 
farm machinery, and airplanes

Structures and devices used for communications, 
such as telephone lines or radio transmitter 
towers

Structures associated with extractive industries



People



If we could shrink Earth’s population to a village 
of 100 people: 

• There would be 57 Asians, 21 Europeans, 14 
from the Western World and 8 Africans

• 51 female and 49 male

• 70 non-white and 30 white

• 70 non-Christians and 30 Christians

• 50% of the world’s wealth would be in the 
hands of 2 people from the US

• 80 would be living in substandard housing

• 70 are unable to read

• 50 suffer from malnutrition

• 1 would be near death and 1 near birth

• 1 would have college education



It is all about people…
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http://www.worldometers.info/world-population/

http://www.worldometers.info/world-population/




MEGACITIES
Cities with population > 10 million
5 (3 in developing world) in 1975
26 (22 in developing world) by 2015

World’s population in cities
30% in 1950
50% in 2000
60% in 2030

Water – Waste – Food – Energy -
Transportation – Land Use - IT



Mega-cities 2015
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For instance, let No be a certain initial quantity and let x be the 
percentage increase of that quantity per year. A year later, the 
quantity will be No (1+10-2x). After a period of t years (and 
assuming the same percentage increase during that period), it will 
be equal to

Let T be the doubling time, i.e. the time is takes for N to be 
equal to 2No.

T = (ln 2)/λ



Land area of the Earth = 150 x 1012 m2

Initial Population = 7.0 x 109

Annual Percent Increase = 1.1%

100 m2

10 m2

210 YEARS 1 m2

Present area per person
20,000 m2

484 YEARS

211 YEARS

905 YEARS



LICs: 35 countries 
LMICs: 56 countries 

UMICs: 54 countries
HICs: 70 countries

World Bank Income Groups



 0.78 billion lack clean water
 2.5 billion lack adequate sanitation
 2.4 billion are at risk with malaria
 2.0 billion with no access to low cost        

essential medicines

Why Engineering for the Developing 
World?

 1.2 billion lack adequate housing
 1.6 billion have no access to electricity
 1.3 billion are illiterate
 1.8 billion live in conflict zones, in transition, 

or in situations of permanent instability





Different Challenges

• In the developed world, the challenge is to 
consume less and more intelligently and be 
respectful of natural and human systems. 

• In the developing world, the challenge is to 
ensure that proposed economic solutions 
address the basic needs of people and are 
good to the environment



Gapminder World 

http://www.gapminder.org/world/


Anthropogenic Effects
or the

Human Domination on 
Earth’s Ecosystems

All organisms modify their environment, and 
humans are no exception…but we have more 

choices than other species!





overshoot



How do all humans under such constraints can have fulfilling 
lives, meet their basic needs, and live with dignity without 
degrading the eco-systems and services in the future?



Waste
“Pollution is nothing but the 
resources we are not harvesting. 
We allow them to disperse because 
we've been ignorant of their value.”
(Buckminster Fuller)

“Our present industrial economy is 
an immature ecosystem.” (Hawken, 
1993) 



Social Structure

Infrastructure
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Sustainability and Sustainable Development –
Questions?

Do we have a clear definition of sustainability 
and sustainable development?
What represents a sustainable system, structure 
or community?
Can sustainability be possibly quantified?
Is sustainability just another one of those 
contemporary “buzzwords”?



Sustainability

The word “sustainability” 
comes from “sustain” 
which comes from a Latin 
word “sustenere” that 
means to hold up and 
prolong, to keep in 
existence, to endure and 
withstand.



What do we want/need to sustain?

The natural environment (air, water, land, biota)
The human race and its basic organizations (family, individuals, 
communities). Critical issues are body, mind, soul
The built environment (facilities, infrastructure systems) 
Production systems (goods, products, services)
Resource base (different types of capital)  

Preservation of activities that humans can 
derive their sense of well-being from:



With two additional levels of complexity

• Spatial scale of 
sustainability
(site, local, state, regional, 
national, global footprint, 
etc.)

 Temporal scale of 
sustainability
(today, 1 yr., 1-5 yr., 5-10 
yr., etc.)



Environmental
(Planet)

Economic
(Profit)

Sustainability

Equity
(People) 



Sustainability

“A dynamic equilibrium in the processes of 
interaction between a population and the 
carrying capacity of an environment such that 
the population develops to express its full 
potential without adversely and irreversibly 
affecting the carrying capacity of the 
environment upon which it depends.” 

Michael Ben-Eli (2011)



Dynamic Equilibrium
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“Nature does not have a design problem. People do”

Take Make

Waste



Sustainable Development

“Sustainable development is the challenge of meeting 
human needs for natural resources, industrial 
products, food, transportation, shelter, and waste 
management while conserving and protecting 
environmental quality and the natural resource base 
essential for future development.”

(Policy Statement, ASCE TAC Subcommittee on 
Sustainability, 2001)



Sustainable Development Projects

• Take responsibility for their effects on the natural world by doing no 
harm and not diminishing the diversity of its systems

• Create structures and systems of durability and long term utility 
whose ultimate use or disposition will not be harmful to current and 
future generations

• Change the conversation by educating all stakeholders involved
• Deliver efficient and resource-conserving solutions that reduce 

consumption, energy use, distribution costs, economic concentration, 
soil erosion, atmospheric pollution and other forms of environmental 
damage

• Consider what they take, make and waste
• Deliver solutions that work in harmony with the assimilative and 

regenerative capacity of the Earth’s systems



“The significant 
problems we face 
cannot be solved 
by the same level 
of thinking that 
created them.”

Albert Einstein

“Design is a signal of intention”
. William McDonough



Old Mindset:

• Linear
• Earth made for humans
• Violent (brute force)
• Control nature
• Short time frames
• Earth is a limitless source and 

sink for waste 
• Technology is omnipotent
• Doing well
• Extractive processes
• Waste as waste
• Externalize externalities
• Benefits for a few
• Creates waste

New Mindset:

• Cyclical, Systemic
• Humans made for Earth
• Caring and restoring
• Emulate nature, work with
• Longer time frames
• Earth is finite source or sink

• Technology as solution
• Doing good by doing well
• Renewable processes
• Waste as resources
• Internalize externalities
• Benefits all
• Creates value

“Thus the task is not so much to see what no one yet has seen, but to think 
what nobody yet has thought about that which everybody sees”

Arthur Schopenhauer
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