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a critical material.
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I cannot over-
emphasize the importance of 

Phosphorus not only to agriculture 
and soil conservation but also to the 

physical health and economic physical health and economic physical health and economic physical health and economic physical health and economic physical health and economic physical health and economic physical health and economic physical health and economic 
security of the people of the security of the people of the security of the people of the security of the people of the security of the people of the security of the people of the security of the people of the security of the people of the 

nation.nation.nation.

Phosphorus Inside the Beltway
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Phosphorus Inside the Beltway

GAO report
1979
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P
Phosphorus

30.973761

source:  Wiki media commons

Phosphorus in the 15th element in the Periodic Table. 

P is elemental.
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P is essential.

Every living thing needs P.

P is essential.P is essential.

P is limiting.

In both natural and agricultural ecosystems.
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P is essential.

An adult human body contains about 2 pounds of P.
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This side of the lake received 
carbon, nitrogen AND phosphorus.

P is a pollutant.

P from cities and from farm runoff leads to “eutrophication”.

This side of the lake received 
carbon and nitrogen only.
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Geological sources of P are not widely distributed.
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P is scarce.

Satellite view of phosphate mining region in Jordan.

Is P running out?

Will there be enough P in the future?
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Finding P solutions.

What to do?
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Phosphorus is normally found as phosphate.

phosphate

P is elemental.



This side of the lake received 
carbon, nitrogen AND phosphorus.

P is a pollutant.

P from cities and from farm runoff leads to “eutrophication”.

This side of the lake received 
carbon and nitrogen only.
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Is P running out?

Will there be enough P in the future?
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Two axes of P sustainability



UK Foresight Report 
on Food and Farming

“[the global] agricultural 
system is unsustainable 
and will fail to end 
hunger* unless radically 
redesigned.”

*~1 billion people currently under-nourished.

24 Jan 2011
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Global food security = US national security
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Global food security = US national security

~400%
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Global food security = US national security

~400%

2000 2011



Certainty
&

Uncertainty

Two axes of P sustainability



Certainty
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Uncertainty.
Nauru Island, 1908



~23 MILLION
metric tons 

of P fertilizer every year.

Updated from: Cordell D, Drangert J-O, White S. 2009. The story of phosphorus: Global food security and food 
for thought. Global Environmental Change 19: 292–305.

Historical Sources of P for Agriculture 
(1800-2010)





http://mazamascience.com/Minerals/USGS/

(Rhymes with Squeak) Phosphorus??
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(Rhymes with Squeak) Phosphorus??
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a. Fit to data up to 1980           b. Fit to data up to 1985 
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a. Fit to data up to 1975           b. Fit to data up to 1985 
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(Vaccari & Strigul 2011)

Some attempts at 
Hubbert-style analysis 

of P dynamics.
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Uncertainty: Who has 
the P & how much?

Source: USGS (2009)
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new adjustment
by IFDC*

* “not known if all of this is truly 
producible at today’s costs and prices.”

“run-out time” 
of ~300-400 years.

(Note: based on 
current P production.)

Source: IFDC (2010)

Uncertainty: Who has 
the P & how much?



Morocco: The Dubai of P?

“a fantasyland glorifying the 
country's mineral inheritance”

“Fossils …. displayed in a sparkling 
museum powered by wind and sun”

“a depleted mine… transformed into 
gardens, performance spaces, and 
housing”

“a ‘mega-amusement park’ including 
an equestrian center, a cable car, 
and an indoor ski slope on a pile of 
mine waste.”

Putting the “geo” in geopolitics



What about China?

China uses 36% of global 
fertilizer.

In December 2010, China 
applied a 110% peak 
season export tax on 
fertilizer.

Putting the “geo” in geopolitics



Future demand for phosphorus:

• Population  Estimates indicate that, to achieve global food 
security in 2050, food production will need to double.

• Growing affluence  Meat consumption is increasing as 
developing countries become more affluent.  Meat is P intensive.

• Bioenergy  In 2009, ~10% of all USA P fertilizer use was for 
corn grown for ethanol production.

• Non-agricultural use   The lithium-iron-phosphate batteries 
in an electric car contain 60 kg P.  

On the increase side:

On the decrease side:
• Soil P saturation  Many developed world soils are now P-
saturated and can probably lower P application w/o reduced yield.

• Overapplication  Rates of P application in some regions, e.g. 
China, can probably be scaled back w/o reducing yield.
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& at what price?

Issue comes down to:



More 
uncertainty.
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Where is the P going?

8c!

1.  This is NOT a cycle.

2.  Great uncertainties (2-5 fold) 
among studies in magnitude of 
estimated fluxes.

Childers, D.L., J. Corman, M. Edwards, and J.J. Elser. Sustainability challenges of phosphorus and food: Solutions from closing the 
human phosphorus cycle. Bioscience 61: 117-124.



Which leads me to say:

“This is no way to run a 
biogeochemical cycle.”

- J. Elser
   in Environmental Health Perspectives (May 2011)



A better way to run the P cycle?
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To get there, we might need:

• An independent means to assess and verify global P 
reserves and resources.

• Analysis of geopolitical scenarios for key regions, such as 
north Africa and China.

• Analysis of institutional gaps in the phosphate / food 
system from rock to farm to fork to feces.

• Economic analyses of phosphate system as a whole and 
coupled to other key commodities, especially energy.

• Research to improve P use efficiency in agriculture. 

• Research to jump-start technologies and strategies 
to diversify agricultural P supplies, both nationally and globally.



sols.asu.edu/frontiers/2011/consensus.php

The Phoenix Phosphorus Declaration

� ��� ���
Essential and limited.� Phosphorus is 
essential for all life because it is part of critical 
molecules like DNA. It is a limited natural 
resource needed to sustain the vitality and 
productivity of all ecosystems, 

Imbalanced cycle.� Mining of phosphorus for 
fertilizer production has massively altered the 
cycling of phosphorus on Earth.

Food security. Phosphorus has a key role 
in global food security,�� �� �
	��
������  �

Recycle and reuse.

Recycling this phosphorus can reduce 
geopolitical and other uncertainties 
surrounding phosphorus fertilizer markets ��� �

Reduce demand.� Phosphorus natural 
resources can be extended

Interconnected. Phosphorus stewardship 
is coupled to other major global sustainability 
challenges,

Entrepreneurship. economic 
opportunities to innovate and create new 
industries

~ End of Declaration ~

For more information, visit: 
sols.asu.edu/frontiers/2011/consensus.php

Email:�

frontiers in life sciences

Consensus Statement: Sustainable Phosphorus Summit



Finding P solutions.

What to do?
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“By closing the human phosphorus cycle and 
transforming wastes into resources and uncertainty 
into security, humanity can implement a ‘new alchemy’ 
in which people become more secure and enjoy greater 
well-being in a healthy environment.”

-Consensus Statement, Sustainable P Summit (Feb 2011)



Phosphorus as 
a critical material.

Discussion panel
Stephen Jasinski, U.S. Geological Survey
Donna Perla, U.S. Department of Agriculture
David Vaccari, Stevens Institute of Technology



Cordell D, Drangert J-O, White S. 2009. The story of phosphorus: Global food security and food for thought. 
Global Environmental Change 19: 292–305.


