Canadian Council of Ministers of the Environment
Nutrients as a Resource
Webinar

IPNI 18 March 2013

INTERNATIONAL

PLANT NUTRITION
INSTITUTE

Supply and Demand of Phosphorus

Tom Bruulsema, PhD, CCA
Director, Northeast Region, North America Program


Presenter
Presentation Notes
 


World Phosphate Rock
Reserves and Resources

“...at current rates
of production,
phosphate rock
reserves to produce
fertilizer will be
available for 300-
400 years.”

“No matter how
much phosphate
rock exists, it is a
non-renewable
resource”

IFDC, 2010 Q
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New IFDC Report Indicates World Reserves of Rock Phosphate Are Adequate to Meet Demand��The International Plant Nutrition Institute (IPNI) and its predecessor, the Potash & Phosphate Institute (PPI), have long promoted the effective and efficient use of phosphorus (P) fertilizer in crop production. Without balanced and appropriate P input, crop yields are reduced, quality is diminished, and the potential for adverse environmental consequences are increased. However, excessive P input in crop production, usually associated with manure application, can pose specific and well known challenges. Therefore, P input in crop production warrants careful and judicious consideration on the part of farmers and their advisors, regardless of crop or country. ��Most commercial P fertilizer is derived from mined phosphate rock (PR), a naturally occurring ore consisting mainly of calcium phosphate minerals. As is the case with most natural resources, the global supply of PR is finite and there are legitimate concerns regarding eventual depletion. In response to the heightened global awareness of P and PR availability, the International Center for Soil Fertility and Agricultural Development (IFDC) has released a publication entitled World Phosphate Rock Reserves and Resources (September 2010). This report is Phase One of a comprehensive effort to thoroughly evaluate world phosphate rock reserves. This initial phase includes a survey of global literature using publicly available information and was not envisioned as a definitive analysis. Phase Two will be a collaborative effort among PR producers, government agencies, international agencies, organizations, and academia to better estimate the world’s PR reserves and resources. ��World Phosphate Rock Reserves and Resources provides a systematic and well organized assessment and coverage of the PR longevity issue. Among the topics addressed are manufacture of P fertilizers, PR characteristics and terminology, and an assessment of past and present reserve and resource estimates. One important observation in the publication concerns how reserve and reserve base are defined based on economics, and that the U.S. Geological Survey (USGS) criteria of USD 40/ton for reserves and USD100/ton for reserve base are 15 to 20 years out of date considering today’s prices. Furthermore, the terminology used to define reserves and resources is not consistent on a worldwide basis. These issues alone make an accurate and unbiased assessment of the PR situation a substantial undertaking. ��The IFDC report estimates that there are about 60 billion metric tons (mt) of PR reserves worldwide as compared to the most recent USGS estimate of 16 billion mt. Among major producing countries, the biggest discrepancy in the two estimates is in size of the PR deposits in Morocco. The details of the estimate and how it was determined are discussed with clarity and transparency. It is stressed in the publication that the report is not to be considered a definitive analysis, and that cooperation among industry and government agencies is critical going forward during Phase Two. In the interim, the current IFDC effort provides a much needed compilation of publicly available information on PR reserves and provides specific forward-looking suggestions. ��According to the IFDC report, the world is not on the verge of a “peak phosphorus” event in the next few decades. Based on the data reviewed, PR reserves would sustain current production levels for the next 300 to 400 years. However, PR is a finite resource, and all practical measures to ensure efficiency in production and use should be implemented. IPNI scientists look forward to cooperating with IFDC as these preliminary estimates are further refined. We will continue to promote nutrient stewardship and responsible P management for the benefit of the human family.


Phosphate Rock

* Reserves — phosphate rock that can be economically
produced at the time of the determination using existing
technology; reported as tons of recoverable concentrate
(usually contain ~25% to ~34% P,0O.)

 Resources — phosphate rock of any grade, including
reserves, that may be produced at some time in the

future; reported as tonnage and grade in situ
(can contain ~10% to ~30% P,0O. with some as low as 5%)

— Only a fraction of the resources are technically and
economically suitable for production at any point in time.
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For greater detail see “World Phosphate Rock Reserves and Resources,” IFDC Technical Bulletin 75, available from IFDC, Muscle Shoals, AL 35662, U.S.A. www.ifdc.org

Previous US Bureau of Mines reports distinguished between “reserves” and “reserve base” with higher costs of extraction assumed for reserve base.
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Phosphate rock resources are scattered throughout the world, but as noted earlier, not all resources are viable as potential reserves. Phosphorus is a relatively rare element, comprising only a little over 1000 ppm (0.1%) of the Earth’s crust, and only 60 ppb in the seawater of the world’s oceans. 

The most common raw material (ore) used in commercial P fertilizer production is PR which contains a calcium phosphate mineral called apatite.  Phosphate rock is produced in several countries.  There are two main types of PR deposits: sedimentary and igneous.  Sedimentary deposits make up the majority (about 80%) of the world’s production of PR.  Insular deposits are a variety of sedimentary deposits typically associated with oceanic islands.  It has been estimated that 82% of total phosphate produced is used for fertilizer production, with the remainder going for industrial uses (Prud’homme, 2010). Morocco has the largest PR reserves, followed by China.  Prud’homme, M. 2010. “World Phosphate Rock Flows, Losses and Use,” Paper presented at British Sulphur Events Phosphates 2010. March 22-24, Brussels, Belgium.
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The IFDC 2010 report resulted in almost a four-fold increase in the estimate of world total reserves. Previously estimated at 16,000 MMT, they are now considered to be 60,000 MMT. Most of the increase was for the country of Morocco, a country that still has vast resources, conservatively estimated at 170,000 MMT. 

A simple calculation of reserve life, dividing current production levels by reserves, gives an estimate of a 375-year PR supply for the world. We have seen, however, that global PR consumption is forecast to continue increasing, thus reserve life here is underestimated. We have also seen, however, that over time new resources get added to reserves and that reserves are not a static number. In that sense these estimates of reserve life are conservative. 

IFDC definitions:
Reserves – phosphate rock that can be economically produced at the time of the determination using existing technology; reported as tons of recoverable concentrate
Resources – phosphate rock of any grade, including reserves, that may be produced at some time in the future; reported as tonnage and grade in situ

Only a fraction of the resources are technically and economically suitable for production at any point in time.
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Figure 2.8 Time course of global annual mine production of
phosphate rock and estimated reserves at current rates of mine
production, also showing the estimates without including Morocco.
Based on Scholz and Wellmer (Scholz & Wellmer, 2013), from the series
of USGS reports (e.g., U.S. Geological Survey, 2012a). The estimated
reserves without Morocco are shown based on current total global
production, assuming that this is market driven. * Calculated as the
ratio of global estimated reserve to annual mine production. me
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Sutton M.A., Bleeker A., Howard C.M., Bekunda M., Grizzetti B., de Vries W., van Grinsven H.J.M., Abrol Y.P., Adhya T.K., Billen G.,. Davidson E.A, Datta A., Diaz R., Erisman J.W., Liu X.J., Oenema O., Palm C., Raghuram N., Reis S., Scholz R.W., Sims T., Westhoek H. & Zhang F.S., with contributions from Ayyappan S., Bouwman A.F., Bustamante M., Fowler D., Galloway J.N., Gavito M.E., Garnier J., Greenwood S., Hellums D.T., Holland M., Hoysall C., Jaramillo V.J., Klimont Z., Ometto J.P., Pathak H., Plocq Fichelet V., Powlson D., Ramakrishna K., Roy A., Sanders K., Sharma C., Singh B., Singh U., Yan X.Y. & Zhang Y. (2013) Our Nutrient World: The challenge to produce more food and energy with less pollution. Global Overview of Nutrient Management. Centre for Ecology and Hydrology, Edinburgh on behalf of the Global Partnership on Nutrient Management and the International Nitrogen Initiative. The report is available on-line at the following locations: www.unep.org www.gpa.unep.org/gpnm.html www.initrogen.org www.scopenvironment.org www.igbp.net/publications Hard copies may be purchased on-line at www.earthprint.com/ 


Peak phosphorus ... like peak 0il??
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Another approach to dealing with depletion of reserves is the “peak phosphorus” concept developed (for oil rather than for P) by Hubbert in 1949. This approach fits a Gaussian curve to production data, with the constraint that the area under the curve must equal total resources including total cumulative production to date. Using this technique, and using the USGS 2009 estimate of global PR reserves (instead of resources), Cordell et al. (2009) project a date of 2033 for “peak phosphorus” a date beyond which sharp increases in prices would be expected. However, the USGS, based on IFDC (2010) in 2011 raised their estimate of global PR reserves almost four fold. Thus the curve would shift to the right, even using their approach. The main difficulty with the “peak phosphorus” concept is that the global total of resources is unknown, and the estimates of reserves keep changing over time. Using the figures above, with IFDC reserve estimates, the world is currently at 882/9725 = 9% cumulative use of the total P reserve, as compared to 27% as shown in this figure.

From Cordell et al., 2009: “A conservative analysis using industry data suggests that the peak in global phosphorus production could occur by 2033 (Fig. 4). This analysis of peak phosphorus is based on estimated P content in remaining world phosphate rock reserves (approximately 2358 MT P8) and cumulative production between 1900 and 2007 (totaling 882 MT P) based on US Geological Survey data (Buckingham and Jasinski, 2006; Jasinski, 2007, 2008), data from the European Fertilizer Manufacturers Association (2000) and the International Fertilizer Industry Association (2006). The area under the Hubbert curve is set equal to the depleted plus current reserves, totaling approximately 3240 MT P. The data for annual production is fitted using a Gaussian distribution (Laherrere, 2000), based on the depleted plus current reserves estimate of 3240 MT P, and a least squares optimization which results in a production at peak of 29 MT P/a and a peak year of 2033. However the actual timing may vary due to changes in production costs (such as the price of raw materials like oil), data reliability and changes in demand and supply.”

The story of phosphorus: Global food security and food for thought. Dana Cordell, Jan-Olof Drangert, and Stuart White. Global Environmental Change 19 (2009) 292–305
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Fertilizer P consumption has peaked twice, in 1988 and 2008, in parallel with phosphate rock production. The International Fertilizer Industry Association forecasts growth to around 45 million tonnes of P2O5 by 2015-2016. Another publication, using information on soil fertility along with economics, forecasts global P consumption at over 52 million tonnes by 2030. The International Fertilizer Industry Association is planning to release a long-term forecast (to 2030 and perhaps to 2050) sometime next year.


Frank Tenkorang and Jess Lowenberg-DeBoer. 2009. Forecasting long-term global fertilizer demand. Nutr Cycl Agroecosyst (2009) 83:233–247
DOI 10.1007/s10705-008-9214-y

IFA, 2011. Fertilizer Outlook 2011 – 2015. Patrick Heffer and Michel Prud’homme. International Fertilizer Industry Association (IFA) – 28, rue Marbeuf – 75008 Paris – France
Tel. +33 1 53 93 05 00 – Fax +33 1 53 93 05 45/47 – ifa@fertilizer.org – www.fertilizer.org
Copyright © 2011 International Fertilizer Industry Association – All Rights Reserved
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Available P in Recoverable Manure - Eastern Canada
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Soil Test
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Reserves of phosphate rock available for 100-400 years

— Finite resource concentrated geopolitically

Global agricultural demand likely to increase to 2050

Current fertilizer/manure use balances crop P removal in
Eastern (and Western) Canada

Most agricultural soils of Eastern Canada are high in P

— Require P sources that can be blended and placed
— Limited need for bulky sources of P for building soil fertility

Western Canadian soils are lower in available P

— Require low-cost forms of P for extensive agriculture

+nutrient http:Unaneoipni.nEt
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