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Conventional Gas-to-Ammonia Results
   Calculator Block SUMMARY

      FEED SUMMARY:

        NATURAL GAS PROPERTIES:

          MASS FLOW =                         1989. TON/DY
          VOLUME FLOW =                         88. MMSCFD @ 60°F
          HHV =                              23063. BTU/LB
          HHV =                               1044. BTU/SCF @ 60°F
          ENERGY FLOW =                      91733. MMBTU/DY

          COMPOSITION:
             METHANE =                          93.571 MOL.%
             ETHANE =                            3.749 MOL.%
             PROPANE =                           0.920 MOL.%
             BUTANE =                            0.260 MOL.%
             PENTANE =                           0.040 MOL.%
             HEXANE =                            0.010 MOL.%
             NITROGEN =                          1.190 MOL.%
             OXYGEN =                            0.010 MOL.%
             CO2 =                               0.250 MOL.%
             C4H10S =                            1. PPMV
             C2H6S =                             0. PPMV
             H2S =                               0. PPMV

      INTERMEDIATE PRODUCT SUMMARY:

        RAW SYNGAS MASS FLOW =              903998. LB/HR
        RAW SYNGAS VOLUME FLOW =               520. MMSCFD @ 60°F
        RAW SYNGAS COMPOSITION:
          H2                                    36.3 MOL.%
          CO                                     8.2 MOL.%
          CO2                                    5.1 MOL.%
          N2                                    14.7 MOL.%
          AR                                     0.2 MOL.%
          H2O                                   35.0 MOL.%
          CH4                                    0.5 MOL.%

        CLEANED SYNGAS MASS FLOW =          294757. LB/HR
        CLEANED SYNGAS VOLUME FLOW =           308. MMSCFD @ 60°F
        CLEANED SYNGAS COMPOSITION:
          H2                                    73.8 MOL.%
          N2                                    24.8 MOL.%
          AR                                     0.3 MOL.%
          CH4                                    1.1 MOL.%
          CO                                     0. PPMV
          CO2                                    0. PPMV
          H2O                                    1. PPMV

        AMMONIA MASS FLOW =                 280047. LB/HR
        AMMONIA MASS FLOW =                   3361. TON/DY
          AMMONIA PURITY =                      99.99 MOL.%
        AMMONIA PRODUCED / NAT. GAS FED =        1.69 LB/LB

        NITRIC ACID MASS FLOW =             432702. LB/HR
        NITRIC ACID MASS FLOW =               5192. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%
        HNO3 PRODUCED / NH3 FED =                1.55 LB/LB

      FINAL PRODUCT SUMMARY:

        AMMONIA MASS FLOW =                      0. LB/HR
        AMMONIA MASS FLOW =                      0. TON/DY
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Conventional Gas-to-Ammonia Results
          AMMONIA PURITY =                      99.99 MOL.%

        NITRIC ACID MASS FLOW =                  0. LB/HR
        NITRIC ACID MASS FLOW =                  0. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%

        UREA MASS FLOW =                    244925. LB/HR
        UREA MASS FLOW =                      2939. TON/DY
        UREA PRODUCED / AMMONIA FED =            1.74 LB/LB
        UREA PRODUCED / CO2 FED =                1.34 LB/LB

        AMMONIUM NITRATE MASS FLOW =        314950. LB/HR
        AMMONIUM NITRATE MASS FLOW =          3779. TON/DY
        NH4NO3 PRODUCED / NITRIC ACID FED =      0.73 LB/LB
        NH4NO3 PRODUCED / AMMONIA FED =          4.69 LB/LB

        STEAM EXPORT AVAILABLE:
          SATURATED STEAM FLOW =            376229. LB/HR
            PRESSURE =                          30. PSIA

      POWER SUMMARY:

        ELECTRICAL GENERATORS:
          STEAM TURBINE POWER GENERATION =      28.9 MW
        GENERATOR SUBTOTAL =                    28.9 MW

        ELECTRICAL CONSUMERS:
          NG REFORMER POWER CONSUMPTION =       21.6 MW
          GAS CLEANING POWER CONSUMPTION =       4.4 MW
          POWER BLOCK POWER CONSUMPTION =        2.2 MW
          CO2 PROCESSING POWER CONSUMPTION =    13.0 MW
          AMMONIA SYNTH. POWER CONSUMPTION =    45.2 MW
          UREA SYNTHESIS POWER CONSUMPTION =     4.4 MW
          HNO3 SYNTHESIS POWER CONSUMPTION =    15.1 MW
          NH4NO3 SYNTH. POWER CONSUMPTION =     24.9 MW
          COOLING TOWER POWER CONSUMPTION =      1.5 MW
          WATER TREATMENT POWER CONSUMPTION =    5.4 MW
        CONSUMER SUBTOTAL =                    137.7 MW

        NET PLANT POWER CONSUMPTION =          108.8 MW

      WATER BALANCE:

        EVAPORATIVE LOSSES:
          COOLING TOWER EVAPORATION =         3270.0 GPM
          ZLD SYSTEM EVAPORATION =             330.5 GPM
        TOTAL EVAPORATIVE LOSSES =            3600.6 GPM

        WATER CONSUMED:
          BOILER FEED WATER MAKEUP =          1674.8 GPM
          AMMONIA WASH WATER =                   0.0 GPM
          NITRIC ACID FEED WATER =             198.0 GPM
          COOLING TOWER MAKEUP =              3441.9 GPM
        TOTAL WATER CONSUMED =                5314.8 GPM

        WATER GENERATED:
          NG REFORMER BLOWDOWN =               542.3 GPM
          UREA PRODUCTION BLOWDOWN =           128.6 GPM
          NH4NO3 PRODUCTION BLOWDOWN =         370.2 GPM
          COOLING TOWER BLOWDOWN =             676.8 GPM
        TOTAL WATER GENERATED =               1717.8 GPM
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Conventional Gas-to-Ammonia Results
        PLANT WATER SUMMARY:
          NET MAKEUP WATER REQUIRED =         3927.6 GPM
          WATER CONSUMED / NG FED =             11.86 LB/LB

      CO2 BALANCE:

        CO2 INCORPORATED INTO UREA PRODUCT =  2177. TON/DY
        CO2 INCORPORATED INTO UREA PRODUCT =    38. MMSCFD @ 60°F
          CO2 PURITY =                          99.4 %

        CO2 CAPTURED (SEQ. OR EOR) =          1762. TON/DY
        CO2 CAPTURED (SEQ. OR EOR) =            30. MMSCFD @ 60°F
          CO2 PURITY =                          99.4 %

        CO2 EMITTED (TOTAL) =                 1449. TON/DY
        CO2 EMITTED (TOTAL) =                   25. MMSCFD @ 60°F
          FROM REFORMER =                     1421. TON/DY
          FROM UREA VENTS =                     28. TON/DY
        CO2 EMITTED / NG FED =                   0.73 LB/LB

   Calculator Block AIRPROPS

      HUMIDITY DATA FOR STREAM PRI-AIR:
        HUMIDITY RATIO =                        43.5 GRAINS/LB
        RELATIVE HUMIDITY =                     39.9 %

   Calculator Block NG-RFMR  Hierarchy: REFORMER

      SULFUR REMOVAL CONDITIONS:

        INLET BED TEMPERATURE =               662. °F

      PRIMARY REFORMER CONDITIONS:

        INLET TEMPERATURE =                  1000. °F
        STEAM TO CARBON MOLAR RATIO =           3.30
        NATURAL GAS BURNED FOR HEAT =          22.70 %
        OUTLET TEMPERATURE =                 1454. °F
        METHANE CONVERSION =                   53.3 %

      SECONDARY REFORMER CONDITIONS:

        INLET GAS TEMPERATURE =              1454. °F
        INLET AIR TEMPERATURE =              1000. °F
        STEAM TO CARBON MOLAR RATIO =           2.40
        OXYGEN TO CARBON MOLAR RATIO =          0.28
        OUTLET TEMPERATURE =                 1750. °F
        H2/CO =                                 4.40

        OUTLET COMPOSITION:
          H2                                   36.2844 MOL.%
          CO                                    8.2398 MOL.%
          CO2                                   5.0602 MOL.%
          H2O                                  35.0414 MOL.%
          CH4                                   0.4807 MOL.%
          N2                                   14.6614 MOL.%

   Calculator Block PH       Hierarchy: NH4NO3

      TARGET NEUTRALIZER PH =   1.500
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Conventional Gas-to-Ammonia Results
      ACTUAL NEUTRALIZER PH =   1.499

   Calculator Block RATIO    Hierarchy: UREA

      TARGET REACTOR NH3/CO2 RATIO =   2.950
      ACTUAL REACTOR NH3/CO2 RATIO =   2.951
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Nuclear Gas-to-Ammonia Results
   Calculator Block SUMMARY

      FEED SUMMARY:

        NATURAL GAS PROPERTIES:

          MASS FLOW =                         1622. TON/DY
          VOLUME FLOW =                         72. MMSCFD @ 60°F
          HHV =                              23063. BTU/LB
          HHV =                               1044. BTU/SCF @ 60°F
          ENERGY FLOW =                      74818. MMBTU/DY

          COMPOSITION:
             METHANE =                          93.571 MOL.%
             ETHANE =                            3.749 MOL.%
             PROPANE =                           0.920 MOL.%
             BUTANE =                            0.260 MOL.%
             PENTANE =                           0.040 MOL.%
             HEXANE =                            0.010 MOL.%
             NITROGEN =                          1.190 MOL.%
             OXYGEN =                            0.010 MOL.%
             CO2 =                               0.250 MOL.%
             C4H10S =                            1. PPMV
             C2H6S =                             0. PPMV
             H2S =                               0. PPMV

      INTERMEDIATE PRODUCT SUMMARY:

        RAW SYNGAS MASS FLOW =              941756. LB/HR
        RAW SYNGAS VOLUME FLOW =               538. MMSCFD @ 60°F
        RAW SYNGAS COMPOSITION:
          H2                                    35.6 MOL.%
          CO                                     7.4 MOL.%
          CO2                                    5.5 MOL.%
          N2                                    14.4 MOL.%
          AR                                     0.2 MOL.%
          H2O                                   35.7 MOL.%
          CH4                                    1.1 MOL.%

        CLEANED SYNGAS MASS FLOW =          304786. LB/HR
        CLEANED SYNGAS VOLUME FLOW =           313. MMSCFD @ 60°F
        CLEANED SYNGAS COMPOSITION:
          H2                                    72.8 MOL.%
          N2                                    24.7 MOL.%
          AR                                     0.3 MOL.%
          CH4                                    2.2 MOL.%
          CO                                     0. PPMV
          CO2                                    0. PPMV
          H2O                                    1. PPMV

        AMMONIA MASS FLOW =                 280012. LB/HR
        AMMONIA MASS FLOW =                   3360. TON/DY
          AMMONIA PURITY =                      99.99 MOL.%
        AMMONIA PRODUCED / NAT. GAS FED =        2.07 LB/LB

        NITRIC ACID MASS FLOW =             432657. LB/HR
        NITRIC ACID MASS FLOW =               5192. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%
        HNO3 PRODUCED / NH3 FED =                1.55 LB/LB

      FINAL PRODUCT SUMMARY:

        AMMONIA MASS FLOW =                      0. LB/HR
        AMMONIA MASS FLOW =                      0. TON/DY
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Nuclear Gas-to-Ammonia Results
          AMMONIA PURITY =                      99.99 MOL.%

        NITRIC ACID MASS FLOW =                  0. LB/HR
        NITRIC ACID MASS FLOW =                  0. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%

        UREA MASS FLOW =                    244897. LB/HR
        UREA MASS FLOW =                      2939. TON/DY
        UREA PRODUCED / AMMONIA FED =            1.74 LB/LB
        UREA PRODUCED / CO2 FED =                1.34 LB/LB

        AMMONIUM NITRATE MASS FLOW =        314918. LB/HR
        AMMONIUM NITRATE MASS FLOW =          3779. TON/DY
        NH4NO3 PRODUCED / NITRIC ACID FED =      0.73 LB/LB
        NH4NO3 PRODUCED / AMMONIA FED =          4.69 LB/LB

        STEAM EXPORT AVAILABLE:
          SATURATED STEAM FLOW =            379864. LB/HR
            PRESSURE =                          30. PSIA

      POWER SUMMARY:

        ELECTRICAL GENERATORS:
          STEAM TURBINE POWER GENERATION =      31.8 MW
        GENERATOR SUBTOTAL =                    31.8 MW

        ELECTRICAL CONSUMERS:
          NG REFORMER POWER CONSUMPTION =       19.9 MW
          GAS CLEANING POWER CONSUMPTION =       4.5 MW
          POWER BLOCK POWER CONSUMPTION =        2.3 MW
          CO2 PROCESSING POWER CONSUMPTION =    13.1 MW
          AMMONIA SYNTH. POWER CONSUMPTION =    46.8 MW
          UREA SYNTHESIS POWER CONSUMPTION =     4.4 MW
          HNO3 SYNTHESIS POWER CONSUMPTION =    15.1 MW
          NH4NO3 SYNTH. POWER CONSUMPTION =     24.9 MW
          COOLING TOWER POWER CONSUMPTION =      1.5 MW
          WATER TREATMENT POWER CONSUMPTION =    5.6 MW
        CONSUMER SUBTOTAL =                    138.0 MW

        NET PLANT POWER CONSUMPTION =          106.2 MW

      WATER BALANCE:

        EVAPORATIVE LOSSES:
          COOLING TOWER EVAPORATION =         3315.8 GPM
          ZLD SYSTEM EVAPORATION =             340.8 GPM
        TOTAL EVAPORATIVE LOSSES =            3656.5 GPM

        WATER CONSUMED:
          BOILER FEED WATER MAKEUP =          1732.8 GPM
          AMMONIA WASH WATER =                   0.0 GPM
          NITRIC ACID FEED WATER =             198.0 GPM
          COOLING TOWER MAKEUP =              3489.9 GPM
        TOTAL WATER CONSUMED =                5421.0 GPM

        WATER GENERATED:
          NG REFORMER BLOWDOWN =               592.6 GPM
          UREA PRODUCTION BLOWDOWN =           128.5 GPM
          NH4NO3 PRODUCTION BLOWDOWN =         370.2 GPM
          COOLING TOWER BLOWDOWN =             686.2 GPM
        TOTAL WATER GENERATED =               1777.6 GPM
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Nuclear Gas-to-Ammonia Results
        PLANT WATER SUMMARY:
          NET MAKEUP WATER REQUIRED =         3984.2 GPM
          WATER CONSUMED / NG FED =             14.75 LB/LB

      CO2 BALANCE:

        CO2 INCORPORATED INTO UREA PRODUCT =  2177. TON/DY
        CO2 INCORPORATED INTO UREA PRODUCT =    38. MMSCFD @ 60°F
          CO2 PURITY =                          99.3 %

        CO2 CAPTURED (SEQ. OR EOR) =          1786. TON/DY
        CO2 CAPTURED (SEQ. OR EOR) =            31. MMSCFD @ 60°F
          CO2 PURITY =                          99.3 %

        CO2 EMITTED (TOTAL) =                  430. TON/DY
        CO2 EMITTED (TOTAL) =                    7. MMSCFD @ 60°F
          FROM REFORMER =                      403. TON/DY
          FROM UREA VENTS =                     28. TON/DY
        CO2 EMITTED / NG FED =                   0.27 LB/LB

      NUCLEAR INTEGRATION REQUIREMENTS:

        TOTAL ELECTRICITY DEMAND =             106.2 MW

        TOTAL HEAT DEMAND =                    190.3 MW
        TOTAL HEAT DEMAND =                    649.2 MMBTU/HR

          HELIUM FLOWRATE REQUIRED =       1627010. LB/HR
          HELIUM FLOWRATE REQUIRED =           205.00 KG/S

          HELIUM SUPPLY TEMPERATURE =         1292. DEG. F.
          HELIUM SUPPLY TEMPERATURE =          700. DEG. C.

          HELIUM RETURN TEMPERATURE =          970. DEG. F.
          HELIUM RETURN TEMPERATURE =          521. DEG. C.

   Calculator Block AIRPROPS

      HUMIDITY DATA FOR STREAM PRI-AIR:
        HUMIDITY RATIO =                        43.5 GRAINS/LB
        RELATIVE HUMIDITY =                     39.9 %

   Calculator Block PH       Hierarchy: NH4NO3

      TARGET NEUTRALIZER PH =   1.500
      ACTUAL NEUTRALIZER PH =   1.499

   Calculator Block NG-RFMR  Hierarchy: REFORMER

      SULFUR REMOVAL CONDITIONS:

        INLET BED TEMPERATURE =               662. °F

      PRIMARY REFORMER CONDITIONS:

        INLET TEMPERATURE =                  1000. °F
        STEAM TO CARBON MOLAR RATIO =           3.30
        NATURAL GAS BURNED FOR HEAT =           0.00 %
        OUTLET TEMPERATURE =                 1400. °F
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Nuclear Gas-to-Ammonia Results
        METHANE CONVERSION =                   45.6 %

      SECONDARY REFORMER CONDITIONS:

        INLET GAS TEMPERATURE =              1400. °F
        INLET AIR TEMPERATURE =              1000. °F
        STEAM TO CARBON MOLAR RATIO =           2.48
        OXYGEN TO CARBON MOLAR RATIO =          0.27
        OUTLET TEMPERATURE =                 1650. °F
        H2/CO =                                 4.81

        OUTLET COMPOSITION:
          H2                                   35.6158 MOL.%
          CO                                    7.4062 MOL.%
          CO2                                   5.4932 MOL.%
          H2O                                  35.7229 MOL.%
          CH4                                   1.1428 MOL.%
          N2                                   14.3765 MOL.%

   Calculator Block RATIO    Hierarchy: UREA

      TARGET REACTOR NH3/CO2 RATIO =   2.950
      ACTUAL REACTOR NH3/CO2 RATIO =   2.953
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HTSE-to-Ammonia Results - Option 1
   Calculator Block SUMMARY

      FEED SUMMARY:

        NATURAL GAS PROPERTIES:

          MASS FLOW =                          811. TON/DY
          VOLUME FLOW =                         36. MMSCFD @ 60°F
          HHV =                              23063. BTU/LB
          HHV =                               1044. BTU/SCF @ 60°F
          ENERGY FLOW =                      37405. MMBTU/DY

          COMPOSITION:
             METHANE =                          93.571 MOL.%
             ETHANE =                            3.749 MOL.%
             PROPANE =                           0.920 MOL.%
             BUTANE =                            0.260 MOL.%
             PENTANE =                           0.040 MOL.%
             HEXANE =                            0.010 MOL.%
             NITROGEN =                          1.190 MOL.%
             OXYGEN =                            0.010 MOL.%
             CO2 =                               0.250 MOL.%
             C4H10S =                            1. PPMV
             C2H6S =                             0. PPMV
             H2S =                               0. PPMV

      INTERMEDIATE PRODUCT SUMMARY:

        RAW SYNGAS MASS FLOW =              287339. LB/HR
        RAW SYNGAS VOLUME FLOW =               303. MMSCFD @ 60°F
        RAW SYNGAS COMPOSITION:
          H2                                    74.7 MOL.%
          CO                                     0.0 MOL.%
          CO2                                    0.0 MOL.%
          N2                                    24.9 MOL.%
          AR                                     0.3 MOL.%
          H2O                                    0.1 MOL.%
          CH4                                    0.0 MOL.%

        CLEANED SYNGAS MASS FLOW =          286569. LB/HR
        CLEANED SYNGAS VOLUME FLOW =           303. MMSCFD @ 60°F
        CLEANED SYNGAS COMPOSITION:
          H2                                    74.8 MOL.%
          N2                                    24.9 MOL.%
          AR                                     0.3 MOL.%
          CH4                                    0.0 MOL.%
          CO                                     0. PPMV
          CO2                                    0. PPMV
          H2O                                    0. PPMV

        AMMONIA MASS FLOW =                 280019. LB/HR
        AMMONIA MASS FLOW =                   3360. TON/DY
          AMMONIA PURITY =                      99.99 MOL.%

        NITRIC ACID MASS FLOW =             432644. LB/HR
        NITRIC ACID MASS FLOW =               5192. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%
        HNO3 PRODUCED / NH3 FED =                1.55 LB/LB

      FINAL PRODUCT SUMMARY:

        AMMONIA MASS FLOW =                      0. LB/HR
        AMMONIA MASS FLOW =                      0. TON/DY
          AMMONIA PURITY =                      99.99 MOL.%
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HTSE-to-Ammonia Results - Option 1

        NITRIC ACID MASS FLOW =                  0. LB/HR
        NITRIC ACID MASS FLOW =                  0. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%

        UREA MASS FLOW =                    244883. LB/HR
        UREA MASS FLOW =                      2939. TON/DY
        UREA PRODUCED / AMMONIA FED =            1.74 LB/LB
        UREA PRODUCED / CO2 FED =                1.33 LB/LB

        AMMONIUM NITRATE MASS FLOW =        314908. LB/HR
        AMMONIUM NITRATE MASS FLOW =          3779. TON/DY
        NH4NO3 PRODUCED / NITRIC ACID FED =      0.73 LB/LB
        NH4NO3 PRODUCED / AMMONIA FED =          4.69 LB/LB

      POWER SUMMARY:

        ELECTRICAL GENERATORS:
          STEAM TURBINE POWER GENERATION =     159.1 MW
        GENERATOR SUBTOTAL =                   159.1 MW

        ELECTRICAL CONSUMERS:
          N2 GENERATION POWER CONSUMPTION =     18.8 MW
          HTE POWER CONSUMPTION =              918.1 MW
          POWER BLOCK POWER CONSUMPTION =        3.1 MW
          CO2 PROCESSING POWER CONSUMPTION =     5.6 MW
          AMMONIA SYNTH. POWER CONSUMPTION =    39.0 MW
          UREA SYNTHESIS POWER CONSUMPTION =     4.4 MW
          HNO3 SYNTHESIS POWER CONSUMPTION =    15.1 MW
          NH4NO3 SYNTH. POWER CONSUMPTION =     24.9 MW
          COOLING TOWER POWER CONSUMPTION =      2.5 MW
          WATER TREATMENT POWER CONSUMPTION =    6.6 MW
        CONSUMER SUBTOTAL =                   1037.9 MW

        NET PLANT POWER CONSUMPTION =          878.8 MW

      WATER BALANCE:

        EVAPORATIVE LOSSES:
          COOLING TOWER EVAPORATION =         5595.4 GPM
          ZLD SYSTEM EVAPORATION =             383.1 GPM
        TOTAL EVAPORATIVE LOSSES =            5978.5 GPM

        WATER CONSUMED:
          BOILER FEED WATER MAKEUP =           915.0 GPM
          NITRIC ACID FEED WATER =             198.0 GPM
          COOLING TOWER MAKEUP =              5890.0 GPM
          HTE WATER REQUIREMENT =             1057.8 GPM
          AMMONIA WASH WATER REQUIREMENT =       0.1 GPM
        TOTAL WATER CONSUMED =                8060.9 GPM

        WATER GENERATED:
          CO2 COMPRESSION BLOWDOWN =           288.7 GPM
          UREA PRODUCTION BLOWDOWN =           128.9 GPM
          NH4NO3 PRODUCTION BLOWDOWN =         370.2 GPM
          COOLING TOWER BLOWDOWN =            1158.1 GPM
          H2 BURNER WATER BLOWDOWN =           164.1 GPM
        TOTAL WATER GENERATED =               2110.0 GPM

        PLANT WATER SUMMARY:
          NET MAKEUP WATER REQUIRED =         6334.0 GPM
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HTSE-to-Ammonia Results - Option 1

      CO2 BALANCE:

        CO2 EMITTED (TOTAL) =                   11. TON/DY
        CO2 EMITTED (TOTAL) =                    0.2 MMSCFD @ 60°F

      NUCLEAR INTEGRATION REQUIREMENTS:

        TOTAL ELECTRICITY DEMAND =             878.8 MW
          FROM HTE =                           918.1 MW
          FROM BALANCE OF PLANT =              -39.3 MW

        HYDROGEN DEMAND =                      715.1 TON/DY
          PURITY =                              99.9159 MOL.%

        TOTAL OXYGEN PRODUCTION =             5636.8 TON/DY
          FROM HTE =                          5636.8 TON/DY
            PURITY =                            99.8910 MOL.%
          PLANT O2 DEMAND =                   3131.1 TON/DY
          EXCESS O2 FOR SALE =                2505.7 TON/DY

        TOPPING HEAT SUPPLIED =                 50.4 MMBTU/HR
          SUPPLY TEMPERATURE =                1874. °F
          RETURN TEMPERATURE =                1825. °F

   Calculator Block AIRPROPS

      HUMIDITY DATA FOR STREAM PRI-AIR:
        HUMIDITY RATIO =                        43.5 GRAINS/LB

        RELATIVE HUMIDITY =                     39.9 %

   Calculator Block REACTOR  Hierarchy: AMMONIA

      AMMONIA CATALYST BED SIZING CALCULATIONS
      (BASED ON IRON CATALYST KINETICS):

        REACTOR 1:
          DIAMETER =                  10.84 FT
          LENGTH =                    54.19 FT
          VOLUME =                  5000. FT3

        REACTOR 2:
          DIAMETER =                  18.37 FT
          LENGTH =                    91.84 FT
          VOLUME =                 24333. FT3

        REACTOR 3:
          DIAMETER =                  22.98 FT
          LENGTH =                   114.87 FT
          VOLUME =                 47630. FT3

        TOTAL CATALYST REQUIRED =  76963. FT3

   Calculator Block PH       Hierarchy: NH4NO3

      TARGET NEUTRALIZER PH =   1.500
      ACTUAL NEUTRALIZER PH =   1.499

   Calculator Block RATIO    Hierarchy: UREA
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HTSE-to-Ammonia Results - Option 1

      TARGET REACTOR NH3/CO2 RATIO =   2.950
      ACTUAL REACTOR NH3/CO2 RATIO =   2.971
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HTSE-to-Ammonia Results - Option 2
   Calculator Block SUMMARY

      FEED SUMMARY:

        NATURAL GAS PROPERTIES:

          MASS FLOW =                          811. TON/DY
          VOLUME FLOW =                         36. MMSCFD @ 60°F
          HHV =                              23063. BTU/LB
          HHV =                               1044. BTU/SCF @ 60°F
          ENERGY FLOW =                      37404. MMBTU/DY

          COMPOSITION:
             METHANE =                          93.571 MOL.%
             ETHANE =                            3.749 MOL.%
             PROPANE =                           0.920 MOL.%
             BUTANE =                            0.260 MOL.%
             PENTANE =                           0.040 MOL.%
             HEXANE =                            0.010 MOL.%
             NITROGEN =                          1.190 MOL.%
             OXYGEN =                            0.010 MOL.%
             CO2 =                               0.250 MOL.%
             C4H10S =                            1. PPMV
             C2H6S =                             0. PPMV
             H2S =                               0. PPMV

      INTERMEDIATE PRODUCT SUMMARY:

        RAW SYNGAS MASS FLOW =              283141. LB/HR
        RAW SYNGAS VOLUME FLOW =               302. MMSCFD @ 60°F
        RAW SYNGAS COMPOSITION:
          H2                                    74.9 MOL.%
          CO                                     0.0 MOL.%
          CO2                                    0.0 MOL.%
          N2                                    25.0 MOL.%
          AR                                     0.0 MOL.%
          H2O                                    0.1 MOL.%
          CH4                                    0.0 MOL.%

        CLEANED SYNGAS MASS FLOW =          282763. LB/HR
        CLEANED SYNGAS VOLUME FLOW =           302. MMSCFD @ 60°F
        CLEANED SYNGAS COMPOSITION:
          H2                                    75.0 MOL.%
          N2                                    25.0 MOL.%
          AR                                     0.0 MOL.%
          CH4                                    0.0 MOL.%
          CO                                     0. PPMV
          CO2                                    0. PPMV
          H2O                                    0. PPMV

        AMMONIA MASS FLOW =                 279973. LB/HR
        AMMONIA MASS FLOW =                   3360. TON/DY
          AMMONIA PURITY =                     100.00 MOL.%

        NITRIC ACID MASS FLOW =             432633. LB/HR
        NITRIC ACID MASS FLOW =               5192. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%
        HNO3 PRODUCED / NH3 FED =                1.55 LB/LB

      FINAL PRODUCT SUMMARY:

        AMMONIA MASS FLOW =                      0. LB/HR
        AMMONIA MASS FLOW =                      0. TON/DY
          AMMONIA PURITY =                     100.00 MOL.%
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HTSE-to-Ammonia Results - Option 2

        NITRIC ACID MASS FLOW =                  0. LB/HR
        NITRIC ACID MASS FLOW =                  0. TON/DY
          NITRIC ACID PURITY =                  57.93 WT.%

        UREA MASS FLOW =                    244876. LB/HR
        UREA MASS FLOW =                      2939. TON/DY
        UREA PRODUCED / AMMONIA FED =            1.74 LB/LB
        UREA PRODUCED / CO2 FED =                1.33 LB/LB

        AMMONIUM NITRATE MASS FLOW =        314900. LB/HR
        AMMONIUM NITRATE MASS FLOW =          3779. TON/DY
        NH4NO3 PRODUCED / NITRIC ACID FED =      0.73 LB/LB
        NH4NO3 PRODUCED / AMMONIA FED =          4.69 LB/LB

      POWER SUMMARY:

        ELECTRICAL GENERATORS:
          STEAM TURBINE POWER GENERATION =     131.0 MW
        GENERATOR SUBTOTAL =                   131.0 MW

        ELECTRICAL CONSUMERS:
          ASU POWER CONSUMPTION =               23.2 MW
          HTE POWER CONSUMPTION =              778.1 MW
          POWER BLOCK POWER CONSUMPTION =        3.0 MW
          CO2 PROCESSING POWER CONSUMPTION =     5.6 MW
          AMMONIA SYNTH. POWER CONSUMPTION =    38.5 MW
          UREA SYNTHESIS POWER CONSUMPTION =     4.4 MW
          HNO3 SYNTHESIS POWER CONSUMPTION =    15.1 MW
          NH4NO3 SYNTH. POWER CONSUMPTION =     24.9 MW
          COOLING TOWER POWER CONSUMPTION =      2.3 MW
          WATER TREATMENT POWER CONSUMPTION =    5.6 MW
        CONSUMER SUBTOTAL =                    900.6 MW

        NET PLANT POWER CONSUMPTION =          769.5 MW

      WATER BALANCE:

        EVAPORATIVE LOSSES:
          COOLING TOWER EVAPORATION =         5079.4 GPM
          ZLD SYSTEM EVAPORATION =             307.0 GPM
        TOTAL EVAPORATIVE LOSSES =            5386.4 GPM

        WATER CONSUMED:
          BOILER FEED WATER MAKEUP =           645.3 GPM
          NITRIC ACID FEED WATER =             198.0 GPM
          COOLING TOWER MAKEUP =              5346.8 GPM
          HTE WATER REQUIREMENT =              896.5 GPM
          AMMONIA WASH WATER REQUIREMENT =       0.0 GPM
        TOTAL WATER CONSUMED =                7086.7 GPM

        WATER GENERATED:
          CO2 COMPRESSION BLOWDOWN =           288.7 GPM
          UREA PRODUCTION BLOWDOWN =           128.9 GPM
          NH4NO3 PRODUCTION BLOWDOWN =         370.1 GPM
          COOLING TOWER BLOWDOWN =            1051.3 GPM
        TOTAL WATER GENERATED =               1839.0 GPM

        PLANT WATER SUMMARY:
          NET MAKEUP WATER REQUIRED =         5554.7 GPM
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HTSE-to-Ammonia Results - Option 2
      CO2 BALANCE:

        CO2 EMITTED (TOTAL) =                   11. TON/DY
        CO2 EMITTED (TOTAL) =                    0.2 MMSCFD @ 60°F

      NUCLEAR INTEGRATION REQUIREMENTS:

        TOTAL ELECTRICITY DEMAND =             769.5 MW
          FROM HTE =                           778.1 MW
          FROM BALANCE OF PLANT =               -8.5 MW

        HYDROGEN DEMAND =                      606.1 TON/DY
          PURITY =                              99.9159 MOL.%

        TOTAL OXYGEN PRODUCTION =             5566.0 TON/DY
          FROM ASU =                           788.6 TON/DY
            PURITY =                            99.4556 MOL.%
          FROM HTE =                          4777.5 TON/DY
            PURITY =                            99.8910 MOL.%
          PLANT O2 DEMAND =                   3131.0 TON/DY
          EXCESS O2 FOR SALE =                2435.0 TON/DY

        TOPPING HEAT SUPPLIED =                 42.7 MMBTU/HR
          SUPPLY TEMPERATURE =                1874. °F
          RETURN TEMPERATURE =                1833. °F

   Calculator Block AIRPROPS

      HUMIDITY DATA FOR STREAM AIR-ASU:
        HUMIDITY RATIO =                        43.5 GRAINS/LB
        RELATIVE HUMIDITY =                     39.9 %

   Calculator Block PH       Hierarchy: NH4NO3

      TARGET NEUTRALIZER PH =   1.500
      ACTUAL NEUTRALIZER PH =   1.499

   Calculator Block RATIO    Hierarchy: UREA

      TARGET REACTOR NH3/CO2 RATIO =   2.950
      ACTUAL REACTOR NH3/CO2 RATIO =   2.971
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COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – Conventional Coal to Ammonia 
File: MA36-L Page 2 of 7 

(1.) Site development/improvements 
(2.) Provisions for general and administrative buildings and structures 
(3.) Provisions for OSBL piping 
(4.) Provisions for OSBL instrumentation and control 
(5.) Provisions for OSBL electrical 
(6.) Provisions for facility supply and OSBL water systems 
(7.) Provisions for site development/improvements 
(8.) Project/construction management. 

C. Excluded:
This scope of work specifically excludes the following elements: 
1. Licensing and permitting costs 
2. Operational costs 
3. Land costs 
4. Sales taxes 
5. Royalties 
6. Owner’s fees and owner’s costs. 

III. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate 
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and 
rough order magnitude (ROM) allocations of the methodologies used to develop the cost 
estimate.
Consistent with the AACEi Class 5 estimates, the level of definition and engineering 
development available at the time they were prepared, their intended use in a feasibility 
study, and the time and resources available for their completion, the costs included in this 
estimate have been developed using parametric evaluations. These evaluations have used 
publicly available and published project costs to represent similar islands utilized in this 
project.  Analysis and selection of the published costs used have been performed by the 
project technical lead and Cost Estimating.  Suitability for use in this effort was determined 
considering the correctness and completeness of the data available, the manner in which 
total capital costs were represented, the age of the previously performed work, and the 
similarity to the capacity/trains required by this project.  The specific sources, selected and 
used in this cost estimate, are identified in the capital cost estimate detail sheets.  
Adjustments have been made to these published costs using escalation factors identified in 
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been 
accomplished using the six-tenths capacity factoring method. Any normalization to provide 
for geographic factors was considered using geographic factors available from RS Means 
Construction Cost Data references. Cost-estimating relationships have been used to 
identify allowances to complete the costs. 

BOP/OSBL costs were determined by the project team, considering data provided by Shell 
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second 
Edition by John S. Page, and additional adjusted sources.  Because the allowances 
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COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – Conventional Coal to Ammonia 
File: MA36-L Page 3 of 7 

identified did not show significant variability, the allowances identified in the NETL 2000 
report were chosen for this effort in order to minimize the mixing of data sources. 

IV. BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and 
schedules.
A. Quantification Basis: The source for the measurable quantities in the estimate that 

can be used in support of earned value management. Source documents may include 
drawings, design reports, engineers’ notes, and other documentation upon which the 
estimate is originated.
All islands and capacities have been provided to Cost Estimating by the respective 
project expert. 

B. Planning Basis: The source for the execution and strategies of the work that can be 
used to support the project execution plan, acquisition strategy, schedules, and 
market conditions and other documentation upon which the estimate is originated. 

1. All islands represent nth of a kind projects. 
2. Projects will be constructed and operated by commercial entities. 
3. All projects will be located in the U.S. Gulf Coast refinery region.  
4. Costs are presented as overnight costs. 
5. The cost estimate does not consider or address funding or labor resource 

restrictions. Sufficient funding and labor resources will be available in a manner 
that allows optimum usage of the funding and resources as estimated and 
scheduled.

C. Cost Basis: The source for the costing on the estimate that can be used in support of 
earned value management, funding profiles, and schedule of values. Sources may 
include published costing references, judgment, actual costs, preliminary quotes or 
other documentation upon which the estimate is originated. 

1. All costs are represented as current value costs. Factors for forward-looking 
escalation and inflation factors are not included in this estimate. 

2. Where required, published cost factors, as identified in the Chemical 
Engineering Plant Cost Index, will be applied to previous years’ values to 
determine current year values. 

3. Geographic location factors, as identified in RS Means Construction Cost Data 
reference manual, were considered for each source cost. 

4. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL, 
July 2008. 

5. AACEi, Recommended Practices, website, visited November 16, 2009, 
http://www.aacei.org/technical/rp.shtml. 

6. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine 
Thermochemical Hydrogen Cycle,” General Atomics, February 2003. 
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7. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost 
Index,” November 2009: 64. 

8. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through 
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996. 

9. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle, 
April 2006. 

10. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations – as 
Applied for the Process and Utility Industries, AACEi, April 1991. 

11. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in 
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004. 

12. Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL, 
June 2002. 

13. Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and 
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004. 

14. Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered 
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008. 

15. Harvego, E. A., et al., Economic Analysis of the Reference Design for a 
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008. 

16. Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL 
September 2004. 

17. Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular 
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006. 

18. Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002. 

19. Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and 
Biomass,” 25th Annual International Pittsburgh Coal Conference, Pittsburgh, 
Princeton University, October 2008. 

20. Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169, 
NETL, 2002. 

21. NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000. 

22. NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic 
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007. 

23. NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for 
Fossil Energy Plants, NETL, August 2007. 

24. NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer 
Capital Cost Study, NREL, December 2008. 

25. O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen 
and Syngas Production from Nuclear Energy – System Simulation and 
Economics, INL, May 2009. 

26. O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via 
High-Temperature Co-Electrolysis, INL, January 2009. 
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27. Page, John S., Conceptual Cost Estimating Manual – 2nd ed., Houston: Gulf 
Publishing Company, 1996. 

28. Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as 
Applied in Architecture, Engineering, Procurement, and Construction, AACEi, 
October 2006. 

29. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid 
Electrolysis, NREL, May 2008. 

30. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central 
Grid Electrolysis, NREL, May 2008. 

31. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009, 
http://www.costdataonline.com/. 

32. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature 
Electrolysis Using Solid Oxide Cells, INL, March 2008. 

33. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE, 
2005.

34. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into 
valuable SNG, Haldor Topsoe, April 2008. 

35. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US 
Industry, Shell, October 2004. 

36. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU 
Capacity Using Oxygen, WorleyParsons, May 2002. 

V. ESTIMATE QUALITY ASSURANCE: A listing of all estimate reviews that have taken 
place and the actions taken from those reviews.
A review of the cost estimate was held on January 14, 2010, with the project team and the 
cost estimators. This review allowed for the project team to review and comment, in detail, 
on the perceived scope, basis of estimates, assumptions, project risks, and resources that 
make up this cost estimate. Comments from this review have been incorporated into this 
estimate to reflect a project team consensus of this document. 

VI. ASSUMPTIONS: Condition statements accepted or supposed true without proof of 
demonstration; statements adding clarification to scope. An assumption has a direct 
impact on total estimated cost.
General Assumptions: 
A. All costs are represented in 2009 values. 
B. Costs that were included from sources representing years prior to 2009 have been 

normalized to 2009 values using the Chemical Engineering Plant Cost Index. This 
index was selected due to its widespread recognition and acceptance and its specific 
orientation toward work associated with chemical and refinery plants. 

C. Capital costs are based on process islands. The majority of these islands are 
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet. 

D. All chemical processing and refinery processes will be located in the U.S. Gulf 
Coast region. 
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E. All costs considered to be balance of plant costs that can be specifically identified 
have been factored out of the reported source data and added into the estimate in a 
manner consistent with that identified in the NETL 2000 IGCC Base Cost report. 
Inclusion of the source costs in this manner normalizes all reported cost information 
to the bare-erected costs. 

Coal to Ammonia
A. The air separation unit for this process requires an increase in oxygen output purity 

from 95 to 99.5%. A factor, based on INL simulations, of 1.36^0.6 was applied to 
the sources, which assumed 95% oxygen purity.

B. The NETL 2000 report lists the quench compressor separately from the gasification 
unit. The NETL 2007b report includes the cost of the quench compressor with the 
cost of the gasification unit. The costs were normalized to include both the quench 
compressor and gasification unit.

C. The WorleyParsons 2002 report includes engineering costs in the costs presented.  
Information from this report was factored by 0.9 to normalize the data by excluding 
the engineering allowance.

VII. CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall 
contingency. Identify any specific drivers or items of concern. 

At a project risk review on December 9, 2009, the project team discussed risks to the 
project. An 18% allowance for capital construction contingency has been included at an 
island level based on the discussion and is included in the summary sheet. The contingency 
level that was included in the island cost source documents and additional threats and 
opportunities identified here were considered during this review.  The contingency 
identified was considered by the project team and included in Cost and Performance 
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports.  Typically, 
contingency allowance provided in these reports ranged from 15% to 20%.  Since much of 
the data contained in this estimate has been derived from these reports, the project team 
has also chosen a level of contingency consistent with them. 

A. Threats: Uncertain events that are potentially negative or reduce the probability 
that the desired outcome will happen. 

1. The level of project definition/development that was available at the time the 
estimate was prepared represents a substantial risk to the project and is likely to 
occur. The high level at which elements were considered and included has the 
potential to include additional elements that are within the work scope but not 
sufficiently provided for or addressed at this level. 

2. The estimate methodology employed is one of a stochastic parametrically 
evaluated process. This process used publicly available published costs that 
were related to the process required, costs were normalized using price indices, 
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and the cost was scaled to provide the required capacity. The cost-estimating 
relationships that were used represent typical costs for balance of plant 
allowances, but source cost data from which the initial island costs were derived 
were not completely descriptive of the elements included, not included, or 
simply referred to with different nomenclature or combined with other elements. 
While every effort has been made to correctly normalize and factor the costs for 
use in this effort, the risk exists that not all of these were correctly captured due 
to the varied information available. 

3. This project is heavily dependent on metals, concrete, petroleum, and petroleum 
products. Competition for these commodities in today’s environment due to 
global expansion, uncertainty, and product shortages affect the basic concepts of 
the supply and demand theories, thus increasing costs. 

4. Impacts due to large quantities of materials, special alloy materials, fabrication 
capability, and labor availability could all represent conditions that may increase 
the total cost of the project. 

B. Opportunities: Uncertain events that could improve the results or improve the 
probability that the desired outcome will happen. 

1. Additional research and work performed with both vendors and potential 
owner/operators for a specific process or refinery may identify efficiencies and 
production means that have not been available for use in this analysis. 

2. Recent historical data may identify and include technological advancements and 
efficiencies not included or reflected in the publicly available source data used 
in this effort. 

Note: Contingency does not increase the overall accuracy of the estimate; it does, however, 
reduce the level of risk associated with the estimate. Contingency is intended to cover the 
inadequacies in the complete project scope definition, estimating methods, and estimating 
data. Contingency specifically excludes changes in project scope, unexpected work 
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or 
currency fluctuations.

VIII. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:
None.

Page B-11



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 B
as

e 
C

as
e 

(N
E

TL
 2

00
0)

21
3,

20
7

   
 

lb
/h

r
1

19
99

51
,2

04
,0

00
$ 

   
   

 
51

,2
04

,0
00

$ 
   

   
 

67
,1

18
,4

02
$ 

   
   

 
27

4,
82

6
   

 
lb

/h
r

1
27

4,
82

6
   

 
lb

/h
r

78
,1

61
,9

57
$ 

   
   

 
93

,9
98

,0
34

$ 
   

   
   

 
N

E
TL

 B
as

el
in

e 
R

ep
or

t (
N

E
TL

 2
00

7a
)

1,
72

8,
78

9
 

lb
/h

r
2

20
06

28
7,

18
7,

00
0

$ 
   

  
14

3,
59

3,
50

0
$ 

   
  

14
7,

15
7,

47
0

$ 
   

  
27

4,
82

6
   

 
lb

/h
r

1
27

4,
82

6
   

 
lb

/h
r

73
,9

92
,8

59
$ 

   
   

 
88

,9
84

,2
51

$ 
   

   
   

 
P

rin
ce

to
n 

R
ep

or
t (

K
re

ut
z 

20
08

)
20

1,
26

4
   

 
lb

/h
r

1
20

07
10

5,
00

0,
00

0
$ 

   
  

10
5,

00
0,

00
0

$ 
   

  
10

2,
32

2,
04

0
$ 

   
  

27
4,

82
6

   
 

lb
/h

r
1

27
4,

82
6

   
 

lb
/h

r
12

3,
35

1,
43

9
$ 

   
  

14
8,

34
3,

17
4

$ 
   

   
  

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

)
29

6,
58

3
   

 
lb

/h
r

1
20

04
76

,0
00

,0
00

$ 
   

   
 

76
,0

00
,0

00
$ 

   
   

 
87

,6
00

,1
80

$ 
   

   
 

27
4,

82
6

   
 

lb
/h

r
1

27
4,

82
6

   
 

lb
/h

r
83

,6
85

,8
53

$ 
   

   
 

83
,6

85
,8

53
$ 

   
   

   
 

S
he

ll 
G

TC
 R

ep
or

t (
S

he
ll 

20
04

)
38

5,
25

9
   

 
lb

/h
r

1
20

04
53

,7
60

,0
00

$ 
   

   
 

53
,7

60
,0

00
$ 

   
   

 
61

,9
65

,6
01

$ 
   

   
 

27
4,

82
6

   
 

lb
/h

r
1

27
4,

82
6

   
 

lb
/h

r
50

,5
98

,0
38

$
60

,8
49

,5
02

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
37

3,
49

8
   

 
lb

/h
r

2
20

06
14

4,
33

7,
00

0
$ 

   
  

72
,1

68
,5

00
$ 

   
   

 
73

,9
59

,7
12

$ 
   

   
 

27
4,

82
6

   
 

lb
/h

r
1

27
4,

82
6

   
 

lb
/h

r
93

,2
55

,6
02

$ 
   

   
 

11
2,

14
9,

74
1

$ 
   

   
  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

78
,8

39
,3

56
$ 

   
   

 
86

,3
35

,0
52

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

5,
59

7,
59

4
$ 

   
   

   
6,

12
9,

78
9

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

7,
25

3,
22

1
$ 

   
   

   
7,

94
2,

82
5

$ 
   

   
   

   
P

ip
in

g
5,

59
7,

59
4

$ 
   

   
   

6,
12

9,
78

9
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
2,

04
9,

82
3

$ 
   

   
   

2,
24

4,
71

1
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

6,
30

7,
14

8
$ 

   
   

   
6,

90
6,

80
4

$ 
   

   
   

   
26

,8
05

,3
81

$ 
   

   
 

29
,3

53
,9

18
$ 

   
   

   
 

10
5,

64
4,

73
7

$
11

5,
68

8,
97

0
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%

9.
20

%
7.

10
%

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

D
et

ai
l I

te
m

 R
ep

or
t -

 A
ir 

Se
pa

ra
tio

n 
U

ni
t (

A
SU

)

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

A
ve

ra
ge

 o
f n

or
m

al
iz

ed
 a

nd
 fa

ct
or

ed
 c

os
ts

 fr
om

 N
E

TL
 2

00
7a

 a
nd

 G
ra

y 
20

04

N
ot

e:
 T

he
 A

S
U

 c
os

t w
as

 a
dj

us
te

d 
by

 a
 fa

ct
or

 o
f "

1.
36

^0
.6

" t
o 

ac
co

un
t f

or
 th

e 
in

cr
ea

se
 in

 o
xy

ge
n 

ou
tp

ut
 p

ur
ity

 fr
om

 9
5%

 to
 9

9.
5%

. T
he

 fa
ct

or
 is

 b
as

ed
 o

n 
IN

L 
si

m
ul

at
io

ns
 c

al
cu

la
tin

g 
th

e 
in

cr
ea

se
 in

 c
ap

ac
ity

 th
at

 w
ou

ld
 b

e 
ne

ed
ed

 to
 

ha
ve

 th
e 

re
qu

ire
d 

pu
rit

y 
ou

tp
ut

. T
he

 G
ra

y 
20

04
 re

po
rt 

us
es

 a
n 

ox
yg

en
 p

ur
ity

 o
f 9

9%
 a

nd
 w

as
 n

ot
 a

dj
us

te
d 

by
 th

e 
fa

ct
or

 o
f "

1.
36

^0
.6

."

N
E

TL
 B

as
el

in
e 

R
ep

or
t (

N
E

TL
 2

00
7a

) a
nd

 H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

) h
av

e 
be

en
 s

el
ec

te
d.

 A
n 

av
er

ag
e 

co
st

 o
f t

he
 tw

o 
ha

s 
be

en
 s

el
ec

te
d 

in
 o

rd
er

 to
 n

ot
 re

pr
es

en
t a

n 
ov

er
ly

 a
gr

es
si

ve
 o

r c
on

se
rv

at
iv

e 
co

st
.  

Th
e 

m
ar

ku
ps

 li
st

ed
 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

M
ar

ku
p

7.
10

%

2.
60

%

4/
20

/2
01

0
P

ag
e 

1 
of

 1
7

Page B-12



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 B
as

e 
C

as
e 

(N
E

TL
 2

00
0)

3,
17

1
tp

d
1

19
99

17
,8

26
,0

00
$ 

   
   

 
17

,8
26

,0
00

$ 
   

   
 

23
,3

66
,3

90
$ 

   
   

 
4,

59
1

   
   

  
tp

d
1

4,
59

1
   

   
  

tp
d

29
,1

74
,7

34
$ 

   
   

 
29

,1
74

,7
34

$ 
   

   
   

 
H

yd
ro

ge
n 

R
ep

or
t (

G
ra

y 
20

04
)

7,
78

7
tp

d
1

20
04

47
,0

00
,0

00
$ 

   
   

 
47

,0
00

,0
00

$ 
   

   
 

54
,1

73
,7

96
$ 

   
   

 
4,

59
1

   
   

  
tp

d
1

4,
59

1
   

   
  

tp
d

39
,4

54
,8

31
$ 

   
   

 
39

,4
54

,8
31

$ 
   

   
   

 
S

he
ll 

G
TC

 R
ep

or
t (

S
he

ll 
20

04
)

5,
51

3
tp

d
2

20
04

60
,8

00
,0

00
$ 

   
   

 
30

,4
00

,0
00

$ 
   

   
 

35
,0

40
,0

72
$ 

   
   

 
4,

59
1

   
   

  
tp

d
1

4,
59

1
   

   
  

tp
d

47
,5

86
,1

29
$ 

   
   

 
47

,5
86

,1
29

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
5,

67
8

tp
d

2
20

06
15

6,
78

5,
00

0
$ 

   
  

78
,3

92
,5

00
$ 

   
   

 
80

,3
38

,1
91

$ 
   

   
 

4,
59

1
   

   
  

tp
d

1
4,

59
1

   
   

  
tp

d
10

7,
19

0,
38

6
$ 

   
  

10
7,

19
0,

38
6

$ 
   

   
  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

A
ve

ra
ge

 o
f n

or
m

al
iz

ed
 a

nd
 fa

ct
or

ed
 c

os
t f

ro
m

 G
ra

y 
20

04
 a

nd
 S

he
ll 

20
04

 re
po

rts
43

,5
20

,4
80

$
43

,5
20

,4
80

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

3,
08

9,
95

4
$ 

   
   

   
3,

08
9,

95
4

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

4,
00

3,
88

4
$ 

   
   

   
4,

00
3,

88
4

$ 
   

   
   

   
P

ip
in

g
3,

08
9,

95
4

$ 
   

   
   

3,
08

9,
95

4
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
1,

13
1,

53
2

$ 
   

   
   

1,
13

1,
53

2
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

3,
48

1,
63

8
$ 

   
   

   
3,

48
1,

63
8

$ 
   

   
   

   
14

,7
96

,9
63

$ 
   

   
 

14
,7

96
,9

63
$ 

   
   

   
 

58
,3

17
,4

4 3
$

58
,3

17
,4

43
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:

2.
60

%
8.

00
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

To
ta

l B
al

an
ce

 o
f P

la
nt

D
et

ai
l I

te
m

 R
ep

or
t -

 C
oa

l P
re

pa
ra

tio
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Th
e 

G
ra

y 
20

04
 a

nd
 th

e 
S

he
ll 

20
04

 re
po

rts
 id

en
tif

ie
d 

re
ce

nt
 a

ct
ua

l c
os

ts
 th

at
 a

pp
ea

r t
o 

be
 c

on
si

st
en

t w
ith

 th
is

 p
ro

je
ct

's
 n

ee
ds

.  
A

n 
av

er
ag

e 
co

st
 o

f t
he

 tw
o 

ha
s 

be
en

 s
el

ec
te

d 
in

 o
rd

er
 to

 n
ot

 re
pr

es
en

t a
n 

ov
er

ly
 a

gr
es

si
ve

 o
r 

co
ns

er
va

tiv
e 

co
st

.  
C

os
t f

ac
to

rin
g 

re
fle

ct
s 

th
e 

6/
10

 ru
le

.  
Th

e 
m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

7.
10

%
9.

20
%

7.
10

%

4/
20

/2
01

0
P

ag
e 

2 
of

 1
7

Page B-13



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

G
as

ifi
er

S
he

ll 
IG

C
C

 B
as

e 
C

as
e 

(N
E

TL
 2

00
0)

2,
97

7
tp

d
1

19
99

87
,8

02
,0

00
$ 

   
   

 
87

,8
02

,0
00

$ 
   

   
 

11
5,

09
1,

20
3

$ 
   

  
4,

21
5

   
   

  
tp

d
1

4,
21

5
   

   
  

tp
d

14
1,

78
8,

50
2

$ 
   

  
14

1,
78

8,
50

2
$ 

   
   

  
H

yd
ro

ge
n 

R
ep

or
t (

G
ra

y 
20

04
)

5,
99

0
tp

d
1

20
04

17
4,

00
0,

00
0

$ 
   

  
17

4,
00

0,
00

0
$ 

   
  

20
0,

55
8,

30
7

$ 
   

  
4,

21
5

   
   

  
tp

d
1

4,
21

5
   

   
  

tp
d

16
2,

42
4,

20
3

$ 
   

  
16

2,
42

4,
20

3
$ 

   
   

  
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
5,

31
0

tp
d

2
20

06
19

6,
94

8,
00

0
$ 

   
  

98
,4

74
,0

00
$ 

   
   

 
10

0,
91

8,
11

0
$ 

   
  

4,
21

5
   

   
  

tp
d

1
4,

21
5

   
   

  
tp

d
13

3,
16

8,
07

2
$ 

   
  

13
3,

16
8,

07
2

$ 
   

   
  

S
he

ll 
G

TC
 R

ep
or

t (
S

he
ll 

20
04

)
5,

20
1

tp
d

2
20

04
20

2,
24

0,
00

0
$ 

   
  

10
1,

12
0,

00
0

$ 
   

  
11

6,
55

4,
34

5
$ 

   
  

4,
21

5
   

   
  

tp
d

1
4,

21
5

   
   

  
tp

d
15

5,
72

5,
78

7
$ 

   
  

15
5,

72
5,

78
7

$ 
   

   
  

Q
ue

nc
h 

C
om

pr
es

so
r

S
he

ll 
IG

C
C

 B
as

e 
C

as
e 

(N
E

TL
 2

00
0)

19
4,

11
6

lb
/h

r
1

19
99

1,
90

0,
00

0
$ 

   
   

   
1,

90
0,

00
0

$ 
   

   
   

2,
49

0,
52

7
$ 

   
   

   
62

4,
19

9
lb

/h
r

1
62

4,
19

9
lb

/h
r

5,
01

9,
36

0
$ 

   
   

   
5,

01
9,

36
0

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

A
ve

ra
ge

 o
f n

or
m

al
iz

ed
 a

nd
 fa

ct
or

ed
 c

os
ts

 fr
om

 N
E

TL
 2

00
0 

an
d 

N
E

TL
 2

00
7b

 re
po

rts
13

9,
98

7,
96

7
$ 

   
  

13
9,

98
7,

96
7

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

9,
93

9,
14

6
$ 

   
   

   
9,

93
9,

14
6

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

12
,8

78
,8

93
$ 

   
   

 
12

,8
78

,8
93

$ 
   

   
   

 
P

ip
in

g
9,

93
9,

14
6

$ 
   

   
   

9,
93

9,
14

6
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
3,

63
9,

68
7

$ 
   

   
   

3,
63

9,
68

7
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

11
,1

99
,0

37
$ 

   
   

 
11

,1
99

,0
37

$ 
   

   
   

 
47

,5
95

,9
09

$ 
   

   
 

47
,5

95
,9

09
$ 

   
   

   
 

18
7,

58
3,

87
5

$
18

7,
58

3,
87

5
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

7.
10

%
2.

60
%

7.
10

%
9.

20
%

N
ot

e:
 T

he
 re

po
rte

d 
co

st
 o

f G
ra

y 
20

04
 is

 $
87

,0
00

,0
00

 fo
r t

he
 g

as
ifi

ca
tio

n 
un

it,
 a

nd
 d

oe
s 

no
t i

nc
lu

de
 a

 h
ea

t r
ec

ov
er

y 
un

it.
  T

hi
s 

co
st

 h
as

 b
ee

n 
do

ub
le

d,
 b

as
ed

 o
n 

in
fo

rm
at

io
n 

fro
m

 a
n 

ac
tiv

e 
ve

nd
or

, U
D

H
E

, t
o 

ac
co

un
t f

or
 th

e 
ad

di
tio

n
co

st
 o

f t
he

 h
ea

t r
ec

ov
er

y 
un

it.
 T

he
 q

ue
nc

h 
co

m
pr

es
so

r i
s 

lis
te

d 
as

 a
n 

in
de

pe
nd

en
t l

in
e 

ite
m

 in
 th

e 
N

E
TL

 2
00

0 
re

po
rt.

 It
 is

 fa
ct

or
ed

 s
ep

ar
at

el
y 

he
re

 to
 b

et
te

r f
it 

th
e 

ne
w

 p
ro

ce
ss

 m
od

el
. N

E
TL

 2
00

7b
 in

cl
ud

es
 q

ue
nc

h 
co

m
pr

es
so

r.

S
he

ll 
IG

C
C

 B
as

e 
C

as
e 

(N
E

TL
 2

00
0)

 a
nd

 S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
) a

re
 c

on
si

st
en

t i
n 

fa
ct

or
ed

 n
or

m
al

iz
ed

 c
os

t p
er

 tr
ai

n,
 a

nd
 in

 th
e 

si
ze

 o
f t

ra
in

s 
re

qu
ire

d.
 A

n 
av

er
ag

e 
co

st
 o

f t
he

 tw
o 

ha
s 

be
en

 
se

le
ct

ed
 in

 o
rd

er
 to

 n
ot

 re
pr

es
en

t a
n 

ov
er

ly
 a

gr
es

si
ve

 o
r c

on
se

rv
at

iv
e 

co
st

.  
H

yd
ro

ge
n 

R
ep

or
t (

G
ra

y 
20

04
) w

as
 e

xc
lu

de
d 

as
 a

n 
un

ex
pl

ai
ne

d 
an

d 
in

co
ns

is
te

nt
 o

ut
lie

r c
os

t p
oi

nt
.  

C
os

t f
ac

to
rin

g 
re

fle
ct

s 
th

e 
6/

10
 ru

le
.  

Th
e 

m
ar

ku
ps

 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

D
et

ai
l I

te
m

 R
ep

or
t -

 G
as

ifi
ca

tio
n

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

3 
of

 1
7

Page B-14



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

81
5

M
W

1
20

07
11

,7
60

,0
00

$ 
   

   
 

11
,7

60
,0

00
$ 

   
   

 
11

,4
60

,0
69

$ 
   

   
 

1,
17

1
   

   
  

M
W

1
1,

17
1

   
   

  
M

W
14

,2
45

,2
69

$ 
   

   
 

14
,2

45
,2

69
$ 

   
   

   
 

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

)
48

,2
43

lb
m

ol
/

hr
1

20
04

23
,0

00
,0

00
$ 

   
   

 
23

,0
00

,0
00

$ 
   

   
 

26
,5

10
,5

81
$ 

   
   

 
70

,3
33

   
   

lb
m

ol
/h

r
1

70
,3

33
   

   
lb

m
ol

/
hr

33
,2

39
,5

04
$ 

   
   

 
33

,2
39

,5
04

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
1,

71
4,

46
0

lb
/h

r
4

20
06

12
,3

67
,0

00
$ 

   
   

 
3,

09
1,

75
0

$ 
   

   
   

3,
16

8,
48

7
$ 

   
   

   
1,

36
0,

91
8

 
lb

/h
r

1
1,

36
0,

91
8

 
lb

/h
r

6,
33

7,
39

3
$ 

   
   

   
6,

33
7,

39
3

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

)
48

,2
43

lb
m

ol
/

hr
1

20
04

23
,0

00
,0

00
$ 

   
   

 
23

,0
00

,0
00

$ 
   

   
 

26
,5

10
,5

81
$ 

   
   

 
70

,3
33

   
   

lb
m

ol
/h

r
1

70
,3

33
   

   
lb

m
ol

/
hr

33
,2

39
,5

04
$ 

   
   

 
33

,2
39

,5
04

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
36

0,
00

5
$ 

   
   

   
2,

36
0,

00
5

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
05

8,
03

4
$ 

   
   

   
3,

05
8,

03
4

$ 
   

   
   

   
P

ip
in

g
2,

36
0,

00
5

$ 
   

   
   

2,
36

0,
00

5
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
86

4,
22

7
$ 

   
   

   
   

86
4,

22
7

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
65

9,
16

0
$ 

   
   

   
2,

65
9,

16
0

$ 
   

   
   

   
11

,3
01

,4
32

$ 
   

   
 

11
,3

01
,4

32
$ 

   
   

   
 

44
,5

40
,9

3 6
$

44
,5

40
,9

36
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

9.
20

%

To
ta

l B
al

an
ce

 o
f P

la
nt

7.
10

%
2.

60
%

7.
10

%

8.
00

%

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
) i

s 
th

e 
m

os
t r

ec
en

t c
os

t a
va

ila
bl

e,
 th

e 
ca

pa
ci

ty
 p

er
 tr

ai
n 

m
os

t c
lo

se
ly

 re
fle

ct
s 

th
is

 p
ro

je
ct

's
 n

ee
ds

.  
Th

e 
m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

D
et

ai
l I

te
m

 R
ep

or
t -

 W
at

er
 G

as
 S

hi
ft 

R
ea

ct
or

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

4 
of

 1
7

Page B-15



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
31

,2
26

lb
m

ol
/

hr
1

20
03

22
,8

62
,0

00
$ 

   
   

 
22

,8
62

,0
00

$ 
   

   
 

29
,1

17
,7

71
$ 

   
   

 
49

,9
57

   
   

lb
m

o
l/h

r
1

49
,9

57
   

   
lb

m
ol

/
hr

38
,6

01
,6

73
$ 

   
   

 
38

,6
01

,6
73

$ 
   

   
   

 
C

o-
P

ro
du

ct
io

n 
of

 H
yd

ro
ge

n 
P

re
se

nt
at

io
n 

(C
hi

es
a 

20
03

)
32

7
tp

h
1

20
02

32
,8

00
,0

00
$ 

   
   

 
32

,8
00

,0
00

$ 
   

   
 

42
,4

50
,9

61
$ 

   
   

 
96

   
   

   
   

 
tp

h
1

96
   

   
   

   
 

tp
h

20
,3

08
,7

66
$ 

   
   

 
20

,3
08

,7
66

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
31

,2
26

lb
m

ol
/

hr
1

20
03

22
,8

62
,0

00
$ 

   
   

 
22

,8
62

,0
00

$ 
   

   
 

29
,1

17
,7

71
$ 

   
   

 
49

,9
57

   
   

lb
m

o
l/h

r
1

49
,9

57
   

   
lb

m
ol

/
hr

38
,6

01
,6

73
$ 

   
   

 
38

,6
01

,6
73

$ 
   

   
   

 

O
ut

si
de

 o
f B

at
te

ry
 L

im
its

 - 
In

cl
ud

in
g 

B
al

an
ce

 o
f P

la
nt

 a
nd

 O
ffs

ite
s:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
74

0,
71

9
$ 

   
   

   
2,

74
0,

71
9

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
55

1,
35

4
$ 

   
   

   
3,

55
1,

35
4

$ 
   

   
   

   
P

ip
in

g
2,

74
0,

71
9

$ 
   

   
   

2,
74

0,
71

9
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
1,

00
3,

64
3

$ 
   

   
   

1,
00

3,
64

3
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

3,
08

8,
13

4
$ 

   
   

   
3,

08
8,

13
4

$ 
   

   
   

   
13

,1
24

,5
69

$ 
   

   
 

13
,1

24
,5

69
$ 

   
   

   
 

51
,7

26
,2

4 2
$

51
,7

26
,2

42
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

9.
20

%

To
ta

l o
f O

ut
si

de
 o

f B
at

te
ry

 L
im

its
 - 

In
cl

ud
in

g 
B

al
an

ce
 o

f P
la

nt
 a

nd
 O

ffs
ite

s 
- P

lu
s 

th
e 

S
el

ec
te

d 
S

ou
rc

e

7.
10

%
2.

60
%

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

Fl
uo

r/U
O

P
 2

00
4 

w
as

 s
el

ec
te

d 
as

 th
e 

m
os

t r
ec

en
t c

os
t p

oi
nt

, b
ec

au
se

 th
e 

re
po

rte
d 

ca
pa

ci
ty

 is
 s

im
ila

r t
he

 re
qu

ire
d 

ca
pa

ci
ty

 p
er

 tr
ai

n.
  T

he
 m

ar
ku

ps
 li

st
ed

 u
nd

er
 'O

ut
si

de
 o

f B
at

te
ry

 L
im

its
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

M
ar

ku
p

8.
00

%
To

ta
l o

f O
ut

si
de

 o
f B

at
te

ry
 L

im
its

 - 
In

cl
ud

in
g 

B
al

an
ce

 o
f P

la
nt

 a
nd

 O
ffs

ite
s

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 S
el

ex
ol

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

5 
of

 1
7

Page B-16



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
27

,4
98

lb
m

ol
/

hr
1

20
03

25
,0

00
,0

00
$ 

   
   

 
25

,0
00

,0
00

$ 
   

   
 

31
,8

40
,7

96
$ 

   
   

 
43

,5
04

   
   

lb
m

o
l/h

r
1

43
,5

04
   

   
lb

m
ol

/
hr

41
,9

29
,6

05
$ 

   
   

 
41

,9
29

,6
05

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
27

,4
98

lb
m

ol
/

hr
1

20
03

25
,0

00
,0

00
$ 

   
   

 
25

,0
00

,0
00

$ 
   

   
 

31
,8

40
,7

96
$ 

   
   

 
43

,5
04

   
   

lb
m

o
l/h

r
1

43
,5

04
   

   
lb

m
ol

/
hr

41
,9

29
,6

05
$ 

   
   

 
41

,9
29

,6
05

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
97

7,
00

2
$ 

   
   

   
2,

97
7,

00
2

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
85

7,
52

4
$ 

   
   

   
3,

85
7,

52
4

$ 
   

   
   

   
P

ip
in

g
2,

97
7,

00
2

$ 
   

   
   

2,
97

7,
00

2
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
1,

09
0,

17
0

$ 
   

   
   

1,
09

0,
17

0
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

3,
35

4,
36

8
$ 

   
   

   
3,

35
4,

36
8

$ 
   

   
   

   
14

,2
56

,0
66

$ 
   

   
 

14
,2

56
,0

66
$ 

   
   

   
 

56
,1

85
,6

7 0
$

56
,1

85
,6

70
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

9.
20

%

To
ta

l B
al

an
ce

 o
f P

la
nt

7.
10

%
2.

60
%

7.
10

%

8.
00

%

S
in

gl
e 

so
ur

ce
 c

os
t p

oi
nt

.  
Th

e 
m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

D
et

ai
l I

te
m

 R
ep

or
t -

 P
re

ss
ur

e 
Sw

in
g 

A
ds

or
pt

io
n 

(P
SA

)

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

6 
of

 1
7

Page B-17



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

D
O

E
 F

E
 R

ep
or

t (
D

O
E

 1
97

8)
1,

00
0

tp
d

1
19

78
1,

46
7,

00
0

$ 
   

   
   

1,
46

7,
00

0
$ 

   
   

   
3,

43
2,

83
4

$ 
   

   
   

3,
35

8
   

   
  

tp
d

1
3,

35
8

   
   

  
tp

d
7,

10
0,

70
0

$ 
   

   
   

7,
10

0,
70

0
$ 

   
   

   
   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

D
O

E
 F

E
 R

ep
or

t (
D

O
E

 1
97

8 )
1,

00
0

tp
d

1
19

78
1,

46
7,

00
0

$ 
   

   
   

1,
46

7,
00

0
$ 

   
   

   
3,

43
2,

83
4

$ 
   

   
   

3,
35

8
   

   
  

tp
d

1
3,

35
8

   
   

  
tp

d
7,

10
0,

70
0

$ 
   

   
   

7,
10

0,
70

0
$ 

   
   

   
   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

50
4,

15
0

$ 
   

   
   

   
50

4,
15

0
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

65
3,

26
4

$ 
   

   
   

   
65

3,
26

4
$ 

   
   

   
   

   
P

ip
in

g
50

4,
15

0
$ 

   
   

   
   

50
4,

15
0

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
18

4,
61

8
$ 

   
   

   
   

18
4,

61
8

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

56
8,

05
6

$ 
   

   
   

   
56

8,
05

6
$ 

   
   

   
   

   
2,

41
4,

23
8

$ 
   

   
   

2,
41

4,
23

8
$ 

   
   

   
   

9,
51

4,
93

8
$ 

   
   

   
9,

51
4,

93
8

$ 
   

   
   

   

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

7.
10

%
2.

60
%

7.
10

%
9.

20
%

S
in

gl
e 

so
ur

ce
 is

la
nd

 c
os

t i
de

nt
ifi

ed
 b

y 
th

e 
pr

oj
ec

t t
ec

hn
ic

al
 le

ad
.  

Th
e 

m
ar

ku
ps

 li
st

ed
 u

nd
er

 'B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 
P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

D
et

ai
l I

te
m

 R
ep

or
t -

 M
et

ha
na

tio
n

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

7 
of

 1
7

Page B-18



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

C
la

us
 a

nd
 S

C
O

T
P

rin
ce

to
n 

R
ep

or
t (

K
re

ut
z 

20
08

)
12

,5
86

lb
/h

r
1

20
07

33
,8

00
,0

00
$ 

   
   

 
33

,8
00

,0
00

$ 
   

   
 

32
,9

37
,9

52
$ 

   
   

 
12

,7
62

   
   

lb
/h

r
1

12
,7

62
   

   
lb

/h
r

33
,2

13
,5

43
$ 

   
   

 
33

,2
13

,5
43

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
14

2
tp

d
1

20
06

22
,7

94
,0

00
$ 

   
   

 
22

,7
94

,0
00

$ 
   

   
 

24
,9

26
,3

73
$ 

   
   

 
15

3
   

   
   

  
tp

d
1

15
3

   
   

   
  

tp
d

26
,0

93
,3

39
$ 

   
   

 
26

,0
93

,3
39

$ 
   

   
   

 

C
la

us
S

he
ll 

IG
C

C
 B

as
e 

C
as

es
 (N

E
TL

 2
00

0)
6,

49
6

lb
/h

r
1

19
99

9,
96

4,
00

0
$ 

   
   

   
9,

96
4,

00
0

$ 
   

   
   

13
,0

60
,8

50
$ 

   
   

 
12

,7
62

   
   

lb
/h

r
1

12
,7

62
   

   
lb

/h
r

19
,5

86
,0

61
$ 

   
   

 
19

,5
86

,0
61

$ 
   

   
   

 
C

os
t E

ffe
ct

iv
e 

O
pt

io
ns

 to
 E

xp
an

d 
S

R
U

 C
ap

ac
ity

 U
si

ng
 O

xy
ge

n 
(W

or
le

yP
ar

so
ns

 2
00

2)
79

tp
d

1
19

99
11

,9
70

,0
00

$ 
   

   
 

11
,9

70
,0

00
$ 

   
   

 
15

,6
90

,3
23

$ 
   

   
 

15
3

   
   

   
  

tp
d

1
15

3
   

   
   

  
tp

d
23

,2
76

,2
22

$ 
   

   
 

23
,2

76
,2

22
$ 

   
   

   
 

S
C

O
T

S
he

ll 
IG

C
C

 B
as

e 
C

as
es

 (N
E

TL
 2

00
0)

6,
49

6
lb

/h
r

1
19

99
4,

21
4,

00
0

$ 
   

   
   

4,
21

4,
00

0
$ 

   
   

   
5,

52
3,

72
8

$ 
   

   
   

12
,7

62
   

   
lb

/h
r

1
12

,7
62

   
   

lb
/h

r
8,

28
3,

38
6

$
8,

28
3,

38
6

$ 
   

   
   

   
C

os
t E

ffe
ct

iv
e 

O
pt

io
ns

 to
 E

xp
an

d 
S

R
U

 C
ap

ac
ity

 U
si

ng
 O

xy
ge

n 
(W

or
le

yP
ar

so
ns

 2
00

2)
14

3
tp

d
1

19
99

8,
91

0,
00

0
$ 

   
   

   
8,

91
0,

00
0

$ 
   

   
   

11
,6

79
,2

63
$ 

   
   

 
15

3
   

   
   

  
tp

d
1

15
3

   
   

   
  

tp
d

12
,1

54
,2

88
$ 

   
   

 
12

,1
54

,2
88

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

35
,4

30
,5

10
$ 

   
   

 
35

,4
30

,5
10

$ 
   

   
   

 
W

or
le

yP
ar

so
ns

 2
00

2:
 C

om
bi

ne
d 

C
la

us
 a

nd
 S

C
O

T 
co

st
s

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

D
et

ai
l I

te
m

 R
ep

or
t -

 C
la

us
 a

nd
 S

C
O

T

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

8 
of

 1
7

Page B-19



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
51

5,
56

6
$ 

   
   

   
2,

51
5,

56
6

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
25

9,
60

7
$ 

   
   

   
3,

25
9,

60
7

$ 
   

   
   

   
P

ip
in

g
2,

51
5,

56
6

$ 
   

   
   

2,
51

5,
56

6
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
92

1,
19

3
$ 

   
   

   
   

92
1,

19
3

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
83

4,
44

1
$ 

   
   

   
2,

83
4,

44
1

$ 
   

   
   

   
12

,0
46

,3
73

$ 
   

   
 

12
,0

46
,3

73
$ 

   
   

   
 

47
,4

76
,8

8 3
$

47
,4

76
,8

83
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 C
la

us
 a

nd
 S

C
O

T

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

9.
20

%
7.

10
%

2.
60

%
8.

00
%

To
ta

l B
al

an
ce

 o
f P

la
nt

7.
10

%

N
ot

e:
 C

os
ts

 fr
om

 W
or

le
yP

ar
so

ns
 2

00
2 

ha
ve

 b
ee

n 
m

ul
tip

lie
d 

by
 0

.9
 to

 a
dj

us
t f

or
 th

e 
in

cl
ud

ed
 e

ng
in

ee
rin

g 
co

st
s.

 T
hi

s 
fa

ct
or

 w
as

 c
on

si
st

en
t w

ith
 g

en
er

al
 p

ro
ce

ss
 in

du
st

ry
 s

ta
nd

ar
ds

, a
nd

 w
as

 s
el

ec
te

d 
w

ith
 p

ro
je

ct
 te

am
 c

on
se

ns
us

.

Th
e 

W
or

le
yP

ar
so

ns
 2

00
2 

co
st

 p
oi

nt
 w

as
 s

el
ec

te
d 

be
ca

us
e 

of
 W

or
le

yP
ar

so
ns

' s
ta

tu
s 

as
 a

 w
or

ki
ng

 v
en

do
r i

n 
th

is
 in

du
st

ry
. I

t i
s 

ex
pe

ct
ed

 th
at

 th
is

 is
 th

e 
hi

gh
es

t q
ua

lit
y 

in
fo

rm
at

io
n 

av
ai

la
bl

e 
at

 th
is

 ti
m

e.
  T

he
 m

ar
ku

ps
 li

st
ed

 u
nd

er
 

'B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

M
ar

ku
p

4/
20

/2
01

0
P

ag
e 

9 
of

 1
7

Page B-20



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
ub

cr
iti

ca
l

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

10
M

W
1

20
07

6,
31

0,
00

0
$ 

   
   

   
6,

31
0,

00
0

$ 
   

   
   

6,
14

9,
06

7
$ 

   
   

   
6

   
   

   
   

   
M

W
1

6
   

   
   

   
   

M
W

4,
73

0,
39

2
$ 

   
   

   
4,

73
0,

39
2

$ 
   

   
   

   
S

up
er

cr
iti

ca
l

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

13
M

W
1

20
07

9,
52

0,
00

0
$ 

   
   

   
9,

52
0,

00
0

$ 
   

   
   

9,
27

7,
19

8
$ 

   
   

   
1

   
   

   
   

   
M

W
1

1
   

   
   

   
   

M
W

1,
88

5,
19

4
$ 

   
   

   
1,

88
5,

19
4

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

 
6,

61
5,

58
6

$ 
   

   
   

6,
61

5,
58

6
$ 

   
   

   
   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

46
9,

70
7

$ 
   

   
   

   
46

9,
70

7
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

60
8,

63
4

$ 
   

   
   

   
60

8,
63

4
$ 

   
   

   
   

   
P

ip
in

g
46

9,
70

7
$ 

   
   

   
   

46
9,

70
7

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
17

2,
00

5
$

 
17

2,
00

5
$ 

   
   

   
   

   
E

le
ct

ric
al

 S
ys

te
m

s
52

9,
24

7
$ 

   
   

   
   

52
9,

24
7

$ 
   

   
   

   
   

2,
24

9,
29

9
$ 

   
   

   
2,

24
9,

29
9

$ 
   

   
   

   
8,

86
4,

88
6

$
8,

86
4,

88
6

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

7.
10

%
2.

60
%

9.
20

%

S
in

gl
e 

so
ur

ce
 c

os
t p

oi
nt

. B
ot

h 
su

bc
rit

ic
al

 a
nd

 s
up

er
cr

iti
ca

l p
ro

ce
ss

 c
os

ts
 w

er
e 

in
cl

ud
ed

 u
nd

er
 th

e 
C

O
2 

C
om

pr
es

si
on

 h
ea

di
ng

.  
Th

e 
m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

K
re

ut
z 

20
08

: C
om

bi
ne

d 
S

ub
cr

iti
ca

l a
nd

 S
up

er
cr

iti
ca

l P
ro

ce
ss

es

M
ar

ku
p

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 C
O

2 
C

om
pr

es
si

on

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

10
 o

f 1
7

Page B-21



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

36
0

tp
d

1
20

09
44

,0
00

,0
00

$ 
   

   
 

44
,0

00
,0

00
$ 

   
   

 
44

,0
00

,0
00

$ 
   

   
 

3,
35

8
   

   
  

tp
d

2
1,

67
9

   
   

  
tp

d
11

0,
84

1,
29

6
$ 

   
  

22
1,

68
2,

59
1

$ 
   

   
  

E
co

no
m

ic
s 

A
m

m
on

ia
 C

oa
l 

G
as

ifi
ca

tio
n 

(M
or

el
 1

97
7)

1,
00

0
tp

d
1

19
77

50
,7

48
,0

00
$ 

   
   

 
50

,7
48

,0
00

$ 
   

   
 

80
,2

43
,9

04
$ 

   
   

 
3,

35
8

   
   

  
tp

d
2

1,
67

9
   

   
  

tp
d

10
9,

50
7,

14
7

$ 
   

  
21

9,
01

4,
29

5
$ 

   
   

  
S

ta
m

ic
ar

bo
n,

 M
id

dl
e 

E
as

t F
er

til
iz

er
 

S
ym

po
si

um
, M

ar
ch

 2
00

9
4,

29
7

tp
d

1
20

08
80

0,
00

0,
00

0
$ 

   
  

80
0,

00
0,

00
0

$ 
   

  
77

9,
59

6,
49

8
$ 

   
  

3,
35

8
   

   
  

tp
d

2
1,

67
9

   
   

  
tp

d
44

3,
59

9,
39

6
$ 

   
  

88
7,

19
8,

79
2

$ 
   

   
  

A
m

m
on

ia
, C

he
m

 S
ys

te
m

s,
 1

99
8

1,
65

3
tp

d
1

19
98

16
0,

00
0,

00
0

$ 
   

  
16

0,
00

0,
00

0
$ 

   
  

21
0,

32
0,

92
4

$ 
   

  
3,

35
8

   
   

  
tp

d
2

1,
67

9
   

   
  

tp
d

21
2,

26
4,

93
6

$ 
   

  
42

4,
52

9,
87

2
$ 

   
   

  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

36
0

tp
d

1
20

09
44

,0
00

,0
00

$ 
   

   
 

44
,0

00
,0

00
$ 

   
   

 
44

,0
00

,0
00

$ 
   

   
 

3,
35

8
   

   
  

tp
d

2
1,

67
9

   
   

  
tp

d
11

0,
84

1,
29

6
$ 

   
  

22
1,

68
2,

59
1

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

7,
86

9,
73

2
$ 

   
   

   
15

,7
39

,4
64

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

10
,1

97
,3

99
$ 

   
   

 
20

,3
94

,7
98

$ 
   

   
   

 
P

ip
in

g
7,

86
9,

73
2

$ 
   

   
   

15
,7

39
,4

64
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
2,

88
1,

87
4

$ 
   

   
   

5,
76

3,
74

7
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

8,
86

7,
30

4
$ 

   
   

   
17

,7
34

,6
07

$ 
   

   
   

 
37

,6
86

,0
41

$ 
   

   
 

75
,3

72
,0

81
$ 

   
   

   
 

14
8,

52
7,

33
6

$
29

7,
05

4,
67

2
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt
To

ta
l B

al
an

ce
 o

f P
la

nt
 P

lu
s 

th
e 

S
el

ec
te

d 
S

ou
rc

e

9.
20

%
7.

10
%

2.
60

%

D
et

ai
l I

te
m

 R
ep

or
t -

 A
m

m
on

ia
 S

yn
th

es
is

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Th
e 

ve
rb

al
 c

os
t w

as
 s

el
ec

te
d 

as
 re

co
m

m
en

de
d 

by
 th

e 
pr

oj
ec

t t
ea

m
 e

xp
er

t. 
 T

he
 S

ta
m

ic
ar

bo
n 

in
fo

rm
at

io
n 

sh
ow

s 
a 

ro
ug

hl
y 

35
0%

 in
cr

ea
se

 in
 p

ric
es

 b
et

w
ee

n 
20

03
 a

nd
 2

00
8 

em
ph

as
iz

in
g 

th
e 

im
po

rta
nc

e 
of

 u
si

ng
 th

e 
m

os
t r

ec
en

t 
in

fo
rm

at
io

n 
av

ai
la

bl
e.

  T
he

 m
ar

ku
ps

 li
st

ed
 u

nd
er

 'O
ut

si
de

 o
f B

at
te

ry
 L

im
its

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

7.
10

%

4/
20

/2
01

0
P

ag
e 

11
 o

f 1
7

Page B-22



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

62
5

tp
d

1
20

09
85

,0
00

,0
00

$ 
   

   
 

85
,0

00
,0

00
$ 

   
   

 
85

,0
00

,0
00

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
21

5,
18

4,
34

2
$ 

   
  

21
5,

18
4,

34
2

$ 
   

   
  

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

20
0

tp
d

1
19

94
8,

80
0,

00
0

$ 
   

   
   

8,
80

0,
00

0
$ 

   
   

   
12

,2
40

,1
52

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
61

,3
88

,7
19

$ 
   

   
 

61
,3

88
,7

19
$ 

   
   

   
 

P
N

N
L

46
81

tp
d

1
20

09
18

2,
00

0,
00

0
$ 

   
  

18
2,

00
0,

00
0

$ 
   

  
18

2,
00

0,
00

0
$ 

   
  

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
13

7,
65

3,
72

1
$ 

   
  

13
7,

65
3,

72
1

$ 
   

   
  

S
ta

m
ic

ar
bo

n,
 M

id
dl

e 
E

as
t F

er
til

iz
er

 
S

ym
po

si
um

, M
ar

ch
 2

00
9

3,
58

2
tp

d
1

20
08

55
0,

00
0,

00
0

$ 
   

  
55

0,
00

0,
00

0
$ 

   
  

53
5,

97
2,

59
2

$ 
   

  
2,

93
9

   
   

  
tp

d
1

2,
93

9
   

   
  

tp
d

47
5,

97
8,

11
5

$ 
   

  
47

5,
97

8,
11

5
$ 

   
   

  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

62
5

tp
d

1
20

09
85

,0
00

,0
00

$ 
   

   
 

85
,0

00
,0

00
$ 

   
   

 
85

,0
00

,0
00

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
21

5,
18

4,
34

2
$ 

   
  

21
5,

18
4,

34
2

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

15
,2

78
,0

88
$ 

   
   

 
15

,2
78

,0
88

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

19
,7

96
,9

59
$ 

   
   

 
19

,7
96

,9
59

$ 
   

   
   

 
P

ip
in

g
15

,2
78

,0
88

$ 
   

   
 

15
,2

78
,0

88
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
5,

59
4,

79
3

$ 
   

   
   

5,
59

4,
79

3
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

17
,2

14
,7

47
$ 

   
   

 
17

,2
14

,7
47

$ 
   

   
   

 
73

,1
62

,6
76

$ 
   

   
 

73
,1

62
,6

76
$ 

   
   

   
 

28
8,

34
7,

01
9

$
28

8,
34

7,
01

9
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

8.
00

%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

9.
20

%

M
ar

ku
p

Th
e 

ve
rb

al
 c

os
t w

as
 s

el
ec

te
d 

as
 re

co
m

m
en

de
d 

by
 th

e 
pr

oj
ec

t t
ea

m
 e

xp
er

t. 
 T

he
 S

ta
m

ic
ar

bo
n 

in
fo

rm
at

io
n 

sh
ow

s 
a 

ro
ug

hl
y 

35
0%

 in
cr

ea
se

 in
 p

ric
es

 b
et

w
ee

n 
20

03
 a

nd
 2

00
8 

em
ph

as
iz

in
g 

th
e 

im
po

rta
nc

e 
of

 u
si

ng
 th

e 
m

os
t r

ec
en

t 
in

fo
rm

at
io

n 
av

ai
la

bl
e.

  T
he

 m
ar

ku
ps

 li
st

ed
 u

nd
er

 'O
ut

si
de

 o
f B

at
te

ry
 L

im
its

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

7.
10

%
2.

60
%

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 U
re

a 
Sy

nt
he

si
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

To
ta

l B
al

an
ce

 o
f P

la
nt

4/
20

/2
01

0
P

ag
e 

12
 o

f 1
7

Page B-23



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

33
4

tp
d

1
19

94
6,

60
0,

00
0

$ 
   

   
   

6,
60

0,
00

0
$ 

   
   

   
9,

18
0,

11
4

$ 
   

   
   

5,
18

6
   

   
  

tp
d

6
86

4
   

   
   

  
tp

d
16

,2
39

,9
73

$ 
   

   
 

97
,4

39
,8

41
$ 

   
   

   
 

Fe
rti

liz
er

 M
an

ua
l

35
9

tp
d

1
19

98
15

,2
00

,0
00

$ 
   

   
 

15
,2

00
,0

00
$ 

   
   

 
19

,9
80

,4
88

$ 
   

   
 

5,
18

6
   

   
  

tp
d

6
86

4
   

   
   

  
tp

d
33

,8
28

,4
81

$ 
   

   
 

20
2,

97
0,

88
8

$ 
   

   
  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fe
rti

liz
er

 M
an

ua
l

35
9

tp
d

1
19

98
15

,2
00

,0
00

$ 
   

   
 

15
,2

00
,0

00
$ 

   
   

 
19

,9
80

,4
88

$ 
   

   
 

5,
18

6
   

   
  

tp
d

6
86

4
   

   
   

  
tp

d
33

,8
28

,4
81

$ 
   

   
 

20
2,

97
0,

88
8

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
40

1,
82

2
$ 

   
   

   
14

,4
10

,9
33

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
11

2,
22

0
$ 

   
   

   
18

,6
73

,3
22

$
P

ip
in

g
2,

40
1,

82
2

$ 
   

   
   

14
,4

10
,9

33
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
87

9,
54

1
$ 

   
   

   
   

5,
27

7,
24

3
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
70

6,
27

9
$ 

   
   

   
16

,2
37

,6
71

$ 
   

   
   

 
11

,5
01

,6
84

$ 
   

   
 

69
,0

10
,1

02
$ 

   
   

   
 

45
,3

30
,1

6 5
$

27
1,

98
0,

99
0

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%

9.
20

%
7.

10
%

2.
60

%

Th
e 

Fe
rti

liz
er

 M
an

ua
l w

as
 s

el
ec

te
d 

fo
r b

ei
ng

 b
ot

h 
th

e 
ne

w
es

t c
os

t p
oi

nt
 a

nd
 th

e 
m

os
t c

on
se

rv
at

iv
e.

  T
he

 d
at

a 
fro

m
 P

er
ry

's
 C

he
m

ic
al

 E
ng

in
ee

rin
g 

H
an

db
oo

k 
is

 b
as

ed
 o

n 
ea

rli
er

 d
at

a 
fro

m
 P

et
er

s 
an

d 
Ti

m
m

er
ha

us
, m

ak
in

g 
it 

ev
en

 
le

ss
 d

es
ira

bl
e.

  T
he

 m
ar

ku
ps

 li
st

ed
 u

nd
er

 'O
ut

si
de

 o
f B

at
te

ry
 L

im
its

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 N
itr

ic
 A

ci
d 

Sy
nt

he
si

s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

13
 o

f 1
7

Page B-24



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

33
4

tp
d

1
19

94
6,

00
0,

00
0

$ 
   

   
   

6,
00

0,
00

0
$ 

   
   

   
8,

34
5,

55
8

$ 
   

   
   

3,
77

9
   

   
  

tp
d

3
1,

26
0

   
   

  
tp

d
18

,5
07

,0
52

$ 
   

   
 

55
,5

21
,1

57
$ 

   
   

   
 

Fe
rti

liz
er

 M
an

ua
l

1,
39

5
tp

d
1

19
98

35
,0

00
,0

00
$ 

   
   

 
35

,0
00

,0
00

$ 
   

   
 

46
,0

07
,7

02
$ 

   
   

 
3,

77
9

   
   

  
tp

d
3

1,
26

0
   

   
  

tp
d

43
,2

70
,7

65
$ 

   
   

 
12

9,
81

2,
29

5
$ 

   
   

  
E

P
A

 R
ep

or
t

1,
20

0
tp

d
1

19
81

9,
48

0,
00

0
$ 

   
   

   
9,

48
0,

00
0

$ 
   

   
   

13
,4

34
,1

54
$ 

   
   

 
3,

77
9

   
   

  
tp

d
3

1,
26

0
   

   
  

tp
d

13
,8

31
,0

44
$ 

   
   

 
41

,4
93

,1
33

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fe
rti

liz
er

 M
an

ua
l

13
95

.2
4

tp
d

1.
00

19
98

.0
0

35
00

00
00

.0
0

35
00

00
00

.0
0

46
00

77
02

.1
8

37
79

.0
0

tp
d

3.
00

12
59

.6
7

tp
d

43
27

07
65

.1
2

12
98

12
29

5.
36

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

3,
07

2,
22

4
$

9,
21

6,
67

3
$ 

   
   

   
   

C
iv

il/
S

tru
ct

ur
al

/B
ui

ld
in

gs
3,

98
0,

91
0

$ 
   

   
   

11
,9

42
,7

31
$ 

   
   

   
 

P
ip

in
g

3,
07

2,
22

4
$ 

   
   

   
9,

21
6,

67
3

$ 
   

   
   

   
C

on
tro

l a
nd

 In
st

ru
m

en
ta

tio
n

1,
12

5,
04

0
$ 

   
   

   
3,

37
5,

12
0

$ 
   

   
   

   
E

le
ct

ric
al

 S
ys

te
m

s
3,

46
1,

66
1

$ 
   

   
   

10
,3

84
,9

84
$ 

   
   

   
 

14
,7

12
,0

60
$ 

   
   

 
44

,1
36

,1
80

$ 
   

   
   

 
57

,9
82

,8
2 5

$
17

3,
94

8,
47

6
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%

9.
20

%
7.

10
%

2.
60

%

D
et

ai
l I

te
m

 R
ep

or
t -

 A
m

m
on

iu
m

 N
itr

at
e 

Sy
nt

he
si

s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Th
e 

Fe
rti

liz
er

 M
an

ua
l w

as
 s

el
ec

te
d 

fo
r b

ei
ng

 b
ot

h 
th

e 
ne

w
es

t c
os

t p
oi

nt
 a

nd
 th

e 
m

os
t c

on
se

rv
at

iv
e.

  T
he

 d
at

a 
fro

m
 P

er
ry

's
 C

he
m

ic
al

 E
ng

in
ee

rin
g 

H
an

db
oo

k 
is

 b
as

ed
 o

n 
ea

rli
er

 d
at

a 
fro

m
 P

et
er

s 
an

d 
Ti

m
m

er
ha

us
, m

ak
in

g 
it 

ev
en

 
le

ss
 d

es
ira

bl
e.

  T
he

 m
ar

ku
ps

 li
st

ed
 u

nd
er

 'O
ut

si
de

 o
f B

at
te

ry
 L

im
its

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 m
ar

ku
p 

va
lu

es
 a

re
 c

om
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

7.
10

%

4/
20

/2
01

0
P

ag
e 

14
 o

f 1
7

Page B-25



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
te

am
 T

ur
bi

ne
 a

nd
 H

R
S

G
S

he
ll 

IG
C

C
 B

as
e 

C
as

es
 (N

E
TL

 2
00

0)
18

9
M

W
1

19
99

50
,6

71
,0

00
$ 

   
   

 
50

,6
71

,0
00

$ 
   

   
 

66
,4

19
,7

44
$ 

   
   

 
47

   
   

   
   

 
M

W
1

47
   

   
   

   
 

M
W

28
,6

34
,6

50
$ 

   
   

 
28

,6
34

,6
50

$ 
   

   
   

 

S
te

am
 T

ur
bi

ne
N

E
TL

 B
as

el
in

e 
R

ep
or

t (
N

E
TL

 2
00

7a
)

40
1

M
W

4
20

06
74

,6
51

,0
00

$ 
   

   
 

18
,6

62
,7

50
$ 

   
   

 
19

,1
25

,9
57

$ 
   

   
 

47
   

   
   

   
 

M
W

1
47

   
   

   
   

 
M

W
12

,0
62

,6
94

$ 
   

   
 

12
,0

62
,6

94
$ 

   
   

   
 

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

27
5

M
W

1
20

07
66

,7
00

,0
00

$ 
   

   
 

66
,7

00
,0

00
$ 

   
   

 
64

,9
98

,8
58

$ 
   

   
 

47
   

   
   

   
 

M
W

1
47

   
   

   
   

 
M

W
22

,3
75

,7
64

$ 
   

   
 

22
,3

75
,7

64
$ 

   
   

   
 

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

23
0

M
W

1
20

06
44

,5
15

,0
00

$ 
   

   
 

44
,5

15
,0

00
$ 

   
   

 
45

,6
19

,8
56

$ 
   

   
 

47
   

   
   

   
 

M
W

1
47

   
   

   
   

 
M

W
17

,4
85

,1
07

$ 
   

   
 

17
,4

85
,1

07
$ 

   
   

   
 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

23
0

M
W

1
20

06
44

,5
15

,0
00

$ 
   

   
 

44
,5

15
,0

00
$ 

   
   

 
45

,6
19

,8
56

$ 
   

   
 

47
   

   
   

   
 

M
W

1
47

   
   

   
   

 
M

W
17

,4
85

,1
07

$ 
   

   
 

17
,4

85
,1

07
$ 

   
   

   
 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

1,
24

1,
44

3
$ 

   
   

   
1,

24
1,

44
3

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

1,
60

8,
63

0
$ 

   
   

   
1,

60
8,

63
0

$ 
   

   
   

   
P

ip
in

g
1,

24
1,

44
3

$ 
   

   
   

1,
24

1,
44

3
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
45

4,
61

3
$ 

   
   

   
   

45
4,

61
3

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

1,
39

8,
80

9
$ 

   
   

   
1,

39
8,

80
9

$ 
   

   
   

   
5,

94
4,

93
6

$ 
   

   
   

5,
94

4,
93

6
$ 

   
   

   
   

23
,4

30
,0

44
$

23
,4

30
,0

44
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

7.
10

%
9.

20
%

To
ta

l B
al

an
ce

 o
f P

la
nt

8.
00

%

7.
10

%
2.

60
%

S
he

ll 
IG

C
C

 P
ow

er
P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
) i

s 
a 

re
ce

nt
ly

 re
po

rte
d 

co
st

 p
oi

nt
 th

at
 c

lo
se

ly
 re

fle
ct

s 
th

is
 p

ro
je

ct
's

 re
qu

ire
m

en
ts

. T
he

 P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
) s

ou
rc

e 
fo

r t
he

 s
te

am
 tu

rb
in

e 
co

st
 p

oi
nt

 is
 th

e 
N

E
TL

 
20

07
b 

re
po

rt.
  T

he
 m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

D
et

ai
l I

te
m

 R
ep

or
t -

 S
te

am
 T

ur
bi

ne
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

15
 o

f 1
7

Page B-26



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
te

am
 T

ur
bi

ne
 a

nd
 H

R
S

G
S

he
ll 

IG
C

C
 B

as
e 

C
as

es
 (N

E
TL

 2
00

0)
18

9
M

W
1

19
99

50
,6

71
,0

00
$ 

   
   

 
50

,6
71

,0
00

$ 
   

   
 

66
,4

19
,7

44
$ 

   
   

 
47

   
   

   
   

 
M

W
1

47
   

   
   

   
 

M
W

28
,6

34
,6

50
$ 

   
   

 
28

,6
34

,6
50

$ 
   

   
   

 

H
R

S
G

N
E

TL
 B

as
el

in
e 

R
ep

or
t (

N
E

TL
 2

00
7a

)
5,

15
5,

98
3

lb
/h

r
3

20
06

27
,5

81
,0

00
$ 

   
   

 
9,

19
3,

66
7

$ 
   

   
   

9,
42

1,
85

2
$ 

   
   

   
1,

11
7,

17
0

 
lb

/h
r

1
1,

11
7,

17
0

 
lb

/h
r

7,
27

6,
01

7
$ 

   
   

   
7,

27
6,

01
7

$ 
   

   
   

   
P

rin
ce

to
n 

R
ep

or
t (

K
re

ut
z 

20
08

)
35

5
M

W
1

20
07

52
,0

00
,0

00
$ 

   
   

 
52

,0
00

,0
00

$ 
   

   
 

50
,6

73
,7

72
$ 

   
   

 
49

   
   

   
   

 
M

W
1

49
   

   
   

   
 

M
W

15
,4

11
,1

46
$ 

   
   

 
15

,4
11

,1
46

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
8,

43
8,

00
0

lb
/h

r
2

20
06

45
,2

91
,0

00
$ 

   
   

 
22

,6
45

,5
00

$ 
   

   
 

23
,2

07
,5

58
$ 

   
   

 
1,

11
7,

17
0

 
lb

/h
r

1
1,

11
7,

17
0

 
lb

/h
r

10
,4

56
,2

34
$ 

   
   

 
10

,4
56

,2
34

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

8,
43

8,
00

0
lb

/h
r

2
20

06
45

,2
91

,0
00

$ 
   

   
 

22
,6

45
,5

00
$ 

   
   

 
23

,2
07

,5
58

$ 
   

   
 

1,
11

7,
17

0
 

lb
/h

r
1

1,
11

7,
17

0
 

lb
/h

r
10

,4
56

,2
34

$ 
   

   
 

10
,4

56
,2

34
$ 

   
   

   
 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

74
2,

39
3

$ 
   

   
   

   
74

2,
39

3
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

96
1,

97
4

$ 
   

   
   

   
96

1,
97

4
$ 

   
   

   
   

   
P

ip
in

g
74

2,
39

3
$ 

   
   

   
   

74
2,

39
3

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
27

1,
86

2
$ 

   
   

   
   

27
1,

86
2

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

83
6,

49
9

$ 
   

   
   

   
83

6,
49

9
$ 

   
   

   
   

   
3,

55
5,

12
0

$ 
   

   
   

3,
55

5,
12

0
$ 

   
   

   
   

14
,0

11
,3

53
$

14
,0

11
,3

53
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 H
R

SG

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

S
he

ll 
IG

C
C

 P
ow

er
P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
) i

s 
a 

re
ce

nt
ly

 re
po

rte
d 

co
st

 p
oi

nt
 th

at
 c

lo
se

ly
 re

fle
ct

s 
th

is
 p

ro
je

ct
's

 re
qu

ire
m

en
ts

. T
he

 P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
) s

ou
rc

e 
fo

r t
he

 s
te

am
 tu

rb
in

e 
co

st
 p

oi
nt

 is
 th

e 
N

E
TL

 
20

07
b 

re
po

rt.
  T

he
 m

ar
ku

ps
 li

st
ed

 u
nd

er
 'B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 m

ar
ku

p 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

To
ta

l B
al

an
ce

 o
f P

la
nt

8.
00

%

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

4/
20

/2
01

0
P

ag
e 

16
 o

f 1
7

Page B-27



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

C
on

ve
nt

io
na

l C
oa

l t
o 

A
m

m
on

ia
Pr

ep
ar

ed
 B

y:
Es

tim
at

e 
N

um
be

r:
M

A
36

-L
Es

tim
at

e 
Ty

pe
:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

C
oo

lin
g 

To
w

er
 D

ep
ot

14
0,

00
1

gp
m

5
20

09
3,

45
2,

79
0

$ 
   

   
   

69
0,

55
8

$ 
   

   
   

   
69

0,
55

8
$ 

   
   

   
   

13
0,

39
2

gp
m

5
26

,0
78

gp
m

66
1,

71
7

$ 
   

   
   

   
3,

30
8,

58
3

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

C
oo

lin
g 

To
w

er
 D

ep
o t

14
0,

00
1

gp
m

5
20

09
3,

45
2,

79
0

$ 
   

   
   

69
0,

55
8

$ 
   

   
   

   
69

0,
55

8
$ 

   
   

   
   

13
0,

39
2

gp
m

5
26

,0
78

gp
m

66
1,

71
7

$ 
   

   
   

   
3,

30
8,

58
3

$ 
   

   
   

   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

46
,9

82
$ 

   
   

   
   

  
23

4,
90

9
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

60
,8

78
$ 

   
   

   
   

  
30

4,
39

0
$ 

   
   

   
   

   
P

ip
in

g
46

,9
82

$ 
   

   
   

   
  

23
4,

90
9

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
17

,2
05

$ 
   

   
   

   
  

86
,0

23
$ 

   
   

   
   

   
  

E
le

ct
ric

al
 S

ys
te

m
s

52
,9

37
$ 

   
   

   
   

  
26

4,
68

7
$ 

   
   

   
   

   
22

4,
98

4
$ 

   
   

   
   

1,
12

4,
91

8
$ 

   
   

   
   

88
6,

70
0

$
4,

43
3,

50
2

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

8.
00

%

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

S
in

gl
e 

so
ur

ce
 c

os
t. 

 P
ub

lic
al

ly
 a

va
ila

bl
e 

cu
rr

en
t d

at
a.

  C
al

cu
la

te
d 

ca
pi

ta
l c

os
ts

 b
as

ed
 o

n 
pu

bl
ic

al
ly

 a
va

ila
bl

e 
co

st
 d

at
a 

fro
m

 a
 v

en
do

r r
eg

ul
ar

ly
 e

ng
ag

ed
 in

 th
e 

bu
ild

in
g 

of
 c

oo
lin

g 
to

w
er

s.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
ar

ku
p

To
ta

l B
al

an
ce

 o
f P

la
nt

D
et

ai
l I

te
m

 R
ep

or
t -

 C
oo

lin
g 

To
w

er
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

17
 o

f 1
7

Page B-28



Page B-29



Page B-30
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Project Title: NGNP Process Integration – Conventional Gas to Ammonia 
File: MA36-M Page 2 of 7 

(5.) Provisions for OSBL electrical 
(6.) Provisions for facility supply and OSBL water systems 
(7.) Provisions for site development/improvements 
(8.) Project/construction management. 

C. Excluded:
This scope of work specifically excludes the following elements: 
1. Licensing and permitting costs 
2. Operational costs 
3. Land costs 
4. Sales taxes 
5. Royalties 
6. Owner’s fees and owner’s costs. 

III. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate 
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and 
rough order magnitude (ROM) allocations of the methodologies used to develop the cost 
estimate.
Consistent with the AACEi Class 5 estimates, the level of definition and engineering 
development available at the time they were prepared, their intended use in a feasibility 
study, and the time and resources available for their completion, the costs included in this 
estimate have been developed using parametric evaluations. These evaluations have used 
publicly available and published project costs to represent similar islands utilized in this 
project.  Analysis and selection of the published costs used have been performed by the 
project technical lead and Cost Estimating.  Suitability for use in this effort was determined 
considering the correctness and completeness of the data available, the manner in which 
total capital costs were represented, the age of the previously performed work, and the 
similarity to the capacity/trains required by this project.  The specific sources, selected and 
used in this cost estimate, are identified in the capital cost estimate detail sheets.  
Adjustments have been made to these published costs using escalation factors identified in 
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been 
accomplished using the six-tenths capacity factoring method. Any normalization to provide 
for geographic factors was considered using geographic factors available from RS Means 
Construction Cost Data references. Cost-estimating relationships have been used to 
identify allowances to complete the costs. 

BOP/OSBL costs were determined by the project team, considering data provided by Shell 
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second 
Edition by John S. Page, and additional adjusted sources.  Because the allowances 
identified did not show significant variability, the allowances identified in the NETL 2000 
report were chosen for this effort in order to minimize the mixing of data sources. 
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IV. BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and 
schedules.
A. Quantification Basis: The source for the measurable quantities in the estimate that 

can be used in support of earned value management. Source documents may include 
drawings, design reports, engineers’ notes, and other documentation upon which the 
estimate is originated.
All islands and capacities have been provided to Cost Estimating by the respective 
project expert. 

B. Planning Basis: The source for the execution and strategies of the work that can be 
used to support the project execution plan, acquisition strategy, schedules, and 
market conditions and other documentation upon which the estimate is originated. 

1. All islands represent nth of a kind projects. 
2. Projects will be constructed and operated by commercial entities. 
3. All projects will be located in the U.S. Gulf Coast refinery region. 
4. Costs are presented as overnight costs. 
5. The cost estimate does not consider or address funding or labor resource 

restrictions. Sufficient funding and labor resources will be available in a manner 
that allows optimum usage of the funding and resources as estimated and 
scheduled.

C. Cost Basis: The source for the costing on the estimate that can be used in support of 
earned value management, funding profiles, and schedule of values. Sources may 
include published costing references, judgment, actual costs, preliminary quotes or 
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking 
escalation and inflation factors are not included in this estimate. 

2. Where required, published cost factors, as identified in the Chemical 
Engineering Plant Cost Index, will be applied to previous years’ values to 
determine current year values. 

3. Geographic location factors, as identified in RS Means Construction Cost Data 
reference manual, were considered for each source cost. 

4. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL, 
July 2008. 

5. AACEi, Recommended Practices, website, visited November 16, 2009, 
http://www.aacei.org/technical/rp.shtml. 

6. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine 
Thermochemical Hydrogen Cycle,” General Atomics, February 2003. 

7. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost 
Index,” November 2009: 64. 

8. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through 
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996. 
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9. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle, 
April 2006. 

10. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations – as 
Applied for the Process and Utility Industries, AACEi, April 1991. 

11. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in 
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004. 

12. Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL, 
June 2002. 

13. Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and 
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004. 

14. Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered 
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008. 

15. Harvego, E. A., et al., Economic Analysis of the Reference Design for a 
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008. 

16. Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL 
September 2004. 

17. Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular 
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006. 

18. Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002. 

19. Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and 
Biomass,” 25th Annual International Pittsburgh Coal Conference, Pittsburgh, 
Princeton University, October 2008. 

20. Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169, 
NETL, 2002. 

21. NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000. 

22. NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic 
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007. 
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29. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid 
Electrolysis, NREL, May 2008. 

30. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central 
Grid Electrolysis, NREL, May 2008. 
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Cost Data Online, September 16, 2009, website, visited December 15, 2009, 
http://www.costdataonline.com/. 

32. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature 
Electrolysis Using Solid Oxide Cells, INL, March 2008. 

33. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE, 
2005.

34. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into 
valuable SNG, Haldor Topsoe, April 2008. 

35. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US 
Industry, Shell, October 2004. 

36. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU 
Capacity Using Oxygen, WorleyParsons, May 2002. 

V. ESTIMATE QUALITY ASSURANCE: A listing of all estimate reviews that have taken 
place and the actions taken from those reviews.
A review of the cost estimate was held on January 14, 2010, with the project team and the 
cost estimators. This review allowed for the project team to review and comment, in detail, 
on the perceived scope, basis of estimates, assumptions, project risks, and resources that 
make up this cost estimate. Comments from this review have been incorporated into this 
estimate to reflect a project team consensus of this document. 

VI. ASSUMPTIONS: Condition statements accepted or supposed true without proof of 
demonstration; statements adding clarification to scope. An assumption has a direct 
impact on total estimated cost.

General Assumptions: 
A. All costs are represented in 2009 values. 
B. Costs that were included from sources representing years prior to 2009 have been 

normalized to 2009 values using the Chemical Engineering Plant Cost Index. This 
index was selected due to its widespread recognition and acceptance and its specific 
orientation toward work associated with chemical and refinery plants. 

C. Capital costs are based on process islands. The majority of these islands are 
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet. 

D. All chemical processing and refinery processes will be located in the U.S. Gulf 
Coast region. 

E. All costs considered to be balance of plant costs that can be specifically identified 
have been factored out of the reported source data and added into the estimate in a 
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manner consistent with that identified in the NETL 2000 IGCC Base Cost report. 
Inclusion of the source costs in this manner normalizes all reported cost information 
to the bare-erected costs. 

Gas to Ammonia
The NREL 2006 report presented the steam methane reformer cost with the cost of the 
water gas shift reactors. This cost was normalized to exclude the cost of the water gas shift 
reactors.

VII. CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall 
contingency. Identify any specific drivers or items of concern. 

At a project risk review on December 9, 2009, the project team discussed risks to the 
project. An 18% allowance for capital construction contingency has been included at an 
island level based on the discussion and is included in the summary sheet. The contingency 
level that was included in the island cost source documents and additional threats and 
opportunities identified here were considered during this review.  The contingency 
identified was considered by the project team and included in Cost and Performance 
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports.  Typically, 
contingency allowance provided in these reports ranged from 15% to 20%.  Since much of 
the data contained in this estimate has been derived from these reports, the project team 
has also chosen a level of contingency consistent with them. 

A. Threats: Uncertain events that are potentially negative or reduce the probability 
that the desired outcome will happen. 

1. The level of project definition/development that was available at the time the 
estimate was prepared represents a substantial risk to the project and is likely to 
occur. The high level at which elements were considered and included has the 
potential to include additional elements that are within the work scope but not 
sufficiently provided for or addressed at this level. 

2. The estimate methodology employed is one of a stochastic parametrically 
evaluated process. This process used publicly available published costs that 
were related to the process required, costs were normalized using price indices, 
and the cost was scaled to provide the required capacity. The cost-estimating 
relationships that were used represent typical costs for balance of plant 
allowances, but source cost data from which the initial island costs were derived 
were not completely descriptive of the elements included, not included, or 
simply referred to with different nomenclature or combined with other elements. 
While every effort has been made to correctly normalize and factor the costs for 
use in this effort, the risk exists that not all of these were correctly captured due 
to the varied information available. 
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3. This project is heavily dependent on metals, concrete, petroleum, and petroleum 
products. Competition for these commodities in today’s environment due to 
global expansion, uncertainty, and product shortages affect the basic concepts of 
the supply and demand theories, thus increasing costs. 

4. Impacts due to large quantities of materials, special alloy materials, fabrication 
capability, and labor availability could all represent conditions that may increase 
the total cost of the project. 

B. Opportunities: Uncertain events that could improve the results or improve the 
probability that the desired outcome will happen. 

1. Additional research and work performed with both vendors and potential 
owner/operators for a specific process or refinery may identify efficiencies and 
production means that have not been available for use in this analysis. 

2. Recent historical data may identify and include technological advancements and 
efficiencies not included or reflected in the publicly available source data used 
in this effort. 

Note: Contingency does not increase the overall accuracy of the estimate; it does, however, 
reduce the level of risk associated with the estimate. Contingency is intended to cover the 
inadequacies in the complete project scope definition, estimating methods, and estimating 
data. Contingency specifically excludes changes in project scope, unexpected work 
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or 
currency fluctuations.

VIII. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:
None.
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COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – Nuclear Gas to Ammonia 
File: MA36-N Page 2 of 9 

j. Ammonium nitrate synthesis 
k. Steam turbines, internal to process 
l. Heat recovery steam generator, internal to process 
m. Cooling towers, internal to process 
n. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the 

following:
(1.) Site development/improvements 
(2.) Provisions for general and administrative buildings and structures 
(3.) Provisions for OSBL piping 
(4.) Provisions for OSBL instrumentation and control 
(5.) Provisions for OSBL electrical 
(6.) Provisions for facility supply and OSBL water systems 
(7.) Provisions for site development/improvements 
(8.) Project/construction management. 

C. Excluded:
This scope of work specifically excludes the following elements: 
1. Licensing and permitting costs 
2. Operational costs 
3. Land costs 
4. Sales taxes 
5. Royalties  
6. Owner’s fees and owner’s costs, except those included for the HTGR 
7. The allowance provided for the HTGR capability excludes all costs associated 

with materials development, or costs that would not be appropriately associated 
with an nth of a kind (NOAK) reactor/facility. 

III. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate 
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and 
rough order magnitude (ROM) allocations of the methodologies used to develop the cost 
estimate.
Consistent with the AACEi Class 5 estimates, the level of definition and engineering 
development available at the time they were prepared, their intended use in a feasibility 
study, and the time and resources available for their completion, the costs included in this 
estimate have been developed using parametric evaluations. These evaluations have used 
publicly available and published project costs to represent similar islands utilized in this 
project.  Analysis and selection of the published costs used have been performed by the 
project technical lead and Cost Estimating.  Suitability for use in this effort was determined 
considering the correctness and completeness of the data available, the manner in which 
total capital costs were represented, the age of the previously performed work, and the 
similarity to the capacity/trains required by this project.  The specific sources, selected and 
used in this cost estimate, are identified in the capital cost estimate detail sheets.  
Adjustments have been made to these published costs using escalation factors identified in 
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been 
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accomplished using the six-tenths capacity factoring method. Costs included for the HTGR 
and power cycles have been identified and provided by the respective BEA subject matter 
experts.  The total cost for each of these items has been linearly calculated from the 
respective base unit costs.  Any normalization to provide for geographic factors was 
considered using geographic factors available from RS Means Construction Cost Data 
references. Cost-estimating relationships have been used to identify allowances to 
complete the costs. 

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team 
that the methodology employed by NGNP to develop the nuclear capability included 
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing 
databases.   These preconceptual design estimates were reviewed by NGNP Project 
Engineering for credibility with regard to assumptions and bases of estimate and 
performed multiple studies to reconcile variations in the scope and assumptions within the 
three estimates.   

BOP/OSBL costs were determined by the project team, considering data provided by Shell 
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second 
Edition by John S. Page, and additional adjusted sources.  Because the allowances 
identified did not show significant variability, the allowances identified in the NETL 2000 
report were chosen for this effort in order to minimize the mixing of data sources. 

IV. BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and 
schedules.
A. Quantification Basis: The source for the measurable quantities in the estimate that 

can be used in support of earned value management. Source documents may include 
drawings, design reports, engineers’ notes, and other documentation upon which the 
estimate is originated.
All islands and capacities have been provided to Cost Estimating by the respective 
project expert. 

B. Planning Basis: The source for the execution and strategies of the work that can be 
used to support the project execution plan, acquisition strategy, schedules, and 
market conditions and other documentation upon which the estimate is originated. 

1. All islands and HTGRs represent NOAK projects. 
2. Projects will be constructed and operated by commercial entities. 
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project, 

will be located in the U.S. Gulf Coast refinery region. 
4. Costs are presented as overnight costs. 
5. The cost estimate does not consider or address funding or labor resource 

restrictions. Sufficient funding and labor resources will be available in a manner 
that allows optimum usage of the funding and resources as estimated and 
scheduled.
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C. Cost Basis: The source for the costing on the estimate that can be used in support of 
earned value management, funding profiles, and schedule of values. Sources may 
include published costing references, judgment, actual costs, preliminary quotes or 
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking 
escalation and inflation factors are not included in this estimate. 

2. Where required, published cost factors, as identified in the Chemical 
Engineering Plant Cost Index, will be applied to previous years’ values to 
determine current year values. 

3. Geographic location factors, as identified in RS Means Construction Cost Data 
reference manual, were considered for each source cost. 

4. The cost provided for the HTGR reflects internal BEA cost data that was 
developed for the HTGR and presented to the NGNP Process Integration team 
by L. Demmick.  Considered in the cost is a pre-conceptual cost estimate 
prepared by three separate contractor teams.  All contractor teams proposed  
4-unit NOAK plants with thermal power levels between 2,000 MWt and 2,400 
MWt at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to 
$2,000 per kWt. For the purposes of this report, the nominal cost of an HTGR 
will be set at the upper end of this range, $2,000 per kWt.  This is a complete 
turnkey cost and includes engineering and construction of a NOAK HTGR, the 
power cycle, and contingency. The total HTGR cost for each process is 
calculated linearly as $1,708,333 per MWth of required capacity, excluding the 
cost of the power cycles. 

5. The cost included for the power cycle was provided by the INL project team 
expert. The power cycle cost is based on the definition of a 240-MWe capacity 
and $618,176 per MWe. The total power cycle cost for each process is 
calculated linearly as $618,176 per MWe of required capacity. BOP, 
engineering, and contingency costs are added to the base cost. 

6. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL, 
July 2008. 

7. AACEi, Recommended Practices, website, visited November 16, 2009, 
http://www.aacei.org/technical/rp.shtml. 

8. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine 
Thermochemical Hydrogen Cycle,” General Atomics, February 2003. 

9. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost 
Index,” November 2009: 64. 

10. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through 
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996. 

11. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle, 
April 2006. 

12. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations – as 
Applied for the Process and Utility Industries, AACEi, April 1991. 

13. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in 
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004. 
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14. Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL, 
June 2002. 

15. Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and 
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004. 

16. Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered 
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008. 

17. Harvego, E. A., et al., Economic Analysis of the Reference Design for a 
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008. 

18. Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL 
September 2004. 

19. Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular 
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006. 

20. Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002. 

21. Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and 
Biomass,” 25th Annual International Pittsburgh Coal Conference, Pittsburgh, 
Princeton University, October 2008. 

22. Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169, 
NETL, 2002. 

23. NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000. 

24. NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic 
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007. 

25. NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for 
Fossil Energy Plants, NETL, August 2007. 

26. NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer 
Capital Cost Study, NREL, December 2008. 

27. O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen 
and Syngas Production from Nuclear Energy – System Simulation and 
Economics, INL, May 2009. 

28. O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via 
High-Temperature Co-Electrolysis, INL, January 2009. 

29. Page, John S., Conceptual Cost Estimating Manual – 2nd ed., Houston: Gulf 
Publishing Company, 1996. 

30. Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as 
Applied in Architecture, Engineering, Procurement, and Construction, AACEi, 
October 2006. 

31. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid 
Electrolysis, NREL, May 2008. 

32. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central 
Grid Electrolysis, NREL, May 2008. 
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33. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009, 
http://www.costdataonline.com/. 

34. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature 
Electrolysis Using Solid Oxide Cells, INL, March 2008. 

35. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE, 
2005.

36. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into 
valuable SNG, Haldor Topsoe, April 2008. 

37. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US 
Industry, Shell, October 2004. 

38. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU 
Capacity Using Oxygen, WorleyParsons, May 2002. 

V. ESTIMATE QUALITY ASSURANCE: A listing of all estimate reviews that have taken 
place and the actions taken from those reviews.
A review of the cost estimate was held on January 14, 2010, with the project team and the 
cost estimators. This review allowed for the project team to review and comment, in detail, 
on the perceived scope, basis of estimates, assumptions, project risks, and resources that 
make up this cost estimate. Comments from this review have been incorporated into this 
estimate to reflect a project team consensus of this document. 

VI. ASSUMPTIONS: Condition statements accepted or supposed true without proof of 
demonstration; statements adding clarification to scope. An assumption has a direct 
impact on total estimated cost.

General Assumptions: 
A. All costs are represented in 2009 values. 
B. Costs that were included from sources representing years prior to 2009 have been 

normalized to 2009 values using the Chemical Engineering Plant Cost Index. This 
index was selected due to its widespread recognition and acceptance and its specific 
orientation toward work associated with chemical and refinery plants. 

C. Capital costs are based on process islands. The majority of these islands are 
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet. 

D. All chemical processing and refinery processes will be located in the U.S. Gulf 
Coast region. 

E. All costs considered to be BOP costs that can be specifically identified have been 
factored out of the reported source data and added into the estimate in a manner 
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion 
of the source costs in this manner normalizes all reported cost information to the 
bare-erected costs. 

HTGR:
A. The linearly scalable cost included for an HTGR reflects an NOAK reactor with a 

750°C-operating temperature. 
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B. HTGR is considered to be linearly scalable, by required capacity, per the direction of 
the project team. This allows the process integration feasibility studies to showcase 
the financial analysis of the process without the added burden of integer quantity 
600-MWth HTGRs. 

C. The allowance represents a turnkey condition for the reactor and its supporting 
infrastructure. 

D. A high-temperature, high-pressure steam generator is included in the cost 
represented for HTGR. 

E. A contingency allowance is included in the HTGR cost, but is not identified as a 
separate line item in this estimate. This allowance was identified and included by the 
NGNP HTGR project team.

F. Total cost range, including contingency, for HTGR is -50%, +100%. 
G. Cost included for the power cycle reflects NOAK research and manufacturing 

developments to allow for assumed high pressures and temperatures. 
H. The power cycle is considered to be linearly scalable, by required capacity, per the 

direction of the project team. This allows the process integration feasibility studies to 
showcase the financial analysis of the process. 

Gas to Ammonia 
The NREL 2006 report presented the steam methane reformer cost with the cost of the 
water gas shift reactors. This cost was normalized to exclude the cost of the water gas shift 
reactors.

VII. CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall 
contingency. Identify any specific drivers or items of concern. 

At a project risk review on December 9, 2009, the project team discussed risks to the 
project. An 18% allowance for capital construction contingency has been included at an 
island level based on the discussion and is included in the summary sheet. The contingency 
level that was included in the island cost source documents and additional threats and 
opportunities identified here were considered during this review.  The contingency 
identified was considered by the project team and included in Cost and Performance 
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports.  Typically, 
contingency allowance provided in these reports ranged from 15% to 20%.  Since much of 
the data contained in this estimate has been derived from these reports, the project team 
has also chosen a level of contingency consistent with them. 

While the level of contingency provided for the HTGR capability is not identified as a line 
item, the cost data provided to the NGNP Process Integration team was identified as 
including an appropriate allocation for contingency.  No additional contingency has been 
added to this element.        

Page B-57



COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – Nuclear Gas to Ammonia 
File: MA36-N Page 8 of 9 

A. Threats: Uncertain events that are potentially negative or reduce the probability 
that the desired outcome will happen. 

1. The singularly largest threat to this estimate surrounds the lump sum cost 
included for the HTGR reactor(s). While the overriding assumption is that the 
HTGR will be NOAK, currently, a complete HTGR has not been 
commissioned. 

2. The level of project definition/development that was available at the time the 
estimate was prepared represents a substantial risk to the project and is likely to 
occur. The high level at which elements were considered and included has the 
potential to include additional elements that are within the work scope but not 
sufficiently provided for or addressed at this level. 

3. The estimate methodology employed is one of a stochastic parametrically 
evaluated process. This process used publicly available published costs that 
were related to the process required, costs were normalized using price indices, 
and the cost was scaled to provide the required capacity. The cost-estimating 
relationships that were used represent typical costs for BOP allowances, but 
source cost data from which the initial island costs were derived were not 
completely descriptive of the elements included, not included, or simply 
referred to with different nomenclature or combined with other elements. While 
every effort has been made to correctly normalize and factor the costs for use in 
this effort, the risk exists that not all of these were correctly captured due to the 
varied information available. 

4. This project is heavily dependent on metals, concrete, petroleum, and petroleum 
products. Competition for these commodities in today’s environment due to 
global expansion, uncertainty, and product shortages affect the basic concepts of 
the supply and demand theories, thus increasing costs. 

5. Impacts due to large quantities of materials, special alloy materials, fabrication 
capability, and labor availability could all represent conditions that may increase 
the total cost of the project. 

B. Opportunities: Uncertain events that could improve the results or improve the 
probability that the desired outcome will happen. 

1. Additional research and work performed with both vendors and potential 
owner/operators for a specific process or refinery may identify efficiencies and 
production means that have not been available for use in this analysis. 

2. Recent historical data may identify and include technological advancements and 
efficiencies not included or reflected in the publicly available source data used 
in this effort. 

Note: Contingency does not increase the overall accuracy of the estimate; it does, however, 
reduce the level of risk associated with the estimate. Contingency is intended to cover the 
inadequacies in the complete project scope definition, estimating methods, and estimating 
data. Contingency specifically excludes changes in project scope, unexpected work 
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stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or 
currency fluctuations.

VIII. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:
None.

Page B-59



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

IN
L 

In
te

rn
al

 C
os

t D
at

a 
(IN

L 
20

09
)

1
M

W
th

1
20

09
1,

70
8,

33
3

$ 
   

   
   

1,
70

8,
33

3
$ 

   
   

   
1,

70
8,

33
3

$ 
   

   
   

45
0

   
   

   
  

M
W

t
h

1
45

0
   

   
   

  
M

W
th

76
8,

61
3,

33
3

$ 
   

  
76

8,
61

3,
33

3
$ 

   
   

  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

IN
L 

In
te

rn
al

 C
os

t D
at

a 
(IN

L 
20

09
)

1
M

W
th

1
20

09
1,

70
8,

33
3

$ 
   

   
   

1,
70

8,
33

3
$ 

   
   

   
1,

70
8,

33
3

$ 
   

   
   

45
0

   
   

   
  

M
W

t
h

1
45

0
   

   
   

  
M

W
th

76
8,

61
3,

33
3

$ 
   

  
76

8,
61

3,
33

3
$ 

   
   

  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

C
iv

il/
S

tru
ct

ur
al

/B
ui

ld
in

gs
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
P

ip
in

g
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
C

on
tro

l a
nd

 In
st

ru
m

en
ta

tio
n

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

E
le

ct
ric

al
 S

ys
te

m
s

-
$

 
-

$ 
   

   
   

   
   

   
   

   
  

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

76
8,

61
3,

33
3

$
76

8,
61

3,
33

3
$

B
as

is
 o

f E
st

im
at

e 
N

ot
es

:

S
in

gl
e 

so
ur

ce
 c

os
t p

oi
nt

.  
Th

is
 c

os
t h

as
 b

ee
n 

pr
ov

id
ed

 b
y 

th
e 

su
bc

on
tra

ct
ed

 s
ub

je
ct

 m
at

te
r e

xp
er

t L
. D

em
ic

k 
to

 th
e 

IN
L 

N
G

N
P

 P
ro

ce
ss

 In
te

gr
at

io
n 

te
am

.  
Th

is
 c

os
t r

ep
re

se
nt

s 
a 

co
m

pl
et

e 
tu

rn
ke

y 
co

st
.  

Th
e 

co
st

 o
f a

n 
H

TG
R

 
re

ac
to

r, 
as

 p
ro

vi
de

d 
by

 L
. D

em
ic

k,
 is

 $
2,

00
0,

00
0 

pe
r M

W
th

 re
qu

ire
d.

  T
hi

s 
co

st
 u

se
d 

ha
s 

be
en

 re
du

ce
d 

to
 $

1,
70

8,
33

3 
pe

r M
W

th
 to

 e
xc

lu
de

 th
e 

co
st

 o
f p

ow
er

 c
yc

le
s.

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

To
ta

l B
al

an
ce

 o
f P

la
nt

0.
00

%
0.

00
%

D
et

ai
l I

te
m

 R
ep

or
t -

 H
ig

h 
Te

m
pe

ra
tu

re
 G

as
 R

ea
ct

or
 (H

TG
R

)

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

0.
00

%
0.

00
%

0.
00

%

4/
20

/2
01

0
P

ag
e 

1 
of

 1
4

Page B-60



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

IN
L 

In
te

rn
al

 C
os

t D
at

a 
(IN

L 
20

09
)

24
0

M
W

e
1

20
09

14
8,

36
2,

25
5

$ 
   

  
14

8,
36

2,
25

5
$ 

   
  

14
8,

36
2,

25
5

$ 
   

  
10

6
M

W
e

1
10

6
M

W
e

90
,9

64
,3

86
$ 

   
   

 
90

,9
64

,3
86

$ 
   

   
   

 

Su
m

m
ar

y:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

IN
L 

In
te

rn
al

 C
os

t D
at

a 
(IN

L 
20

09
)

24
0

M
W

e
1

20
09

14
8,

36
2,

25
5

$ 
   

  
14

8,
36

2,
25

5
$ 

   
  

14
8,

36
2,

25
5

$ 
   

  
10

6
M

W
e

1
10

6
M

W
e

90
,9

64
,3

86
$ 

   
   

 
90

,9
64

,3
86

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

C
iv

il/
S

tru
ct

ur
al

/B
ui

ld
in

gs
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
P

ip
in

g
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
C

on
tro

l a
nd

 In
st

ru
m

en
ta

tio
n

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

E
le

ct
ric

al
 S

ys
te

m
s

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

90
,9

64
,3

8 6
$

90
,9

64
,3

86
$

B
as

is
 o

f E
st

im
at

e 
N

ot
es

:
 

 
 

%
 o

f T
ot

al
 C

os
t

0.
00

%

D
et

ai
l I

te
m

 R
ep

or
t -

 R
an

ki
ne

 C
yc

le
 - 

C
as

e 
11

, S
up

er
cr

iti
ca

l P
C

 C
as

e

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

0.
00

%

0.
00

%

S
in

gl
e 

so
ur

ce
 c

os
t. 

 T
he

 re
po

rte
d 

co
st

s 
ar

e 
fro

m
 th

e 
IN

L 
pr

oj
ec

t t
ea

m
 e

xp
er

t. 
 T

he
 re

po
rte

d 
co

st
 re

pr
es

en
ts

 a
 R

an
ki

ne
 p

ow
er

 c
yc

le
, e

xc
lu

di
ng

 th
e 

st
ea

m
 g

en
er

at
or

.  
Th

e 
co

st
 is

 b
as

ed
 o

n 
in

fo
rm

at
io

n 
fo

un
d 

in
 N

E
TL

 2
00

7b
, w

hi
ch

 
ha

s 
be

en
 a

dj
us

te
d 

an
d 

cu
st

om
iz

ed
 fo

r t
hi

s 
pr

oj
ec

t b
y 

th
e 

IN
L 

pr
oj

ec
t t

ea
m

 e
xp

er
t. 

Th
e 

al
lo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
. T

he
 a

llo
w

an
ce

s 
ha

ve
 b

ee
n 

ad
ju

st
ed

 a
nd

 c
us

to
m

iz
ed

 fo
r t

hi
s 

pr
oj

ec
t b

as
ed

 o
n 

es
tim

at
or

 ju
dg

m
en

t. 
Th

e 
re

du
ce

d 
ci

vi
l/s

tru
ct

ur
al

/b
ui

ld
in

gs
 a

llo
w

an
ce

 a
cc

ou
nt

s 
fo

r t
he

 b
ui

ld
in

gs
 th

at
 a

re
 in

cl
ud

ed
 

in
 th

e 
R

an
ki

ne
 p

ow
er

 c
yc

le
 c

os
t. 

W
at

er
 a

nd
 e

le
ct

ric
al

 s
ys

te
m

s 
B

O
P

 a
llo

w
an

ce
s 

ar
e 

in
cl

ud
ed

 in
 th

e 
re

po
rte

d 
co

st
 fo

r t
he

 R
an

ki
ne

 p
ow

er
 c

yc
le

.

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

0.
00

%
0.

00
%

4/
20

/2
01

0
P

ag
e 

2 
of

 1
4

Page B-61



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

N
at

ur
al

 G
as

 to
 L

iq
ui

ds
 C

on
ve

rs
io

n 
P

ro
je

ct
 (R

ay
th

eo
n 

20
00

)
15

0
M

M
S

C
FD

1
19

99
79

,0
00

,0
00

$ 
   

   
 

79
,0

00
,0

00
$ 

   
   

 
10

3,
55

3,
50

7
$ 

   
  

72
   

   
   

   
 

M
M

S
C

FD
1

72
   

   
   

   
 

M
M

S
C

FD
66

,6
66

,7
92

$ 
   

   
 

78
,6

66
,8

14
$ 

   
   

   
 

N
E

TL
 N

at
ur

al
 G

as
 R

ep
or

t (
C

ho
i 1

99
6)

10
0

M
M

S
C

FD
1

19
96

22
,8

00
,0

00
$ 

   
   

 
22

,8
00

,0
00

$ 
   

   
 

30
,5

83
,1

81
$ 

   
   

 
72

   
   

   
   

 
M

M
S

C
FD

1
72

   
   

   
   

 
M

M
S

C
FD

25
,1

12
,0

49
$ 

   
   

 
25

,1
12

,0
49

$ 
   

   
   

 

G
as

 U
sa

ge
 &

 V
al

ue
 T

he
 T

ec
hn

ol
og

y 
an

d 
E

co
no

m
ic

s 
of

 N
at

ur
al

 G
as

 U
se

 in
 

th
e 

P
ro

ce
ss

 In
du

st
rie

s 
(P

en
nW

el
l 

C
or

po
ra

tio
n 

20
06

)
4,

70
0

tp
d

2
19

85
16

8,
15

0,
00

0
$ 

   
  

84
,0

75
,0

00
$ 

   
   

 
13

2,
32

8,
31

2
$ 

   
  

2,
53

8
   

   
  

tp
d

2
1,

26
9

   
   

  
tp

d
91

,4
30

,0
65

$ 
   

   
 

18
2,

86
0,

13
0

$ 
   

   
  

N
R

E
L 

R
ep

or
t (

N
R

E
L 

20
06

)
18

3
M

M
S

C
FD

1
20

02
17

5,
39

1,
58

6
$ 

   
  

17
5,

39
1,

58
6

$ 
   

  
22

6,
99

8,
21

0
$ 

   
  

72
   

   
   

   
 

M
M

S
C

FD
2

36
   

   
   

   
 

M
M

S
C

FD
85

,5
72

,3
15

$ 
   

   
 

17
1,

14
4,

63
0

$ 
   

   
  

So
ur

ce
Se

le
ct

ed
:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

N
at

ur
al

 G
as

 to
 L

iq
ui

ds
 C

on
ve

rs
io

n 
P

ro
je

ct
 (R

ay
th

eo
n 

20
00

)
15

0
M

M
S

C
FD

1
19

99
79

,0
00

,0
00

$ 
   

   
 

79
,0

00
,0

00
$ 

   
   

 
10

3,
55

3,
50

7
$ 

   
  

72
   

   
   

   
 

M
M

S
C

FD
1

72
   

   
   

   
 

M
M

S
C

FD
66

,6
66

,7
92

$ 
   

   
 

78
,6

66
,8

14
$ 

   
   

   
 

B
al

an
ce

 o
fP

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

4,
73

3,
34

2
$ 

   
   

   
5,

58
5,

34
4

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

6,
13

3,
34

5
$ 

   
   

   
7,

23
7,

34
7

$ 
   

   
   

   
P

ip
in

g
4,

73
3,

34
2

$ 
   

   
   

5,
58

5,
34

4
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
1,

73
3,

33
7

$ 
   

   
   

2,
04

5,
33

7
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

5,
33

3,
34

3
$ 

   
   

   
6,

29
3,

34
5

$ 
   

   
   

   
22

,6
66

,7
09

$ 
   

   
 

26
,7

46
,7

17
$ 

   
   

   
 

89
,3

33
,5

01
$ 

   
   

 
10

5,
41

3,
53

1
$ 

   
   

  

R
at

io
na

le
fo

rS
el

ec
tio

n:

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

7.
10

%
2.

60
%

%
 o

f T
ot

al
 C

os
t

9.
20

%

N
ot

e:
 P

en
nW

el
l C

or
po

ra
tio

n 
20

06
 in

cl
ud

es
 b

ot
h 

th
e 

na
tu

ra
l g

as
 re

fo
rm

er
 a

nd
 m

et
ha

no
l s

yn
th

es
is

 u
ni

ts
. T

he
 a

ve
ra

ge
 c

os
t f

or
 m

et
ha

no
l s

yn
th

es
is

, a
s 

ca
lc

ul
at

ed
 in

 th
is

 re
po

rt,
 w

as
 s

ub
tra

ct
ed

 fr
om

 th
e 

to
ta

l c
ur

re
nt

 c
os

t f
or

 re
qu

ire
d 

tra
in

s 
ce

ll 
so

 th
at

 th
is

 m
ay

 b
e 

co
ns

id
er

ed
 a

s 
a 

co
st

 p
oi

nt
 fo

r n
at

ur
al

 g
as

 re
fo

rm
in

g.
 T

he
 N

R
E

L 
20

06
 c

os
t w

as
 s

ca
le

d 
fro

m
 th

e 
or

ig
in

al
ly

 p
re

se
nt

ed
 v

al
ue

 to
 e

xc
lu

de
 th

e 
co

st
 o

f t
he

 w
at

er
 g

as
 s

hi
ft 

re
ac

to
rs

.

D
et

ai
l I

te
m

 R
ep

or
t -

 M
et

ha
ne

 R
ef

or
m

in
g

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

R
ay

th
eo

n 
20

00
 w

as
 s

el
ec

te
d 

as
 th

e 
m

os
t r

ec
en

t c
os

t p
oi

nt
, w

ith
 te

ch
no

lo
gy

 m
os

t s
im

ila
r t

o 
th

e 
in

te
nd

ed
 p

ro
ce

ss
.  

Th
e 

ad
ju

st
ed

 P
en

nW
el

l C
or

po
ra

tio
n 

20
06

 c
os

t p
oi

nt
 c

on
cu

rs
 w

ith
 th

e 
R

ay
th

eo
n 

20
00

 v
al

ue
. C

os
ts

 p
re

se
nt

ed
 in

 th
R

ay
th

eo
n 

re
po

rt 
ha

ve
 b

ee
n 

in
cr

ea
se

d 
by

 1
8%

 to
 a

cc
ou

nt
 fo

r t
he

 d
iff

er
en

ce
 b

et
w

ee
n 

an
 a

ut
ot

he
rm

al
 p

ro
ce

ss
 a

nd
 tr

ad
iti

on
al

 s
te

am
 m

et
ha

ne
 re

fo
rm

in
g 

pr
oc

es
s.

  T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 
20

00
.  

Th
es

e 
al

lo
w

an
ce

 v
al

ue
s 

ar
e 

co
m

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

7.
10

%

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

4/
20

/2
01

0
P

ag
e 

3 
of

 1
4

Page B-62



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

66
,7

42

M
M

B
TU

/d
a

y
1

20
07

11
,7

60
,0

00
$ 

   
   

 
11

,7
60

,0
00

$ 
   

   
 

11
,4

60
,0

69
$ 

   
   

 
-

   
   

   
   

M
M

B
TU

/d
ay

1
-

   
   

   
   

M
M

B
TU

/d
a

y
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

)
48

,2
43

lb
m

ol
/

hr
1

20
04

23
,0

00
,0

00
$ 

   
   

 
23

,0
00

,0
00

$ 
   

   
 

26
,5

10
,5

81
$ 

   
   

 
59

,0
93

   
   

lb
m

ol
/h

r
1

59
,0

93
   

   
lb

m
ol

/
hr

29
,9

41
,9

64
$ 

   
   

 
29

,9
41

,9
64

$ 
   

   
   

 
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
1,

71
4,

46
0

lb
/h

r
4

20
06

12
,3

67
,0

00
$ 

   
   

 
3,

09
1,

75
0

$ 
   

   
   

3,
16

8,
48

7
$ 

   
   

   
94

1,
75

6
   

 
lb

/h
r

1
94

1,
75

6
   

 
lb

m
ol

/
hr

5,
08

1,
29

6
$ 

   
   

   
5,

08
1,

29
6

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

)
48

,2
43

lb
m

ol
/

hr
1

20
04

23
,0

00
,0

00
$ 

   
   

 
23

,0
00

,0
00

$ 
   

   
 

26
,5

10
,5

81
$ 

   
   

 
59

,0
93

   
   

lb
m

ol
/h

r
1

59
,0

93
   

   
lb

m
ol

/
hr

29
,9

41
,9

64
$ 

   
   

 
29

,9
41

,9
64

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
12

5,
87

9
$ 

   
   

   
2,

12
5,

87
9

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

2,
75

4,
66

1
$ 

   
   

   
2,

75
4,

66
1

$ 
   

   
   

   
P

ip
in

g
2,

12
5,

87
9

$ 
   

   
   

2,
12

5,
87

9
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
77

8,
49

1
$ 

   
   

   
   

77
8,

49
1

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
39

5,
35

7
$ 

   
   

   
2,

39
5,

35
7

$ 
   

   
   

   
10

,1
80

,2
68

$ 
   

   
 

10
,1

80
,2

68
$ 

   
   

   
 

40
,1

22
,2

3 2
$

40
,1

22
,2

32
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 W
at

er
 G

as
 S

hi
ft 

R
ea

ct
or

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

H
yd

ro
ge

n 
R

ep
or

t (
G

ra
y 

20
04

) h
as

 b
ee

n 
se

le
ct

ed
 fo

r u
se

 b
as

ed
 o

n 
th

e 
ad

vi
se

 o
f t

he
 te

ch
ni

ca
l l

ea
d.

  I
t i

s 
co

ns
id

er
ed

 to
 b

e 
th

e 
m

os
t s

im
ila

r i
n 

de
si

gn
 a

nd
 fu

nc
tio

n 
to

 th
e 

w
at

er
 g

as
 s

hi
ft 

re
qu

ire
d 

fo
r t

hi
s 

pr
oj

ec
t. 

 T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%
2.

60
%

7.
10

%

8.
00

%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

9.
20

%

To
ta

l B
al

an
ce

 o
f P

la
nt

4/
20

/2
01

0
P

ag
e 

4 
of

 1
4

Page B-63



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
31

,2
26

lb
m

ol
/

hr
1

20
03

22
,8

62
,0

00
$ 

   
   

 
22

,8
62

,0
00

$ 
   

   
 

29
,1

17
,7

71
$ 

   
   

 
42

,3
32

   
   

lb
m

o
l/h

r
1

42
,3

32
   

   
lb

m
ol

/
hr

34
,9

50
,1

94
$ 

   
   

 
34

,9
50

,1
94

$ 
   

   
   

 
C

o-
P

ro
du

ct
io

n 
of

 H
yd

ro
ge

n 
P

re
se

nt
at

io
n 

(C
hi

es
a 

20
03

)
32

7
tp

h
1

20
02

32
,8

00
,0

00
$ 

   
   

 
32

,8
00

,0
00

$ 
   

   
 

42
,4

50
,9

61
$ 

   
   

 
15

0
   

   
   

  
tp

h
1

15
0

   
   

   
  

tp
h

26
,6

15
,4

33
$ 

   
   

 
26

,6
15

,4
33

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fl
uo

r/U
O

P
 R

ep
or

t (
Fl

uo
r/U

O
P

 2
00

4)
31

,2
26

lb
m

ol
/

hr
1

20
03

22
,8

62
,0

00
$ 

   
   

 
22

,8
62

,0
00

$ 
   

   
 

29
,1

17
,7

71
$ 

   
   

 
42

,3
32

   
   

lb
m

o
l/h

r
1

42
,3

32
   

   
lb

m
ol

/
hr

34
,9

50
,1

94
$ 

   
   

 
34

,9
50

,1
94

$ 
   

   
   

 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
48

1,
46

4
$ 

   
   

   
2,

48
1,

46
4

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
21

5,
41

8
$ 

   
   

   
3,

21
5,

41
8

$ 
   

   
   

   
P

ip
in

g
2,

48
1,

46
4

$ 
   

   
   

2,
48

1,
46

4
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
90

8,
70

5
$ 

   
   

   
   

90
8,

70
5

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
79

6,
01

5
$ 

   
   

   
2,

79
6,

01
5

$ 
   

   
   

   
11

,8
83

,0
66

$ 
   

   
 

11
,8

83
,0

66
$ 

   
   

   
 

46
,8

33
,2

6 0
$

46
,8

33
,2

60
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

To
ta

l B
al

an
ce

 o
f P

la
nt

D
et

ai
l I

te
m

 R
ep

or
t -

 S
el

ex
ol

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Fl
uo

r/U
O

P
 2

00
4 

w
as

 s
el

ec
te

d 
as

 th
e 

m
os

t r
ec

en
t c

os
t p

oi
nt

, b
ec

au
se

 th
e 

re
po

rte
d 

ca
pa

ci
ty

 is
 s

im
ila

r t
he

 re
qu

ire
d 

ca
pa

ci
ty

 p
er

 tr
ai

n.
  T

he
 a

llo
w

an
ce

s 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 a

llo
w

an
ce

 
va

lu
es

 a
re

 c
om

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

%
 o

f T
ot

al
 C

os
t

8.
00

%

7.
10

%
9.

20
%

7.
10

%
2.

60
%

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

4/
20

/2
01

0
P

ag
e 

5 
of

 1
4

Page B-64



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

D
O

E
 F

E
 R

ep
or

t (
D

O
E

 1
97

8)
1,

00
0

tp
d

1
19

78
1,

46
7,

00
0

$ 
   

   
   

1,
46

7,
00

0
$ 

   
   

   
3,

43
2,

83
4

$ 
   

   
   

3,
36

0
   

   
  

tp
d

1
3,

36
0

   
   

  
tp

d
7,

10
3,

23
7

$ 
   

   
   

7,
10

3,
23

7
$ 

   
   

   
   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

D
O

E
 F

E
 R

ep
or

t (
D

O
E

 1
97

8 )
1,

00
0

tp
d

1
19

78
1,

46
7,

00
0

$ 
   

   
   

1,
46

7,
00

0
$ 

   
   

   
3,

43
2,

83
4

$ 
   

   
   

3,
36

0
   

   
  

tp
d

1
3,

36
0

   
   

  
tp

d
7,

10
3,

23
7

$ 
   

   
   

7,
10

3,
23

7
$ 

   
   

   
   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

50
4,

33
0

$ 
   

   
   

   
50

4,
33

0
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

65
3,

49
8

$ 
   

   
   

   
65

3,
49

8
$ 

   
   

   
   

   
P

ip
in

g
50

4,
33

0
$ 

   
   

   
   

50
4,

33
0

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
18

4,
68

4
$ 

   
   

   
   

18
4,

68
4

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

56
8,

25
9

$ 
   

   
   

   
56

8,
25

9
$ 

   
   

   
   

   
2,

41
5,

10
1

$ 
   

   
   

2,
41

5,
10

1
$ 

   
   

   
   

9,
51

8,
33

8
$

9,
51

8,
33

8
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

S
in

gl
e 

so
ur

ce
 is

la
nd

 c
os

t i
de

nt
ifi

ed
 b

y 
th

e 
pr

oj
ec

t t
ec

hn
ic

al
 le

ad
.  

Th
e 

al
lo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
a

P
ag

e 
19

96
.

D
et

ai
l I

te
m

 R
ep

or
t -

 M
et

ha
na

tio
n

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

4/
20

/2
01

0
P

ag
e 

6 
of

 1
4

Page B-65



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
ub

cr
iti

ca
l

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

10
M

W
1

20
07

6,
31

0,
00

0
$ 

   
   

   
6,

31
0,

00
0

$ 
   

   
   

6,
14

9,
06

7
$ 

   
   

   
11

   
   

   
   

 
M

W
1

11
   

   
   

   
 

M
W

6,
67

1,
58

5
$ 

   
   

   
6,

67
1,

58
5

$ 
   

   
   

   
S

up
er

cr
iti

ca
l

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

13
M

W
1

20
07

9,
52

0,
00

0
$ 

   
   

   
9,

52
0,

00
0

$ 
   

   
   

9,
27

7,
19

8
$ 

   
   

   
2

   
   

   
   

   
M

W
1

2
   

   
   

   
   

M
W

2,
67

6,
94

3
$ 

   
   

   
2,

67
6,

94
3

$ 
   

   
   

   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

 
9,

34
8,

52
9

$ 
   

   
   

9,
34

8,
52

9
$ 

   
   

   
   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

66
3,

74
6

$ 
   

   
   

   
66

3,
74

6
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

86
0,

06
5

$ 
   

   
   

   
86

0,
06

5
$ 

   
   

   
   

   
P

ip
in

g
66

3,
74

6
$ 

   
   

   
   

66
3,

74
6

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
24

3,
06

2
$

 
24

3,
06

2
$ 

   
   

   
   

   
E

le
ct

ric
al

 S
ys

te
m

s
74

7,
88

2
$ 

   
   

   
   

74
7,

88
2

$ 
   

   
   

   
   

3,
17

8,
50

0
$ 

   
   

   
3,

17
8,

50
0

$ 
   

   
   

   
12

,5
27

,0
2 9

$
12

,5
27

,0
29

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 C
O

2 
C

om
pr

es
si

on

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

S
in

gl
e 

so
ur

ce
 c

os
t p

oi
nt

. B
ot

h 
su

bc
rit

ic
al

 a
nd

 s
up

er
cr

iti
ca

l p
ro

ce
ss

 c
os

ts
 w

er
e 

in
cl

ud
ed

 u
nd

er
 th

e 
C

O
2 

C
om

pr
es

si
on

 h
ea

di
ng

.  
Th

e 
al

lo
w

an
ce

s 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 a

llo
w

an
ce

 v
al

ue
s 

ar
e 

co
m

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

K
re

ut
z 

20
08

: C
om

bi
ne

d 
S

ub
cr

iti
ca

l a
nd

 S
up

er
cr

iti
ca

l P
ro

ce
ss

es

%
 o

f T
ot

al
 C

os
t

7.
10

%

7.
10

%
2.

60
%

9.
20

%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%
To

ta
l B

al
an

ce
 o

f P
la

nt

4/
20

/2
01

0
P

ag
e 

7 
of

 1
4

Page B-66



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

36
0

tp
d

1
20

09
44

,0
00

,0
00

$ 
   

   
 

44
,0

00
,0

00
$ 

   
   

 
44

,0
00

,0
00

$ 
   

   
 

3,
36

0
   

   
  

tp
d

2
1,

68
0

   
   

  
tp

d
11

0,
88

0,
90

1
$ 

   
  

22
1,

76
1,

80
1

$ 
   

   
  

E
co

no
m

ic
s 

A
m

m
on

ia
 C

oa
l 

G
as

ifi
ca

tio
n 

(M
or

el
 1

97
7)

1,
00

0
tp

d
1

19
77

50
,7

48
,0

00
$ 

   
   

 
50

,7
48

,0
00

$ 
   

   
 

80
,2

43
,9

04
$ 

   
   

 
3,

36
0

   
   

  
tp

d
2

1,
68

0
   

   
  

tp
d

10
9,

54
6,

27
6

$ 
   

  
21

9,
09

2,
55

1
$ 

   
   

  
S

ta
m

ic
ar

bo
n,

 M
id

dl
e 

E
as

t F
er

til
iz

er
 

S
ym

po
si

um
, M

ar
ch

 2
00

9
4,

29
7

tp
d

1
20

08
80

0,
00

0,
00

0
$ 

   
  

80
0,

00
0,

00
0

$ 
   

  
77

9,
59

6,
49

8
$ 

   
  

3,
36

0
   

   
  

tp
d

2
1,

68
0

   
   

  
tp

d
44

3,
76

8,
26

0
$ 

   
  

88
7,

53
6,

51
9

$ 
   

   
  

A
m

m
on

ia
, C

he
m

 S
ys

te
m

s,
 1

99
8

1,
65

3
tp

d
1

19
98

16
0,

00
0,

00
0

$ 
   

  
16

0,
00

0,
00

0
$ 

   
  

21
0,

32
0,

92
4

$ 
   

  
3,

36
0

   
   

  
tp

d
2

1,
68

0
   

   
  

tp
d

21
2,

37
5,

46
3

$ 
   

  
42

4,
75

0,
92

6
$ 

   
   

  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

36
0

tp
d

1
20

09
44

,0
00

,0
00

$ 
   

   
 

44
,0

00
,0

00
$ 

   
   

 
44

,0
00

,0
00

$ 
   

   
 

3,
36

0
   

   
  

tp
d

2
1,

68
0

   
   

  
tp

d
11

0,
88

0,
90

1
$ 

   
  

22
1,

76
1,

80
1

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

7,
87

2,
54

4
$ 

   
   

   
15

,7
45

,0
88

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

10
,2

01
,0

43
$ 

   
   

 
20

,4
02

,0
86

$ 
   

   
   

 
P

ip
in

g
7,

87
2,

54
4

$ 
   

   
   

15
,7

45
,0

88
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
2,

88
2,

90
3

$ 
   

   
   

5,
76

5,
80

7
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

8,
87

0,
47

2
$ 

   
   

   
17

,7
40

,9
44

$ 
   

   
   

 
37

,6
99

,5
06

$ 
   

   
 

75
,3

99
,0

12
$ 

   
   

   
 

14
8,

58
0,

40
7

$
29

7,
16

0,
81

4
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

Th
e 

ve
rb

al
 c

os
t w

as
 s

el
ec

te
d 

as
 re

co
m

m
en

de
d 

by
 th

e 
pr

oj
ec

t t
ea

m
 e

xp
er

t. 
 T

he
 S

ta
m

ic
ar

bo
n 

in
fo

rm
at

io
n 

sh
ow

s 
a 

ro
ug

hl
y 

35
0%

 in
cr

ea
se

 in
 p

ric
es

 b
et

w
ee

n 
20

03
 a

nd
 2

00
8 

em
ph

as
iz

in
g 

th
e 

im
po

rta
nc

e 
of

 u
si

ng
 th

e 
m

os
t r

ec
en

t 
in

fo
rm

at
io

n 
av

ai
la

bl
e.

  T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 A
m

m
on

ia
 S

yn
th

es
is

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

9.
20

%
7.

10
%

2.
60

%
8.

00
%

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

4/
20

/2
01

0
P

ag
e 

8 
of

 1
4

Page B-67



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

62
5

tp
d

1
20

09
85

,0
00

,0
00

$ 
   

   
 

85
,0

00
,0

00
$ 

   
   

 
85

,0
00

,0
00

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
21

5,
18

4,
34

2
$ 

   
  

21
5,

18
4,

34
2

$ 
   

   
  

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

20
0

tp
d

1
19

94
8,

80
0,

00
0

$ 
   

   
   

8,
80

0,
00

0
$ 

   
   

   
12

,2
40

,1
52

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
61

,3
88

,7
19

$ 
   

   
 

61
,3

88
,7

19
$ 

   
   

   
 

P
N

N
L

46
81

tp
d

1
20

09
18

2,
00

0,
00

0
$ 

   
  

18
2,

00
0,

00
0

$ 
   

  
18

2,
00

0,
00

0
$ 

   
  

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
13

7,
65

3,
72

1
$ 

   
  

13
7,

65
3,

72
1

$ 
   

   
  

S
ta

m
ic

ar
bo

n,
 M

id
dl

e 
E

as
t F

er
til

iz
er

 
S

ym
po

si
um

, M
ar

ch
 2

00
9

3,
58

2
tp

d
1

20
08

55
0,

00
0,

00
0

$ 
   

  
55

0,
00

0,
00

0
$ 

   
  

53
5,

97
2,

59
2

$ 
   

  
2,

93
9

   
   

  
tp

d
1

2,
93

9
   

   
  

tp
d

47
5,

97
8,

11
5

$ 
   

  
47

5,
97

8,
11

5
$ 

   
   

  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

V
en

do
r -

 V
er

ba
l 2

00
9

62
5

tp
d

1
20

09
85

,0
00

,0
00

$ 
   

   
 

85
,0

00
,0

00
$ 

   
   

 
85

,0
00

,0
00

$ 
   

   
 

2,
93

9
   

   
  

tp
d

1
2,

93
9

   
   

  
tp

d
21

5,
18

4,
34

2
$ 

   
  

21
5,

18
4,

34
2

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

15
,2

78
,0

88
$ 

   
   

 
15

,2
78

,0
88

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

19
,7

96
,9

59
$ 

   
   

 
19

,7
96

,9
59

$ 
   

   
   

 
P

ip
in

g
15

,2
78

,0
88

$ 
   

   
 

15
,2

78
,0

88
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
5,

59
4,

79
3

$ 
   

   
   

5,
59

4,
79

3
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

17
,2

14
,7

47
$ 

   
   

 
17

,2
14

,7
47

$ 
   

   
   

 
73

,1
62

,6
76

$ 
   

   
 

73
,1

62
,6

76
$ 

   
   

   
 

28
8,

34
7,

01
9

$
28

8,
34

7,
01

9
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

To
ta

l B
al

an
ce

 o
f P

la
nt

D
et

ai
l I

te
m

 R
ep

or
t -

 U
re

a 
Sy

nt
he

si
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Th
e 

ve
rb

al
 c

os
t w

as
 s

el
ec

te
d 

as
 re

co
m

m
en

de
d 

by
 th

e 
pr

oj
ec

t t
ea

m
 e

xp
er

t. 
 T

he
 S

ta
m

ic
ar

bo
n 

in
fo

rm
at

io
n 

sh
ow

s 
a 

ro
ug

hl
y 

35
0%

 in
cr

ea
se

 in
 p

ric
es

 b
et

w
ee

n 
20

03
 a

nd
 2

00
8 

em
ph

as
iz

in
g 

th
e 

im
po

rta
nc

e 
of

 u
si

ng
 th

e 
m

os
t r

ec
en

t 
in

fo
rm

at
io

n 
av

ai
la

bl
e.

  T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

7.
10

%
2.

60
%

7.
10

%
9.

20
%

%
 o

f T
ot

al
 C

os
t

8.
00

%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

4/
20

/2
01

0
P

ag
e 

9 
of

 1
4

Page B-68



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

33
4

tp
d

1
19

94
6,

60
0,

00
0

$ 
   

   
   

6,
60

0,
00

0
$ 

   
   

   
9,

18
0,

11
4

$ 
   

   
   

5,
19

2
   

   
  

tp
d

6
86

5
   

   
   

  
tp

d
16

,2
51

,2
44

$ 
   

   
 

97
,5

07
,4

66
$ 

   
   

   
 

Fe
rti

liz
er

 M
an

ua
l

35
9

tp
d

1
19

98
15

,2
00

,0
00

$ 
   

   
 

15
,2

00
,0

00
$ 

   
   

 
19

,9
80

,4
88

$ 
   

   
 

5,
19

2
   

   
  

tp
d

6
86

5
   

   
   

  
tp

d
33

,8
51

,9
59

$ 
   

   
 

20
3,

11
1,

75
3

$ 
   

   
  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fe
rti

liz
er

 M
an

ua
l

35
9

tp
d

1
19

98
15

,2
00

,0
00

$ 
   

   
 

15
,2

00
,0

00
$ 

   
   

 
19

,9
80

,4
88

$ 
   

   
 

5,
19

2
   

   
  

tp
d

6
86

5
   

   
   

  
tp

d
33

,8
51

,9
59

$ 
   

   
 

20
3,

11
1,

75
3

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

2,
40

3,
48

9
$ 

   
   

   
14

,4
20

,9
34

$ 
   

   
   

 
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
11

4,
38

0
$ 

   
   

   
18

,6
86

,2
81

$
P

ip
in

g
2,

40
3,

48
9

$ 
   

   
   

14
,4

20
,9

34
$ 

   
   

   
 

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
88

0,
15

1
$ 

   
   

   
   

5,
28

0,
90

6
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

2,
70

8,
15

7
$ 

   
   

   
16

,2
48

,9
40

$ 
   

   
   

 
11

,5
09

,6
66

$ 
   

   
 

69
,0

57
,9

96
$ 

   
   

   
 

45
,3

61
,6

2 5
$

27
2,

16
9,

74
9

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 N
itr

ic
 A

ci
d 

Sy
nt

he
si

s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

Th
e 

Fe
rti

liz
er

 M
an

ua
l w

as
 s

el
ec

te
d 

fo
r b

ei
ng

 b
ot

h 
th

e 
ne

w
es

t c
os

t p
oi

nt
 a

nd
 th

e 
m

os
t c

on
se

rv
at

iv
e.

  T
he

 d
at

a 
fro

m
 P

er
ry

's
 C

he
m

ic
al

 E
ng

in
ee

rin
g 

H
an

db
oo

k 
is

 b
as

ed
 o

n 
ea

rli
er

 d
at

a 
fro

m
 P

et
er

s 
an

d 
Ti

m
m

er
ha

us
, m

ak
in

g 
it 

ev
en

 
le

ss
 d

es
ira

bl
e.

  T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%

4/
20

/2
01

0
P

ag
e 

10
 o

f 1
4

Page B-69



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

P
er

ry
's

 C
he

m
ic

al
 E

ng
in

ee
rin

g 
H

an
db

oo
k,

 7
th

 E
di

tio
n

33
4

tp
d

1
19

94
6,

00
0,

00
0

$ 
   

   
   

6,
00

0,
00

0
$ 

   
   

   
8,

34
5,

55
8

$ 
   

   
   

3,
77

9
   

   
  

tp
d

3
1,

26
0

   
   

  
tp

d
18

,5
07

,0
52

$ 
   

   
 

55
,5

21
,1

57
$ 

   
   

   
 

Fe
rti

liz
er

 M
an

ua
l

1,
39

5
tp

d
1

19
98

35
,0

00
,0

00
$ 

   
   

 
35

,0
00

,0
00

$ 
   

   
 

46
,0

07
,7

02
$ 

   
   

 
3,

77
9

   
   

  
tp

d
3

1,
26

0
   

   
  

tp
d

43
,2

70
,7

65
$ 

   
   

 
12

9,
81

2,
29

5
$ 

   
   

  
E

P
A

 R
ep

or
t

1,
20

0
tp

d
1

19
81

9,
48

0,
00

0
$ 

   
   

   
9,

48
0,

00
0

$ 
   

   
   

13
,4

34
,1

54
$ 

   
   

 
3,

77
9

   
   

  
tp

d
3

1,
26

0
   

   
  

tp
d

13
,8

31
,0

44
$ 

   
   

 
41

,4
93

,1
33

$ 
   

   
   

 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

Fe
rti

liz
er

 M
an

ua
l

1,
39

5
tp

d
1

19
98

35
,0

00
,0

00
$ 

   
   

 
35

,0
00

,0
00

$ 
   

   
 

46
,0

07
,7

02
$ 

   
   

 
3,

77
9

   
   

  
tp

d
3

1,
26

0
   

   
  

tp
d

43
,2

70
,7

65
$

12
9,

81
2,

29
5

$ 
   

   
  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

3,
07

2,
22

4
$ 

   
   

   
9,

21
6,

67
3

$ 
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

3,
98

0,
91

0
$ 

   
   

   
11

,9
42

,7
31

$ 
   

   
   

 
P

ip
in

g
3,

07
2,

22
4

$ 
   

   
   

9,
21

6,
67

3
$ 

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
1,

12
5,

04
0

$ 
   

   
   

3,
37

5,
12

0
$ 

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

3,
46

1,
66

1
$ 

   
   

   
10

,3
84

,9
84

$ 
   

   
   

 
14

,7
12

,0
60

$ 
   

   
 

44
,1

36
,1

80
$ 

   
   

   
 

57
,9

82
,8

2 5
$

17
3,

94
8,

47
6

$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

Th
e 

Fe
rti

liz
er

 M
an

ua
l w

as
 s

el
ec

te
d 

fo
r b

ei
ng

 b
ot

h 
th

e 
ne

w
es

t c
os

t p
oi

nt
 a

nd
 th

e 
m

os
t c

on
se

rv
at

iv
e.

  T
he

 d
at

a 
fro

m
 P

er
ry

's
 C

he
m

ic
al

 E
ng

in
ee

rin
g 

H
an

db
oo

k 
is

 b
as

ed
 o

n 
ea

rli
er

 d
at

a 
fro

m
 P

et
er

s 
an

d 
Ti

m
m

er
ha

us
, m

ak
in

g 
it 

ev
en

 
le

ss
 d

es
ira

bl
e.

  T
he

 a
llo

w
an

ce
s 

lis
te

d 
un

de
r '

B
al

an
ce

 o
f P

la
nt

' a
re

 b
as

ed
 o

n 
N

E
TL

 2
00

0.
  T

he
se

 a
llo

w
an

ce
 v

al
ue

s 
ar

e 
co

m
pa

ra
bl

e 
to

 a
dd

iti
on

al
 p

ub
lis

he
d 

es
tim

at
in

g 
gu

id
es

, s
uc

h 
as

 P
ag

e 
19

96
.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%

D
et

ai
l I

te
m

 R
ep

or
t -

 A
m

m
on

iu
m

 N
itr

at
e 

Sy
nt

he
si

s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

9.
20

%
7.

10
%

2.
60

%

To
ta

l B
al

an
ce

 o
f P

la
nt

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

8.
00

%

4/
20

/2
01

0
P

ag
e 

11
 o

f 1
4

Page B-70



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
te

am
 T

ur
bi

ne
 a

nd
 H

R
S

G
S

he
ll 

IG
C

C
 B

as
e 

C
as

es
 (N

E
TL

 2
00

0)
18

9
M

W
1

19
99

50
,6

71
,0

00
$ 

   
   

 
50

,6
71

,0
00

$ 
   

   
 

66
,4

19
,7

44
$ 

   
   

 
32

   
   

   
   

 
M

W
1

32
   

   
   

   
 

M
W

22
,7

96
,9

31
$ 

   
   

 
22

,7
96

,9
31

$ 
   

   
   

 

S
te

am
 T

ur
bi

ne
N

E
TL

 B
as

el
in

e 
R

ep
or

t (
N

E
TL

 2
00

7a
)

40
1

M
W

4
20

06
74

,6
51

,0
00

$ 
   

   
 

18
,6

62
,7

50
$ 

   
   

 
19

,1
25

,9
57

$ 
   

   
 

32
   

   
   

   
 

M
W

1
32

   
   

   
   

 
M

W
9,

60
3,

48
4

$ 
   

   
   

9,
60

3,
48

4
$ 

   
   

   
   

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

27
5

M
W

1
20

07
66

,7
00

,0
00

$ 
   

   
 

66
,7

00
,0

00
$ 

   
   

 
64

,9
98

,8
58

$ 
   

   
 

32
   

   
   

   
 

M
W

1
32

   
   

   
   

 
M

W
17

,8
14

,0
38

$ 
   

   
 

17
,8

14
,0

38
$ 

   
   

   
 

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

23
0

M
W

1
20

06
44

,5
15

,0
00

$ 
   

   
 

44
,5

15
,0

00
$ 

   
   

 
45

,6
19

,8
56

$ 
   

   
 

32
   

   
   

   
 

M
W

1
32

   
   

   
   

 
M

W
13

,9
20

,4
35

$ 
   

   
 

13
,9

20
,4

35
$ 

   
   

   
 

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

23
0

M
W

1
20

06
44

,5
15

,0
00

$ 
   

   
 

44
,5

15
,0

00
$ 

   
   

 
45

,6
19

,8
56

$ 
   

   
 

32
   

   
   

   
 

M
W

1
32

   
   

   
   

 
M

W
13

,9
20

,4
35

$ 
   

   
 

13
,9

20
,4

35
$ 

   
   

   
 

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

98
8,

35
1

$ 
   

   
   

   
98

8,
35

1
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

1,
28

0,
68

0
$ 

   
   

   
1,

28
0,

68
0

$ 
   

   
   

   
P

ip
in

g
98

8,
35

1
$ 

   
   

   
   

98
8,

35
1

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
36

1,
93

1
$ 

   
   

   
   

36
1,

93
1

$ 
   

   
   

   
   

E
le

ct
ric

al
 S

ys
te

m
s

1,
11

3,
63

5
$ 

   
   

   
1,

11
3,

63
5

$ 
   

   
   

   
4,

73
2,

94
8

$ 
   

   
   

4,
73

2,
94

8
$ 

   
   

   
   

18
,6

53
,3

82
$

18
,6

53
,3

82
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 S
te

am
 T

ur
bi

ne
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

S
he

ll 
IG

C
C

 P
ow

er
P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
) i

s 
a 

re
ce

nt
ly

 re
po

rte
d 

co
st

 p
oi

nt
 th

at
 c

lo
se

ly
 re

fle
ct

s 
th

is
 p

ro
je

ct
's

 re
qu

ire
m

en
ts

. T
he

 P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
) s

ou
rc

e 
fo

r t
he

 s
te

am
 tu

rb
in

e 
co

st
 p

oi
nt

 is
 th

e 
N

E
TL

 
20

07
b 

re
po

rt.
  T

he
 a

llo
w

an
ce

s 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 a

llo
w

an
ce

 v
al

ue
s 

ar
e 

co
m

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

7.
10

%
9.

20
%

To
ta

l B
al

an
ce

 o
f P

la
nt

8.
00

%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

4/
20

/2
01

0
P

ag
e 

12
 o

f 1
4

Page B-71



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
te

am
 T

ur
bi

ne
 a

nd
 H

R
S

G
S

he
ll 

IG
C

C
 B

as
e 

C
as

es
 (N

E
TL

 2
00

0)
18

9
M

W
1

19
99

50
,6

71
,0

00
$ 

   
   

 
50

,6
71

,0
00

$ 
   

   
 

66
,4

19
,7

44
$ 

   
   

 
-

   
   

   
   

M
W

1
-

   
   

   
   

M
W

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

H
R

S
G

N
E

TL
 B

as
el

in
e 

R
ep

or
t (

N
E

TL
 2

00
7a

)
5,

15
5,

98
3

lb
/h

r
3

20
06

27
,5

81
,0

00
$ 

   
   

 
9,

19
3,

66
7

$ 
   

   
   

9,
42

1,
85

2
$ 

   
   

   
-

   
   

   
   

lb
/h

r
1

-
   

   
   

   
lb

/h
r

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
)

35
5

M
W

1
20

07
52

,0
00

,0
00

$ 
   

   
 

52
,0

00
,0

00
$ 

   
   

 
50

,6
73

,7
72

$ 
   

   
 

-
   

   
   

   
M

W
1

-
   

   
   

   
M

W
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
S

he
ll 

IG
C

C
 P

ow
er

 P
la

nt
 w

ith
 C

O
2 

C
ap

tu
re

 (N
E

TL
 2

00
7b

)
8,

43
8,

00
0

lb
/h

r
2

20
06

45
,2

91
,0

00
$ 

   
   

 
22

,6
45

,5
00

$ 
   

   
 

23
,2

07
,5

58
$ 

   
   

 
-

   
   

   
   

lb
/h

r
1

-
   

   
   

   
lb

/h
r

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

S
he

ll 
IG

C
C

 P
ow

er
 P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
)

8,
43

8,
00

0
lb

/h
r

2
20

06
45

,2
91

,0
00

$ 
   

   
 

22
,6

45
,5

00
$ 

   
   

 
23

,2
07

,5
58

$ 
   

   
 

-
   

   
   

   
lb

/h
r

1
-

   
   

   
   

lb
/h

r
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

C
iv

il/
S

tru
ct

ur
al

/B
ui

ld
in

gs
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
P

ip
in

g
-

$ 
   

   
   

   
   

   
   

  
 

-
$ 

   
   

   
   

   
   

   
   

  
C

on
tro

l a
nd

 In
st

ru
m

en
ta

tio
n

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

E
le

ct
ric

al
 S

ys
te

m
s

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

-
$ 

   
   

   
   

   
   

   
  

 
-

$ 
   

   
   

   
   

   
   

   
  

-
$

-
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

8.
00

%

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

S
he

ll 
IG

C
C

 P
ow

er
P

la
nt

 w
ith

 C
O

2 
C

ap
tu

re
 (N

E
TL

 2
00

7b
) i

s 
a 

re
ce

nt
ly

 re
po

rte
d 

co
st

 p
oi

nt
 th

at
 c

lo
se

ly
 re

fle
ct

s 
th

is
 p

ro
je

ct
's

 re
qu

ire
m

en
ts

. T
he

 P
rin

ce
to

n 
R

ep
or

t (
K

re
ut

z 
20

08
) s

ou
rc

e 
fo

r t
he

 s
te

am
 tu

rb
in

e 
co

st
 p

oi
nt

 is
 th

e 
N

E
TL

 
20

07
b 

re
po

rt.
  T

he
 a

llo
w

an
ce

s 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
la

nt
' a

re
 b

as
ed

 o
n 

N
E

TL
 2

00
0.

  T
he

se
 a

llo
w

an
ce

 v
al

ue
s 

ar
e 

co
m

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

To
ta

l B
al

an
ce

 o
f P

la
nt

D
et

ai
l I

te
m

 R
ep

or
t -

 H
R

SG

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

4/
20

/2
01

0
P

ag
e 

13
 o

f 1
4

Page B-72



Pr
oj

ec
t N

am
e:

 N
G

N
P 

Pr
oc

es
s 

In
te

gr
at

io
n

C
lie

nt
:

Pr
oc

es
s:

N
uc

le
ar

 G
as

 to
 A

m
m

on
ia

Pr
ep

ar
ed

 B
y:

Es
tim

at
e 

N
um

be
r:

M
A

36
-N

Es
tim

at
e 

Ty
pe

:

So
ur

ce
s 

C
on

si
de

re
d:

So
ur

ce
R

ep
or

te
d

Tr
ai

ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

C
oo

lin
g 

To
w

er
 D

ep
ot

12
3,

00
6

gp
m

3
20

09
3,

14
0,

03
0

$ 
   

   
   

1,
04

6,
67

7
$ 

   
   

   
1,

04
6,

67
7

$ 
   

   
   

95
,3

10
gp

m
3

31
,7

70
gp

m
89

8,
12

9
$ 

   
   

   
   

2,
69

4,
38

8
$ 

   
   

   
   

So
ur

ce
 S

el
ec

te
d: So

ur
ce

R
ep

or
te

d
Tr

ai
ns

R
ep

or
t

C
os

t
Ye

ar
R

ep
or

te
d 

C
os

t
R

ep
or

tin
g 

Ye
ar

 
C

os
t P

er
 T

ra
in

N
or

m
al

iz
ed

 C
os

t 
Pe

r T
ra

in
 u

si
ng

 
C

EP
C

I I
nd

ex
Tr

ai
ns

R
eq

d.

Fa
ct

or
ed

 C
os

t 
pe

r T
ra

in
 fr

om
 

N
or

m
al

iz
ed

 C
os

t

To
ta

l C
ur

re
nt

 C
os

t 
fo

r R
eq

ui
re

d 
Tr

ai
ns

C
oo

lin
g 

To
w

er
 D

ep
o t

12
3,

00
6

gp
m

3
20

09
3,

14
0,

03
0

$ 
   

   
   

1,
04

6,
67

7
$ 

   
   

   
1,

04
6,

67
7

$ 
   

   
   

95
,3

10
gp

m
3

31
,7

70
gp

m
89

8,
12

9
$ 

   
   

   
   

2,
69

4,
38

8
$ 

   
   

   
   

B
al

an
ce

 o
f P

la
nt

:

D
es

cr
ip

tio
n

C
os

t P
er

 T
ra

in
To

ta
l C

os
t

W
at

er
 S

ys
te

m
s

63
,7

67
$ 

   
   

   
   

  
19

1,
30

2
$ 

   
   

   
   

   
C

iv
il/

S
tru

ct
ur

al
/B

ui
ld

in
gs

82
,6

28
$ 

   
   

   
   

  
24

7,
88

4
$ 

   
   

   
   

   
P

ip
in

g
63

,7
67

$ 
   

   
   

   
  

19
1,

30
2

$ 
   

   
   

   
   

C
on

tro
l a

nd
 In

st
ru

m
en

ta
tio

n
23

,3
51

$ 
   

   
   

   
  

70
,0

54
$ 

   
   

   
   

   
  

E
le

ct
ric

al
 S

ys
te

m
s

71
,8

50
$ 

   
   

   
   

  
21

5,
55

1
$ 

   
   

   
   

   
30

5,
36

4
$ 

   
   

   
   

91
6,

09
2

$ 
   

   
   

   
   

1,
20

3,
49

3
$

3,
61

0,
48

0
$

R
at

io
na

le
 fo

r S
el

ec
tio

n:
 

 
 

D
et

ai
l I

te
m

 R
ep

or
t -

 C
oo

lin
g 

To
w

er
s

M
. P

at
te

rs
on

B
. W

al
la

ce
, R

. H
on

si
ng

er
, J

. M
ar

tin
C

la
ss

 5

S
in

gl
e 

so
ur

ce
 c

os
t. 

 P
ub

lic
al

ly
 a

va
ila

bl
e 

cu
rr

en
t d

at
a.

  C
al

cu
la

te
d 

ca
pi

ta
l c

os
ts

 b
as

ed
 o

n 
pu

bl
ic

al
ly

 a
va

ila
bl

e 
co

st
 d

at
a 

fro
m

 a
 v

en
do

r r
eg

ul
ar

ly
 e

ng
ag

ed
 in

 th
e 

bu
ild

in
g 

of
 c

oo
lin

g 
to

w
er

s.
  T

he
 a

llo
w

an
ce

s 
lis

te
d 

un
de

r '
B

al
an

ce
 o

f P
l a

ar
e 

ba
se

d 
on

 N
E

TL
 2

00
0.

  T
he

se
 a

llo
w

an
ce

 v
al

ue
s 

ar
e 

co
m

pa
ra

bl
e 

to
 a

dd
iti

on
al

 p
ub

lis
he

d 
es

tim
at

in
g 

gu
id

es
, s

uc
h 

as
 P

ag
e 

19
96

.

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

R
ep

or
te

d
C

ap
ac

ity
C

ap
ac

ity
R

eq
ui

re
d

C
ap

ac
ity

 p
er

 
Tr

ai
n

%
 o

f T
ot

al
 C

os
t

To
ta

l B
al

an
ce

 o
f P

la
nt

8.
00

%

7.
10

%
9.

20
%

7.
10

%
2.

60
%

To
ta

l B
al

an
ce

 o
f P

la
nt

 P
lu

s 
th

e 
S

el
ec

te
d 

S
ou

rc
e

4/
20

/2
01

0
P

ag
e 

14
 o

f 1
4

Page B-73



Page B-74



Page B-75



COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – HTSE Ammonia without ASU 
File: MA36-O Page 2 of 9 

i. Ammonium nitrate synthesis 
j. Steam turbines, internal to process 
k. Heat recovery steam generator, internal to process 
l. Cooling towers, internal to process 
m. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the 

following:
(1.) Site development/improvements 
(2.) Provisions for general and administrative buildings and structures 
(3.) Provisions for OSBL piping 
(4.) Provisions for OSBL instrumentation and control 
(5.) Provisions for OSBL electrical 
(6.) Provisions for facility supply and OSBL water systems 
(7.) Provisions for site development/improvements 
(8.) Project/construction management. 

C. Excluded:
This scope of work specifically excludes the following elements: 
1. Licensing and permitting costs 
2. Operational costs 
3. Land costs 
4. Sales taxes 
5. Royalties 
6. Owner’s fees and owner’s costs, except those included for the HTGR 
7. The allowance provided for the HTGR capability excludes all costs associated 

with materials development, or costs that would not be appropriately associated 
with an nth of a kind (NOAK) reactor/facility. 

III. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate 
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and 
rough order magnitude (ROM) allocations of the methodologies used to develop the cost 
estimate.
Consistent with the AACEi Class 5 estimates, the level of definition and engineering 
development available at the time they were prepared, their intended use in a feasibility 
study, and the time and resources available for their completion, the costs included in this 
estimate have been developed using parametric evaluations. These evaluations have used 
publicly available and published project costs to represent similar islands utilized in this 
project.  Analysis and selection of the published costs used have been performed by the 
project technical lead and Cost Estimating.  Suitability for use in this effort was determined 
considering the correctness and completeness of the data available, the manner in which 
total capital costs were represented, the age of the previously performed work, and the 
similarity to the capacity/trains required by this project.  The specific sources, selected and 
used in this cost estimate, are identified in the capital cost estimate detail sheets.  
Adjustments have been made to these published costs using escalation factors identified in 
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been 
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accomplished using the six-tenths capacity factoring method. Costs included for the 
HTGR, power cycles, and HTSE, have been identified and provided by the respective BEA 
subject matter experts.  The total cost for each of these items has been linearly calculated 
from the respective base unit costs.  Any normalization to provide for geographic factors 
was considered using geographic factors available from RS Means Construction Cost Data 
references. Cost-estimating relationships have been used to identify allowances to 
complete the costs. 

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team 
that the methodology employed by NGNP to develop the nuclear capability included 
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing 
databases.   These preconceptual design estimates were reviewed by NGNP Project 
Engineering for credibility with regard to assumptions and bases of estimate and 
performed multiple studies to reconcile variations in the scope and assumptions within the 
three estimates.   

BOP/OSBL costs were determined by the project team, considering data provided by Shell 
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second 
Edition by John S. Page, and additional adjusted sources.  Because the allowances 
identified did not show significant variability, the allowances identified in the NETL 2000 
report were chosen for this effort in order to minimize the mixing of data sources. 

IV. BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and 
schedules.
A. Quantification Basis: The source for the measurable quantities in the estimate that 

can be used in support of earned value management. Source documents may include 
drawings, design reports, engineers’ notes, and other documentation upon which the 
estimate is originated.
All islands and capacities have been provided to Cost Estimating by the project 
respective expert. 

B. Planning Basis: The source for the execution and strategies of the work that can be 
used to support the project execution plan, acquisition strategy, schedules, and 
market conditions and other documentation upon which the estimate is originated. 

1. All islands and HTGRs represent NOAK projects. 
2. Projects will be constructed and operated by commercial entities. 
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project, 

will be located in the U.S. Gulf Coast refinery region. 
4. Costs are presented as overnight costs. 
5. The cost estimate does not consider or address funding or labor resource 

restrictions. Sufficient funding and labor resources will be available in a manner 
that allows optimum usage of the funding and resources as estimated and 
scheduled.
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C. Cost Basis: The source for the costing on the estimate that can be used in support of 
earned value management, funding profiles, and schedule of values. Sources may 
include published costing references, judgment, actual costs, preliminary quotes or 
other documentation upon which the estimate is originated. 

1. All costs are represented as current value costs. Factors for forward-looking 
escalation and inflation factors are not included in this estimate. 

2. Where required, published cost factors, as identified in the Chemical 
Engineering Plant Cost Index, will be applied to previous years’ values to 
determine current year values. 

3. Geographic location factors, as identified in RS Means Construction Cost Data 
reference manual, were considered for each source cost. 

4. The cost provided for the HTGR reflects internal BEA cost data that was 
developed for the HTGR and presented to the NGNP Process Integration team 
by L. Demmick.  Considered in the cost is a pre-conceptual cost estimate 
prepared by three separate contractor teams.  All contractor teams proposed  
4-unit NOAK plants with thermal power levels between 2,000 MWt and 2,400 
MWt at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to 
$2,000 per kWt. For the purposes of this report, the nominal cost of an HTGR 
will be set at the upper end of this range, $2,000 per kWt.  This is a complete 
turnkey cost and includes engineering and construction of a NOAK HTGR, the 
power cycle, and contingency. The total HTGR cost for each process is 
calculated linearly as $1,708,333 per MWth of required capacity, excluding the 
cost of the power cycles. 

5. The cost included for the power cycle was provided by the INL project team 
expert. The power cycle cost is based on the definition of a 240-MWe capacity 
and $618,176 per MWe. The total power cycle cost for each process is 
calculated linearly as $618,176 per MWe of required capacity. BOP, 
engineering, and contingency costs are added to the base cost. 

6. The cost included for HTSE was provided by the INL project team expert. The 
total HTSE cost for each process is calculated linearly as $36,120,156 per kg/s 
of required capacity. BOP, engineering, and contingency costs are added to the 
base cost. 

7. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL, 
July 2008. 

8. AACEi, Recommended Practices, website, visited November 16, 2009, 
http://www.aacei.org/technical/rp.shtml. 

9. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine 
Thermochemical Hydrogen Cycle,” General Atomics, February 2003. 

10. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost 
Index,” November 2009: 64. 

11. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through 
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996. 

12. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle, 
April 2006. 
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13. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations – as 
Applied for the Process and Utility Industries, AACEi, April 1991. 

14. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in 
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004. 

15. Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL, 
June 2002. 

16. Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and 
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004. 

17. Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered 
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008. 

18. Harvego, E. A., et al., Economic Analysis of the Reference Design for a 
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008. 

19. Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL 
September 2004. 

20. Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular 
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006. 

21. Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002. 

22. Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and 
Biomass,” 25th Annual International Pittsburgh Coal Conference, Pittsburgh, 
Princeton University, October 2008. 

23. Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169, 
NETL, 2002. 

24. NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000. 

25. NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic 
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007. 

26. NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for 
Fossil Energy Plants, NETL, August 2007. 

27. NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer 
Capital Cost Study, NREL, December 2008. 

28. O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen 
and Syngas Production from Nuclear Energy – System Simulation and 
Economics, INL, May 2009. 

29. O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via 
High-Temperature Co-Electrolysis, INL, January 2009. 

30. Page, John S., Conceptual Cost Estimating Manual – 2nd ed., Houston: Gulf 
Publishing Company, 1996. 

31. Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as 
Applied in Architecture, Engineering, Procurement, and Construction, AACEi, 
October 2006. 
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32. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid 
Electrolysis, NREL, May 2008. 

33. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central 
Grid Electrolysis, NREL, May 2008. 

34. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009, 
http://www.costdataonline.com/. 

35. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature 
Electrolysis Using Solid Oxide Cells, INL, March 2008. 

36. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE, 
2005.

37. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into 
valuable SNG, Haldor Topsoe, April 2008. 

38. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US 
Industry, Shell, October 2004. 

39. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU 
Capacity Using Oxygen, WorleyParsons, May 2002. 

V. ESTIMATE QUALITY ASSURANCE: A listing of all estimate reviews that have taken 
place and the actions taken from those reviews.
A review of the cost estimate was held on January 14, 2010, with the project team and the 
cost estimators. This review allowed for the project team to review and comment, in detail, 
on the perceived scope, basis of estimates, assumptions, project risks, and resources that 
make up this cost estimate. Comments from this review have been incorporated into this 
estimate to reflect a project team consensus of this document. 

VI. ASSUMPTIONS: Condition statements accepted or supposed true without proof of 
demonstration; statements adding clarification to scope. An assumption has a direct 
impact on total estimated cost.

General Assumptions: 
A. All costs are represented in 2009 values. 
B. Costs that were included from sources representing years prior to 2009 have been 

normalized to 2009 values using the Chemical Engineering Plant Cost Index. This 
index was selected due to its widespread recognition and acceptance and its specific 
orientation toward work associated with chemical and refinery plants. 

C. Capital costs are based on process islands. The majority of these islands are 
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet. 

D. All chemical processing and refinery processes will be located in the U.S. Gulf 
Coast region. 

E. All costs considered to be BOP costs that can be specifically identified have been 
factored out of the reported source data and added into the estimate in a manner 
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion 
of the source costs in this manner normalizes all reported cost information to the 
bare-erected costs. 
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HTGR:
A. The linearly scalable cost included for an HTGR reflects an NOAK reactor with a 

750°C-operating temperature. 
B. HTGR is considered to be linearly scalable, by required capacity, per the direction of 

the project team. This allows the process integration feasibility studies to showcase 
the financial analysis of the process without the added burden of integer quantity 
600-MWth HTGRs. 

C. The allowance represents a turnkey condition for the reactor and its supporting 
infrastructure. 

D. A high-temperature, high-pressure steam generator is included in the cost 
represented for HTGR. 

E. A contingency allowance is included in the HTGR cost, but is not identified as a 
separate line item in this estimate. This allowance was identified and included by the 
NGNP HTGR project team.

F. Total cost range, including contingency, for HTGR is -50%, +100%. 
G. Cost included for the power cycle reflects NOAK research and manufacturing 

developments to allow for assumed high pressures and temperatures. 
H. The power cycle is considered to be linearly scalable, by required capacity, per the 

direction of the project team. This allows the process integration feasibility studies to 
showcase the financial analysis of the process. 

I. The cost included for HTSE reflects NOAK research and manufacturing 
developments, which will increase the expected lifespan of the electrolysis cells. 

J. The HTSE is considered to be linearly scalable, by required capacity, per the 
direction of the project team. This allows the process integration feasibility studies to 
showcase the financial analysis of the process. 

HTSE Ammonia without Air Separation Unit 
Some estimated island costs are based on figures from a verbal conversation with Casale, a 
leading world vendor of process industry services. These costs were used in cases where 
other acceptable costs were not available. 

VII. CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall 
contingency. Identify any specific drivers or items of concern. 

At a project risk review on December 9, 2009, the project team discussed risks to the 
project. An 18% allowance for capital construction contingency has been included at an 
island level based on the discussion and is included in the summary sheet. The contingency 
level that was included in the island cost source documents and additional threats and 
opportunities identified here were considered during this review.  The contingency 
identified was considered by the project team and included in Cost and Performance 
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports.  Typically, 
contingency allowance provided in these reports ranged from 15% to 20%.  Since much of 
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the data contained in this estimate has been derived from these reports, the project team 
has also chosen a level of contingency consistent with them. 

While the level of contingency provided for the HTGR capability is not identified as a line 
item, the cost data provided to the NGNP Process Integration team was identified as 
including an appropriate allocation for contingency.  No additional contingency has been 
added to this element.        

A. Threats: Uncertain events that are potentially negative or reduce the probability 
that the desired outcome will happen. 

1. The singularly largest threat to this estimate surrounds the lump sum cost 
included for the HTGR reactor(s). This is followed by the HTSE process, where 
applicable. While the overriding assumption is that these elements will be 
NOAK, currently, a complete HTGR has not been commissioned and the HTSE 
has been successfully developed in an integrated laboratory-scale model, but has 
not been completed in either pilot plant or production scales. 

2. The level of project definition/development that was available at the time the 
estimate was prepared represents a substantial risk to the project and is likely to 
occur. The high level at which elements were considered and included has the 
potential to include additional elements that are within the work scope but not 
sufficiently provided for or addressed at this level. 

3. The estimate methodology employed is one of a stochastic parametrically 
evaluated process. This process used publicly available published costs that 
were related to the process required, costs were normalized using price indices, 
and the cost was scaled to provide the required capacity. The cost-estimating 
relationships that were used represent typical costs for BOP allowances, but 
source cost data from which the initial island costs were derived were not 
completely descriptive of the elements included, not included, or simply 
referred to with different nomenclature or combined with other elements. While 
every effort has been made to correctly normalize and factor the costs for use in 
this effort, the risk exists that not all of these were correctly captured due to the 
varied information available. 

4. This project is heavily dependent on metals, concrete, petroleum, and petroleum 
products. Competition for these commodities in today’s environment due to 
global expansion, uncertainty, and product shortages affects the basic concepts 
of the supply and demand theories, thus increasing costs. 

5. Impacts due to large quantities of materials, special alloy materials, fabrication 
capability, and labor availability could all represent conditions that may increase 
the total cost of the project. 
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B. Opportunities: Uncertain events that could improve the results or improve the 
probability that the desired outcome will happen. 

1. Additional research and work performed with both vendors and potential 
owner/operators for a specific process or refinery may identify efficiencies and 
production means that have not been available for use in this analysis. 

2. Recent historical data may identify and include technological advancements and 
efficiencies not included or reflected in the publicly available source data used 
in this effort. 

Note: Contingency does not increase the overall accuracy of the estimate; it does, however, 
reduce the level of risk associated with the estimate. Contingency is intended to cover the 
inadequacies in the complete project scope definition, estimating methods, and estimating 
data. Contingency specifically excludes changes in project scope, unexpected work 
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or 
currency fluctuations.

VIII. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:
None.
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COST ESTIMATE SUPPORT DATA RECAPITULATION
– Continued –

Project Title: NGNP Process Integration – HTSE Ammonia with ASU 
File: MA36-P Page 2 of 9 

i. Ammonium nitrate synthesis 
j. Steam turbines, internal to process 
k. Heat recovery steam generator, internal to process 
l. Cooling towers, internal to process 
m. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the 

following:
(1.) Site development/improvements 
(2.) Provisions for general and administrative buildings and structures 
(3.) Provisions for OSBL piping 
(4.) Provisions for OSBL instrumentation and control 
(5.) Provisions for OSBL electrical 
(6.) Provisions for facility supply and OSBL water systems 
(7.) Provisions for site development/improvements 
(8.) Project/construction management. 

C. Excluded:
This scope of work specifically excludes the following elements: 
1. Licensing and permitting costs 
2. Operational costs 
3. Land costs 
4. Sales taxes 
5. Royalties 
6. Owner’s fees and owner’s costs, except those included for the HTGR 
7. The allowance provided for the HTGR capability excludes all costs associated 

with materials development, or costs that would not be appropriately associated 
with an nth of a kind (NOAK) reactor/facility. 

III. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate 
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and 
rough order magnitude (ROM) allocations of the methodologies used to develop the cost 
estimate.
Consistent with the AACEi Class 5 estimates, the level of definition and engineering 
development available at the time they were prepared, their intended use in a feasibility 
study, and the time and resources available for their completion, the costs included in this 
estimate have been developed using parametric evaluations. These evaluations have used 
publicly available and published project costs to represent similar islands utilized in this 
project.  Analysis and selection of the published costs used have been performed by the 
project technical lead and Cost Estimating.  Suitability for use in this effort was determined 
considering the correctness and completeness of the data available, the manner in which 
total capital costs were represented, the age of the previously performed work, and the 
similarity to the capacity/trains required by this project.  The specific sources, selected and 
used in this cost estimate, are identified in the capital cost estimate detail sheets.  
Adjustments have been made to these published costs using escalation factors identified in 
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been 
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accomplished using the six-tenths capacity factoring method. Costs included for the 
HTGR, power cycles, and HTSE, have been identified and provided by the respective BEA 
subject matter experts.  The total cost for each of these items has been linearly calculated 
from the respective base unit costs.  Any normalization to provide for geographic factors 
was considered using geographic factors available from RS Means Construction Cost Data 
references. Cost-estimating relationships have been used to identify allowances to 
complete the costs. 

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team 
that the methodology employed by NGNP to develop the nuclear capability included 
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing 
databases.   These preconceptual design estimates were reviewed by NGNP Project 
Engineering for credibility with regard to assumptions and bases of estimate and 
performed multiple studies to reconcile variations in the scope and assumptions within the 
three estimates.   

BOP/OSBL costs were determined by the project team, considering data provided by Shell 
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second 
Edition by John S. Page, and additional adjusted sources.  Because the allowances 
identified did not show significant variability, the allowances identified in the NETL 2000 
report were chosen for this effort in order to minimize the mixing of data sources. 

IV. BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and 
schedules.
A. Quantification Basis: The source for the measurable quantities in the estimate that 

can be used in support of earned value management. Source documents may include 
drawings, design reports, engineers’ notes, and other documentation upon which the 
estimate is originated.
All islands and capacities have been provided to Cost Estimating by the respective 
project expert. 

B. Planning Basis: The source for the execution and strategies of the work that can be 
used to support the project execution plan, acquisition strategy, schedules, and 
market conditions and other documentation upon which the estimate is originated. 

1. All islands and HTGRs represent NOAK projects. 
2. Projects will be constructed and operated by commercial entities. 
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project, 

will be located in the U.S. Gulf Coast refinery region. 
4. Costs are presented as overnight costs. 
5. The cost estimate does not consider or address funding or labor resource 

restrictions. Sufficient funding and labor resources will be available in a manner 
that allows optimum usage of the funding and resources as estimated and 
scheduled.
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C. Cost Basis: The source for the costing on the estimate that can be used in support of 
earned value management, funding profiles, and schedule of values. Sources may 
include published costing references, judgment, actual costs, preliminary quotes or 
other documentation upon which the estimate is originated. 

1. All costs are represented as current value costs. Factors for forward-looking 
escalation and inflation factors are not included in this estimate. 

2. Where required, published cost factors, as identified in the Chemical 
Engineering Plant Cost Index, will be applied to previous years’ values to 
determine current year values. 

3. Geographic location factors, as identified in RS Means Construction Cost Data 
reference manual, were considered for each source cost. 

4. The cost provided for the HTGR reflects internal BEA cost data that was 
developed for the HTGR and presented to the NGNP Process Integration team 
by L. Demmick.  Considered in the cost is a pre-conceptual cost estimate 
prepared by three separate contractor teams.  All contractor teams proposed  
4-unit NOAK plants with thermal power levels between 2,000 MWt and 2,400 
MWt at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to 
$2,000 per kWt. For the purposes of this report, the nominal cost of an HTGR 
will be set at the upper end of this range, $2,000 per kWt.  This is a complete 
turnkey cost and includes engineering and construction of a NOAK HTGR, the 
power cycle, and contingency. The total HTGR cost for each process is 
calculated linearly as $1,708,333 per MWth of required capacity, excluding the 
cost of the power cycles. 

5. The cost included for the power cycle was provided by the INL project team 
expert. The power cycle cost is based on the definition of a 240-MWe capacity 
and $618,176 per MWe. The total power cycle cost for each process is 
calculated linearly as $618,176 per MWe of required capacity. BOP, 
engineering, and contingency costs are added to the base cost. 

6. The cost included for HTSE was provided by the INL project team expert. The 
total HTSE cost for each process is calculated linearly as $36,120,156 per kg/s 
of required capacity. BOP, engineering, and contingency costs are added to the 
base cost. 

7. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL, 
July 2008. 

8. AACEi, Recommended Practices, website, visited November 16, 2009, 
http://www.aacei.org/technical/rp.shtml. 

9. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine 
Thermochemical Hydrogen Cycle,” General Atomics, February 2003. 

10. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost 
Index,” November 2009: 64. 

11. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through 
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996. 

12. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle, 
April 2006. 
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13. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations – as 
Applied for the Process and Utility Industries, AACEi, April 1991. 

14. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in 
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004. 

15. Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL, 
June 2002. 

16. Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and 
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004. 

17. Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered 
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008. 
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V. ESTIMATE QUALITY ASSURANCE: A listing of all estimate reviews that have taken 
place and the actions taken from those reviews.
A review of the cost estimate was held on January 14, 2010, with the project team and the 
cost estimators. This review allowed for the project team to review and comment, in detail, 
on the perceived scope, basis of estimates, assumptions, project risks, and resources that 
make up this cost estimate. Comments from this review have been incorporated into this 
estimate to reflect a project team consensus of this document. 

VI. ASSUMPTIONS: Condition statements accepted or supposed true without proof of 
demonstration; statements adding clarification to scope. An assumption has a direct 
impact on total estimated cost.

General Assumptions: 
A. All costs are represented in 2009 values. 
B. Costs that were included from sources representing years prior to 2009 have been 

normalized to 2009 values using the Chemical Engineering Plant Cost Index. This 
index was selected due to its widespread recognition and acceptance and its specific 
orientation toward work associated with chemical and refinery plants. 

C. Capital costs are based on process islands. The majority of these islands are 
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet. 

D. All chemical processing and refinery processes will be located in the U.S. Gulf 
Coast region. 

E. All costs considered to be BOP costs that can be specifically identified have been 
factored out of the reported source data and added into the estimate in a manner 
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion 
of the source costs in this manner normalizes all reported cost information to the 
bare-erected costs. 
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HTGR:
A. The linearly scalable cost included for an HTGR reflects an NOAK reactor with a 

750°C-operating temperature. 
B. HTGR is considered to be linearly scalable, by required capacity, per the direction of 

the project team. This allows the process integration feasibility studies to showcase 
the financial analysis of the process without the added burden of integer quantity 
600-MWth HTGRs. 

C. The allowance represents a turnkey condition for the reactor and its supporting 
infrastructure. 

D. A high-temperature, high-pressure steam generator is included in the cost 
represented for HTGR. 

E. A contingency allowance is included in the HTGR cost, but is not identified as a 
separate line item in this estimate. This allowance was identified and included by the 
NGNP HTGR project team.

F. Total cost range, including contingency, for HTGR is -50%, +100%. 
G. Cost included for the power cycle reflects NOAK research and manufacturing 

developments to allow for assumed high pressures and temperatures. 
H. The power cycle is considered to be linearly scalable, by required capacity, per the 

direction of the project team. This allows the process integration feasibility studies to 
showcase the financial analysis of the process. 

I. The cost included for HTSE reflects NOAK research and manufacturing 
developments, which will increase the expected lifespan of the electrolysis cells. 

J. The HTSE is considered to be linearly scalable, by required capacity, per the 
direction of the project team. This allows the process integration feasibility studies to 
showcase the financial analysis of the process. 

HTSE Ammonia with Air Separation Unit 
Some estimated island costs are based on figures from a verbal conversation with Casale, a 
leading world vendor of process industry services. These costs were used in cases where 
other acceptable costs were not available. 

VII. CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall 
contingency. Identify any specific drivers or items of concern. 

At a project risk review on December 9, 2009, the project team discussed risks to the 
project. An 18% allowance for capital construction contingency has been included at an 
island level based on the discussion and is included in the summary sheet. The contingency 
level that was included in the island cost source documents and additional threats and 
opportunities identified here were considered during this review.  The contingency 
identified was considered by the project team and included in Cost and Performance 
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports.  Typically, 
contingency allowance provided in these reports ranged from 15% to 20%.  Since much of 
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the data contained in this estimate has been derived from these reports, the project team 
has also chosen a level of contingency consistent with them. 

While the level of contingency provided for the HTGR capability is not identified as a line 
item, the cost data provided to the NGNP Process Integration team was identified as 
including an appropriate allocation for contingency.  No additional contingency has been 
added to this element.        

A. Threats: Uncertain events that are potentially negative or reduce the probability 
that the desired outcome will happen. 

1. The singularly largest threat to this estimate surrounds the lump sum cost 
included for the HTGR reactor(s). This is followed by the HTSE process, where 
applicable. While the overriding assumption is that these elements will be 
NOAK, currently, a complete HTGR has not been commissioned and the HTSE 
has been successfully developed in an integrated laboratory-scale model, but has 
not been completed in either pilot plant or production scales. 

2. The level of project definition/development that was available at the time the 
estimate was prepared represents a substantial risk to the project and is likely to 
occur. The high level at which elements were considered and included has the 
potential to include additional elements that are within the work scope but not 
sufficiently provided for or addressed at this level. 

3. The estimate methodology employed is one of a stochastic parametrically 
evaluated process. This process used publicly available published costs that 
were related to the process required, costs were normalized using price indices, 
and the cost was scaled to provide the required capacity. The cost-estimating 
relationships that were used represent typical costs for BOP allowances, but 
source cost data from which the initial island costs were derived were not 
completely descriptive of the elements included, not included, or simply 
referred to with different nomenclature or combined with other elements. While 
every effort has been made to correctly normalize and factor the costs for use in 
this effort, the risk exists that not all of these were correctly captured due to the 
varied information available. 

4. This project is heavily dependent on metals, concrete, petroleum, and petroleum 
products. Competition for these commodities in today’s environment due to 
global expansion, uncertainty, and product shortages affects the basic concepts 
of the supply and demand theories, thus increasing costs. 

5. Impacts due to large quantities of materials, special alloy materials, fabrication 
capability, and labor availability could all represent conditions that may increase 
the total cost of the project. 
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B. Opportunities: Uncertain events that could improve the results or improve the 
probability that the desired outcome will happen. 

1. Additional research and work performed with both vendors and potential 
owner/operators for a specific process or refinery may identify efficiencies and 
production means that have not been available for use in this analysis. 

2. Recent historical data may identify and include technological advancements and 
efficiencies not included or reflected in the publicly available source data used 
in this effort. 

Note: Contingency does not increase the overall accuracy of the estimate; it does, however, 
reduce the level of risk associated with the estimate. Contingency is intended to cover the 
inadequacies in the complete project scope definition, estimating methods, and estimating 
data. Contingency specifically excludes changes in project scope, unexpected work 
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or 
currency fluctuations.

VIII. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:
None.
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