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bŀǘǳǊŜΩǎ {ŎǊŜŀƳ
A Call for the Sustainability Movement

"I was walking along a path with two friends - the sun was setting -
suddenly the sky turned blood red - I paused, feeling exhausted, and 
leaned on the fence - there was blood and tongues of fire above the 
blue-black fjord and the city.

"My friends walked on, and I stood there trembling with anxiety - and I 
sensed an infinite scream passing through natureΦά

Skrik(The Scream), Edvard Munch. Pastel 
version auctioned for a record $119.9 million 
ŀǘ {ƻǘƘŜōȅΩǎ ƻƴ aŀȅ нΣ нлмнΦ

bŀǘǳǊŜΩǎ ƛƴŦƛƴƛǘŜ ǎŎǊŜŀƳΥ L Ŏŀƴƴƻǘ ǇǊƻǾƛŘŜ ǘƘŜ ǊŜǎƻǳǊŎŜǎ 
you need in a sustainable way

Å The scream could only be heard by the golden billion (those who have reached the self actualization 
Ǉƻƛƴǘ ƻƴ aŀǎƭƻǿΩǎ ǇȅǊŀƳƛŘύΦ

Å One would not care if one does not have access to clean water, sanitation, food, and housing.

Å It would be important for the golden billion to hear the scream and do something to reduce childhood 
mortality and poverty, to provide the means for people to lead useful and productive lives, and to 
develop technologies for a more sustainability world.



Reductionism versus Systems Analysis

ÅThere will always be room for engineering 

reductionism but the greatest sustainability gains in 

the 21st century will be from systems analysis and 

managing complexity.

ÅManaging complexity will drive greater adoption of 

more sustainable infrastructure.

ÅWhat do I mean by complexity?

ïComplexity results from the interaction of diverse (not just faces 

but in this case infrastructures etc.) adaptive entities 

and properties emerge from this interactions. 

ïBy managing complexity, our desire is to create infrastructure 

that has the right combinations of features that will increase 

adoption of more sustainable infrastructure.



Increasing Material and Energy Uses Depletes 

Resources and Impacts the Environment: 
Engineering alone is not the answer. How many hybrids can the earth 

sustain? We need to think about reducing demand at the systems level.

Credit: Jonathan Lash (2005)



Outline
ÅWhat is Sustainability and 

the Gigaton Problem?

ÅHow to transform the Urban 

Infrastructure Systems: 

ïThe Role of Infrastructure 

Ecology

ÅManaging the Complexity of 

Urban Systems

ÅFuture Cities

ÅSummary



Sustainable Systems

ÂWe need to recreate the 
anthroposphere to exist within the 
means of nature. That is, use 
renewable resources that nature 
provides and generate waste nature can 
assimilate without overwhelming 
natural cycles.

ÂThis will require us to examine the 
interactions between the natural, 
engineered, social and economic 
systems.



First Premise of óSustainabilityô

ÅGenerate waste that nature can assimilate without 
overwhelming natural cycles.

ÅNeed to look at fate of toxics, Nitrogen, 
Phosphorus, Water, and Carbon cycles and more.

ÅFate of Toxics

ïIn 80% of the 139 streams (in the US) sampled by 
USGS in 2001: 

ÅOne or more of the 95 organic wastewater contaminants 
were detected

ÅMixtures of the chemicals were common 

Å75% of the streams had more than one

Å50% had 7 or more

Å34% had 10 or more



Nitrogen and Phosphorus Cycle

Å Nitrogen Cycle

Å The anthropogenic intervention to the Nitrogen-Cycle (One of the 
largest geoengineering experiment by humankind):

ï ӏ rd N in the protein in human body is from N fixed from the atmosphere 
through using an anthropogenic process (Haber Bosch Process)

ï Energy required to fix atmospheric N: 32 MJ (9 kWh)/kg NH3-N (does not 
include energy required for steam reforming)

ï Energy required to remove N from wastewater: 18 MJ (5 kWh)/ kg NH3-N

ï Total energy required to chemically fix 1 kg of N from and release it back to 
the atmosphere: 50 MJ or 14kWh/ kg

ï Energy consumed for NH3 production in 2010 = 1.82 TWhå 1.2% of global 
total energy consumption

Å Phosphorus Cycle

ï With the current trend of increasing mining continuing, the global reserve 
would last 125 years, provided the current reserve estimate is accurate.

ï In certain sense, phosphorus is a more critical resource than Nitrogen. 
Unlike Nitrogen, it canôt be harvested at will (the energy requirement 
notwithstanding).



Lets Look at CARBON Cycle in 

Detail



ETP 2012 ïChoice of 3 Futures

© OECD/IEA 2012 

6DS
where the world is now 
heading with potentially 
devastating results

The 6°C Scenario

4DS
reflecting pledges by 
countries to cut 
emissions and boost 
energy efficiency

The 4°C Scenario

2DS
a vision of a sustainable
energy system of reduced 
Greenhouse Gas (GHG) 
and CO2 emissions

The 2°C Scenario


