PHOSPHATE AND NPK FERTILIZERS November 2011 Report Contents

PHOSPHATE AND
NPK FERTILIZERS

Table of Contents

A Report by Nexant's CHEMSYSTEMS
Process Evaluation/Research Planning (PERP) Program

PERP 09/10S5 - Published November 2011
www.chemsystems.com

Section Page
1 EXeCUtive SUMMAIY ........cccoveiiiiiiie e 1
1.1 TECHNOLOGY OVERVIEW .....ccccoeviiiiiiiiieeeeeee, 1
1.2 COST OF PRODUCTION ECONOMICS.......ccceveeeeee. 2
1.3 MARKET REVIEW.......ooo e 4

O Ne\’anr CHEMSYSTEMS PERP PROGRAM 1
PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113

www.chemsystems.com


http://www.chemsystems.com/

PHOSPHATE AND NPK FERTILIZERS

November 2011 Report Contents

2 TR oo 18 [od £ o] o ISP SRPR 6
2.1  ABRIEF HISTORY OF PHOSPHATES FERTILIZERS..........c..ccccervnuennnn. 6
2.2 PHOSPHORUS IMPORTANCE.......c.coo i 7
2.3 PHOSPHATE FERTILIZERS......ccooiiiiieceise et 8
24 STORAGE, HANDLING AND TRANSPORTATION .....ccoccoviiiiiiieiiiieens 9
2.5  REPORT OUTLINE ....cciiiicit e 9
3 Chemistry and TeChNOIOQY ......ccccoviiiiiiiiiiiieee s 10
3.1 INTRODUCTION ...ccoiiiiiiiiiieiet ettt sttt st 10
3.2 TRIPLE SUPERPHOSPHATE (TSP) ..cuiiiieiie et 10
321 CREMISIIY ..ot te e re e 10
3.2.2  ProducCtion PrOCESSES ........couveeerieerieaiesieesinaeesseesseaeesseesseeseessesssenssens 11
3.3 SINGLE SUPERPHOSPHATE .......ccceitiiiiieise e 14
331 CREIMISIIY ..t 14
3.4 AMMONIUM PHOSPHATES. ..ottt 15
341 CREIMISIIY .t 15
3.4.2  ProduCtiON PrOCESSES ......ceiuiereeieiriesiesiesiesiesiesseseeeeseeseessessessessensens 15
3.5 NITROPHOSPHATE FERTILIZERS........coooiii e 17
3.5.1  CREMISIIY ..ot re e 17
3.5.2  ProduCtion PrOCESS........cicveiueeiiireenieaiesieesieeeesieesteeiesneesseeeesseesseeseens 17
3.6  FERTILIZER GRANULATION .....cocoiiiiiiietceeee e 20
4 Commercial TECANOIOGY .....cccooiiiiiiiiiii s 21
A1 INCRO ..ottt b ettt en 21
0 O 101 oo L1 [ o USROS 21
4.1.2 INCRO’s Direct Slurry Granulation Process for TSP ...........cccceeuie 21
4.1.3 INCRO'’s Pipe Reactor Process for DAP and NPK
MaNUFaCLUNING .......cveiieie e 26
4.2 ESPINDESA ... et e e e rae e 29
4,21 INrOAUCTION ....eiviiiiieciccit et 29
4.2.2 Low Recycle Granular DAP ProCesS........cccouuvririieiienieienic s 29
A3 GPNoiiicee ettt e 31
7 04 R 101 oo L1 [ o USSR 31
4.3.2 Dual Pipe ReaCtOr PrOCESS ........coueiiieiiieiiiesiie st e sieesie e ses e 31
4.4 JACOBS ENGINEERING........ooiiiiieee e 33
441 INFOAUCTION ....ouiiiieieiie sttt 33
© Nexanr CHEMSYSTEMS PERP PROGRAM 2

www.chemsystems.com

PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113



PHOSPHATE AND NPK FERTILIZERS

November 2011 Report Contents

4.4.2  Jacobs’ SIUITY PrOCESS .....ccovviiiiieiiiiiciiciiee e 33
45  YARA (NORSK HYDRO).....cooeitiiieiiisieiisi et 35
451 INFOAUCTION ....ccviiiieiecie ettt 35
4.5.2 YARA’s Nitrophosphate Process ........ccccoovvrviiiiiiiiinniiiesniee e 35
5  Technology DevelopmMENTS. .......ccoiiiiiiiiiiiieee s 38
5.1  INTRODUCTION ...cocoiiiiiicieiieiee e 38
5.2 SELECTED PATENTS ..ottt 38
6 ProCESS ECONOIMICS ...ttt et 41
6.1 B A SIS e ————————————— 41
6.1.1  INVESIMENT BASIS ...vvevveiiiieiieiiesicsieeie et 41
6.1.2  PriCING BaSIS ...veiuiiiiiieieiese e 41
6.1.3  Cost of Production BasiS...........cccourirrimieiiieiineseseeiee e 43

6.2 DAP PRODUCTION COSTS ESTIMATES (CHINA, USGC, WEST
EUROPE, MIDDLE EAST) ...oiiiiiiiieiseseese et 44
B.2.1  RESUIS ..o 44
6.2.2 Regional COMPAriSON...........cceiieiiiiieiieeie et 45
6.3 NPK FERTILIZER PRODUCTION PROCESSES ECONOMICS.............. 51
6.3.1 Direct Slurry Granulation ProCess ..........cccevevivevesiieieese e e 51
6.3.2  Nitrophosphate ROULE ..o 55
6.3.3 Cost Comparison of NPK Fertilizer ROULES...........ccccovevvivvciveiiecnene, 59

6.3.4 Sensitivity Analysis of Effect of Total Project Investment on
NPK Production COSES........cccuiriiieieieriesie s 61
7 Commercial Applications of Phosphate Fertilizers ..........ccccooeviviiiiieiieiicsnenns 63
7.1 AMMONIUM PHOSPHATES.......occiiiteeeee et 63
7.1.1  Diammonium PhOSPNAte...........ccooviiiiiiiieieseseseeeee e 63
7.1.2  Monoammonium PhoSphate ............cccceeviiieiiciecc e 63
7.2 SUPERPHOSPHATES . ...t 64
7.2.1 Single SUPErphosphate..........ccccveiiiieiicce e 64
7.2.2  Triple SUPErphoSPhate ...........cooiiiiiiieee e 64
7.3 NPKFERTILIZERS ..ottt 65
8  Regional Market ANalYSIS ... s 66
8.1  GLOBAL OVERVIEW .....ccocoiiiiiiieiee e 66
8.2 NORTH AMERICA ...t 68
8.3  WESTERN EUROPE ........ccociiiiieiceiee e 71
© Nexanr CHEMSYSTEMS PERP PROGRAM 3

www.chemsystems.com

PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113



PHOSPHATE AND NPK FERTILIZERS

November 2011 Report Contents

8.4 ASIA PACIFIC ..ottt et eneas 74
e €1 011 YRS SSPPSN 78
10 RETEIENCES .....eeiieieieee ettt ettt et e b e et e et e sneenteenseereenbeenee s 79
Appendix Page
A Supporting Cost of Production EStIMALES ..........ccccceevveiieeiiiieiie e A-1
B Capital COSt EIBMENTS ... B-1
C  Operating CoSt EIBMENTS ........ccveiiiieiiece ettt C-1
D PERP Program Title Index (2000/2001 - 2009/2010)........ccccurvmirenienerienieniesieaien D-1

© Nexanr CHEMSYSTEMS PERP PROGRAM 4

www.chemsystems.com

PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113



PHOSPHATE AND NPK FERTILIZERS

November 2011 Report Contents

Figure

1.1 Global Total DAP, MAP, and TSP Consumption by Region
1.2 Global Phosphate Fertilizer Consumption by Type
2.1 Phosphate Fertilizer Value Chain

3.1 Cone Mixer

3.2 Manufacture of Run-of-Pile Triple Superphosphate
3.3 Typical T-shape Inlet Mixer
3.4 Integrated Nitrophosphate Process
4.1 TSP Feed Preparation and Reactor Section
4.2 TSP/DAP Granulation Process
4.3 Granulator for TSP/DAP Process
4.4 Neutralization, Granulation and Scrubbing Sections
4.5 The ERT-Espindesa Low Recycle DAP Process
4.6 GPN Scrubbing System for Dual-Pipe Reactor Process
4.7 Dry Section of DAP Plant Process Flow Diagram
4.8 The Norsk Hydro Process
6.1 DAP Production Cost Comparison
6.2 NPK 16.5-16.5-16.5 Production Cost Comparison

6.3 Effects of Project Investment on NPK Cost of Production

8.1 Global Total DAP, MAP, and TSP Consumption by Region
8.2 Global Phosphate Fertilizer Consumption by Type
8.3 North America Ammonium Phosphates Supply/Demand and Trade
8.4 North America Triple Superphosphate Supply/Demand and Trade
8.5 West European Ammonium Phosphates Supply/Demand and Trade
8.6 West European Triple Superphosphate Supply/Demand and Trade
8.7 Asia Pacific Ammonium Phosphates Supply/Demand and Trade
8.8 Asia Pacific Triple Superphosphate Supply/Demand and Trade

Page

12
13
16
18
23
24
25
28
30
32
34
36
45
60
61
66
67
69
70
72
73
76
77

© Nexant

www.chemsystems.com

CHEMSYSTEMS PERP PROGRAM

PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113



PHOSPHATE AND NPK FERTILIZERS

November 2011 Report Contents

Table Page
1.1 Summary of Cost of Production Estimates for DAP via Slurry Granulation 2
1.2 Summary of Cost of Production Estimates for NPK 16.5-16.5-16.5 via Slurry

Granulation and NItrophoSPhate ..o 3
2.1 Phosphorus Content in main Phosphate Fertilizers ..........cccoocevviveiieiv i 8
3.1 Typical BasiC Properties Of TSP .......ccoiiiiiiiiiereeese s 11
4.1 TSP Utility REQUIFEMENTS ....c.viiieieicie ettt 26
6.1  Price and ULIHITIES BaASIS ......ccveiieiiiiriiieiieiie st sttt sne e enes 42
6.2 Relative DAP Cost Summary (Fourth quarter 2010, U.S. dollars per ton) .............. 45
6.3 Cost of Production Estimate for: Diammonium Phosphate

Process: Direct Slurry Granulation; China BasiS...........cccccevvveiiieieiieieeie e 47
6.4 Cost of Production Estimate for: Diammonium Phosphate

Process: Direct Slurry Granulation; USGC BasSiS..........cccccvrvveiveieiieieece e 48
6.5 Cost of Production Estimate for: Diammonium Phosphate

Process: Direct Slurry Granulation; Western Europe Basis ..........c.cccccvevviiievieenenne 49
6.6 Cost of Production Estimate for: Diammonium Phosphate

Process: Direct Slurry Granulation; Middle East Basis............ccccceevveveeieiieirenee 50
6.7 Cost of Production Estimate for: NPK 16.5-16.5-16.5

Process: Direct Slurry Granulation; China BasiS...........ccccceevveiieieiiieieeie e 53
6.8 Cost of Production Estimate for: NPK 16.5-16.5-16.5

Process: Direct Slurry Granulation; Western Europe Basis ..........c.cccccvevviieiieenene 54
6.9 Cost of Production Estimate for: NPK 16.5-16.5-16.5

Process: Nitrophosphate Route; China Basis...........ccccovveieiicieece e 57
6.10 Cost of Production Estimate for: NPK 16.5-16.5-16.5

Process: Nitrophosphate Route; Western EUrope Basis ..........cccccceeveveeieiicieenene 58
6.11 NPK 16.5-16.5-16.5 Cost Summary (Fourth quarter 2010, U.S. dollars per

10] 1) TP PR P TP URPRTRRO 59
8.1 North America MAP, DAP and TSP Capacities, 2009 ..........ccccocevvieieeieiiierirenene 68
8.2 North America Ammonium Phosphates Supply/Demand and Trade..............c.c...... 69
8.3 North America Triple Superphosphate Supply/Demand and Trade..............c..c....... 70
8.4 West European Ammonium Phosphates Supply/Demand and Trade..............cc...... 72
8.5 West European Triple Superphosphate Supply/Demand and Trade............cc.ccue..e.. 73
8.6 Asia Pacific MAP, DAP and TSP Capacities, 2009 ..........ccccerererereneniniseseeeens 75
8.7 Asia Pacific Ammonium Phosphates Supply/Demand and Trade...........ccccccvevuvenee. 76
8.8 Asia Pacific Triple Superphosphate Supply/Demand and Trade............ccocvevvvennnne. 77

© Nexanr CHEMSYSTEMS PERP PROGRAM 6

wwiw.chemsystems.com PERP 09/10S5, Phosphate and NPK Fertilizers

00101.0010.4113



PHOSPHATE AND NPK FERTILIZERS November 2011 Report Contents

CHEMSYSTEMS

PERP PROGRAM

O Nexanr

www.chemsystems.com

The ChemSystems Process Evaluation/Research Planning (PERP) program is
recognized globally as the industry standard source for information relevant to
the chemical process and refining industries. PERP reports are available as a
subscription program or on a single report basis.

Contact Detalls:

London: Dr. Alexander Coker, Manager, PERP Program
Phone: + 44-(20)-7950-1570, e-mail: acoker@nexant.com

New York: Heidi Junker Coleman, Multi-Client Programs Administrator
Phone: + 1-914-609-0381, e-mail: hcoleman@nexant.com

Shanghai: Dr. Y. Larry Song, General Manager, Nexant China

Phone: +86 21 6182 6791, e-mail: ylsong@nexant.com

Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 38 years,
ChemSystems has helped clients increase business value through assistance in all aspects of business strategy, including business intelligence, project

feasibility and implementation, operational improvement, portfolio planning, and growth through M&A activities. Nexant has its main offices in
San Francisco (California), White Plains (New York), and London (UK), and satellite offices worldwide.

Copyright © by Nexant Inc. 2011. All Rights Reserved.

O Nexanr CHEMSYSTEMS PERP PROGRAM 7
PERP 09/10S5, Phosphate and NPK Fertilizers
00101.0010.4113

www.chemsystems.com


mailto:acoker@nexant.com
mailto:hcoleman@nexant.com

