Form 412.09 (Rev. 10)

Idaho National Laboratory

Identifier: TEV-693
NUCLEAR-INTEGRATED HYDROGEN Revision: 1
PRODUCTION ANALYSIS Effective Date: 05/15/10 Page: 130 of 151

Appendix D



Form 412.09 (Rev. 10)

Idaho National Laboratory

Identifier: TEV-693
NUCLEAR-INTEGRATED HYDROGEN Revision: 1
PRODUCTION ANALYSIS Effective Date: 05/15/10 Page: 131 of 151

COST ESTIMATE SUPPORT DATA RECAPITULATION
— Continuved —
Project Title: NGNP Process Integration — HTSE Ammonia without ASU
File: MA36-O Page 2 of 9

1.  Ammonium nitrate synthesis
J-  Steam turbines, internal to process
k. Heat recovery steam generator, internal to process
1. 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

Owner’s fees and owner’s costs, except those included for the HTGR

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.

2. Operational costs
3. Land costs

4. Sales taxes

5. Royalties

6.

7.

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 1n this cost estimate, are 1dentified 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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Iv.

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.

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
regpective expert.

B.  Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquiisition 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 lecated in the U.S. Gulf Coast refinery region.

4. Costs are presented as overnight costs.

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.

wh
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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 MW, and 2,400
MW, at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to
$2,000 per kW. 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 kW, 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 8618,176 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-lodine
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 Capiure and Geologic Storage, Battelle,
April 2006.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31

Douglas, Fred R., et al., Conduction Technical and Economic Evaluations — as
Applied for the Process and Utility Industries, AACE1, April 1991.
FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004.

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

Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004,
Harvego, E. A, etal., Economic Analysis of a Nuclear Reactor Powered
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008.
Harvego, E. A, et al., Economic Analysis of the Reference Design for a
Nuclear-Driven High- Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008.

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

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

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

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

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

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

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.

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

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

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

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

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

Pictlock, 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. 1., 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.

ESTIMATE QUALITY ASSURANCE: A /isting 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 mnto this
estimate to reflect a project team consensus of this document.

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 Assum ptions:

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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VII.

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.  Ahigh-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.

Total cost range, including contingency, for HTGR is -50%, +100%.

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.

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

L 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.

Q=

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.

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 metheds, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
stoppages (e.g., strikes, disasters, and carthquakes) and excessive or unexpected inflation or
currency fluctuations.

VIIL OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.
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