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        1.0  Scope of Work

Perdaman Chemicals and Fertilizers (PCF) asked Stokes Engineering Company to review its ammonia
synthesis, urea synthesis, and urea granulation technology selections in terms of experience, efficiency,
and emissions compared with the best available technologies.

             2.0  Introduction

PCF’s technology selections are:
Process                 Licensor

   Ammonia Synthesis                     Topsøe
   Urea Synthesis     Stamicarbon

                           Urea Granulation                                 Stamicarbon

PCF’s project will include the world’s largest single-train ammonia synthesis section (synloop).  Topsøe’s
design package will include the ammonia converter, syngas compressor, refrigeration compressor, heat
exchangers, knock-out drums, pumps, and piping specifications.  Topsøe is a top ammonia process
licensor.   On the urea side, PCF’s project will include two Stamicarbon urea synthesis trains and two
granulation trains.  Stamicarbon has the world’s best urea technology.  It has been the leading technical
innovator since 1954.

             3.0  Summary and Conclusions

Ammonia Synthesis
Topsøe can achieve 3,500 mtd using equipment that has been field-proven at effectively the required
process duty.  Topsøe’s synloop energy efficiency equals or exceeds the industry standard. Its synloop
emissions will be negligible except during plant startups and plant upsets.  All pressure safety valves and
vents exhaust to a flare.

Urea Synthesis
Stamicarbon’s Urea2000plus Pool Condenser technology is proven.  Its energy efficiency and emissions
are the best in the industry.

Urea Granulation
Stamicarbon’s urea granulation technology is proven.  Its energy efficiency and emissions equal or exceed
the best in the industry.
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      4.0  Ammonia Technology

4.1 Experience  PCF has selected a Topsøe 3,500 mtd single-train synthesis loop.

      Siuci, at 2,000 mtd, is Topsøe’s largest onstream reference plant to date.  It started up this year in
      Sohar, Oman.

      Engro in Pakistan, at 2,200 mtd, is Topsøe’s largest plant presently under construction.  It should start
      up next year.

      Qafco in Qatar, at 2,200 mtd x 2, is also under construction and should start up in 2011.

      Siuci, Engro, and Qafco are natural-gas-based plants.  PCF’s gasification-based plant will have
      a lower inerts level in the synloop.  Also, Topsøe plans to raise PCF’s synloop operating
      pressure to achieve 3,500 mtd.

                         
4.2 Efficiency  Topsøe’s synthesis loop energy efficiency equals the best available for magnetite
      catalyst and synloops of comparable investment cost.

4.3 Emissions  PCF’s ammonia plant will be designed to U.S. and European standards and its emissions
      will be as low as the best technology can ensure.  

     Continuous Emissions  A header system will route all emissions to a flare.  The emissions of
     consequence are hydrogen and ammonia.  The flare will combust them.

     The syngas and refrigeration compressors’ dry-gas seals release small amounts of gas.  The
     compressor vendors will make the expected flow rates available later in the project.

    Intermittent Emissions  Syngas is vented to flare during transient conditions.  PCF might need to
    depressure the synloop to safeguard against fire or before doing maintenance work.  Depressuring
    flows should not exceed 75,000 Nm3/h and might take 15 to 30 minutes every two years.  PCF may
    route the synloop gas to an offsite syngas header.

    Refrigerant. PCF may choose to empty the circuit of 600 Nm3 of ammonia every five years.
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                                                      Table 1   Emergency Emissions
Item Max Flow

Nm3/h
To Percent Gas Composition

H2 N2 NH3 Ar
Syngas Compressor PSV 386,000 Flare 71 24 4 1
Refrigeration Compressor PSV 129,000 Flare 0.03 0.03 99.93 0.01
Chiller Tube Rupture 75,000 Flare 67.7 22.5 6.7 1.1
Water Cooler Tube Rupture 38,000 Safe Location 57.4 19.1 22.5 1.0
Fire safety PSVs, NH3 Vessels 11,000 Flare 0 0 100 0
Fire Safety PSV, Synloop 1,000 Flare 72 24 3 1
1st Let Down Drum PSV 110,000 Flare 71 24 4 1

           5.0  Urea Technology

5.1  Experience
       Urea Synthesis  PCF has selected Stamicarbon’s Urea 2000plus Pool Condenser technology.  Urea
       producers have used this technology in new grassroots plants and plant revamps since the mid-
       1990s.  It saves investment cost and energy.

       Significant corrosion used to occur in urea plants until Stamicarbon found that small amounts of
       oxygen greatly alleviated the problem.  The discovery led to Stamicarbon’s ground-breaking oxygen
       patent in 1954.  In 1956, DSM, Stamicarbon’s parent company, began operating the first oxygen-
       passivated urea plant and, today, Stamicarbon has about a 66 percent share of new capacity.

       However, oxygen injection is not an ideal solution and in recent years Stamicarbon, in partnership
       with Sandvick Steel, has developed Safurex, a proprietary, non-corrosive duplex steel.  Safurex
       needs less oxygen to passivate and long-term testing in the field may show that no oxygen is needed.
       PCF has adopted the standard industry wait-and-see practice of using Safurex while continuing to
       inject a reduced amount of oxygen.  This approach means less inerts, less purge to remove the inerts,
       and, consequently, more urea for the same energy.  Safurex steel equipment, operating at PCF’s
       proposed reduced oxygen level or lower, has proven satisfactory to date but is not critical because, if
       industry experience warrants (over the next 10 to 30 years), PCF can revert to normal oxygen levels.

       PCF has opted for a two-train urea scheme to produce 6,200 mtd urea.  Each 3,100 mtd train will
       have a urea synthesis section followed by a granulation unit.  Matching a single-train ammonia plant
       with two urea trains is accepted industry practice, especially in large-capacity projects, because it
       allows the ammonia plant to keep operating even when one urea unit is offline.

       Yara is building a larger, single-train pool condenser plant (3,500 mtd) in Sluiskil, Netherlands.
       Startup is slated for 2011.  Seven pool condenser plants are under construction in China and
       three are in successful operation.



                                                                                   Stokes Engineering Company

SEC7/30/097

   Table 2  Stamicarbon’s 2,200 mtd and Larger Plant Experience
Capacity
mtd

Owner Location Startup Safurex

2,840 Hulunbeier China 2011 Yes
3,500 Yara Netherlands 2011 Yes
3,500 x 2 Sorfert Algerie Algeria 2011 Yes
2,200 x 3 Pequiven Venezuela 2011 Yes
3,250 NPC-Lordegan Iran 2011 Yes
3,250 NPC-Golestan Iran 2011 Yes
3,250 NPC-Zanjan Iran 2011 Yes
2,700 Jianfeng Chem China 2010 Yes
3,250 PIDMCO Iran 2009 Yes
3,250 SAFCO Saudi 2006 Yes
3,250 CNCCC China 2004 Yes
3,250 PIDMCO Iran 2004 Yes
3,200 QAFCO Qatar 2004 Yes

       Urea Granulation  PCF has selected two trains of 3,100 mtd.  Stamicarbon has demonstrated its
   granulation technology in several plants, including three 2,000 mtd units in Egypt. (The first unit
       came onstream in 2006.) Five units of 3,600 mtd to 4,400 mtd are under construction and should start
       up in 2010 and 2011 in Egypt, Iran, and Venezuela.

5.2  Efficiency  Stamicarbon’s Urea2000Pool Condenser process uses less energy per tonne of urea
       than conventional processes.1 

              1 Henke Perrée, “Revamping Conventional Urea Plants,” FINDS, Vol. XII, No. 4 (1997)



                                                                                   Stokes Engineering Company

SEC7/30/098

5.3  Emissions  PCF’s urea plant will be designed to U.S. and European standards and its emissions
       will be as low as the best technology can ensure.

       Synthesis  Because Safurex does not need oxygen protection, Stamicarbon’s inerts load and,
       therefore, its emissions are less than one-third of the traditional amount.  In addition, all pressure
       safety valves exhaust to a flare stack.  Stamicarbon’s expected maximum ammonia loss in the
       synthesis section is 0.15 kilogram of ammonia per tonne of urea (0.026 percent of the 567 kilograms
       theoretical ammonia consumption).   

       Granulation  Stamicarbon launched its own granulator design in 2003.  Stamicarbon’s process uses
       less urea-formaldehyde and produces less dust than competing systems, without reducing the
       mechanical strength of the granules. Stamicarbon’s film-spraying technology provides these
       advantages over the leading competitor and also improves granulator-cleaning cycle time.
       Stamicarbon’s expected emissions in the granulation plant stack are 135 mg/Nm3 ammonia and 25
       mg/Nm3 urea.  The guaranteed maximum emissions in a competitor’s granulation plant are 160
       mg/Nm3 ammonia and 40 mg/Nm3 urea.                      
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6.0  Stokes’ Résumé and Publications and SEC’s Job List

KEITH  J.  STOKES

Manchester University, BSc, Hons., Chemical Engineering
New York University, MBA
Licensed Professional Engineer

In 1986, Stokes formed Stokes Engineering Company (SEC) and started FINDS, a publication of SEC.  Stokes mainly
represents the owners and lenders on new ammonia/urea projects.  The job list on pages 11 and 12 includes the new-plant
projects. SEC’s bank clients have included the World Bank, the Asian Development Bank, Goldman Sachs, Santander,
Citicorp, JABIC, Macquarie, ANZ, National, Bank of Scotland, and Bank of Montreal.  Stokes has been the lead technical
evaluator, bank’s engineer, and owner’s engineer on numerous projects.

Stokes’ Employment:
1971-1986:  James Chemical Engineering. Ammonia specialist. Stokes’ projects included:

      New ammonia plants:  Prequalified contractors, prepared ITBs, reviewed bids, supervised  contractor’s
                    work for Pusri and Kujang projects, Indonesia; AFCC, Bangladesh; Fauji, Pakistan; Talkha, Egypt;
                    Petrocorp, New Zealand.

      Ammonia plant optimizations and revamps:  Prepared plans for optimum stepwise investment to
                    increase reliability, save energy, and increase capacity and helped with implementation for Petrocorp,
                    New Zealand;  Austral Pacific, Australia; Kujang and Petrokimia, Indonesia; Zuari Agro, India;
                    SAFCO, Saudi Arabia; TVA, U.S.A.; Amocar and Petrosur, South America.

     Evaluations of new ammonia-related technology:  Served as arbiter for Union Carbide and Monsanto
                                  in evaluations of their new ammonia-related technology. Evaluated new petrocoke gasification process

      for Allied Chemical Corporation.

     Market surveys:  Conducted market surveys in North America and worldwide for Monsanto before the
     unveiling of its new product (PRISM).

     Feasibility:  Evaluated the feasibility of projects for New Zealand, Pakistan, and the U.S.A. Project
     manager for a DAP, NPK feasibility study for Pakistan.

     Legal: Presented technical reports to support Mississippi Chemical’s and Allied Chemical’s claims
     before the Federal Power Commission’s hearings.  Technical advisor to Travelers Insurance Company
     in its suit against an ammonia plant designer.

  Pre-1971: Scientific Design Company (U.K./U.S.A.).  Projects included a gas treatment plant proposal for New
                   Zealand and a plant commissioning in India.

     Foster Wheeler, Ltd. (U.K.). Operating engineer. Projects included an ammonia plant startup in Kuwait.

     Fison’s Fertilizers, Ltd.(U.K.). NPK granulation plant test runs.
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Publications:
“Ammonia Construction Record and Comments on Ammonia Fuel,” The Iowa Energy Center’s Ammonia Fuel

                Conference, San Francisco, October 2007.

“Nitric Acid Plant Construction and Changes in the HDAN Market,” Johnson Matthey’s NAUG XIV Conference,
                Hilton Head, South Carolina, May 2007.

“Ammonia Reinvestment Issues,” BMO Nesbitt Burns’ 2006 Global Fertilizer Conference, Toronto, Canada, April 3,
                2006.

“A Status Report On New Worldwide Ammonia Plant Activity,” Green Markets’ Audio Conference,
  February 1, 2006.

“Urea Plant Construction Update,” Wah Chang  2003 Corrosion Conference, Coeur d’Alene Resort,  Idaho,
  September 2003.  Published in FINDS Vol. XVIII, No.3.

“Ammonia Supply in the 21st Century,” The Fertilizer Institute Outlook 2000 Conference, Waterfront
 Marriott Hotel, Annapolis, Maryland, November 1999.  Published in FINDS Vol. XIV, No. 4.

“The Ammonia Plant Construction Record, and, Prices Paid  for Ammonia Plants in 1990s Acquisitions, Mergers,
  New Construction, and Plant Relocations, ” Green  Markets 1996 Fertilizer Trends Conference, Stouffer Vinoy
  Resort, St. Petersburg, Florida. Published in FINDS Vol. XI , No. 4.

“The Urea Plant Construction Record from 1985 to 1996,” Green Markets 1993 N/P Conference, Longboat
  Key, Florida. Published in FINDS,  Vol. VIII, No.4.

“A Review of the Ammonia Plant Construction Record from 1985 to 1995,” Green Markets 1992  Nitrogen
  Conference, Clearwater, Florida. Published in FINDS,  Vol. VII, No.4.

“Energy Efficiency in Ammonia Plants,” AIChE’s National Meeting, Washington, D.C., November 1983.
  Co-authored with G. R. James. Published in Chemical Engineering Progress, June 1984.

“Choosing an Ammonia Plant CO2 Removal System for Today’s Conditions,” British Sulphur Corporation’s
  Fourth Annual Conference on Fertilizer Technology, London, January 1981,published in Nitrogen, No. 131,
  May/June 1981.

“Economics of CO2 Removal in Ammonia Plants,” AIChE’s 72nd Annual Meeting, San Francisco, November
 1979. Published in Ammonia Plant Safety, Vol. 22.

“Maximizing Production in Ammonia Plants,” “Hydrogen ’79" Seminar, London, March 1979.

“A Review of Compression Systems for Ammonia Plants,” AIChE’s 71st Annual Meeting, Miami Beach,
  November 1978, published in Chemical Engineering Progress, July 1979.

“Economics of Flue Gas Heat Recovery,” AIChE’s 83rd National Meeting, March 1977, published in
  Chemical Engineering Progress, November 1977.

United States Patents:
Recovery of Heat from Flue Gas, 1981.
Urea Condensate Hydrolyzer/Stripper, 1985.
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                                                           SEC Job List 1996 to the Present

Client Country Category Type of Work From  To
Private Bank U.S./Canada Ammonium Sulfate Private equity due diligence 2008 2009
IFDC Rwanda Ammonia,U New Plants, feasibility 2008 2008
Urea Producer Australia Urea Revamp 2008 2008
Ammonia Producer Australia Ammonia Plant Relocation 2006 2009
AN Producer Canada AN Valuation 2007 2007
Ammonia Producer Canada Ammonia Legal 2007 2007
Insurance Company U.S. AN Legal 2006 2007
Insurance Company U.S. Ammonia Legal 2006 2006
Confidential Indonesia NA, AN New Plants 2005 2007
Confidential Colombia Ammonia New Plant 2005 2005
Confidential Colombia Ammonia Acquisition diligence 2005 2005
Confidential Australia Ammonia New Plant 2004 2005
Confidential Indonesia Ammonia New Plant 2004 2005
Macquarie Bank Australia Ammonia New Plant 2002 2005
JABIC Oman Ammonia, U New Plant 2004 2004
CitiCorp U.S. Nitrogen producers Performance Overview 2001 2004
USDA U.S. Ammonia and derivatives Energy values 2003 2003
Private Bank U.S. AN Enterprise Value 2003 2003
Pegasus (Venture Capital) U.S. Ammonia, UAN Acquisition diligence 2003 2003
AN Producer U.S. Ammonia, AN, Urea Acquisition diligence 2003 2003
AN Producer U.S. AN Legal 2003 2003
Confidential Uzbekistan AN Market 2003 2003
Fuel Cell Company U.S. Ammonia Market 2003 2003
Confidential U.S. Ammonia, NA, AN Appraisal 2002 2003
Private Bank U.S. Mixed Fertilizers Inventory appraisal 2001 2003
WMC Australia Ammonia Optimization 2002 2002
Private Bank U.S. Ammonia, UAN Appraisal 2001 2002
Abocol Colombia Ammonia/hydrogen Various 2000 2001
Private Bank Mexico Urea, AN Acquisition 1999 1999
Confidential U.S. Ammonia Legal 1999 2000
Confidential Arab Gulf Ammonia Cash Costs 1999 1999
Confidential Egypt Ammonia Commercial 1999 1999
Justice Depart. U.S. Ammonia, methanol Legal/Taxation 1996 1999
Incitec Australia Ammonia, U New Plants, various 1986 1998
Confidential Canada Ammonia Legal 1998 1998
Confidential Chile Ammonia Cash Costs 1998 1998
Goldman Sachs/Sant. Venezuela Ammonia/U Project financing 1997 1997
Enron India Ammonia LNG Feedstock 1997 1997
Confidential Middle East Ammonia/U New Plants 1997 1997
Confidential SE Asia Ammonia Survey 1997 1997
Incitec Australia Urea New Plant 1997 1998

    Abbreviations:NA=Nitric Acid; AN=Ammonium Nitrate; U=Urea;  UAN=Urea, Ammonium Nitrate


