
1Summary

Phosphate is essential for agricultural production and therefore plays a 
key role in the global production of food and biofuels. There are no 
agricultural alternatives for phosphate, and a substantial fraction of 
our annual phosphate consumption is dispersed into the environment 
where it is largely lost to agriculture. Phosphate is an irreplaceable, and 
to a considerable extent non-renewable, resource that is being 
exploited at an ever increasing rate. 

The ongoing depletion of phosphate resources combined with recently 
increased phosphate prices urge us to reconsider our phosphate 
consumption patterns. In addition to economic and geo-political 
reasons, further reducing phosphate consumption would moreover be 
beneficial to the quality of our environment.

There are basically two lines to attack the phosphate depletion 
problem:

increase the reserve base;
recycle a larger proportion of the phosphate passing though society 
and the environment.

Even if we increase the reserve base, for which there are plenty of 
opportunities, it is clear that the phosphate industry will sooner or 
later have to make a switch from a reserve-based industry to a 
recycling industry.

Chapter 2: Global phosphate production, reserves and resource 
development
Phosphate is mainly derived from rocks enriched with phosphate (20 
– 35% P2O5). Major producers of phosphate rock are Morocco 
(including Western Sahara), China, and the US which account for 



2 65% of world production. Europe does not currently produce any raw 
phosphate ores, and imports all raw phosphate and phosphate 
fertilisers from abroad. 

The measured and indicated economic phosphate reserves are 
estimated at some 15000 Mt of phosphate rock, whereas the reserve 
base, which also includes the marginally and sub-economic phosphate 
deposits, is estimated at some 47000 Mt of phosphate rock. This 
represents 5000 Mt and 16000 Mt of P2O5 respectively.

Mining production of phosphate rock increased slightly in the last 
decade and the current annual production amounts to some 167 Mt. 
As a result of increasing phosphate prices, resource development has 
been stimulated and new phosphate occurrences are currently being 
evaluated in e.g. Mali and Namibia. As a result of increasing 
phosphate prices, the size of the reserve and reserve base will increase 
in the future. At prices of 50 - 100 US$/ton, it is estimated that our 
current reserve base would roughly double to 100 000 Mt of 
phosphate rock.

Chapter 3: Global use and consumption of phosphate
Phosphate rock is mainly used for the production of mineral fertilisers 
such as diammonium-phosphate (DAP) and triple superphosphate 
(TSP), which on average accounts for 74% of the global inorganic 
phosphate consumption. This average global figure excludes the role of 
organic phosphate in the form of animal feed and food. It should be 
noted that for some countries such as the Netherlands, the organic 
phosphate consumption plays a more important role than inorganic 
fertiliser consumption.

The four largest (net) consumers of phosphate fertilisers include 
China, the US, India and Brazil i.e. big countries with a substantial 
agricultural sector. The global per capita consumption pattern reveals 
considerable differences between the western world (> 20 kg P2O5/
capita; e.g. US, Australia, Canada and New Zealand) and the 
developing countries i.e. much of Africa (< 1 kg P2O5/capita). Europe 
plays an intermediate role in inorganic phosphate fertiliser 
consumption. 

The consumption of phosphate rock has, on average, increased by 
some 3.4% in the last 100 years, yet phosphate prices have remained 
somewhat stable (constant 1998 prices fluctuating between 26 and 43 
US$/t). Only during the last two years have phosphate prices started 
to rise rapidly from ~30 US$/ton in 2005 to 113 US$/ton in 2008. 
Even more, exceptionally high spot prices of 500 US$/t cif were 
reported by the US Geological Survey in 2008. Although these high 
spot prices are bound to go down in the near future, cheap phosphate 
prices will be a thing of the past.

Chapter 4: Future trends of phosphate consumption and sufficiency of 
resources
Using various scenarios for global phosphate consumption as well as 
the additional effect of increasing biofuel production, the sufficiency 
of the current phosphate reserves (indicated and measured economic 



3reserves) and reserve base (including the marginally and sub-economic 
reserves) is estimated. Although particularly the role of biofuel 
production is difficult to assess here, it seems likely that the current 
reserves will be exhausted somewhere between 2040 and 2070, and 
the reserve base somewhere between 2100 and 2150.

These estimates are in line with previous projections, but the size of 
the reserve and reserve base are based on rock phosphate prices of 20 – 
40 US$/t. At prices of 50 - 100 US$/t the future reserve base would 
roughly double and phosphate sufficiency will last well into the next 
few centuries. 

Chapter 5: Phosphate in the Netherlands
Net phosphate consumption in the Netherlands currently amounts to 
some 183 000 t P2O5 (~ 11 kg P2O5/capita), most of which is in 
organic matter (animal feed - 59%). The role of inorganic phosphate 
such as fertilisers and feed additives is less important (35%). This 
shows that the consumption of inorganic phosphate through mineral 
fertilisers does not necessarily represent total phosphate consumption, 
particularly for countries that are dependent to a substantial degree on 
the import of animal feed for their livestock such as the Netherlands, 
Belgium and Denmark.

Since the early nineteen-eighties, the total consumption of phosphate 
in the Netherlands has decreased by around 47%. This decrease was 
caused by lower consumption levels of animal feed (addition of 
phytase) and decreasing consumption of inorganic phosphate 
fertilisers as well as other forms of phosphate (e.g. detergents). Recent 
new Dutch legislation regarding nutrient application on agricultural 
land, in which maximum allowed levels of nutrients are gradually 
decreased towards 2015, expects a further decrease in agricultural 
phosphate consumption.

Due to historical over-application of mineral fertilisers and manure, 
a substantial amount of phosphate has accumulated in agricultural 
soils in the Netherlands; on average the concentrations of P2O5

have tripled and a substantial fraction of the soils is phosphate 
saturated. It is estimated that the current accumulated phosphate 
fraction in the agricultural topsoils amounts to some 1.9 Mt of 
P2O5, which is ~40 years of current fertiliser application. Part of 
this fraction will gradually become available for plants, and offers 
opportunities for reducing phosphate application without 
significant loss of crop yield. 

Chapter 6: Phosphate recycling and recommendations for sustainable use
The increasing consumption and subsequent future scarcity of 
phosphate resources, are ample reasons for the transition to a more 
sustainable use of phosphate:

Geological/Geo-political: the Netherlands is fully dependent on 
the import of phosphate from abroad, and worldwide resources of 
phosphate are limited.\
Economic: future phosphate prices are likely to remain high at 50 
– 100 US$/ton, increasing fertiliser costs and subsequently animal 
feed prices.



4 Economic/Environmental: elevated phosphate prices have increased 
the economic feasibility of different forms of phosphate recycling.
Environmental: The need to balance inputs and outputs (soil 
balance) to reduce nutrient losses to surface water and groundwater 
in order to meet EU water quality targets.

Various options for reducing losses and further recycling have been 
reviewed in the previous sections. The effective options for the short 
term are:
1. The most significant reduction in phosphate consumption and 

subsequent reduction of losses can and will be achieved in the 
Dutch agricultural sector, which is responsible for the bulk of the 
net Dutch phosphate consumption and around 40% of the total 
phosphate losses. Reducing the agricultural consumption of phosp-
hate is already enforced through the Fertilisers Act 2006. This has 
a major effect. Compared to 2005 the newly implemented phosp-
hate use standards will lead to a reduction in phosphate use from 
manures and fertilisers of 30-40% (i.e. 71-95 Gg P2O5 per annum). 

2. Reduction of phosphate contents of animal feed and improving its 
availability (e.g. using biorefinery), the production of fertiliser from 
manure and an increased export of manure will lead to a reduction 
in P-input of 20 – 30 Gg P2O5 per annum.

3. Phosphate loss can be diminished by using an alternative approach 
of phosphate removal from urban and industrial waste water, e.g. 
by using aluminium salts. Phosphate precipitated in the sewage 
sludge can then be used as raw phosphate ore for the production of 
fertiliser. In that way 18 Gg P2O5 per annum can be recycled. 

4. In-row placement of phosphate fertilisers. It is estimated that this 
can reduce P input by 10 Gg P2O5 per annum.

The different measures to reduce inputs and losses result in total 
annual savings of 119 to 153 Gg P2O5. This shows that by a 
combination of different measures the P-balance of the Netherlands 
can be substantially improved to meet future challenges of 
geo-political, economical and environmental nature. 
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