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Means and Policy for Securing Supply Security  
 
 
 
  Supply with minerals: 

 
Task of industry 

Government   sets 
 
framework 

What private information from 
industry do Governments need 
for „Good Governance“= 
good framework to secure 
mineral supply? 



                   Security of Supply 

Supply from primary resources                               Supply from secondary resources 
 
 
                                                                                ---  existing capacities 
  question of  --- reserves 
                                                                                ---  planned capacities 
                     --- resources   
                                                                                ---  forecast: cost of recycling vs. 
                     --- geopotential                                         price of primary phosphate  
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Development of total Al-Production (Primary + Secondary Aluminium) 

 1960:  17 % 
 2009:  30 % 

Prognosis 2020:  37 % 
 

Quelle: International Aluminium Institute 

(Deutsche Rohstoffagentur DERA /BGR) 
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Global Trend in Production and Population 



Geopotential 

(= unknown reserves 
and resources)‏ 
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          Examples for transfer of resources to reserves and vice versa  from Germany: 
 
 
Case 1: potash mine south of Hannover (Siegfried Giesen) closed 1991: reserves         resources 
 
                                                                    prepared for reopening 2014: resources          reserves 
 
 
Case 2: Graphite mine Kropfmühl in Bavaria, closed in 2005:                  reserves         resources 
 
                                                                        reopended in 2012:            resources          reserves 
 
 
 



The Growing of Reserves – 
 

Example: Oil 

55 

20 

Ratio 

216,900 Mio t 3,937 Mio t 2010 

11,277 Mio t 543 Mio t 1950 

reserve 
production Reserves Production 



The Growing of Reserves – 
 

Example: Phosphate 

372 

91 

Ratio 

71 000 Mio t 191.0  Mio t 2011 

13 855 Mio t 152.6 Mio t 1988 

Reserves  
production Reserves Production 

(Source: USGS, Mineral Commodity Summaries) 
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Mine production  
Data sources: USGS, BGR database, 2009 
*Before 1988, the USGS only  classified 
reserve base 

Static life time of reserve base* 
Static life time of reserves 

Static life time – the reality 
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1960: 0.34 Mio. t 

2008:  
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1987: 63 years 2008: 46 years 
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1960: 14.734 t 

2008: 63,783 t 

1988: 125 years 2008: 111 years 
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Meaning of R/C Ratio 

• Not a “lifetime”, but rather: 
– “an indication for the time available to 

find solutions to availability problems”  
(Scholz and Wellmer) 

• Could the same be said for other 
extrapolation approaches? 

12 



Assume constant per-capita PR 

13 



14 

Recent Per Capita Global PR Production 

Annual rate of increase 

kg PR /cap/yr 
g P       /cap/

d Annual rate 
1993-2010  (17 yrs) 0.10 0.036 1.1% 
2001-2010  (9 yrs) 0.52 0.19 2.6% 
2009-2012  (3 yrs) 1.17 0.61 6.5% 



Means and Policy for Securing Supply Security  
 

    Constant  transfer  of  
resources and geopotential  
           to   reserves  

Task of  industry, 
 
not government 

Government  observes, 
 
does not  drill!! 

Industry must report to 
government in some   
        countries, (but data 
not necessarily public) 
       but not in others 

Is there a right to know by the public? 

    P essential,  cannot  
        be substituted 
 



              Who are the biggest players in the phosphate field? 
 
 
a.) Integrated fertilizer companies 
 
 
b.) More and more target of multinational big mining companies 
 
     Their targets:  Tier one projects (large, long-lived projects  
                                                           with prospectively low costs) 
                             Commodities: copper, iron ore, coal, gold, (diamonds) 
            
                              New targets: potash, phosphate (nickel, zinc) 

(Crowson, P. (2012): Solving the minerals equation? Demand, prices and 
supply. Paper LE STUDIUM conference Life and Innovation 
Cycles in the Field of Raw Materials Supply and Demand—a 
Transdisciplinary Approach, 19.–20. April 2012, Orléans, France) 





(Source: J.Vasters, Commodity Fact Sheet 2011, BGR/DERA) 
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Starting point for developing new reserves 



             New Projects:   Two  Alternatives: 
 
a.)  Start in Geopotential field, i.e. invest in exploration 
 
b.)  Start in Resources field (known, but uneconomic at present), 
 
 
 
                         Consequences: 
 
       1.)  For some commodities grades become higher and higher 
 
       2.) For others grades decline due to new technologies 
 
       3.) Operations become larger and larger, requiring larger reserves. 
                      (Economics of scale, Taylor Rule) 



(Source: F.-W. Wellmer, M.Dalheimer, M. Wagner: Economic Evaluations in Exploration, Heidelberg, New York etc. (Springer) 2008) 
 



Iron Ore Supply Germany since 1950 

50	


100	


Domestic  production	

(34  %  Fe)	


Mean  of  processed  	

ore	


44,2    %  Fe	
 46,3    %  Fe	


61,3    %  Fe	

64    %  Fe	


O
ri
gi
n  
of
  p
ro
ce
ss
ed

  o
re
    [
%
]	


1950	
 1960	
 1980	
 2000	


Imported  iron  ore  (today  average    64%  Fe)	
 Fe
-­‐‑G

ra
de

  [%
]	


Mineralogical    Boundary	

(Hematite  ~  70,0%  Fe,  Magnetite  ~  72,4%  Fe)	


Source: BGR-Data-Bank 



Development	
  mean	
  grades	
  of	
  Cu	
  and	
  Ni-­‐mines	
  in	
  Australia,	
  Canada	
  und	
  USA	
  
	
  	
  

Paper	
  H.	
  Mischo.	
  TU	
  Bergakademie	
  Freiberg,	
  24.5.13	
  



(Source: M.Stürmer, Univ. of Bonn, Germany) 



ITP	
  :	
  Energy	
  and	
  environmental	
  profile	
  of	
  the	
  US	
  Mining	
  Industry,	
  www1.eere.energy.gov/manufacturing/industries_technologies/mining/pdfs	
  
	
  



   Transparency: 
 
 
 
   Two main aspects: 
 
 
   --  production/consumption                   precise figures 
 
 
   --  reserves                                          estimates , not precise 
                                                                 figures and  dynamic 
                                                                           figures 



(Source: S. Schmidt: From Deposit to Concentrate: The Basics of Tungsten Mining, Part 1: Project Generation  and 
                                   Project Development , Tungsten—Internat.Tungsten Industry Ass., June 2012)  







(Source USGS, 
MCS =  
Mineral Comm. 
Summaries 
2011) 



(http://www.unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/unfc_pres/S.Foster_NFC_BlackSea_CaspianEnConf_14.02.2013.pdf)   

Three dimensional UN Framework Classification System (UNFC) 





Gebauer, BGR/SWP, Berlin, 26.2.2013 

Example: NE-Metal-Study Groups 

International Lead- and Zinc Study Group (ILZSG, since 1959) 
  30 Members, among  them China, EU, USA  
  ILZSG: 85% world production and consumption  
 

International Nickel Study Group (INSG, since 1990) 
  15 Members, among them Australia, Brazil, EU, Japan, Russia 
  INSG : 37 % ore production, 51 % primary production, 34 % consumption  
 

Internationale Copper Study Group  (ICSG, seit 1992) 
  24 Members, among them Australia, China, EU, USA 
  ICSG: 76% ore production, 84% refinery production, 80% consumption  
 

  Consultations between Producer-  and Consumer-Countries  
(Market  Analyses, Data, Informations) 

 





Simplified MFA 

Ingested 
Phosphorus 

85% 

15% 

Net Inputs for 
Food 

Production 

50% Recovery of Waste  =>    7.5% conserved 

50% Reduction in consumption   =>   42.5% conserved 





Working Group 1: Fuel and Heavy Water Availability 
 
Working Group 2: Enrichment Availability 
 
Working Group 3: Assurances of Long-Term Supply of Technology, 
Fuel and Heavy Water and Services in the Interest of National Needs 
Consistent with Non-Proliferation 
 
Working Group 4: Reprocessing, Plutonium Handling, Recycling 
 
Working Group 5: Fast Breeders 
 
Working Group 6: Spent Fuel Management 
 
Working Group 7: Waste Management and Disposal 
 
Working Group 8: Advanced Fuel Cycle and Reactor Concepts 

                        The International 
               Nuclear Fuel Cycle Evaluation 
                               INFCE 
 (from 1977 to 1980, set up on intitiative of the USA) 
 





(start 1977 to 1988) 



http://www.comincoresources.com/about-us/company-profile 



Future Scenarios 
•  Hard landing – Roger Pielke Jr.’s “Iron Law”  

–  “When policies on emissions reductions collide with policies 
focused on economic growth,  
economic growth will win out every time.  

–  “To succeed, any policies … will necessarily have to offer short-
term benefits  that are in some manner proportional to the 
short-term costs.” 

41 

• Soft landing (Cordell et al, Scholz & Wellmer)  
–  Preferred scenario: Phosphate rock demand decreases as secondary 

sources increase, due to increasing awareness of high environmental 
and social costs, and increasing price of mineral fertilizers 



                       Conclusions 
 
Need for better transparency: 
 
         --- monitoring of material flows 
 
         --- dynamics of reserves and resources 
 
         --- understanding the geopotential as 
              source of future reserves 
 
         --- understanding learning curves for  
              future  P supply 
 
 
Organisational framework: Possibilities 
 
         --- revive IGCP phosphate project for geopotential 
 
         --- adopt existing or former structure to P: 
              (UNEP International Resource Panel, NE-Study 
               groups, Uranium Redbook, INFCE) 
 
 
 





Reserve   Slides 



  Ratio  =   ------------------------------------                 Reserves        ___ 

Production (Consumption) 

           is always only a Snapshot of a   
 
dynamically  developing Reserve-/Resource System. 
 
 
           
              It is not  the life time of a commodity. 
 
 





What motivates companies, government bodies, governments  
or other institutions to move to quantify reserves, 
i.e. to move rersources out of the „potential field“ into the  
Reserve Block? 
 
1.) Companies – JORC Code 
 
2.) Regional planning authorities 
 
3.) Governments  



(Source: Global research to nourish the world, Virtual Fertilizer Research Center/ IFDC) 
               www.vfrc.org/.../vfrc_blueprint_for_global_security-1.pdf)‎ 
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Fig. 10 

Figure 10: Development of copper grades of ores mined in the US (after Ayres et al. 2002). 



Rohstoffpreis und BIP: langfristige Preisschwankungen 

Quelle: BGR Datenbank, CRB, World Bank 
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(Source: F.-W. Wellmer, M.Dalheimer, M. Wagner: Economic Evaluations in Exploration, Heidelberg, New York etc. (Springer) 2008) 





Consecutive learning curves in technology and exploration 
Innovation 

Time 

technological 
breakthrough 

Innovation 

Time 

paradigm 
change 

Technology 
development 

Exploration 
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(Source: A.Rosemarin & L.S.Jensen : The Phosphorus Challenge: European Sustainable Phosphorus Conference,  
                                                             Brussels, 6. March 2013.)      




