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Jean Laherrère        13 January 2020 
 
  Phosphate production and reserves: doubtful inequality?  

What about peak potash and peak nitrogen? 
 
Phosphate is one of the three major nutrients (called P = phosphorus, K = potassium, N = 
nitrogen) required for plant growth, growth which is needed to supply future food for the 
world population assumed by the UN to grow until 2050.  
Phosphate is also present in our cells in DNA, RNA and ATP. 
US Geological Survey in its annual mineral commodity summaries report (on the web since 
1996) lists them as phosphate rock, potash and nitrogen, following British Geological Survey 
reports since 1913 on statistical summary of the mineral industry. 
Phosphate rock production peak and subsequent decline is very important for the world 
future. 
Our consumption society is based on growth and every politician promises growth for ever: it 
is politically correct to deny future peak and decline. But in a finite world, perpetual growth is 
impossible. 
But reality will prevail! Anyone, except children, knows that Santa Claus does not exist. No 
peak forever is a fake, like Santa Claus. But official forecast on energy is given by the IEA 
(International Energy Agency) where forecast energy goes up to 2040. 
The evolution of IEA oil supply forecast up to 2040 is changing but always up: no peak in 
view before 2040 but flattening! There is some discrepancy in IEA forecast, as IEA has not 
the same definition for oil in past and oil in future (WEO where biofuels are missing) 

 
 
Phosphate rock is produced since a long time. Production data exists by country, but 
incomplete and very few historical series. But contrary to oil, phosphate reserves are badly 
known (there is no scout company on phosphate data) and reported. 
Papers have studied phosphate rock production the same way as oil, using past production to 
forecast future production: Déry 2007, Cordell 2009, Morrigan 2010, Hendrix 2011, Mohr & 
Evans 2013, Walan 2013, White http://phosphorusfutures.net/the-phosphorus-challenge/peak-
phosphorus-the-sequel-to-peak-oil/. 
Peak phosphorus is as known as peak oil! 
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Many estimates of peak phosphorus as reported by Luke Burgess June 28, 2019 
 “Peak Phosphorous Isn't Really the Problem” but based on over optimistic Morocco reserves 

 
The range of reserves is 2 to 65 Gt! My ultimate (see below as 25 Gt) is in the middle! 
 
Phosphate is mainly used as fertilizer (82 % in 2010) 

 
 
Phosphate comes from two major types:  Kauwenberger IFDC 2014 
-Sedimentary – carbonate apatite, 80%-90%  world production 
-Igneous – fire-formed (fluor-chlor-hydroxyl- apatite), 10%-20% world production 
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“Phosphate Mining and the Paradox of Abundance” Christian Danielewitz · September 
17, 2019 · https://edgeeffects.net/phosphate-mining/ 
Neolithic peoples used fertilizers, but the first fertilizer produced by chemical processes was 
ordinary superphosphate, made early in the 19th century by treating bones with sulfuric acid. 
A century ago, as the environmental reporter Fred Pearce points out, much of the world’s 
internationally traded phosphate, a compound of phosphorus and oxygen, actually came from 
bones as well as guano excavated from Pacific islands where birds had been defecating 
phosphate for millions of years. 
Bones aren’t traded much anymore, and most of the guano islands have been exhausted. But 
that didn’t spell the end of phosphate; in the mid-19th century the British began mining 
phosphate rock, and in the following decades it took over as the primary source to produce 
fertilizer. Today, phosphate is the key ingredient in modern agriculture. Indeed, it could be 
argued that phosphates make modern plantation systems possible. 
 
There are no substitutes for phosphorus in agriculture. Fortunately, phosphorus - unlike oil - 
can be recycled. But phosphate is also wasted and creates pollution (green algae)! 
Dana Cordell (founder of Global Phosphorus Research Initiative) stated in 2010: currently 
80% of the phosphorus mined for food production never reaches the food the world eats due 
to substantial inefficiencies in the entire food production and consumption system. 
Phosphorus can theoretically generate its weight 500 times in algae. 
 
Some scientists warn phosphorus peak could come as early as 2030, while a group from the 
International Fertilizer Development Center (IFDC) has found that there could be enough 
phosphorus to last hundreds of years. But IFDC uses doubtful estimates for Morocco, as 
shown below. 
 
Nedelciu et al 2019 Stockholm University “Opening access to the black box: The need for 
reporting on the global phosphorus supply chain” 
Thus currently, P is both angel and demon: it is vital for agricultural productivity, yet it is 
one of the most widespread water pollutants, causing ecosystem devastation. 
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This study showed that when it comes to reporting on P reserves and resources, the 
information is not harmonized, unreliable, fragmented and non-transparent 
Estimates show up to 90% phosphate loss from mine to fork. A considerable part of this loss 
is phosphate pollution in water, some of which creates "dead zones," areas where little or no 
marine life can survive. 
 
The goal of this paper is to see from updated data if phosphate (as K and N) production can be 
better forecasted and to provide longer historical production data! 
There are many annual reports published by government agencies (USGS, BGS, NRCan) but 
there is no synthesis gathering historical series; government agencies lack synthesis because it 
is politically incorrect to forecast peak: it is a pity, and universities should work more on the 
subject, asking students to gather data, but very few have the competence and the will to 
forecast peak. 
 
Past data is a good tool to estimate peak and future decline. But production data for long 
historical period is hard to find. The tool is simple: production data displays cycles and cycles 
can be modelled with symmetrical curves, as Hubbert did it 
 
-1956 Hubbert forecast on USL48 oil production 
M.K. Hubbert 1956 "Nuclear energy and fossil fuels " Am. Petrol. Inst. Drilling & Production 
Practice, Proc. Spring Meeting San Antonio Texas p7-25 forecasted USL48 conventional oil 
peak in 1965 for an ultimate of 150 Gb or in 1970 for an ultimate of 200 Gb.   

 
 
The 150 Gb ultimate was Hubbert’s estimate and the 200 Gb ultimate was Wallace Pratt’s 
highest estimate. 
In 1956, Hubbert could have forecasted the peak time using the extrapolation of oil 
production growth rate versus time for the period 1900-1956 cutting the zero line at 1970, 
which is the peak time. So, using this plot Hubbert could have selected only 1970 as the 
future peak, dropping 1965. But using the period 1947-1956 the peak would be in 2040  
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But the other extrapolation of growth rate versus cumulative production for 1900-1956 cuts 
the zero line at 60 Gb = mid-point, meaning that the ultimate is 120 Gb, which is too low, the 
grey curve which is the complete plot 1900-2018 cuts in fact the zero line further, close to 100 
Gb, meaning an ultimate of 200 Gb  for conventional USL48 oil. But the same plot for the 
period 1947-1956 gives an ultimate of 440 Gb. It appears that this extrapolation of growth 
rate is not reliable, as the plot is chaotic. 
The problem is that peak occurring at mid-point works only when one cycle, but in fact there 
are very often several cycles. 
The next graph is the Hubbert linearization (HL) of the past production and the plot 1933-
1956 (purple) trends towards 200 Gb, as in fact then plot 1933-2008 (red curve). On 1956 
Hubbert, using HL for 1935-1956, should choose 200 Gb as ultimate and 1970 as peak. 
But with the arrival of shale oil (LTO) in 2008 the plot 2008-2019 is rising. A probable future 
curve should be parallel trends towards an ultimate of 270 Gb. 
USL48 oil production is plotted with the breakdown of LTO (two plots as the production data 
provided with EIA reserves estimate is different from the LTO production provided by EIA in 
their drilling productivity report, which confuses LTO with conventional oil produced with 
horizontal wells (in particular in the Permian Basin). 
The plot of the USL48 oil less LTO and deepwater displays amazing symmetrical curves 
centered on 1970 with a growth rate of 3%/a from 1930 to 1970 and a decline of 3%/a from 
1970 to 2019. It is amazing to find a shoulder at 7 Mb/d in 1955 due to proration and also in 
1979 due to high oil price. 

  
It is likely that the same symmetry will be found in LTO production and that future LTO 
decline will be equal to the rise of LTO for 2008-2018, which was 10% per year. 
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In fact, HL technique was not used by Hubbert, who mentioned the technique only in1982. 
HL was introduced by Ken Deffeyes in his 2001 book “Hubbert’s peak” and 2005 “Beyond 
oil”. Deffeyes worked with Hubbert. HL is based on the logistic model, given a bell shape 
cycle, derivative of the cumulative production with a S curve. L.F. Ivanhoe (M. King Hubbert 
center of petroleum supply studies) in his newsletter 1997#1 “King Hubbert -updated” did not 
mention HL. It is written that the term was coined by Stuart Staniford in “The oil drum“ 
https://www.resilience.org/stories/2007-08-13/peak-phosphorus/ 
John R. Boyce 2013 called the model “Hubbert-Deffeyes peak oil model” = HDPO and 
criticized the results but did not propose any better approach. Criticizing is easy, forecasting is 
difficult! 
 
In his new book “Before the collapse” Ugo Bardi asks (page 25) how to forecast the US North 
Atlantic cod landings with only the sharp rise 1976-1980 (thanks to the technological progress 
of trawlers), where he sees a Seneca cliff 1990-1998 on the decline page 26, but in fact the 
decline was as sharp as the rise.  
The data can be found for1960-2018 US Atlantic cod landings on 
https://www.nafo.int/Data/STATLANT 
Ugo Bardi asks how to extrapolate the deep blue curve 1960-1980 to the peak. This sharp rise 
is due to trawlers which in few years destroy completely the fishing areas and they are then 
obliged to go to other fishing places. The answer is to look at cod landings in other places 
which were destroyed sooner, as in the east coast of Newfoundland with a peak before 1970.  
And the answer is, after two years at the same level, to apply a sharp decline identical with the 
sharp rise and when down to the level of before rise, a new cycle occurs with a smaller peak, 
before the complete collapse. 
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Furthermore, the extrapolation of HL for the period 1968-1980 gives an ultimate (from 1960) 
of 1.4 Mt and such ultimate gives a model fitting fairly well the real data to 2018 

  
It means that in 1980 it was possible to give a fairly good forecast of the US North Atlantic 
cod landings. Symmetry and Hubbert linearization can deliver reliable forecasts, if well 
chosen! 
There is a connection between cod and phosphate: cods landed in Norway are send to China 
to be cut and injected with E451 (triphosphate STP to retain water) before sent back to Europe 
for sale! 
In my paper Evora University 2006 “Peak oil and related peaks!” I presented two graphs on 
cod landings in North Atlantic and North Sea showing the two peaks and they are similar, 
only 10 years apart! It means that the mistakes are repeated: trawlers destroy fish and habitat, 
and quotas are not respected! It is amazing to see for cod landings, the parallelism of North 
Atlantic and North Sea: but in fact, it is the same fishermen, who have not learned: what a 
pity!  
Politicians are also guilty, with wrong quotas and poor enforcements. 
In fact, now, trawlers using electric nets (using less fuel) seem worse, but there will be a ban! 

 
What is obvious in these examples is that sharp rise is quickly follows by a peak and a sharp 
decline, but a smaller peak can follow later and ending in a graveyard. Sea fishing is 
destroyed by the fishermen who have to catch more to pay for their expensive trawlers! 
 
-Nauru island 
The phosphate production of the small Nauru Island is a good example of one cycle peak 
(1974) (forgetting the second war), as the production is depleted.  
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In 1974 Nauru island (21 km2) had the second highest GPD per capita after Saudi Arabia! 
In 2013 Petter Walan (Uppsala University) modeled Nauru island production 
« Modeling of Peak Phosphorus-A Study of Bottlenecks and Implications for Future 
Production” www.w-program.nu›filer›exjobb›Petter_Walan 

 
 
Before, in 2007, P. Déry has estimated, using Hubbert Linearization (HL), Naurus phosphate 
ultimate at 97 Mt (before peak at 1978) or 72 Mt (after peak at 1971) 
Déry, P., Anderson, B., 2007. Peak phosphorus. 
 In: Energy Bulletin www.energybulletin.net/node/33164 
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The best source for minerals production and reserve is the USGS with annual “Mineral 
commodity summaries” = mcs 
mcs 2019 data in thousand metric tons (tonnes) 

 
In this table in 2018 Morocco represents 71% of the world reserves, but only 12% of the 
production. Are these reserves estimates reliable? 
 
British Geological survey reports also annual minerals production (but not reserves) with the 
last world Mineral Production 2013-2017. 
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The BGS first report starts in 1913 

 
Austrian Federal Ministry for sustainability and tourism https://www.bmnt.gv.at reports 
mineral production in World Mining data since 2012: world phosphate production in 2017 is 
for P2O5 content, as 84 Mt, against 253 Mt for rock by BGS and 269 Mt for USGS. 
Austrian data      British data 
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Phosphate production data are messy because this confusion between rock ore and P2O3 
equivalent. As the percentage of phosphate in ore varies, the best data is in P2O3 equivalent, 
but this data is often missing: it is the same for oil production as the heat content varies 
widely between fields: in 2014 5084 kBtu/b in Sudan against 6393 in Cuba, with a world 
average of 5860. Oil production should be reported in volume as in toe = tonne oil equivalent 
 
 
-US  
In 2007 P. Déry has modelled US & world phosphate rock production, using an ultimate of 
2.9 Gt for US  

 
 



 12 

HL of past US 2006-2018 trends towards an ultimate of 3.5 Gt, which is about the value of 
cumulative production + USGS reserves of the past 10 years 
With an ultimate of 3.5, Gt US phosphate production has peaked in 1980 and since this date 
its decline is about 2%/a down to 2018 and beyond to 2100 

 
 
-China 
China phosphate rock ultimate is estimated at 7 Gt from Hubbert linearization of 2013-2018 
production, when USGS cumulative production + reserves has varied from 2000 around 7 Gt 
to less than 5 Gt in 2018  
With such ultimate phosphate production will peak before 2030 at 180 Mt, but the peak could 
be sooner. 

 
 
 “Peak phosphorus, demand trends and implications for the sustainable management of 
phosphorus in China” Binlin Li, KB Bicknell, Alan Renwick  July 2019 
https://doi.org/10.1016/j.resconrec.201 
The results indicate that China`s production of PR is likely to peak sometime between 2035 
and 2045. This result was derived using Chinese data, which differs from the U.S. Geological 
Survey (USGS) data, upon which estimates are more commonly based. 
China best estimate peak in 2038 at 320 Mt against my forecast in 2028 at 185 Mt 
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CRU reports that China phosphate grade is poor, compared to Morocco or Russia 

 
 
-Morocco 
Morocco phosphate production will peak around 2050 at less than 45 Mt for an ultimate of 5 
Gt, when the HL extrapolation for 1992-2018 of past production is only 3 Gt. 

 
In 2009 USGS increased their reserve estimate from 6.7 Gt to 51 Gt, to follow a publication 
by IFDC 
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As written above, in USGS mcs 2019, Morocco represents 71% of the world reserves, but 
only 12% of the production. It appears, from present past production data extrapolation, that 
this very high estimate for Morocco is much too high: this reserve matter is discussed later. 
 
But Morocco reserves include those of Western Sahara, claimed by the Polisario Front since 
1973 after the departure of Spain. From Wikipedia, the Polisario controls about 20–25% of 
the Western Sahara territory (separated by a fortified wall), as the Sahrawi Arab Democratic 
Republic (SADR), and claim sovereignty over the entire territory of Western Sahara. A 
referendum was planned and never achieved. 
 
-Russia 
Russia phosphate production has peaked in 1983 at 34 Mt and will peak again in 2020 at 13 
Mt for an ultimate of 2 Gt. Cumulative production + reserves were at 2.3 Gt in 2015, but 1.7 
Gt in 2018. HL is extrapolated at the last data parallel with the trend 1999-2013. 

  
 
-world -US-China-Morocco-Russia 
HL of phosphate production of the world excluding US, China, Morocco and Russia for the 
period 1990-2018 trends towards 7 Gt and the peak will be in 2035 at 63 Mt 
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Adding this ultimate of 7 Gt plus 2 Gt for Russia, 5 Gt for Morocco, 7 Gt for China and 3.5 
Gt for US gives an ultimate of 25 Gt for the world phosphate rock production 
 
-world 
 Jeremy Stroud October 9, 2019 https://bonnefield.com/2019/10/09/part-vi-an-essential-nutrient-
phosphorus-shortages-and-overuse/ 
This graph displays the main importance of phosphate rock present production in the 
phosphorus production compared with guano, human excreta and manure (source Cordell 
2009) 

  
World phosphate rock production will peak around 2030 at 320 Mt for an ultimate of 25 Gt. 

 
It is far from the 2007 Déry’s forecast with an ultimate of 8 Gt, which is the ultimate for the 
HL of 1966-2001 
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A HL ultimate of 25 Gt is hard to guess only on the world data: it comes from the study of the 
main producers, but the dash line from 2018 data to 25 Gt is about symmetrical of the data 
2002-2018 

 
 
HL technique is full of surprise, but it is still the best approach, when reliable geological 
studies are missing (or confidential). 
 
-Phosphate production and consumption 
Graphs from our world in data display phosphate fertilizer production and consumption for 
the period 1961-2014.  
Presently Asia is the great consumer and producer. Northern America produces more than it 
consumes. 
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For 2014, the consumption of phosphate per hectare of crop varies with countries: the highest 
being China and Saudi Arabia 

 
 
-Phosphate rock production & price 
World phosphate rock production displays a growth rate of 3 %/a for 1900-1945, 10 %/a for 
1945-1970, 3 %/a for 1970-1990 and 5 %/a for 2001-2018. 
Phosphate price displays sharp peaks in 1908, 1975 and 2008. But most of the time price was 
around 50 $2010/t. In 2018 phosphate price was around 85 $2010/t and in 2019 price is on 
decline 
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-Phosphate and oil price 
Phosphate rock extraction needs energy and the price of phosphate varies as the oil price. On 
the period 1960-2018, phosphate price displays bursts as oil, as in 1973 and 2008 
The ratio phosphate rock price over oil price was in t/b around 9 in the 1960s and since 1980 
around 2. 
 

 
 
-USGS reserves data 
USGS commodity reports production and reserves since 1994 
From 1994 to 2008 they reported two values: reserves and reserve base, with the following 
definition: 
Reserve Base. —That part of an identified resource that meets specified minimum physical 
and chemical criteria related to current mining and production practices, including those for 
grade, quality, thickness, and depth. The reserve base is the in- place demonstrated 
(measured plus indicated) resource from which reserves are estimated. It may encompass 
those parts of the resources that have a reasonable potential for becoming economically 
available within planning horizons beyond those that assume proven technology and current 
economics. The reserve base includes those resources that are currently economic (reserves), 
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marginally economic (marginal reserves), and some of those that are currently subeconomic 
(subeconomic resources). The term “geologic reserve” has been applied by others generally 
to the reserve-base category, but it also may include the inferred-reserve-base category; it is 
not a part of this classification system. 
Reserves.—That part of the reserve base which could be economically extracted or produced 
at the time of determination. The term reserves need not signify that extraction facilities are in 
place and operative. Reserves include only recoverable materials; thus, terms such as 
“extractable reserves” and “recoverable reserves” are redundant and are not a part of this 
classification system. 
But USGS dropped reporting reserve base. From 2009 to 2019 USGS reports only reserves 
and in 2009 world phosphate rock reserves jumped from 16 Gt to 65 Gt, only because 
Morocco reserves jumped from 5.7 Gt (in 2008) to 51 Gt 
The main reason for Morocco reserves increase was an estimate by IFDC (International 
Fertilizer Development Center World phosphate rock reserves 2010 S.J Van Lauwenbergh 

 
This huge jump looks suspicious, confusing reserves and resources  

 
 
In 2014 Edixhoven criticized this Morocco increase “Recent revisions of phosphate rock 
reserves and resources: a critique” stating that  
-IFDC used a simplified resource terminology which does not use the underlying thresholds 
for reserves and resources used in the USGS classification.  
-The difference between PR ore and PR concentrate is barely noted in the literature, causing 
pervasive confusion and a significant degree of error in many assessments. 
But in 2016 Scholz was less critical, arguing that exploration is incomplete, asking anyway 
for better definition between ore and marketable product. 
It is amazing that this huge increase occurs not from new data but from different definitions of 
past data. 
It is obvious that the distinction between reserves and reserve base was flawed and it was 
dropped by USGS. 
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Now it appears from present past production data that this very high estimate for Morocco is 
not justified. Furthermore, such concentration in one country (>70%) is not seen for other 
mineral, except for soda ash and iodine. 
From the USGS mineral commodity summaries 2019 the percentage of country commodity 
reserves versus world reserves is computed for each country where USGS reports the main 
reserves holder, as the others. But it appears that USGS reserves data is incomplete for many 
countries 
USGS 2018 commodity reserves displayed as world percentage versus rank in decimal and in 
log log scale, shows that soda ash, iodine and phosphate behave differently from another 
mineral  

 
The first rank is for the highest reserves country and the values ranged from 18% (gold) to 92 
% (soda ash). The normal distribution in nature is a parabolic fractal. 
 
HL (Hubbert linearization) phosphate ultimate for the four largest (China 7000, Morocco 
5000, US 3500 & Russia 2000) are plotted fitting the USGS reserves data.  
The slopes of the first ten ranks look parallel for gold, iron, barite and the phosphate without 
the first Morocco. It is why I am convinced that the high value for Morocco phosphate reserve 
is wrong (as the first rank for iodine and soda ash) 
USGS iodine reserves are unreliable when comparing 2010 and 2019 estimates! 
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But it should be noticed that a natural distribution (as rank and size of fields) displays 
parabolic fractal curves, but the distribution of a commodity size by country is not a natural 
one as the boundary of a country is not natural but political. 
 
I have described in my paper to the French sciences academy that most natural distributions 
follow a parabolic fractal distribution = galaxies, earthquakes, urban agglomerations, oil 
reserves: Laherrère J.H. 1996 “Distributions de type fractal parabolique  dans la Nature”-
Comptes Rendus de l’Académie des Sciences- T.322 -Série IIa n°7-4 Avril  p535-541 
http://www.oilcrisis.com/laherrere/fractal.htm  
But in some distributions the first rank is above the parabolic model (compared to rank 2 and 
beyond): it is that I call the King effect in -Laherrère J.H., Sornette 1998 " Stretched 
exponential distributions in nature and economy: fat tails» with characteristic scales"  
European Physical Journal B 2, April II, p525-539 : http://xxx.lanl.gov/abs/cond-
mat/9801293 or  http://www.edpsciences.com/articles/epjb/pdf/1998/08/b8019.pdf, 

  
In urban agglomeration parabolic fractal distributions, Paris is a King, as London or Moscow 
but New York is not a king. 
Is Morocco phosphate a King? It is possible, but the difference between rank 1 and rank 2 is 
usually much lower for a King. The sudden jump in 2010 looks queer. And no change in 
production data justifies such high value. I did not find any scientific paper on Morocco 
phosphate reserves. OCP (Morocco producer) annual report just report USGS reserves data. 
 
Most of so-called laws, as the Richter Gutenberg law, are a “linear fractal law” or a power 
law: the size of rank n is equal to the size of rank one power n or Sn = Son, when in fact a 
“parabolic fractal law” is much better.  
Nothing is linear in nature but curved by the matter. 
The evolution of the size of oil discoveries (1637-2010) in the world excluding US and 
Canada onshore from Petroconsultants database by decade displays a curve keeping the same 
shape. 
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not selected 
old events

rank year magnitude
1 1960 9,5
2 1964 9,2
3 2004 9,1
4 1700 9
5 1952 9
6 1906 8,8
7 1755 8,7
8 1965 8,7
9 1950 8,6
10 1957 8,6
11 2005 8,6
12 1896 8,5
13 2007 8,5
14 1905 8,4
15 1933 8,4
16 2001 8,4
17 1897 8,3
18 2003 8,3
19 2006 8,3
20 1906 8,2
21 1938 8,2
22 1994 8,2
23 1934 8,1
24 1944 8,1
25 1946 8,1
26 1946 8,1
27 1949 8,1
28 1957 8,1
29 2009 8,1
30 1556 8
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An interesting fractal distribution is the Benford law, observed by the degree of degradation 
of the pages of log tables of students studying the size of natural lakes 
Benford's law, also called the first-digit law, states that in lists of numbers from many real-life 
sources of data, the leading digit is distributed in a specific, non-uniform way. According to 
Benford's law, the first digit is 1 almost one third of the time, and larger numbers occur as the 
leading digit with less and less frequency as they grow in magnitude, to the point that 9 is the 
first digit less than one time in twenty. This is based on the observation that real-world 
measurements are generally distributed logarithmically, thus the logarithm of a set of real-
world measurements is generally distributed uniformly. 

 
Benford’s law is used by some (in particular in tax reports) to distinguish fake reports with a 
constant percentage for the first digit. 
 
This fractal parabolic display works well for individual incomes in the US and France with 
time. The parallelism of income distribution per household with time on France and in the US 
is striking as with the oil reserves in the Gulf of Mexico distribution 
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This income parabolic fractal shows clearly that the poverty distribution does not change 
much with time (50 years) and with country (US & France), despite the statements of many 
economists, in particular Piketty who seems to ignore this kind of plot. If France had the same 
number of households as US, the French richest man will be as rich as the richest US. 
 
But the best example of parabolic fractal distribution is the US natural gas field distribution 
by Ivanhoe and Leckie OGJ « Global oil, gas fields, sizes tallied, analyzed » Feb 1993. When 
I plotted the data form this paper the display in blue was queer, and I asked Leckie in London 
if the data was right.  He answered that Ivanhoe (already fairly old) has missed one line when 
reporting data and he sent me the right data, which is in red, displaying a beautiful parabolic 
curve  

 
This OGJ 1993 wrong paper was never corrected and it is the only paper giving the oil and 
NG US field size distribution as this date and up to now. EIA published in 1990, as open file, 
this report: USDOE/EIA-0534 1990 "US oil and gas reserves by year of field discovery»  
It was assumed to be the first one of a series, in fact now it is not anymore available, and it 
was never updated! In fact, this 534 report was censured, as being too realistic! EIA prefers to 
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show the proven reserve growth as real, when it is the result of a poor practice of reporting 
only the so-called proven reserve, prescribed by the SEC. Discovery should be reported as 
backdated, which is the today estimate, posted for the year of discovery. Discovery reserves 
were reported backdated in Canada by CAPP (Canadian Association of Petroleum Producers 
See my paper -Laherrère J.H. 2011 «Backdating is the key » ASPO 9 Brussels 27 April 
http://www.aspo9.be/assets/ASPO9_Wed_27_April_Laherrere.pdf, 
http://aspofrance.viabloga.com/files/JL_ASPO2011.pdf, but after this paper CAPP stopped reporting 
backdated discoveries: truth is bad when oil reserve growth is said to be the way to grow 
when in fact it is bad practice. 
 
To conclude on reserves, it appears that present USGS Morocco phosphate reserves, as rank 
one, are too high compared with the rank one of other mineral distributions and not justified 
by any geological study. Such correction changes widely phosphate future production. 
 
After the study of phosphate, it is necessary to investigate potash and nitrogen production 
 
 
 
-Potash production 
Potash fertilizer production & consumption per continent is displayed for 1961-2014 by our 
world in data: Asia (red) consumes more than it produces, in contrary with Europe (yellow). 

 
 
World Potash production displays since 1993 a rate growth of 2.6 %/a 
My forecast for world potash production is a peak around 2060 at 62 Mt/a for an ultimate of 8 
Gt 
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HL of world past potash production is hard to be extrapolated and 8 Gt was chosen as a 
compromise between USGS reserves and to obtain a curve in line with the past. 

 
USGS mcs varies widely and reserves are reported both as recoverable ore and as in K2O 
equivalent. But USGS annual reports displays erratic changes 
Mcs 2018      
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Mcs2019 increases other countries ore reserves from 250 Mt to 1500 Mt and Russia K2O 
reserves are multiplied by 4, becoming the first rank (recoverable ore reserves data is 
missing). But it appears that there is some confusion between data in ore and data in K2O 
equivalent 

 
 
 -US 
US potash production has peaked in 1967 and since this peak the decline was about 3%/a 
down to now and beyond for an ultimate of 150 Mt 
HL of past production for the period 1983-2018 is extrapolated towards an ultimate of 150 Mt 

 
Old production data are for potassium chloride = KCl = muriate of potash = MOP 
USITC pub1137 in 1981 & USITC pub1963 in 1987 report quite different MOP data (dark 
blue curves in the above graph)! 
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UN.org reports MOP production 2006-2017 (red curve) similar with USGS data 
 
 -Canada 
Potash is rank 3 for Canada minerals production in value, with a large growth in 2018 

 
Canada is the first producer of potash with 13 Mt/a in 2018 and will peak around 2050 at 20 
Mt/a  

  
HL is hard to be extrapolated and USGS reserves are poor. It is a pity that the Canadian 
government does not publish any potash reserves data despite being the first producer and 
exporter. Potash was found in Saskatchewan oil wells in 1943. 
Nutrien https://www.nutrien.com/what-we-do/our-business/potash is the world’s largest 
potash producer with over 20 million tonnes of potash capacity at our six lower-cost potash 
mines in Saskatchewan. Nutrien is the merger in 2018 of Potash Corp and Agrium   
Old data (Stanford Research Institute) is for potassium chloride KCl but given in K2O and 
similar with BGS data. It appears that the use of this term potassium chloride (or muriate of 
potash MOH, which is a fertilizer) is not used by USGS production data! Fertilizer could be 
also SOP = sulfate of potash = K2SO4.  
But UN.org reports (see red curve above) Canada MOP production (being a fertilizer), data 
being over 50% larger than BGS potash production given in K2O equivalent 
It appears that potash production can be different: ore or K2O or MOP  
Amazon https://www.amazon.com/Potassium-Chloride-Fertilizer-Greenway-
Biotech/dp/B01GF4S952 sells MOP 0-0-60 14.75 $/5 lb. and SOP 0-0-53 25 $/5 lb. 
Natural Resources Canada reports minerals yearbook since 1962 giving Canada and world 
productions https://www.nrcan.gc.ca/maps-tools-publications/publications/minerals-mining-
publications/18733 
Many data are reported on potash but there is a mess between short tons and metric, 
production and capacity, mining data and fertilizer data, gross weight and K20 equivalent, 
KCl and K2O. 
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KCl is used to measure the production tonnage, when K2O is used to measure the fertilizer 
content in KCl 
NRCan gross weight production (in blue) is about 164% more than K2O equivalent 
production and is similar with KCl data: USGS data corresponds to K2O equivalent  

  
 
But NRCan confuses US production data in K20 and KCl 
In the first table 2 US production for 1998 is 1454 kt in KCl and 872 kt in K2O, but in the 
second table 6 for 1998 it is 1300 kt in K2O: something wrong! 

 
It is said that one tonne of KCl contains 60-62 % of K2O 
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For US, NRCan K2 agrees with USGS up to 1998 and disagrees beyond, but for 
Russia+Belarus USGS data agrees with NRCAN K2O 

  
 
It appears that NRCan potash US data is wrong since 1998, as they have confused rock 
production (extraction) and fertilizer production (making). 
 
NRCan & USGS data are similar for Russia+Belarus 
 
The grade of the potash production varies from 1 to 25 % in K2O in 1963: the best is in 
Canada, Utah and Ethiopia. 
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 -Russia, Belarus & former USSR 
Potash in former USSR was only in Russia and Belarus and their production since 1990 is 
similar. HL for Russia+Belarus 2004-2017 trends towards 2 Gt. 
Production will peak around 2050 at 19 Mt 

  
 
 
 
-Nitrogen (ammonia) 
Nitrogen N is abundant in the atmosphere but cannot be absorbed by the plant, as CO2.  
N has to be transformed in ammonia (NH3) to be used by plants. 
Ammonia is produced (97%) from natural gas 
Nitrogen (ammonia) is mainly produced and used in Asia. Europe produces more nitrogen 
than it uses. 
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World nitrogen displayed a growth rate of 10 %/a from 1960 to 1960 and of 2.2% from 1992 
to 2015, presently flat. It will decline after 2020 if the ultimate is 10 Gt.  
HL of world nitrogen production trends for the period 2007-2018 towards 10 Gt. 

 
 
As ammonia is produced from natural gas, peak ammonia depends on world peak natural gas, 
forecasted to occur around 2040 for an ultimate of 20 Pcf. 

  
Peak ammonia could be around 2040 if growth returns (depending mainly from China?) 
China NG production will peak in 2024-2030 for a range of ultimates 200-300 Tcf  
 
 -China 
China nitrogen production has peaked in 2014 and will continue to decline for an ultimate of 
1800 Mt, being the extrapolation of HL for the period 2013-2018. Further it is seen that the 
decline is due to a bad use of nitrogen and also a decline in real GDP growth. But growth can 
return and China N peak later, as China NG peak? 
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European Union Network for the Implementation and Enforcement of Environmental Law 
had a project 2014-2016 for Good Practice for Tackling Nitrate Pollution from Farms and 
Farmsteads, but there is little effect on the green algae in Brittany! 
 
 
-Fertilizer 
All references relating to fertilizers are in terms of the three primary plant nutrients as 
follows: 

» nitrogen (N) 
» phosphorus (P), expressed as phosphate (P2O5) 
» potassium (K), expressed as potash (K2O) 

Potash comes from “pot ash”, meaning the ash from wood burned in a big iron pot 
 
Three main nutrients: Nitrogen, Phosphorus and Potassium 
• Nitrogen (N), the main constituent of proteins, is essential for growth and development in 
plants. Supply of nitrogen determines a plant’s growth, vigor, color and yield 
• Phosphorus (P) is vital for adequate root development and helps the plant resist drought. 
Phosphorus is also important for plant growth and development, such as the ripening of seed 
and fruit 
• Potassium (K) is central to the photosynthesis of crops. Potassium helps improve crop 
quality and crop resistance to lodging, disease and drought. 
 

 
But it is important to keep the crop nutrition in balance between the three products, as crop 
growth is limited by the most deficient nutrient and other nutrients are wasted 
 
Fertilizer can be wasted if badly consumed between the three nutrients.  
The evolution of the percentage of the three nutrients from 1960 to 2017 displays a 
stabilization since 1990 for the world at 18 % for P2O5, 24 % for K2O and 58% for N 
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For US it is about 20% for P2O5 & K2O and 60 % for N. In 1960 the percentage was about 
the same for the three about 33%. 
For Europe it is about 17% for P2O5 & K2O and 66 % for N. China was consuming too much 
nitrogen in 1960 (and not enough potash) and now its percentage of the 3 nutrients is about 
world average  

  
IFA states that China apply 428 kg/ha of nutrients against 114 for the world and that nitrogen 
use varies with income level 

 
 
The consumption in Mt of the 3 nutrients displays for the world a peak in 1988 and since 
1995 a lower growth. There is also a change in consumption in North America in 1980 
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Western and Central Europe consumption dropped sharply in 1990 and after flat for N and 
small decline for P2O5 and K2O.  
China increased nutrient consumption up to 2014 and declined after. 
China is presently making the correction made in Europe 20 years ago 

  
IFIA claims that the drop in central Europe is due to the collapse of FSU, but EU production 
shows this fertilizer consumption drop, with no drop in cereal production! 

  
 
From FAO data, world fertilizer consumption is compared with cereal production.  
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World cereal production increased on a linear growth from 1961 to 2017, when world 
fertilizer consumption was growing too fast from 1961 to 1988: it was a waste of fertilizer. 
Fertilizer consumption since 1993 has increased by 2%/a, as world cereal production 
Europe cereal production has increased from 1960 to 2014 and presently flat when Europe 
fertilizer consumption has sharply dropped in 1992 and is almost flat. 
It is obvious that in the past fertilizer were partly wasted.  
 
Now fertilizer use is better balanced between the three nutrients with nitrogen being two 
thirds and potash and phosphate being one sixth.  
World grain production was plotted versus fertilizer use in 2011 and 2019  
World cereal production has increased linearly with fertilizer use since 1993 to 2017 

  
 
World grain yield varies in line with CO2 
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Fertilizer application per hectare has sharply increased in Europe up to 2000 and declined 
beyond and the range is large.  
In 2014 N fertilizer per hectare was the highest in China 
https://ourworldindata.org/fertilizer 

 
 
Yara fertilizer industry handbook oct 2018 describes the way from production to finished 
fertilizer products.  

 
 

 
 

 
 
Fertilizer consumption is different between the 5 key markets: N should be about twice P and 
K. Brazil is too short in N and India in K 
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World Bank reports for 2015 the top 5 producers and consumers 
https://blogs.worldbank.org/developmenttalk/fertilizer-prices-rise-2019-supportive-
fundamentals 

 
 
 
-N, P, K production synthesis 
The synthesis of above phosphate, potash and nitrogen Mt productions is plotted in the same 
graph with their forecast. A plot in log scale, together with UN2019 population forecast, 
shows that since 1990 P, N, K have similar growth as population, but P since 2007 has higher 
growth.   



 38 

  
 
The plot in percentage shows that K is flat since 1980, when from 1950 to 2000 P declines 
and K increases and since 2010 it is the contrary.  
The forecast with the estimated ultimates extends past trends up to 2030, beyond it diverges 
when the need for fertilizer should display stable percentage: it means that either our 
estimated ultimates are wrong or that there will be problems in balancing fertilizers!  
 

 
These percentages of mineral production differ from the percentages in fertilizer nutrients use, 
which are about 60 % N and 20% P & K, but the unit is not the same. 
 
For the BRGM (Géosciences N°125-2012) mineral raw materials, which are critical for the 
EU economy, do not include N, P, K! 
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But the European Commission published in 2017 the list of critical raw materials = CRM = 
Antimony, Beryllium, Borates, Cobalt, (Coking Coal), Fluorspar, Gallium, Germanium, 
Indium, Magnesium, Natural Graphite, Niobium, Phosphate Rock, Silicon Metal, Tungsten, 
Platinum Group Metals, Light Rare Earths and Heavy Rare Earths, Baryte, Bismuth, 
Hafnium, Helium, Natural Rubber, Phosphorus, Scandium, Tantalum, and Vanadium. 
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-Conclusion 
As world population is assumed to increase up to 2050, the need for more food is essential 
and more food needs more fertilizer. The production forecast for the three nutrients N, P, K is 
very important. 
But it appears that N, P, K historical production data are incomplete and unreliable (confusing 
rock and equivalent, mineral and product). 
Available production data on the web are USGS, BGS and NRCan annual reports, but no 
historical synthesis.  
As for reserves, only USGS offers annual estimates since 1996, but confusing reserves and 
reserve base. A huge jump (about 10 times) on Morocco phosphate reserves is doubtful and 
not justified by past production data and comparison with other mineral distributions by 
country. 
 
There are many confusions between nitrogen, phosphate and potash mineral production 
(extraction) and nitrogen, phosphate and potash fertilizer production (making).  
World agencies and universities should spend more time and budget on the subject. 
It is a shame to find confused and incomplete past data and few forecast syntheses. 
 
In the past fertilizers were badly used, leading to pollution (green algae in the seas). The 
situation has improved, but the ratio of the three nutrients varies with regions, when it should 
be more stable per hectare. 
 
It is hard to assess N, P, K ultimates, but Hubbert linearization appears to be a good tool as to 
assess fossil fuels ultimates, as there are no published reliable geological studies. 
National geological surveys are not carrying their duties!  
 
My estimates of N, P, K ultimates are from HL of past production data, but there are 
questionable, and the future production leads to problems beyond 2030. 
 
I will appreciate receiving comments on my work, and I hope that more universities will try to 
do the same, as I doubt that any official agency in the present politically correct funding will 
work on peak nitrogen, peak phosphorus and peak potash. 
Wikipedia has a “peak phosphorous” site, because several studies were carried out on peak 
phosphorus, but none on “peak potassium” or “peak nitrogen” 
These peaks will occur, but when? 
That is the question! 
And there is no answer on the web! 
What are the university students doing? 
What are the university professors planning? 
 
 
 
NB: sorry for my broken English 


