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ABSTRACT

The High Temperature Gas-Cooled Reactor (HTGR) Application Economic
Model was developed at the Idaho National Laboratory for the Next Generation
Nuclear Plant Project. The HTGR Application Economic Model calculates either
the required selling price of power and/or heat for a given internal rate of return
(IRR) or the IRR for power and/or heat being sold at the market price. The user
can generate these economic results for a range of reactor outlet temperatures;
with and without power cycles, including either a Brayton or Rankine cycle; for
the demonstration plant, first of a kind, or n™ of a kind project phases; for up to
16 reactor modules; and for module ratings of 200, 350, or 600 MWt.

This users’ manual contains the mathematical models and operating
instructions for the HTGR Application Economic Model. Instructions,
screenshots, and examples are provided to guide the user through the model. The
model was designed for users who are familiar with the HTGR design, Excel,
and engineering economics. Modification of the HTGR Application Economic
Model should only be performed by users familiar with the HTGR and its
applications, Excel, and Visual Basic.
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ACRONYMS

AACE Association for the Advancement of Cost Engineering
ATCF after tax cash flow

BOE balance of equipment

BTCF before tax cash flow

CEPCI chemical engineering plant cost index
DOE Department of Energy

DSCR debt service coverage ratio

EIA Energy Information Administration
FOAK first of a kind

GIF GEN-IV International Forum

HTGR high temperature gas-cooled reactor

IHX intermediate heat exchanger
INL Idaho National Laboratory
IRR internal rate of return

LWR light water reactor

MACRS  modified accelerated cost recovery system
NEI Nuclear Energy Institute

NHSS nuclear heat supply system

NIBT net income before taxes

NGNP Next Generation Nuclear Plant

NOAK nth of a kind

NPV net present value

NRC Nuclear Regulatory Commission
Oo&M operations and maintenance

PCS power conversion system

PV present value

ROT reactor outlet temperature

TCI total capital investment

a(Module) multiplier for capital fraction equation
b(Module) exponent for capital fraction equation
Ck capital expenditures

¢ _months total number of months in the current modules construction period

X1



dy depreciation

E; cash outflows

i’ IRR discount rate

k year

month current month in reactor construction period

Number total number of reactor modules

Ry revenues
t tax rate
T income taxes

Xil



HTGR Application Economic Model
Users’ Manual

1. INTRODUCTION

The Next Generation Nuclear Plant (NGNP) Project is being conducted under U.S. Department of
Energy (DOE) direction to meet a national strategic need identified in the 2005 Energy Policy Act to
promote reliance on safe, clean, economic nuclear energy and to establish a greenhouse-gas-free
technology for the production of hydrogen. The NGNP represents an integration of high-temperature
reactor technology with advanced hydrogen, electricity, and process heat production capabilities, thereby
meeting the mission need identified by DOE. The strategic goal of the NGNP Project is to broaden the
environmental and economic benefits of nuclear energy in the U.S. economy by demonstrating its
applicability to market sectors not being served by light water reactors. A high temperature gas-cooled
reactor (HTGR) differs from a third generation light water reactor by using helium instead of water as the
coolant, graphite instead of water as the moderator, and tristructural isotropic fuel instead of metal-clad
fuel. With these features, an HTGR is capable of operating at higher temperatures, which offers a broader
application to industrial processes and higher thermal efficiencies than are achievable with the lower
operating temperatures of light water reactors.

The HTGR can be applied in many industrial applications as a substitute for burning fossil fuels,
including natural gas and coal, in addition to producing electricity. An objective of the NGNP Project is
to evaluate the economics of heat and power production from an HTGR for incorporation into a variety of
industrial processes, as well as for more traditional electricity production. The focus of this users’ manual
is the economics of power and/or heat production.

This users’ manual contains the mathematical models and operating instructions for the HTGR
Application Economic Model, specifically for power and/or heat production. Instructions, screenshots,
and examples are provided to guide the user through the HTGR Application Economic Model. This
model was designed for users who are familiar with the HTGR design, Excel, and engineering economics.
Modification of the HTGR Application Economic Model should only be performed by users familiar with
the HTGR technology and its applications, Excel, and Visual Basic. Development of the HTGR capital
cost bases, operating and maintenance (O&M) costs, fuel costs, and decommissioning costs used in the
economic model are covered in TEV-1196, “Assessment of High Temperature Gas-Cooled Reactor
(HTGR) Capital and Operating Costs,” and will not be discussed in the associated users’ manual
(INL 2012a). The costs presented are for a prismatic block reactor configuration; however, the costs
should also be adequate for estimation of pebble bed configurations (INL 2012a).

The HTGR Application Economic Model was developed to estimate the economic feasibility of
HTGR operation for power and/or heat production for the following range of conditions:

e Reactor outlet temperatures (ROT) from 600°C to 1000°C

e With and without power conversion systems, including both Rankine and Brayton power
cycles, including the option for co-generation of steam and electricity

e Up to 16 reactor modules
e 200, 350, and 600 MWt power levels

e For the NGNP demonstration plant, first of a kind (FOAK), and nth of a kind (NOAK)
project phases. The NGNP plant is the initial demonstration of the current HTGR design, a



FOAK plant is the first commercial installation of the HTGR technology, while the NOAK
plant is a mature commercial installation of the HTGR technology.

The Association for the Advancement of Cost Engineering (AACE) International recognizes five
classes of estimates. The level of project definition for this study was determined to be an AACE
International Class 4 estimate, which has a probable error of -30% and +50%, as described in TEV-1196
(INL 2012a). A Class 4 estimate is associated with a feasibility study or top-down cost estimate and has
one to fifteen percent of full project definition (AACE 2005).

2. ECONOMIC MODELING OVERVIEW

The economic viability of the HTGR for power and/or heat generation is assessed using standard
economic evaluation methods, specifically the internal rate of return (IRR). The total capital investment
(TCI), based on the total equipment costs; annual revenues; and annual manufacturing costs are estimated
in the model for the user defined HTGR. The present worth of the annual cash flows (after taxes) is
calculated by the model for the specified configuration. The following sections describe the methodology
used to calculate the capital costs, annual revenues, annual manufacturing costs, and the economic
indicators. The implementation of these calculations into the Excel workbook is described in Section 3.

2.1 Capital Cost Estimation

Separate capital cost correlations were developed in TEV-1196 for the nuclear heat supply system
(NHSS) and for the power conversion systems (PCS) (INL 2012a). The correlation results are in millions
of 2009 dollars. The user specifies the design of the plant indicating the net thermal rating for each NHSS
module (Net Thermal Rating Per Unit in MW?t), the total number of reactor modules (Number), the ROT,
and whether the plant includes a PCS, which can be either a Brayton or Rankine power cycle. The
following correlation is then used to calculate the installed capital costs for the HTGR NHSS:

Cost(ROT) = 0.258 x ROT + 250.952 ROT < 850
= 1.487 X ROT — 793.598 850 < ROT <900
= 0.600 X ROT + 4.415 ROT > 900

0.673

HTGR Cost = Cost(ROT) x Number %927 x (
X (Phase Multiplier)

Net Thermal Rating Per Unit)
600 MWt

Phase Multiplier = 1 Phase = NOAK
= 1.486 Phase = FOAK
= 1.758 Phase = NGNP

If a Brayton cycle is specified by the user, the model calculates the gross power produced for each
Brayton cycle (Gross Power Per B_Unit in MWe) along with the number' of Brayton cycles (B_Number).
The installed capital cost correlation for the Brayton cycle is similar to the correlation for the HTGR
NHSS:

Cost(ROT) = 0.254 X ROT — 27.058 ROT < 850
= 0.564 x ROT — 290.269 850 < ROT <900
= 0.390 X ROT — 134.030 ROT > 900

' The number of Brayton cycles calculated by the model can be overridden by the user.



0.604

Gross Power Per B_Unit)
301.4 MWe

Brayton Cost = Cost(ROT) X B_Number %20 x (
X (Phase Multiplier)

Phase Multiplier = 1 Phase = NOAK
=2.074 Phase = FOAK
= 2.354 Phase = NGNP

If a Rankine cycle is specified by the user, the model calculates the gross power produced for each
Rankine cycle (Gross Power Per R_Unit in MWe) along with the number? of Rankine cycles R_Number).
The following correlation is used to calculate the installed capital costs for the Rankine cycle:

Cost(ROT) = 0.236 X ROT — 58.775 ROT < 850

Gross Power Per R_Unit)o'5

, — X X
Rankine Cost = Cost(ROT) X R_Number ( 287.6 MWe

X (Phase Multiplier)

Phase Multiplier = 1 Phase = NOAK
= 1.343 Phase = FOAK
= 1.429 Phase = NGNP

Preconstruction costs, balance of equipment (BOE) costs, indirect costs, and project contingencies are
added in accordance with the costs outlined in Sections 2.1 through 2.5 of TEV-1196 (INL 2012a). The
capital costs presented in TEV-1196 are updated from 2009 to current year dollars® using the Chemical
Engineering Plant Cost Index (CEPCI) shown in Table 1.

Table 1. CEPCI Data.

Year CEPCI
2009 521.9
2010 550.8

2.2 Estimation of Revenues

Yearly revenues are estimated based on the current market price of electricity selling to the grid,
$59.28/MWe-hr*, or to an industrial end user, $67.90/MWe-hr (Energy Information Administration
[EIA] 2011a). When heat is sold from the HTGR to an end user, the market selling price is assumed to be
related to the industrial electricity price and a power generation efficiency of 43%, which results in a
market heat price of $29.20/MWt-hr.

Revenues are also calculated to determine the necessary selling prices of power and/or heat to achieve
a specific rate of return, which is specified by the user. If only power is generated, the model iterates on
the required electricity selling price, similarly if only heat is generated the model iterates on the heat
selling price. If both electricity and heat are generated the heat price is related to the electricity price,
which is iterated on by the model, based on the following equation:

The number of Rankine cycles calculated by the model can be overridden by the user.
3 The most recent CEPCI available is 2010, which has a value of 550.8

60% of $98.80/MWe-hr, 40% of costs are for transmission, distribution, and other costs not associated with power
generation (EIA 2011b)



Heat Price = Electricity Price x Power Generation Ef ficiency

The model also converts the heat price from $/MWt-hr to $/MMBTU. If the user specifies the
secondary steam flow to the process the model also calculates for selling price of steam in $/1b.

2.3 Estimation of Manufacturing Costs

Manufacturing costs for the nuclear plant are based on information presented in TEV-1196
(INL 2012a). HTGR manufacturing costs include O&M costs, fuel costs, and decommissioning costs.

If the user specifies a heat only configuration where the reactor would supply only heat and generate
no power; the power required for the primary helium circulators is assumed to be purchased from the grid.
The price assumed for purchasing electricity is based on the average industrial electricity purchase price.

The O&M, fuel, and decommissioning costs are based on the total thermal rating of the plant
(INL 2012a). Therefore, these costs are unchanged for a given plant rating regardless of if the reactor is
producing heat or power for export. O&M and decommissioning costs are presented on an annual basis,
fuel costs are presented as the total refueling cost per core. Currently, O&M, fuel, and decommissioning
costs are not a function of ROT as they are expected to be independent of the ROT (INL 2012a).

The decommissioning fund payment is calculated using the decommissioning cost in dollars per MWt
based on NUREG-1307 as developed in TEV-1196 (Nuclear Regulatory Commission [NRC] 2010). That
per MWt cost is multiplied by the total reactor power level to determine the total decommissioning cost
and then inflated to the year decommissioning will occur; assumed to be initiated at the end of the
economic life. It has been assumed that the decommissioning fund would be funded through annual
sinking fund payments as opposed to a single upfront payment. The sinking fund payment is calculated
based on the estimated decommissioning cost and a discount rate of 2% plus the assumed inflation rate,
per 10 CFR 50.75 (NRC 2012).

2.4 Economic Calculations

The following sections describe the methodology behind the economic calculations used in the HTGR
Application Economic Model.

2.41 Cash Flow

The IRR and the net present value (NPV) for the specified configuration is calculated based on the
annual after tax cash flows (ATCF). The ATCEF is calculated based on the annual capital expenditures
(Cy), revenues (Ry); cash outflows (£;); sum of all noncash, or book costs such as depreciation (dy); net
income before taxes (NIBT); the effective income tax rate (f); and the income taxes (7%), for each year (k).
The taxable income is the revenue minus the sum of all cash outflows and noncash costs. Therefore the
NIBT and the income taxes per year are defined as follows (Sullivan 2003):

NIBT = Ry, — E;, — d,,
T, =t X NIBT

Depreciation is calculated using a standard Modified Accelerated Cost Recovery System (MACRS)
depreciation method with a property class of 15 years, the property class life for an electric utility nuclear
production plant. Depreciation is calculated based on the TCI for each reactor module, with the first
charge occurring the year the corresponding HTGR comes online, i.e. when initial revenues are generated.
Table 2 presents the recovery rates for a 15-year property class (Perry 2008).



Table 2. MACRS depreciation.

Year Recovery Rate Year Recovery Rate
1 0.05 9 0.0591
2 0.095 10 0.059
3 0.0855 11 0.0591
4 0.077 12 0.059
5 0.0693 13 0.0591
6 0.0623 14 0.059
7 0.059 15 0.0591
8 0.059 16 0.0295

The ATCEF is the sum of the before tax cash flow (BTCF) minus the income taxes owed. Note that the
expenditures for capital are not taxed but are included in the BTCF each year there is a capital
expenditure; this includes the equity capital and the debt principle payment.

The BTCF is defined as follows (Sullivan 2003):
BTCF, =R, — E, — C

The ATCEF can then be defined as:
ATCF,, = BTCF, — Ty,

2.4.1.1 Capital Cash Flows during Construction

Capital cash flow fractions for the HTGR during construction are calculated for each year of
construction based on two separate correlations. First, the percentage of capital assigned to each module
is calculated based on an exponential correlation (INL 2012a):

ModFrac(Module) = a(Module) x (Number — (Module — 1))b(Modute)

where Number is the total number of reactor modules. The multiplier, a(Module), is defined by the
following equation:

a(Module) = 0.908 x Module 1172 Module > 1
=1 Module =1

while the exponent for the correlation, b(Module), is defined as follows:
b(Module) = 0.102 X In(Module + 0.963) — 0.402

The monthly fractional breakdown for each module’s capital cost is calculated by applying a generic
standard cumulative distribution, the s-curve distribution, as recommended by the Gen-1V International
Forum ([GIF] 2007). The capital breakdown per month is calculated as follows:

— T X month n=month—1
ConstFrac(month) = 0.5 x (sin (— + —> + 1) — E ConstFrac(n)
2 c_months n=1

where month is the current month in the module’s construction period and ¢_months is the total number of
months in the module’s construction period. The capital fraction for each year is calculated by summing
the capital fractions for the corresponding months. The yearly capital fractions are then multiplied by the
module fraction to determine the overall yearly capital fraction breakdown per module. The total yearly



capital cost is the sum of the yearly capital fractions for all modules times the total cost of the application.
An inflation factor input by the user is applied for each year of construction.

2.4.1.2  Reactor Refueling Cash Flows

Reactor refueling charges occur the years refuelings are scheduled. The occurrences are determined
based on the total number of reactor modules, when the modules come online, and the specified period
between refuelings.

24.2 Internal Rate of Return

The IRR method is the most widely used rate of return method for performing engineering economic
analyses. This method solves for the discount rate that equates the equivalent worth of an alternative’s
cash inflows to the equivalent worth of cash outflows (after tax cash flow), i.e., the discount rate at which
the NPV is zero. The resulting discount rate is the IRR (i'). For the project to be economically viable, the
calculated IRR must be greater than the desired minimum annual rate of return (Sullivan 2003). The NPV
is defined by the following expression:

N
NPV (i) = Z ATCF,(1+i)*=0
k=0

The present value (PV) of a cash flow is defined as follows:

PV(i") = ATCF,(1 +i")7k

2.4.3 Debt Service Coverage Ratio

The debt service coverage ratio is a measure of the security of the project financing based on the
earnings before interest, taxation, and depreciation and the debt interest and principal payments. The
yearly debt service coverage ratio (DSCR) is defined as follows:

Ry — By

DSCRy, =
k Prinicpaly + Interest,

244 Discounted Payback Period

The discounted payback period is calculated to determine at which year the sum of the ATCFs
become positive. This indicates the year at which the project has paid back all initial investments.

3. DETAILED WORKSHEET DESCRIPTIONS

The HTGR Application Economic Model (HTGR Economic Model.xlsm) is implemented in an Excel
spreadsheet with Visual Basic Macros enabled; the model was developed in Excel 2007 for Windows
operating systems (Excel 2007). However, the model has been successfully operated in other versions of
Excel on various operating systems. Still, this users’ manual assumes the user is running Excel 2007 for
Windows and all screenshots are from this version. The following worksheets are included in the model:

e Project Inputs — The user specifies the HTGR configuration (i.e. module rating, number of
modules, application electricity and heat demands, etc.) and other factors affecting the
economic calculations (i.e. economic life, interest rates, debt ratio, financing terms, etc.) on
this worksheet.



e HTGR Project Fractions — Based on the data in the Project Inputs worksheet, the HTGR
Project Fractions worksheet calculates the yearly construction and operation fractions for the
HTGR module(s) per the specified project period.

e HTGR Cost Basis — The capital, O&M, fuel, and decommissioning costs are calculated on
the HTGR Cost Basis worksheet based on the correlations provided in the previous section
and the costs outlined in TEV-1196 (INL 2012a).

o Commodity Prices — Market prices for electricity and heat are specified on the Commodity
Prices worksheet along with the MACRS depreciation schedule.

e Economic Inputs — The outputs from the HTGR Cost Basis and Commodity Prices
worksheets are used to populate the Economic Inputs worksheet, where the TCI, annual
O&M costs, fuel costs per core, and annual revenues are calculated for the specified HTGR
configuration.

e IRR Analysis — The values from the Economic Inputs worksheet are used in conjunction
with the values calculated on the HTGR Project Fractions worksheet to populate the IRR
Analysis worksheet, which calculates the annual cash flows for the project. The IRR Analysis
worksheet allows the user to select if the worksheet calculates the commodity price required
to achieve a given IRR or calculate the IRR selling power and/or heat at the market price.

e List Info — The List Info worksheet provides the data which populates the combo boxes on
the Project Inputs and IRR Analysis worksheets. In general this sheet is hidden and must be
unhidden’ for access to the data which populates the combo boxes.

o Results Summary — The Results Summary worksheet uses a Macro to populate a table
solving for both the IRR at the market price and product price to achieve a given IRR for
variations in the TCL.

o Sensitivity Analysis — The Sensitivity Analysis worksheet uses a Macro to perform a
sensitivity analysis on the user specified economic inputs, the result of which is a tornado
diagram.

The HTGR Application Economic Model must have both Macros® and iterative calculations’ enabled.
The following sections are arranged such that the approach for each worksheet is summarized, followed
by a section which defines any named cells or ranges, a section explaining any special formatting, a
section defining equations and IF statements contained in the worksheet, and finally a section listing
Macros used in the worksheet. Special formatting may include cells highlighted a certain color
identifying user inputs, etc. Equations and IF statements defined do not include every equation or

To unhide a worksheet, click the ‘Home’ tab in the ‘Ribbon’ and click the ‘Format’ button. Under ‘Visibility’, click ‘Hide &
Unhide’, and then click ‘Unhide Sheet’. In the Unhide sheet box, double-click the name of the hidden sheet to display.

To ensure Macros are enabled click the ‘Office Button’ and select ‘Excel Options’. Click the ‘Trust Center’ tab on the far
left of the ‘Excel Options’ window, and click the ‘Trust Center Settings’ button. On the far left of the ‘Trust Center
Settings” window click ‘Macro Settings’ and ensure ‘Enable all macros (not recommended; potentially dangerous code can
run)’ is selected. To edit Macros ensure that the ‘Show Developer’ tab in the ‘Ribbon’ is checked in the ‘Popular’ tab of the
‘Excel Options’” window, next click the ‘Developer’ tab in the ‘Ribbon’ and click the ‘Macros’ button. Select the Macro you
wish to edit and click ‘Edit’.

To ensure iterative calculations are enabled click the ‘Office Button” and select ‘Excel Options’. Click the ‘Formulas’ tab

on the far left of the ‘Excel Options’ window, and ensure that the box next to ‘Enable iterative calculation’ is checked. For
the worksheet to function efficiently the ‘Maximum Iterations’ should be set to ‘5000’ and the ‘Maximum Change’ should
be ‘0.0001°.



function used in the workbook, rather complex equations are only specified, i.e. functions which use
simple sums and averages are not defined, unless they include an IF statement or lookup function.

The HTGR Application Economic Model is password protected, to keep the user from inadvertently
altering or deleting equations entered into cells, excluding the specified areas for user input, as well as
editing the Macros. However, if the user wishes to modify these equations, the individual worksheets can
be unprotected® by entering the worksheet password — ¢ ’. The Macros can also be
unprotected’ using this password. It should be noted, that if any equations or Macros are altered, the
iterative calculations used in the workbook may no longer function as designed. Therefore, if the user
elects to unprotect any worksheet, they should proceed with caution and the results may not be accurate.

All user inputs identified in the following sections are limited using data validation'’. Cells which do
not include user inputs or combo boxes have been locked and cannot be altered when the worksheet is
protected. If the user elects to remove any data validation limitations the results generated by the model
may not be accurate.

3.1 Project Inputs Worksheet

The Project Inputs worksheet is arranged into several sections where the user provides the general
project inputs, economic assumptions, and HTGR specifications used in the economic analyses. Some
fields include combo boxes which restricts the user to a list of selections, which are defined on the List
Info sheet. All user inputs, excluding combo boxes, are limited using data validation.

3.1.1  General Project Inputs

A screenshot of the general project inputs section of the Project Inputs worksheet is shown in
Figure 1. The following list identifies the cells which make up the general project inputs section. A brief
description of the input is included for each cell as well as if the cell is a user input or a calculated value.
Additionally, if the cell is a user input, the assumed default value and any data validation criteria are
included in the description.

A B C

1 | General Project Inputs

2 Project Start Year 2013

3 Project Base Year 2010

4 Project Base Year CEPCI 550.8

5 Construction Factor for Alternate Location 1

& State/Provincial Tax B %
7 Federal Tax 35 %
8 Total Tax Rate 389 %
9 Inflation Rate - Commodities 3 %
10 Inflation Rate - Analysis 3 %

Figure 1. General project inputs section of the Project Inputs worksheet, screenshot.

To unprotect a worksheet, click the ‘Review’ tab on the ‘Ribbon’, next click the ‘Unprotect Sheet’ button. A box will
prompt the user to enter the password, which is || | | | | | [ MBIl . 2nd then the user clicks the ‘OK’ button. The
worksheet is now unprotected. To re-enable worksheet protection, click the ‘Protect Sheet’ button on the ‘Review’ tab of
the Ribbon and enter the worksheet password when prompted.

To access Macros, click the ‘Developer’ tab on the ‘Ribbon’, next click the ‘Visual Basic’ button. In the Visual Basic
window, click “VBAProject (HTGR Economic Model.xlsm)’ project and enter the password,

s

To access the data validation information for a given cell, select the cell in question, select the ‘Data’ tab in the ‘Ribbon’,
and click the ‘Data Validation’ button, next select the ‘Data Validation’ option from the drop down list. This brings up the
‘Data Validation” window which includes the ‘Validation criteria’ in the ‘Settings’ tab.



Project Start Year — Cell B2 — User Input — Currently, the model assumes that the project
begins construction one year from the current year. However, any year greater than one year
plus the current year can be entered.

Project Base Year — Cell B3 — User Input — The year which corresponds to the CEPCI
entered in cell B4, which is the most recent annual CEPCI available, currently 2010. This
year is the year that all costs are adjusted to for the IRR Analysis worksheet. Any whole
number greater than or equal to 2009 can be entered in this cell.

Project Base Year CEPCI — Cell B4 — User Input — The CEPCI which corresponds to the
project base year entered in cell B3. To adjust capital costs to dollars corresponding to the
project base year from earlier years, the capital costs are multiplied by the ratio of the
CEPClIs. For instance, the CEPCI of 2010 is 550.8; therefore the HTGR capital costs, which
are in 2009 dollars, would be multiplied by 550.8/521.9 to adjust to 2010 dollars. Any value
greater than zero can be entered in this cell.

Construction Factor for Alternate Location — Cell B5S — User Input — The construction
costs for the HTGR were developed assuming construction on the U.S. Gulf Coast. The
construction factor would be used to adjust construction costs for an alternate location. The
factor can be determined using the RS Means index, or a similar source. This adder is
directly applied to the HTGR capital costs. The value entered must be greater than zero.

State/Provincial Tax — Cell B6 — User Input — State income taxes are in most cases less than
federal taxes and are often within the range of six to 12 percent of taxable income. A
baseline value of six percent is assumed; however, a value greater than or equal to zero must
be specified.

Federal Tax — Cell B7 — User Input — The U.S. federal corporate tax is a graduated tax
structure. However, the HTGR generally has taxable income greater than $18,333,333 per
year; hence a flat rate of 35 percent is assumed. The tax rate has an allowable range of 15 to
39 percent to account for applications outside of the U.S. and/or changes to the U.S. federal
tax rates.

Total Tax Rate — Cell B8 — Calculated — The total tax rate is calculated using the user
specified state tax and federal tax as follows:

Total Tax Rate = State Rate + Federal Rate X (1 — State Rate)

Inflation Rate — Commodities — Cell B9 — User Input — A commodity price inflation rate of
three percent is assumed in order to adjust commodity prices to the project base year. This
cell has an allowable range of zero to five percent. For example, to adjust costs from 2009
dollars to the project base year (CEPCI Year) the following equation is used throughout the
model:

Cost in 2009 dollars x (1 + 3%)(CEPCI Year—2009)

Inflation Rate — Analysis — Cell B10 — User Input — The analysis inflation rate is also
assumed to be three percent. This rate is used to adjust capital costs, revenues, fuel costs, and
operating costs for the cash flow analysis. This cell has an allowable range of zero to five
percent.



3.1.2

HTGR Economic Assumptions

The HTGR economic assumptions section includes the user inputs necessary to perform the economic

analysis. A screenshot of the section is shown in Figure 2. The following list identifies the cells which
make up the economic assumptions section. A brief description of the input is included for each cell as
well as if the cell is a user input or a calculated value. Additionally, if the cell is a user input data
validation criteria are included in the description.

11
12
13
14
15
16
17
18
19
20

A B C
HTGR Economic Assumptions
Economic Life 30 yr
Module Life 60 yr
Debt Financing 50 %
Equity Financing 50|%
Interest Rate During Construction B %
Interest Rate on Debt B %
Repayment Term 15 yr
IRR 12 %
HTGR Availability 00 %

Figure 2. HTGR economic assumptions section of the Project Inputs worksheet, screenshot.

Economic Life — Cell B12 — User Input — The economic recovery period for each reactor
module. A whole number between 10 and 60 must be entered.

Module Life — Cell B13 — User Input — The operating lifetime for each rector module. A
whole number between 40 and 80 must be entered.

Debt Financing — Cell B14 — User Input — The fraction of the total capital investment that is
financed. The value entered must be between zero and 100 percent.

Equity Financing — Cell B15 — Calculated — The percentage of the total capital investment
that is financed by the equity holder(s). This cell is set equal to 100 minus the value specified
for the debt financing percentage.

Interest Rate During Construction — Cell B16 — User Input — The interest rate for interest
accrued on debt during construction, i.e. capitalized interest. The rate entered should be
between two and 15 percent. The model currently assumes this interest rate is equal to the
general interest rate for the loan, cell B17.

Interest Rate on Debt — Cell B17 — User Input — The interest rate on the portion of the TCI
financed. The rate entered should be between two and 15 percent.

Repayment Term — Cell B18 — User Input — The loan repayment term. This value should be
between ten and 30 years, unless the economic life is less than 30 years, then the upper limit
is the length of the economic life.

IRR — Cell B19 — User Input — The internal rate of return for the project. The value entered
should be between zero and 25 percent. The value must be greater than the interest rate on
debt specified (B17).

HTGR Availability — Cell B20 — User Input — The overall availability, on-stream factor, or
capacity factor, i.e. the ratio of the actual output versus the potential output. The value
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entered must be between zero and 100. A baseline value of 90 is assumed based on light
water reactor performance and internal analysis of expected HTGR performance.

3.1.3 HTGR Specifications

The HTGR specifications section includes the specifications for the HTGR configuration utilized in
the economic analysis. A screenshot of the HTGR specifications section of the Project Inputs worksheet
is shown in Figure 3. Several specifications are set using combo boxes, including the reactor project
phase, staffing plan, and the reactor module rating. The data which populates the combo boxes is
included in the List Info worksheet. The following list identifies the cells which make up the HTGR
specifications section. A brief description of the input is included for each cell as well as if the cell is a
user input or a calculated value. Additionally, if the cell is a user input data validation criteria are
included in the description.

A B c D
21 HTGR Specifications
22 | Reactor Phase MOAK, [:]
23 Staffing Plan vendor [ |
24 Reactor Outlet Temperature 750 *C
25 Reactor Module Rating 00 E]I".ﬂwt
25 Number of Reactors 4
27 Plant Thermal Rating 2,400 MWt
28 Heat Generated in Primary Circulators B2.3 | MWt
25 Gross Heat Available for Heat and Power Generation 24823 MWt
30 Heat Required by Process 0.0 MWt
31 Steam Flow to the Process 0.0 Ib/hr
32 Heat Available for Power Generation 24823
33 Gross Model Brayton Cycle Efficiency (TEV-288, function of ROT) 38.7|%
34 Gross Model Rankine Cycle Efficiency (TEWV-82E) 45 %
35 Gross Brayton Cycle Efficiency (value used in model) 0 %
36 Gross Rankine Cycle Efficiency (value used in model) i 45 %
37 Gross Power Produced 1,117.0 MWe
38 HTGR House Load [primary circulator power requirement) B23 MWwe
35 Met Power Produced, Gross Power Less HTGR House Loads 1,034 8B MWe
40 Reactor Power Required by Process 0.0 MWe
41 Met Power Available for Export 1,034 B MWe
42 Lalculated Met Power Cycle Efficiency 431 %
43 Met Power Cycle Efficiency Used in Economic Calculations 43 %
44 Reactor Site Preparation & months
45 Reactor Construction Period - Assuming All Equal 36 months
45 Reactor Construction Staggering & months
47 Refueling Period 18 months
48 Startup Time 12 months
45 Operating Cost - Multiplier 12
50 Revenues - Fraction 065 Check Value
51 Years in Decommissioning Fund 62 years &2
52 Decommissioning Year 2078
53 Sinking Fund Rate of Return 5 %
54 | -ATCl %, HTGR 30 %
55 | =ATCI %, HTGR 50 %

Figure 3. HTGR specifications section of the Project Inputs worksheet, screenshot.
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Reactor Phase — Cell B22 — User Input Combo Box — The user can select the desired project
phase for the economic analysis using the combo box. Selections include NGNP, FOAK, and
NOAK project phases. The NGNP plant is the initial demonstration of the HTGR technology,
a FOAK plant is the first full commercial installation of the HTGR technology, while the
NOAK plant is a mature commercial installation of the HTGR technology.

Staffing Plan — Cell B23 — User Input Combo Box — The user can select the desired staffing
estimate used in the economic analysis using the combo box. Selections include vendor or
INL staffing plans. The vendor and INL staffing plants are described in TEV-1196

(INL 2012a). The user can override these staffing estimates on the HTGR Cost Basis
worksheet.

ROT - Cell B24 — User Input — Reactor outlet temperature specification. The value can be
between 600°C and 1000°C.

Reactor Module Rating — Cell B25 — User Input Combo Box — The user can select the
reactor module thermal rating from the combo box. The user can chose from 200, 350, or
600 MWt ratings.

Number of Reactors — Cell B26 — User Input — The number of reactor modules. The value
entered can be a whole number between one and 16.

Plant Thermal Rating — Cell B27 — Calculated — This value is equal to the number of
reactor modules times the reactor module rating.

Heat Generated in Primary Circulators — Cell B28 — Calculated — This value is equal to
the power requirement for the primary circulator, cell B38. The model assumes an isentropic
compressor, where the work required for compression is equal to the enthalpy difference
across the compressor.

Gross Heat Available for Heat and Power Generation — Cell B29 — Calculated — The
gross heat generated and transferred from the NHSS, which is equal to the reactor thermal
rating plus the heat generated in the primary circulator.

Heat Required by Process — Cell B30 — User Input — The amount of heat exported to the
process, if applicable. The value entered must be greater than or equal to zero and less than
or equal to the gross heat available from the HTGR. If only heat is supplied by the HTGR to
the process this cell value should be set equal to cell B29.

Steam Flow to the Process — Cell B31 — User Input — The flowrate of steam, if applicable,
exported to the process, in Ib/hr. Used to calculate the $/1b cost in the project economics.
Not a necessary input value; however, a value greater than or equal to zero must be specified.

Heat Available for Power Generation — Cell B32 — Calculated — The amount of heat used
to generate electric power. This value equals the gross heat generated minus the amount of
heat sent to the process.

Gross Model Brayton Cycle Efficiency — Cell B33 — Calculated"’ — The correlation entered
in this cell, which is a function of ROT, is based on data presented in TEV-988, “Sensitivity
of HTGR Heat and Power Production to Reactor Outlet Temperature, Economic Analysis”
(INL 2011). The gross efficiency is used to calculate the power produced in a Brayton cycle,

11

For reference only, see Cell B35 for the value used in the model.
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less loads lost within the power cycle. It does not include power losses from the primary
circulator.

e Gross Model Rankine Cycle Efficiency — Cell B34 — Calculated"’ — The value entered in
this cell is based on data presented in TEV-988, and is valid for all ROTs (INL 2011). The
gross efficiency is used to calculate the power produced in a Rankine cycle, less loads lost
within the power cycle. It does not include power losses from the primary circulator.

e Gross Brayton Cycle Efficiency — Cell B35 — User Input — The efficiency used to calculate
the power produced in the Brayton cycle, less loads lost within the cycle, in the economic
model. For a Brayton cycle generating only electricity set the value equal to cell B33;
otherwise, enter zero if a Brayton cycle is not part of the HTGR configuration. Only a single
type of power cycle can be specified at a time. For heat generation only, both Brayton and
Rankine cycle efficiencies should be set equal to zero.

For a co-generation cycle, the Goal Seek'® function can be used to iterate this cell value to the
required efficiency, after all heat and power requirements to the process have been specified,
such that the power available for export is equal to a known value. The value entered must be
between zero and 100.

¢ Gross Rankine Cycle Efficiency — Cell B36 — User Input — The efficiency used to calculate
the power produced in the Rankine cycle, less loads lost within the cycle, in the economic
model. For a Rankine cycle generating only electricity set the value equal to cell B34;
otherwise, enter zero if a Rankine cycle is not part of the HTGR configuration. Only a single
power cycle can be specified at a time. For heat generation only, both Brayton and Rankine
cycle efficiencies should be set equal to zero.

For a co-generation cycle, the Goal Seek function can be used to iterate this cell to the
required efficiency, after all heat and power requirements to the process have been specified,
such that the power available for export is equal to a known value. The value entered must be
between zero and 100.

e Gross Power Produced — Cell B37 — Calculated — This value is equal to the heat available
for electric power generation times the selected power cycle efficiency (cell B35 or B36); the
value is referenced from the calculated value on the HTGR Cost Basis worksheet.

e HTGR House Load — Cell B38 — Calculated — The correlation used determines the power
requirement for the primary circulator as a function of the ROT and the thermal rating of the
plant. The basis for the calculation is a 600 MWt HTGR per TEV-988 (INL 2011). An
isentropic compressor is assumed, with 80% isentropic efficiency.

e Net Power Produced — Cell B39 — Calculated — The total amount of power generated by the
HTGR. The value is equal to the gross power production less the house loads. If no power is
produced, i.e. only heat is generated with no power cycle, the value is negative.

¢ Reactor Power Required by Process — Cell B40 — User Input — The amount of power
exported to the process. The value entered must be greater than or equal to zero and less than
or equal to the net power produced by the HTGR, if power is exported.

2 For reference only, see Cell B36 the value used in the model.

To access the Goal Seek function click the ‘Data’ tab on the ‘Ribbon’ and select the “What If Analysis’ button, select ‘Goal
Seek’ from the drop down.
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Net Power Available for Export — Cell B41 — Calculated — The amount of power exported
to the grid. This value is equal to the net power produced less the power exported to the
process. If no power is produced, i.e. only heat is generated with no power cycle, the value is
negative.

Calculated Net Power Cycle Efficiency — Cell B42 — Calculated —The net power cycle
efficiency is calculated based on the portion of the reactor thermal rating used for power
generation and the net power produced by the HTGR. If no power is produced or power is
imported from the grid, the value is equal to zero.

Net Power Cycle Efficiency Used for Economic Calculations — Cell B43 — User Input —
The power cycle efficiency used to relate the power and heat prices in the economic
calculations. Assumed to be 43 percent; however, if a different value is entered, the value
must be greater than zero and less than or equal to the overall net cycle efficiency (B42) or 43
percent.

Reactor Site Preparation — Cell B44 — User Input — The number of months of site
preparation prior to construction of the first reactor module. This value can be between zero
and 18 months, whole numbers only.

Reactor Construction Period — Cell B45 — User Input — The number of months for
individual module construction. This value can be overwritten for each individual module on
the HTGR Project Fractions sheet. The value entered should be a whole number between 12
and 72 months.

Reactor Construction Staggering — Cell B46 — User Input — The number of months
between startup of each reactor module. The value entered dictates when the construction of
each module begins. This value must be a whole number between zero and 18 months.

Refueling Period — Cell B47 — User Input — The number of months between refuelings for
each reactor module. The value entered must be a whole number between six and 24. A
default value of 18 months is assumed.

Startup Time — Cell B48 — User Input — The number of months, for each module, during
which operating costs and revenues are multiplied by the fractions/multipliers specified in
cells B49 and B50. . This value can be overwritten for each individual module on the HTGR
Project Fractions sheet. The value entered can be between zero and 36 months, whole
numbers only

Operating Cost Multiplier during Startup — Cell B49 — User Input — It is assumed
operating costs are higher during the specified startup period. This value can be overwritten
for each individual module on the HTGR Project Fractions sheet. The operating cost
multiplier entered must be between one and three.

Revenues Fraction during Startup — Cell BS0 — User Input — It is assumed annual revenues
are lower during the specified startup period. This value can be overwritten for each
individual module on the HTGR Project Fractions sheet. The revenue fraction entered must
be between zero and one.

Years in Decommissioning Fund — Cell B51 — Calculated — The number of payments made
to the decommissioning fund, based on the module life. It is assumed that a payment is made
each year there is revenue. A check value is shown in cell D51.
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314

Decommissioning Year — Cell B52 — Calculated — The year that decommissioning begins.
This is the year after the last revenue is received for the last reactor module.

Sinking Fund Rate of Return — Cell B53 — Calculated — The sinking fund rate of return is
assumed to be 2% plus the analysis inflation rate per the NRC (2012).

Lower Bound for TCI Change — Cell B54 — User Input — The lower bound on the TCI
range. Currently a -30% change in the TCI is assumed based on an AACE Class 4 estimate
(-30% to +50% TCI). A range of 15 to 50 percent is accepted.

Upper Bound for TCI Change — Cell B55 — User Input — The upper bound on the TCI
range. Currently a +50% change in the TCI is assumed based on an AACE Class 4 estimate
(-30% to +50% TCI). A range of 15 to 50 percent is accepted.

Named Cells/Ranges

The following cell names have been assigned in the Project Inputs worksheet:

CYEAR — cell B2
CEPCIYEAR —cell B3
CEPCI — cell B4

CA —cell BS

STax — cell B6

FTax — cell B7

TTax — cell B8

IRT C—cell B9
IRT A —cell B10

ELN —cell B12

MLN - cell B13
DebtN — cell B14
EquityN — cell B15
RDebtN Con —cell B16
RDebtN — cell B17
RTermN — cell B18
IRRN —cell B19
HTGR A —cell B20

ROT —cell B24
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Number — cell B26
HTGR TR - cell B27

PCirc_Heat — cell B28

HTGR_GR_Heat — cell B29

CP_Heat — cell B30
Heat Flow — cell B31
PG _Heat — cell B32
HTGRBEFF — cell B35
HTGRREFF — cell B36
Gross PWR — cell B37
HTGR_HL — cell B38
Net PWR —cell B39
CP_PWR — cell B40
Grid PWR — cell B41
HTGRGEFF — cell B43
SitePrep — cell B44
CPN — cell B45
StaggerN — cell B46
Refuel — cell B47

STN — cell B48
STOCN - cell B49
STRVN - cell B50
Decon_Yrs — cell B51
Decon_Yr — cell B52
Rate Decon — cell B53
MTCIHTGR - cell B54

PTCIHTGR - cell B55
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3.1.5 Worksheet Formatting

Cells highlighted purple indicate user inputs. Light blue cells indicate user inputs which are also
manipulated by Macros within the model, specifically the Macros on the Results Summary and
Sensitivity Analysis worksheets. Data validation limitations have been entered for all user inputs. All
other cells in the worksheet have been locked. In order to access the locked cells the worksheet must be
unprotected using the password identified in Section 3.

3.1.6 Worksheet Equations/IF Statements

The majority of the equations used in the Project Inputs worksheet are simple functions and therefore
are not included in the following list. However, the following complex equations, which require
explanation, are included on the Project Inputs worksheet:

e B42=IF(PG_Heat=0,0,(Net PWR+HTGR HL*CP Heat/HTGR_ GR_ Heat)/(PG_Heat/
HTGR_GR_Heat*HTGR_TR)*100) — This equation sets the net power cycle efficiency equal
to zero if only heat is being generated in the plant, otherwise, the net power cycle efficiency
is equal to the net power generated plus the circulator power associated with process heat
generation, divided by the portion of the reactor thermal rating used for power generation.

e B51=MLN+ROUNDUPMCE TN/12,0)-ROUNDDOWN(MCE _1N/12,0) — This equation
calculates the number of years in the decommissioning fund by adding the specified module
plant life to the difference between the last year of construction and first full year of
construction.

e D5I1=COUNTIF(HTGR Project Fractions''R427:R516,">0")+MLN-ELN — This function
counts the number of positive operating fractions on the HTGR Project Fractions worksheet
plus the difference between the module plant life and the economic life, this corresponds to
the total number of years the reactor operates, during which decommissioning fund payments
should be made. This value should equal the value in cell BS1.

e B52=Decon_YrstROUNDDOWN(MCE IN/12,0)+CYEAR — This equation sets the year
decommissioning occurs equal to the number of years of decommissioning fund payments
plus the last full year of construction for the first reactor module plus the year construction
begins.

3.1.7 Worksheet Macros

No Macros are included in the Project Inputs worksheet.

3.2 HTGR Project Fractions

The HTGR Project Fractions worksheet calculates the construction periods, construction period
fractions, revenue fractions, operating cost fractions, reactor refueling occurrences, depreciation fractions,
debt interest payments, debt principal payments, and the capitalized interest for all reactor modules. This
information is calculated based on the HTGR specifications on the Project Inputs sheet. However, the
user can override certain specifications and calculations, including the reactor construction period, the
month construction ends, the startup period and associated cost/revenue multipliers/fractions, and the
construction capital fraction for each reactor module. The HTGR Project Fractions worksheet is over 850
rows; therefore, screenshots will be presented for each segment of the worksheet. All calculations are
documented in detail in Section 3.2.9. User inputs are limited using the data validation tool.
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3.21 Module Construction Schedule

The worksheet first calculates the construction period for each reactor module based on the user input
specified on the Project Inputs worksheet, if the user wishes to enter different construction periods for
each module, they can do so in row 5, which acts as an override to the values calculated in row 4. Data
validation limitations have been set in row 5 such that the construction period entered must be a whole
number between 12 and 72 months. In addition, the specified period must be less than or equal to the
month construction ends, row 11. The construction period used in the model, row 6, uses the value
calculated by the model unless the user override is entered. Based on the value calculated in row 6 and
the month construction ends, row 11, the month and year construction starts is calculated for each
module, rows 7 and 8, respectively.

Next, the month construction ends is calculated in row 9, which is based on the month construction
ends for the first reactor, assuming construction begins in month one for the first module, and the
staggering period entered on the Project Inputs sheet plus the month construction ends for all remaining
modules. Like the construction period, the user can override the month construction ends for each
module in row 10. Data validation limitations have again been set for the user overrides, such that the
value entered must a be a whole number greater than or equal to the construction period for the first
reactor module and greater than or equal to the month construction ends for the previous reactor module.
The month construction ends used in the model, row 11, uses the value calculated by the model unless the
user override is entered. The model then calculates the year construction ends, the first year of
operations, and the number of months in the first year of operations for each reactor module.

The startup period for each module in displayed in row 15, this value can be overridden for each
module in row 16. Data validation limits have been set in row 16 such that the value entered must be a
whole number between 0 and 36 months. The startup period used in the model, row 17, uses the value
calculated by the model unless the user override is entered. The fractions used to adjust the revenues
during the startup period are displayed for each module in row 18. Again, a user override can be set for
each module in row 19, which is limited to a value between zero and one. Similarly, the multipliers used
to adjust the operating costs during the startup period are presented in row 21. The user override for the
module multipliers are in row 22, inputs are limited to values between one and three. The values used in
the model, row 20 for the revenue fractions and row 23 for the operating cost multipliers, use the values
calculated by the model unless user overrides are entered. Figure 4 presents a screenshot of the module
construction period and initial operations section for the HTGR Project Fractions worksheet.
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A B c D E E G H L ] K L M N (o] B Q R

2 Reactor #| 1 2 3 4 3 6 7 B 9 10 11 12 13 14 15 16 Total
3 Active| TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
4 Const. Period 42 36 36 36 o o o o 0 o o o 0 o o o

5 User Override

6 Const. Period Used 42 36 36 36 o 0 0 0 0 0 0 0 0 0 0

7 Month Const. Starts 1 13 19 25 o 0 0 0 0 0 0 0 0 0 0

8 Year Const. Starts 1 2 2 3 0 0 0 0 0 0 0 0 0 0 0

9 Mo. Const Ends 42 48 54 60 o 0 0 0 0 0 0 0 0 0 0
10 User Override,

11 Const. End Used 42 48 54 60 o 0 0 0 0 0 0 0 0 0 0 60
12 Year Const. Ends 4 4 5 5 0 0 0 0 0 0 0 0 0 0 0
13 1st Year of Ops. 4 5 5 6 o 0 0 0 0 0 0 0 0 0 0
14 # Mos. in 1st Op. ¥r. 6 12 6 12 0 0 0 0 0 0 0 0 0 0 0
15 Startup Period 12 12 12 12 o 0 0 0 0 0 0 0 0 0 0
16 User Override

17 | Startup Period Used 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0
18 | Revenues Fraction 065 065 0.65 0.65 0 o o 0 o o o 0 o o o
19 User Override

20 _Rev. Fraction Used 0.65 0.65 0.65 0.65 0 0 0 0 0 0 0 0 0 0 0
21 Op. Cost Multiplier 12 12 13 12 o 0 0 0 0 0 0 0 0 0 0
22 User Override

23  Op. Cost Mult. Used 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4. Module construction period and initial operations section of the HTGR Project Fractions worksheet, screenshot.

3.2.2 Module Capital Cost Fractions

The exponent, multiplier, and the resulting module construction fractions are calculated for each active module in rows 24, 25, and 26. These
fractions represent the portion of the capital cost associated with each reactor module as described in Section 2.4.1.1. The capital fraction
calculated can be overridden in row 27. Data validation limitations have been set in row 27 such that the fraction entered must be between zero
and one and conditional formatting is used to highlight the row in red until the fractions specified in the override row sum to one. The fraction
used in the model, row 28, uses the value calculated by the model unless the user override is entered. The monthly expenditure for each module
during construction is calculated using the s-curve distribution in rows 29 to 390; these rows are hidden by default as the s-curve distribution is
calculated for 360 months of construction. However, the rows can be unhidden and rehidden using the buttons at the top of the worksheet, which
are linked to Macros. Figure 5 presents a screenshot of the module construction fractions and a portion of the s-curve distribution calculations.
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11 B c D E E G H b J K s M N (o] P Q R
Unhide Rows - Capital Hide Rows - Capital

1 Fractions Detail Fractions Detail
2 Reactor #| 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 Total
3 Active TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
24 Exponent( -0738277411 -0.398294143 -0.32042923 -0.288691241 -0.259658812 -0.237085312 -0.218613466 -0.202979442 -0.1894263 -0.177464619 -0.166759617 -0.157072167 -0.148225506 -0.14008527 -0.132546937 -0.125527589
25 Multiplier 1 0402975547 0250553075 0.178842832 0.137687021 0.111196875 0.092817731 0.0793714563 0.069137493 0.06110628 0.054647918 0.049349804 0.044930809 0.041193035 0.037993289 0.035225505
26 Module Fraction| 0359345312 0260162138 0.199402986 0.181088964 o o 0 0 0 0 0 0 0 0 0 0 i
27 User Override 0
28 _Module Frac. Used| 0.353345312 0.260162138 0.199402986 0.181088964 0 0 0 0 0 0 0 0 0 0 0 0 i
29 Month MONTH S-CURVE DISTRIBUTION
30 1 0.001398101 o o o o o 0 0 0 0 0 0 0 0 0 0 0.000349525
31 2 0.0041B6485 o o o o o 0 0 0 0 0 0 0 0 0 0 0.001046621
32 3 0.006951457 o o o o o 0 0 0 0 0 0 0 0 0 0 0.001737864
33 4 0.009677553 o o o o o 0 0 0 0 0 0 0 0 0 0 0.002419388
34 5 0.012349529 o o o o o 0 0 0 0 0 0 0 0 0 0 0.003087382
35 3 0.01485244 o o o o o o o o o o o o o o o 0.00373811
36 7 0.017471732 o o o o o o o o o o o o o o o 0.004367933
37 8 0.019893315 o o o o o o o o o o o o o o o 0.004973328
38 g 0.022203648 o o o o o o o o o o o o o o o 0.005550811
39 10 0.024389805 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.006057451
40 1 0.026439567 o o o o o 0 0 0 0 0 0 0 0 0 0 0.006603892
41 12 0.028341458 o o o o o 0 0 0 0 0 0 0 0 0 0 0.007085367
42 13 0.030084872 0.001302651 o o o o 0 0 0 0 0 0 0 0 0 0 0.007996881
43 14 0.031660029 0.005693473 o o o o 0 0 0 0 0 0 0 0 0 0 0.009338375
44 15 0.03305813 0.009440963 o o o o 0 0 0 0 0 0 0 0 0 0 0.010624773
45 16 0.034271357 0.013116603 o o o o 0 0 0 0 0 0 0 0 1) 0 0.01184699
46 17 0.035292925 0.016692417 o o o o 0 0 0 0 0 0 0 0 0 0 0.012996335
47 18 0.03611712 0.020141192 o o o o 0 0 0 0 0 0 0 0 0 0 0.014064578
48 19 0.036739334 0.02343668 0.001902651 o o o 0 0 0 0 0 0 0 0 0 0 0.015519666
458 20 0.037156086 0.026553801 0.005693473 o o o 0 0 0 0 0 0 0 0 0 0 0.01735084
50 21 0.037365047 0.029468831 0.009440963 o o o 0 0 0 0 0 0 0 0 0 0 0.01906871
51 2 0.037365047 0.032159586 0.013116603 o o o 0 0 0 0 0 0 0 0 0 0 0.020660309
52 23 0.037156086 0.034605587 0.016692417 o o o 0 0 0 0 0 0 0 0 0 0 0.022113522
53 24 0.036739334 0.036788218 0.020141192 o o o 0 0 0 0 0 0 0 0 0 0 0.023417186
54 25 0.03611712 0.038690869 0.02343668 0.001902651 o o 0 0 0 0 0 0 0 0 0 0 0.02503683
55 26 0.035292925 0.040299059 0.026553801 0.005693473 o o 0 0 0 0 0 0 0 0 0 0 0.026959814
56 27 0.034271357 0.04160054% 0.029468831 0.009440963 o o 0 0 0 0 0 0 0 0 0 0 0.028695425
57 28 0.03305813 0.042585434 0.032159586 0.013116603 o o 0 0 0 0 0 0 0 0 0 0 0.030229938
58 29 0.031660029 0.043246217 0.034605587 0.016692417 o o 0 0 0 0 0 0 0 0 0 0 0.031551063
=9 30 0.030084872 0.043577871 0.036788218 0.0201411%2 o o 0 0 0 0 0 0 0 0 0 0 0.032648038
60 31 0.028341468 0.043577871 0.038690869 0.02343668 o o 0 0 0 0 0 0 0 0 0 0 0.033511722
61 32 0.026439567 0.043246217 0.040299059 0.026553801 o o 0 0 0 0 0 0 0 0 0 0 0.034134661
62 33 0.024389805 0.042385434 0.04160054% 0.029468831 o o 0 0 0 0 0 0 0 0 0 0 0.034511155
63 34 0.022203646 0.041600548% 0.042585434 0.032159586 o o 0 0 0 0 0 0 0 0 0 0 0.034637304
54 35 0.019893315 0.040299059 0.043246217 0.034505587 o o 0 0 0 0 0 0 0 0 0 0 0.034511045
65 36 0.017471732 0.038690869 0.043577871 0.036788218 o o 0 0 0 0 0 0 0 0 0 0 0.034132173
66 37 0.01485244 0.036788218 0.043577871 0.038690869 o o 0 0 0 0 0 0 0 0 0 0 0.03350235
67 38 0.012349529 0.034605587 0.043246217 0.040299059 o o 0 0 0 0 0 0 0 0 0 0 0.032625098
68 39 0.009677553 0.032159586 0.042585434 0.04160054% o o 0 0 0 0 0 0 0 0 0 0 0.03150578
69 40 0.006951457 0.029468831 0.04160054% 0.042585434 o o 0 0 0 0 0 0 0 0 0 0 0.030151568
70 41 0.0041B6485 0.026553801 0.040299059 0.043246217 o o 0 0 0 0 0 0 0 0 0 0 0.028571391
71 42 0.001398101 0.02343668 0.038690869 0.043577871 o o 0 0 0 0 0 0 0 0 0 0 0.02677588
72 43 o 0.020141192 0.036788218 0.043577871 o o 0 0 0 0 0 0 0 0 0 0 0.02512682

Figure 5. Module construction fractions and s-curve distribution on the HTGR Project Fractions worksheet, screenshot.

The fraction of the TCI expended each year for each module (rows 392 to 421) is calculated by multiplying the sum of the monthly s-curve

distributions corresponding to the analysis year, rows 30 to 390, by the construction module fraction in row 28. The results of which are the

annual construction fractions for each module, the sum of the annual construction fractions, row 422, should equal the module fraction calculated
in row 28. The sum for all modules, column R, should equal one. A screenshot of the calculated annual construction fractions for each module is
presented in Figure 6. The fractions calculated in column R are used to partition TCI to the corresponding analysis year for calculation of the

annual project cash flows on the IRR Analysis worksheet.
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A B c D E E 2] H I 3 K L M N o P Q R

2 Reactor # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total
3 Active TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
391 Analysis Year CONSTRUCTIOM FRACTIONS
392 1 0.0676487 0 0 0 1] o o o o 0 0 0 1] o o o 0.0676487
393 2 0.15200525 0.065040534 0.013357467 0 1] o o o o 0 0 0 1] o o o 0230403251
3594 3 0.121898746 0.13008106% 0.086344026 0.045272241 1] o o o o 0 0 0 1] o o o 0.383596081
395 4 0.017793216 0.065040534 0.086344026 0.050544482 1] o o o o 0 0 0 1] o o o 0.25972225%
396 5 o 0 0.013357467 0.045272241 1] o o o o 0 0 0 1] o o o 0.058629708
397 & o 0 0 0 1] o o o o 0 0 0 1] o o o o
398 7 o 0 0 0 1] o o o o 0 0 0 1] o o o o
399 3 o 0 0 0 1] o o o o 0 0 0 1] o o o o
400 ) o 0 0 0 1] o o o o 0 0 0 1] o o o o
401 10 o 0 0 0 1] o o o o 0 0 0 1] o o o o
402 1 o 0 0 0 1] o o o o 0 0 0 1] o o o o
403 12 o 0 0 0 1] o o o o 0 0 0 1] o o o o
404 13 o 0 0 0 1] o o o o 0 0 0 1] o o o o
405 14 o 0 0 0 1] o o o o 0 0 0 1] o o o o
406 15 o 0 0 0 1] o o o o 0 0 0 1] o o o o
407 16 o 0 0 0 1] o o o o 0 0 0 1] o o o o
408 17 o 0 0 0 1] o o o o 0 0 0 1] o o o o
409 18 o 0 0 0 1] o o o o 0 0 0 1] o o o o
410 19 o 0 0 0 1] o o o o 0 0 0 1] o o o o
411 20 o 0 0 0 1] o o o o 0 0 0 1] o o o o
412 21 o 0 0 0 1] o o o o 0 0 0 1] o o o o
413 22 o 0 0 0 1] o o o o 0 0 0 1] o o o o
414 23 o 0 0 0 1] o o o o 0 0 0 1] o o o o
415 24 o 0 0 0 1] o o o o 0 0 0 1] o o o o
416 25 o 0 0 0 1] o o o o 0 0 0 1] o o o o
417 26 o 0 0 0 1] o o o o 0 0 0 1] o o o o
418 27 o 0 0 0 1] o o o o 0 0 0 1] o o o o
419 28 o 0 0 0 1] o o o o 0 0 0 1] o o o o
420 29 o 0 0 0 1] o o o o 0 0 0 1] o o o o
421 30 o 0 0 0 1] o o o o 0 0 0 1] o o o o
422 Total 0.359345912 0.260162138 0.199402986 0.181088964 o o [ o o o o o o o [ o 1

Figure 6. Annual construction fractions section of the HTGR Project Fractions worksheet, screenshot.

3.2.3 Module Revenue and Operating Cost Fractions

Next, the revenue and operating cost fractions are calculated for each analysis year for each reactor module. Revenue fractions, rows 424 to
513, are based on the economic life specified on the Project Inputs worksheet and the startup time and revenue fraction multipliers, rows 17 and
20, respectively. The operating cost fractions, rows 516 to 605, are based on the economic life, the startup time (row 17), and the operating cost
multipliers (row 23). The yearly averages of the fractions, which are calculated in column R by summing the fractions and dividing by the number
of modules for each year, are applied to the annual revenues and operating costs calculated on the Economic Inputs worksheet to calculate the
annual project cash flows on the IRR Analysis worksheet. Up to 90 analysis years are included for the revenue and operating cost fraction
calculations, a portion of the rows corresponding to analysis years 46 to 79 are hidden to allow the screenshots to fit on a single page. A check
value is calculated in column S for the sum of the revenue and operating cost fractions to allow the user to ensure the algorithm is calculating the
appropriate value; however, the check value is not included in the screenshot. Figure 7 presents screenshot of the revenue fractions and Figure 8
presents the screenshot of the operating cost fractions.
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Figure 7. Annual revenue fractions section of the HTGR Project Fractions worksheet, screenshot.
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11 13 14 15 16
Total
FALSE FALSE FALSE FALSE

FALSE

10
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TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE
OPERATING COSTS FRACTIONS
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Figure 8. Annual operating cost fractions section of the HTGR Project Fractions worksheet, screenshot.

Module Refueling Occurrences

3.24

Reactor refueling occurrences for each module (rows 608 to 697) are calculated based on the economic life and the refueling period specified

on the Project Inputs worksheet. The worksheet identifies the number of refueling occurrences that occur in each analysis year for each reactor
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; however, the check values

ing occurrences

dual and total refuel

vi

module in column R. Check values are also calculated in column S for the ind

46 to 79 are hidden.

is years

analys

b

are not presented in the following screenshot. Figure 9 presents the screenshot of the refueling occurrences

11 12 13 15 16 Total
FALSE FALSE FALSE
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10
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Figure 9. Annual refueling occurrences section of the HTGR Project Fractions worksheet, screenshot.
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3.2.5 Module Depreciation Fractions

The annual depreciation fractions are calculated for each reactor module in rows 700 to 749. Deprecation is assumed to begin the first year of
module operation for each module. The yearly fraction is set by multiplying corresponding depreciation fraction, from the Commodity Prices
worksheet, by the module construction factor, row 28. The sum of the annual depreciation fractions, row 750, should equal the module fraction,
row 28. Figure 10 presents a screenshot of the depreciation section. The sum for all modules, column R, should equal one. The fractions
calculated in column R are used to set the depreciation deduction for calculation of the annual project cash flows on the IRR Analysis worksheet.

A B c D E E G H L J K L M N (o] B Q R
639 Analysis Year DEPRECIATION FRACTIONS
700 i o o o o o o 0 0 0 0 0 0 0 0 0 0 0
701 2 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
702 3 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
703 4 0.017967296 o o o o 0 0 0 0 0 0 0 0 0 0 0.01796729
704 5 0.034137862 0.013008107 0.009970149 o o o 0 0 0 0 0 0 0 0 0 0 0.057116118
705 & 0.030724075 0.024715403 0.018943284 0.009054448 o o o o o o o o o o o o 0.08343721
706 FA 0.027665635 0.022243863 0.017048935 0.017203452 o o o o o o o o o o o o 0.084165805
707 3 0.024302672 0.020032485 0.01535403 0.0154E3106 o o o o o o o o o o o o 0.075772293
708 9 002238735 0.018029236 0013818627 0.01394385 0 o o o o 0 0 0 0 0 0 0 0.068178964
709 10 0.021201409 0.016208101 0.012422806 0.012548465 o o 0 0 0 0 0 0 0 0 0 0 0.062381781
710 1 0.021201409 0.015349566 0.011764776 0.011281842 o o 0 0 0 0 0 0 0 0 0 0 0.059597594
711 12 0.021237343 0.015349566 0.011764776 0.010684249 o o 0 0 0 0 0 0 0 0 0 0 0.059035935
712 13 0.021201409 0.015375582 0.011784716 0.010684249 o o 0 0 0 0 0 0 0 0 0 0 0.059045957
713 14 0.021237343 0.015349566 0.011764776 0.010702358 o o 0 0 0 0 0 0 0 0 0 0 0.059054043
714 15 0.021201409 0.015375582 0.011784716 0.010684249 o o 0 0 0 0 0 0 0 0 0 0 0.059045957
715 16 0.021237343 0.015349566 0.011764776 0.010702358 o o 0 0 0 0 0 0 0 0 0 0 0.059054043
716 17 0.021201409 0.015375582 0.011784716 0.010684249 o o 0 0 0 0 0 0 0 0 0 0 0.059045957
717 18 0.021237343 0.015349566 0.011764776 0.010702358 o o 0 0 0 0 0 0 0 0 0 0 0.059054043
718 19 0.010600704 0.015375582 0.011784716 0.010684249 o o 0 0 0 0 0 0 0 0 0 0 0.048445252
Tk, 20 o 0.007674783 0.005882388 0.010702358 o o o o o o o o o o o o 0.024259529
720 21 o o o 0.005342124 o o o o o o o o o o o o 0.005342124
721 22 o o o o o o o o o o o o o o o o o
722 23 o o o o o o o o o o o o o o o o o
723 24 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
724 25 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
725 26 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
726 7 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
727 28 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
728 29 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
729 30 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
730 31 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
731 32 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
732 33 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
733 34 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
734 35 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
735 36 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
736 37 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
737 38 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
738 39 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
739 40 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
740 41 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
741 42 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
742 43 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
743 44 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
744 45 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
745 46 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
746 47 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
747 48 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
7438 45 o o o o o o 0 0 0 0 0 0 0 0 0 0 0
7435 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
750 Total 0359345912 0.260162138 0.199402986 0.181088964 [ [ 0 0 0 o o o o o o o 1

Figure 10. Depreciation section of the HTGR Project Fractions worksheet, screenshot.
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3.2.6

2
3
751
752
753
754
755
756
757
758
735
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
T
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
784
795
796
757
798
735
800
801
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Figure 11. Debt principal payment section of the HTGR Project Fractions worksheet, screenshot.

Module Debt Payments

Debt principal payments are calculated for each reactor module in rows 752 to 801, shown in Figure 11. Loan payments are assumed to begin
the first year of module operations. The calculations are based on the percent of capital financed, loan term, and interest rate specified on the

Project Inputs sheet. The sum of the payments, calculated in column R, is used to set the debt principal payments on the IRR Analysis worksheet.
A check value is calculated in column S for the sum of the debt principal payments which allows the user to ensure the algorithm is calculating the
appropriate value; however, the check value is not included in the screenshot.

A B £ D E F G H 1 1 12 s M N 0 e Q R
Reactor # 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 Total
Active TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
Analysis Year DEBT PRINCIPAL PAYMENT

1 50 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50
2 50 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50
3 50 S0 50 50 50 S0 S0 S0 S0 50 50 50 50 50 50 50 50
4 520,284,325 ) ) 0 ) 0 50 0 0 0 S0 0 0 s0 50 50 320,284,325
5 543077256 529963519 511255881 0 ) 0 50 0 0 0 S0 0 0 s0 50 50 -384,301,656
6 546,652,647  -532,455891  -523903802  -520,855,346 0 50 50 50 50 50 50 50 50 50 50 50 -$123,872,285
7 -550,524,783  -535,145,714 = -525887805  -522,591311 0 50 50 50 50 50 50 50 50 50 50 50 -$134,153,624
g -554,718326  -538,067,123 528036481  -524,466,379 0 50 50 50 50 50 50 50 50 50 50 50 -$145,288,308
s -559,258,920  -541,225676  -530,363495  -525,487,076 0 0 50 $0 $0 50 50 50 50 50 50 50 -$157,347,167
10 -564,178464 = -544,648469  -531,B83650  -528,696,320 50 S0 50 0 S0 50 50 50 50 50 50 50 -$170,406,904
1 -568,505,245  -548,354270  -535,612876  -531,078,101 50 S0 50 0 S0 50 50 50 50 50 50 50 -$184,550,593
12 -575,274,146  -550,367,651  -538,568836  -533,657,568 50 0 0 50 S0 50 50 50 50 s0 50 50 -$199,868,201
13 -5B1521,863 = -556,714,140  -541,770,030  -536,451,128 50 0 0 50 0 50 50 50 50 50 50 50 -$216,457,163
14 -5B8,288,138  -561,421,386  -545,236922  -539,476,555 50 0 0 50 0 50 50 50 50 50 50 50 -5234,423,001
15 -595,616,010 566,519,331  -548,991564  -542,753,080 50 0 0 50 S0 50 50 50 50 50 ] 50 -$253,878,994
16 -5103,552,091  -572,040,402  -553,057,840  -546,301575 50 0 0 0 s0 50 50 50 50 50 50 50 -$274,851,908
17 -5112,146,864 578,019,720  -557,46L615  -550,184,583 50 0 0 0 s0 50 50 50 50 50 50 50 -$287,772,781
18 -$121,454,998 = -584,485318  -562,230,800  -554,306,558 50 50 50 50 50 50 50 50 50 50 50 50 -$322,487,775
19 564457033 501508388 567396034  -558,813,876 0 50 50 50 50 50 s0 50 50 5o o s0 -$283,175,432
0 0 50 -535767556  -563,605,507 0 50 50 50 50 50 s0 50 50 5o o 0 -599,453,063
21 S0 S0 50 50 50 S0 50 S0 50 50 50 50 50 50 50 50 50
2 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
23 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
24 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
25 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
26 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
27 S0 S0 50 50 50 S0 S0 S0 S0 S0 50 50 50 50 50 50 50
28 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50
29 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50
30 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50
31 $0 $0 $0 $0 $0 S0 S0 S0 S0 50 50 50 50 50 50 50 50
32 $0 $0 $0 $0 $0 S0 S0 S0 S0 50 50 50 50 50 50 50 50
33 0 0 0 0 0 50 0 0 0 50 s0 50 50 50 50 50 50
34 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50
35 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50
36 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50
37 0 0 50 50 50 50 50 50 50 50 s0 50 50 50 50 50 50
38 0 0 50 50 50 50 50 50 50 50 s0 50 50 50 50 50 50
38 50 50 50 50 50 50 50 50 50 50 s0 50 50 50 50 50 50
a0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
a1 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
2 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
43 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
24 ) ) s0 s0 s0 s0 s0 s0 0 50 50 50 50 50 50 50 50
45 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
46 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
47 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
48 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
49 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

Toral -51,150,512,120 -5832,957,000  -5638,425387  -5579,789,673 50 50 50 50 50 50 50 50 50 50 50 50 -$3,201,684,180
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Debt interest payments are similarly calculated for each reactor module in rows 804 to 853, shown in Figure 12. The sum of the payments,
calculated in column R, is used to set the debt interest payments on the IRR Analysis worksheet.

2
3
803
304
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854

A B c D E F G H I 3 K L M N 0 B Q R

Reactor # 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 —
Active TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE EALSE FALSE FALSE
Analysis Year DEBT INTEREST PAYMENT

£ 50 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50

2. 50 50 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50

3 50 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50

4 545,685,033 0 0 0 ) 0 0 0 0 50 50 0 0 50 50 ) -345,685,033

5 588,861,461  $65,553532 525,350,872 0 0 0 0 0 0 50 50 s0 0 50 50 0 -$179,765,865

3 585,286,070 563,065,160 540,300,705 545,629,319 0 0 0 0 0 50 50 0 0 50 50 ) -$243,291,254

7 581413923 -560,372337 547325701  -543,897,354 $0 50 50 50 50 50 50 50 50 50 50 50 -5233,008,915

g -$77,220381  -§57,454828  -545177026  -$42,022,886 $0 50 $0 0 $0 50 50 50 50 50 50 50 -$221,875,231

s -$72,678,796  -554,295,375  -542850012  -539,892,189 $0 50 $0 0 $0 50 50 50 50 50 50 50 -$208,816,373

10 -$67,760,252  -$50,873,582  -540328857  -$37,792,345 $0 50 $0 0 $0 50 50 50 50 50 50 50 -$186,756,635

1 -562,433471  -547,167,781  -537600530  -535,411,164 0 0 0 S0 50 50 50 50 50 50 50 50 -5182,612,947

12 556,664,570 -543,154,400 534644670  -532,831,697 0 0 0 S0 50 50 50 50 50 50 50 50 -$167,295,338

13 550,416,853  -538807,811 531443476  -530,038,136 0 0 0 s0 50 50 50 50 50 50 50 50 -$150,706,376

14 543650579 -534,100,665 527976584  -527,012,710 s0 s0 0 50 50 50 50 50 s0 50 s0 50 -$132,740,538

15 536,322,707 = -529,002,721  -524,221942  -523,736,176 s0 s0 0 s0 50 50 50 50 s0 50 s0 50 -$113,283,545

16 528,386,625  -523,481,649 520155666  -520,187,690 s0 s0 0 50 50 50 50 50 s0 50 s0 50 -$92,211,631

17 519,791,853 -517,502,331  -515751892  -516,344,682 s0 s0 0 0 50 50 50 50 s0 50 50 50 -568,390,758

18 510,483,718 | -511,026733  -510982606  -512,182,707 s0 s0 S0 0 50 50 50 50 50 50 50 50 -544,675,764

19 51,512,325 -§4,013,663 -$5,817,472 57,675,289 s0 s0 S0 0 50 50 50 50 50 50 50 50 -318,018,748

20 0 s0 -3839,187 -52,793,758 50 0 S0 0 50 50 50 50 50 50 50 50 -$3,632,955

21 S0 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50 50

2 S0 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50 50

23 S0 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50 50

24 50 50 50 50 50 50 S0 50 S0 50 50 50 50 50 50 50 50

25 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

26 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

27 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

28 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50

L] 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50

30 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50

31 S0 S0 50 50 50 S0 S0 S0 S0 S0 50 50 50 50 50 50 50

32 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

33 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

34 s0 s0 s0 s0 s0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

35 $0 $0 $0 $0 $0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

36 $0 $0 $0 $0 $0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

37 $0 $0 $0 $0 $0 S0 S0 S0 S0 50 50 50 50 50 50 50 50

38 0 0 0 0 0 50 0 0 0 50 s0 50 50 50 50 50 50

38 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50

a0 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50

a1 0 0 50 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50

2 0 0 50 50 50 50 50 50 50 50 s0 50 50 50 50 50 50

43 0 0 50 50 50 50 50 50 50 50 s0 50 50 50 50 50 50

4 0 0 50 50 50 50 50 50 50 50 s0 s0 50 50 50 50 50

45 s0 s0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

26 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

a7 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

48 50 50 50 50 50 50 S0 S0 S0 50 S0 S0 S0 S0 S0 S0 S0

4g 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

Total 5828568630 5500,873,768 545,777,206 -5417,549,304 0 50 50 50 50 50 50 50 50 50 50 50 -$2,305,768,508

Figure 12. Debt interest payment section of the HTGR Project Fractions worksheet, screenshot.

Finally, the capitalized interest, which is the interest accumulated on debt during construction, is calculated for each module in rows 856 to
885. These calculations are based on the construction period for each module and the interest rate on debt during construction specified on the
Project Inputs worksheet. It is assumed that funds are borrowed on a monthly basis; hence interest is accrued monthly for each module. The
interest on debt is lumped with the amount of capital financed in determining the total debt interest and principal payments. Figure 13 presents a
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screenshot of the capitalized interest section of the HTGR Project Fractions worksheet. The sum for all modules, column R, is used in the annual
cash flow analysis on the IRR Analysis worksheet.

A B & D E F G H 1 3 K L M N o) P Q R

2 Reactor # 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 —

3 Active| TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
855 Analysis Year CAPITALIZED INTEREST
856 1 -56,641,104 0 50 s0 50 50 0 0 50 50 50 50 50 50 50 50 -36,641,104
857 2 -530,071,404 | -56,576,611 -3605,750 s0 50 50 0 0 50 50 50 50 50 50 50 50 -$37,253,765
858 3 -562,709,406 | -528,013593  -511903912  -$4,715,060 0 $0 0 0 0 s0 s0 s0 so 50 50 0 -$107,341,971
859 4 -5B3,530,403 | -552430592  -532,074538  -519,994371 0 0 50 50 ) 50 50 50 50 5o ] s0 -$188,029,955
860 5 $0 $0 -545,448836  -537,070,458 0 0 50 50 ) 50 50 50 50 5o ] s0 -582,519,295
861 -3 S0 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50 50
862 7 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
863 8 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
864 9 50 50 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50
865 10 50 50 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50
866 1 50 50 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50
867 12 50 50 50 50 50 50 50 50 S0 50 50 50 50 50 50 50 50
868 13 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50 50
869 14 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50 50
870 15 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50 50
871 16 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
872 17 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
873 18 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
874 18 0 0 0 0 50 50 0 $0 0 50 s0 50 50 50 50 50 50
875 b1} 0 0 50 0 50 50 50 S0 50 50 50 50 S0 )] 50 50 ]
876 n 0 0 50 0 50 50 50 S0 50 50 50 50 S0 )] 50 50 ]
877 n 50 0 50 s0 50 50 0 0 50 50 50 50 50 ] ] 50 ]
878 23 0 0 50 s0 50 50 0 0 50 50 50 50 50 ] ] 50 ]
878 2 0 0 50 s0 50 50 0 0 50 50 50 50 50 ] ] 50 ]
880 25 50 0 50 S0 50 50 0 0 50 50 50 50 50 50 50 50 50
881 26 0 0 50 s0 50 50 0 0 50 50 50 50 50 50 50 50 50
882 bx} 0 0 50 s0 50 50 0 0 50 50 50 50 50 50 50 50 50
883 26 0 0 50 s0 50 50 0 0 50 50 50 50 50 50 50 50 50
884 24 s0 50 50 50 50 S0 S0 S0 50 50 50 50 50 50 50 50 50
885 30 50 50 50 50 50 50 S0 S0 50 50 50 50 50 50 50 50 50
886 Total -$182,952,318  _$87,020.796 590,033,137 561,779,840 0 50 50 50 50 50 50 50 50 50 50 s0 -5471,786,090

Figure 13. Capitalized interest section of the HTGR Project Fractions worksheet, screenshot.
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3.2.7 Named Cells/Ranges

The following cells names have been assigned on the HTGR Project Fractions worksheet:
e MCE IN-cell Bll

e MCE TN —cell R11

3.2.8 Worksheet Formatting

Cells highlighted purple indicate user inputs. Data validation limitations have been entered for all
user inputs. All other cells in the worksheet have been locked. In order to access the locked cells the
worksheet must be unprotected using the password identified in Section 3.

Conditional formatting'® is used in row 33, which highlights the row red if the sum of the values
entered for the user override for the capital breakdown fractions do not sum to one.

3.29 Worksheet Equations/IF Statements

Several complex equations and IF statements are utilized in the HTGR Project Fractions worksheet,
the following sections summarize these functions.

3.2.9.1 Module Construction Schedule

A simple IF statement is used in row three to display if the listed reactor module is active based on
the user input for the number of reactor modules on the Project Inputs worksheet. The equation for cell
B3 is used as the example:

B3=IF(B2<=Number, TRUE,FALSE)

If the reactor module is active, the corresponding cell in row three displays TRUE, otherwise the cell
reads FALSE. Next, another IF statement is used in row four, displaying the construction period for the
active modules:

B4=IF(B3=TRUE,IF(B2=1,CPN+SitePrep,CPN),0)

This equation sets the construction period equal to the value specified on the Project Inputs worksheet,
plus the preconstruction period for the first reactor module, if the corresponding value in row three is
active, i.e. TRUE; otherwise the construction period is zero. Row six calculates the construction period
used by the model for each module, cell B6 is used as the example:

B6=IF(B3=TRUE,IF(ISBLANK(B5)=TRUE,B4,B5),0)

Based on the above equation, if the corresponding cell in row three is active the construction period used
will equal the value entered in the user override, row five, if no value is entered in the user override then
the construction period calculated by the model is used, row four. The value calculated in row six is used
along with the month construction ends, row 11, to calculate the month construction starts, row seven,
cell B7 is shown in the example:

B7=IF(B3=TRUE,B11-B6+1,0)

" To identify the conditional formatting used in any sheet, select the ‘Home’ tab on the ‘Ribbon’, select ‘Conditional

Formatting’, and select ‘Manage Rules’ from the drop down list; this will list all conditional formatting on the given
worksheet.
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Again, if the corresponding value in row three is active, then the month construction starts is equal to the
month construction ends (row 11) minus the construction period used in the model (row 6) plus one. The
value calculated in row seven is used to then calculate the year construction begins for each module:

B8=ROUNDUP(B7/12,0)
The month construction ends for each module, row nine, is calculated using the following equation:
B9=IF(B3=TRUE,IF(B2>1,A11+StaggerN,B6),0)

This calculates the month construction ends if the corresponding cell in row three is active for each
module. For the first module the month construction ends is equal to the construction period for that
module, row 6. For all other modules, the month construction ends is equal to the end of the previous
construction period used in the model, row 11, plus the reactor construction staggering period. Like the
construction period, the user can override the month construction ends as described previously. The
month used in the model, row 11, is calculated using an equation similar to the equation used for row 6.

The calculation for the year construction ends for each module is calculated based on the calculation
for the first year of operations, row 13, and the number of months in the first year of operations, row 14:

BI2=IF(B14<12,B13,B13-1)

The value in row 12 is equal to the first year of operations, if the number of months in the first year of
operations is less than 12; otherwise, the value is equal to the first year of operations minus one. The first
year of operations, row 13, is calculated as follows:

B13=IF(B3=TRUE,ROUNDDOWN(B11/12,0)+1,0)

This equation divides the month construction ends for each module (row 11) by 12, and rounds the
resulting value down to the next nearest integer, then adds one, if the corresponding cell in row three is
active. The number of months in the first year of operations is then calculated as follows:

B14=IF(B3=TRUE,B13*12-B11,0)

The startup period, revenues fraction, and operating cost multiplier are calculated in rows 15, 18, and
21, respectively, using the following equations:

B15=IF(B3=TRUE,STN,0)
B18=IF(B3=TRUE,STRVN,0)
B21=IF(B3=TRUE,STOCN,0)

These equations set the values equal to the cells specified on the Project Inputs worksheet, if the
corresponding cell in row three is active for each module. Like the construction period and the month
construction ends, the user can override the startup period, revenues fraction, and operating cost
multiplier as described previously. The values used in the model (rows 17, 20, and 23), are calculated
using an equation similar to the equation used for row 6.

3.2.9.2 Module Capital Cost Fractions

The equations for the reactor module fraction calculations were previously presented in Section
2.4.1.1. Row 24 calculates the exponent used for each module, cell B24 is used as the example:

B24=0.102*LN(B2+-0.963)-0.402
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The multiplier for each module is calculated in row 25:
B25=IF(B2=1,1,0.908*B2"-1.172)

This equation sets the multiplier equal to one if the module number, row 2, is equal to one; otherwise, the
exponential correlation is used to calculate the multiplier for the given module. The exponent and
multiplier are then used to calculate the fractional breakdown for each module, row 26, cell B26 is used as
the example:

B26=IF(Number=B$2,(1-SUMIF($B$2:$Q$2,"<"&B$2,$B26:$Q26)),IF(Number<B$2,0,
B$25*(Number-(B$2-1))"B$24))

This equation calculates the fraction for the number of reactor modules specified by the user such that if
the module fraction being calculated is equal to the number of modules specified by the user, the fraction
is equal to one minus the sum of all fractions for modules less than the number specified, this ensures that
the fractions add to one. Otherwise, the module fraction is equal to the multiplier, row 24, times the
number of modules less the current module minus one raised to the exponent calculated in row 25. Like
the construction period and the month construction ends, the user can override the module fractions as
previously discussed. The fraction used in the model, row 28, is calculated using an equation similar to
the equations used for rows six and 11. If a user override is specified for the module fractions, the
fractions must sum to one.

The following calculations are made in rows 30 to 389; these rows are normally hidden on the
worksheet. To view these calculations, click the ‘Unhide Rows — Capital Fractions Detail’ button, which
runs a short Macro described in the next section. The hidden section calculates the fraction of
construction capital expended for each module per month using the monthly s-curve distribution,
previously described in Section 2.4.1.1. It is necessary to calculate the monthly distribution, rather than
the yearly distribution, as the construction period can be specified in monthly increments. As such, up to
360 months of construction, or 30 years, can be accommodated in the model. Rows 30 to 389 include the
following function, cell B30 is used in the example:

B30=IF(AND($A30<=B$11,$A30>=B$7),

If the current month (column A) is between the month construction starts and the month
construction ends:

0.5*(SIN(-PI()/2+P1()*($A30-(B$7-1))/B$6)+1)-IF($A30=1,0,SUM(B29:B$30)),0)

Then, the cell value is equal to the cumulative s-curve distribution function" minus the sum of
all previous distribution values if the month (column A) is greater than one, if the month is
equal to one zero is subtracted. Otherwise, the cell is equal to zero.

Column R sums the monthly distributions calculated for each module and divides the sum by the
number of modules specified; this value is the overall monthly capital distribution for all modules. Row
390 serves as a check for the distribution calculation. The sum of rows 30 to 389 should equal one for all
active modules as should the total monthly capital distribution, column R.

The annual capital construction fractions, rows 392 to 421, are calculated using the following
formula, cell B392 is used in the example:

B392=B$28*SUMIFS(B$30:B$389,5A$30:$A$389,">="&(1+($A392-1)*12),$A$30:5A$389,
"<="&$A392%12)

5 Cumulative S-Curve Distribution = 0.5 X (sin (—§+ nxm—onth) + 1)

c_months
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The annual fraction is equal to the module capital fraction used in the model, row 28, times the sum of the
months from the s-curve distribution calculated which correspond to the analogous analysis year in
column A. For the example shown, the function SUMIFS sums the values in column B for rows 30 to
389, when the values in column A for rows 30 to 389 are between 1 and 12 months, i.e. the first year of
construction. Column R sums the annual distributions for all modules; this value is the overall annual
capital construction distribution. Row 422 sums the annual distributions for the modules which should
equal the fractions in row 28. The sum of column R for rows 392 to 421 should equal one.

3.2.9.3 Module Revenue and Operating Cost Fractions

The annual revenue fractions for each module are calculated in rows 424 to 513. A complex IF
statement is used for this function, cell B424 is used in the following calculation example:

B424=IF(B$3=TRUE,
If the reactor module is present then following function is calculated:
IF($A424=B§13,

If the year in column A is equal to the first year of operations for the module, as shown in row
13, then:

IF(B$14<=B$17,B$20*B$14/12,(B$17*B$20+B$ 14-B$17)/12),

If the number of months during the first year of operations, row 14, is less than or equal
to the number of months in the startup period, row 17, then the value is equal to the
startup revenue multiplier, row 20, times the number of months in the first year of
operations, row 14, divided by 12. Otherwise, the value is equal to the startup time
period, row 17, times the revenue multiplier, row 20, plus the number of months in the
first year of operations, row 14, less the number of months in the startup period, row 17,
all divided by 12.

IF(AND($A424>B$13,5A424<ELN+B$13),

Otherwise, if the year in column A is greater than the first year of operations, row 13,
and less than the economic life (ELN) specified by the user plus the first year of
operations, then:

IF((B$17-B$14)/12>=$A424-B$13,B$20,

If the startup period, row 17, less the number of months in the first year of
operations, row 14, divided by twelve is greater than or equal to the current year less
the first year of operations, row 13, then the value is equal to the startup revenue
multiplier calculated in row 20.

IF(AND((B$17-B$14)/12<§A424-B$13,(BS17-B$14)/12+1>=$A424-B$13),

Otherwise if the startup period, row 17, less the number of months in the first year of
operations, row 14, divided by twelve is less than the current year less the first year
of operations, row 13, and the startup period, row 17, less the number of months in
the first year of operations, row 14, divided by twelve plus one is greater than or
equal to the current year less the first year of operations, row 13, then:

MOD(B$17-B$14,12)/12*B$20+(1-MOD(B$17-B$14,12)/12),1)),
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The revenue fraction is equal to the fraction of the startup time remaining,
calculated using the MOD function, times the startup multiplier plus the number
of months remaining in the current year divided by 12. This allows the revenue
fraction to be calculated for startup periods lasting multiple years. Otherwise,
the value is equal to one, i.e. full revenues when the startup period is complete.

IF($A424=ELN+B$13,(12-B$14)/12,0))),0)

Finally, if the current year is equal to the economic life specified by the user plus the
first year of operations, row 13, then the value is equal to 12 minus the number of
partial months in the first year of operations, row 14, divided by twelve. Otherwise
if the number of years is greater than the economic life plus the first year of
operations the value is zero, i.e. the plant is no longer operating.

Column R sums the revenue fractions for all modules and divides by the number of modules. Row 514
sums the annual revenue fractions which should equal the check value provided in cell S514:

S514=ELN-(AVERAGEIFS(B17:Q17,B3:Q3,TRUE)/12)+(B17*B20+C17*C20+D17*D20
+E17*E20+F17%F20+G17*G20+H17*H20+117*120+J17*J20+K 17*K20+L17*L20+
M17¥M20+N17#N20+017*020+P17*P20+Q17*Q20)/(Number*12)

The operating cost fractions for each module are calculated in rows 516 to 605. A complex IF
statement is used for this function, cell B516 is used in the following calculation example:

B516=IF(B$3=TRUE,IF($A424=B$13,IF(B$14<=B$17,B$23*B$14/12,(B$17*B$23+B$14-
B$17)/12),IF(AND($A424>B$13,8A424<ELN+B$13),IF(B$17-B$14)/12>=3A424-
B$13,B$23,IF(AND((B$17-B$14)/12<$A424-B$13,(B$17-B$14)/12+1>=$A424-B$13)
MOD(B$17-B$14,12)/12*B$23+(1-MOD(B$17-B$14,12)/12),1)),IF(SA424=ELN+B$13
,(12-B$14)/12,0))),0)

The IF statement description is not provided as this equation is the exact equation used for the revenue
fractions calculation, except the operating cost multiplier, row 21, is used instead of the revenues
multiplier, row 18. Again, Column R sums the operating cost fractions for all modules and divides by the
number of modules. Row 606 sums the annual operating cost fractions which should equal the check
value provided in cell S606:

S606=ELN-(AVERAGEIFS(B17:Q17,B3:Q3,TRUE)/12)+(B17*B23+C17*C23+D17*D23+
E17*E23+F17*F23+G17*G23+H17*H23+117*123+J17*J23+K17*K23+L17*L23+
M17*¥M23+N17*N23+017*023+P17*P23+Q17*Q23)/(Number*12)

3.2.9.4 Module Refueling Occurrences

The number of yearly refueling occurrences for each module is calculated in rows 608 to 697. A
complex IF statement is used for this function, cell B608 is used in the following calculation example:

B608=IF(B$3=TRUE,
If the reactor module is present then following function is calculated:

IF(AND($A608*12-B$11>=Refuel,$A608*12-BS11<ELN*12-Refuel),
ROUNDDOWN(($A608*12-B$11)/Refuel,0)-ROUNDDOWN((SA607*12-B$11)/Refuel,0),

If the current year, column A, times 12 less the months of construction used in the model, row
11, is greater than or equal to the months between refuelings (Refuel) and less than the
economic life (ELN), converted to months, less the months between refuelings, then the value
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is equal to the number of refuelings in the current year less the number of refuelings in the
previous year.

IF(AND($A608*12-B$11<=ELN*12,$A608*12-B$11>=ELN*12-Refuel),(ELN*12-
Refuel)/Refuel-SUM(B607:B$608),0)),0)

Otherwise, if the current year times 12 less the number of months of construction used in the
model is less than or equal to the economic life times 12 and greater than or equal to the
economic life times twelve less the refueling period (this represents the last refueling
occurrence for the plant), then the fraction of refuelings performed for the remainder of the
economic life is calculated by taking the total number of refuelings for the economic life minus
the total refuelings performed for all previous years. Otherwise, the value is zero.

Column R sums the refueling occurrences for all modules. Row 698 sums the individual module
refuelings which should equal the check value provided in cell S697:

S697=(ELN*12-Refuel)/Refuel

The sum for all modules, cell R698, should equal the check value provided in cell S698, which is equal to
the value calculated in cell S697 times the number of modules.

3.2.9.5 Module Depreciation Fractions

The depreciation fractions are calculated in rows 700 to 749. A complex, but much shorter, IF
statement is used for this function, cell B700 is used in the following calculation example:

B700=IF(B$3=TRUE,IF(AND($A700>=B$13,$A700<16+B$13),B$28*VLOOKUP(1+$A700-
B$13,'Commodity Prices''$F$2:$G$22,2),0),0)

If the reactor module is present then, if the current year is greater than or equal to first year of operations,
row 13, and less than 16 plus the first year of operations then the depreciation fraction is equal to the
module construction fraction in row 28 times the depreciation fraction specified on the Commodity Prices
worksheet, which is set using the VLOOKUP function. Column R sums the depreciation fractions for all
modules. Row 750 sums the individual module depreciation fractions, which should equal the module
fraction in row 28, and the total module fractions are calculated in column R, which should sum to one.

3.29.6 Module Debt Payments

The debt principal payment for each module is calculated in rows 752 to 801. A complex IF
statement is used for this function, cell B752 is used in the following calculation example:

B752=IF(B$3=TRUE,
If the reactor module is present then following function is calculated:
IF(OR($A752*12<=B$11,$A752*12-B$11>=(RTermN+1)*12),0,

If the current year from column A, converted to months, is less than or equal to the month
construction ends, row 11, or the current year, converted to months, less the months of
construction, row 11, is greater than or equal to the number of years in the loan term
(RTermN) plus one, converted to months, then the value is zero.

CUMPRINC(RDebtN/100/12,RTermN*12,B$28*(-SUM(DebtCapital,DebtInterest)),
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Otherwise the debt principal payment is calculated using the built in Excel function
CUMPRINC, which uses the following syntax: CUMPRINC (rate,nper,pv,start period,end
period,type). The rate (RDebtN) and term (RTermN) use the values entered on the Project
Inputs worksheet converted to their equivalent monthly values, and the present value is equal
to the sum of the debt capital and debt interest on the IRR Analysis worksheet times the
capital fraction for the first module, row 28.

IF(SA752=B$13,1,IF(SA752=B$13+1,B$14+1,($A752-B$13-1)*12+B$14+1)),

The start period is equal to one if the current year is equal to the first year of operations,
row 13. If the current year is equal to the second year of operations, then the start period
is equal to the number of months in the first year of operations, row 14, plus one;
otherwise, the start period is equal to the current year minus the first year of operations
minus one, converted to months, plus the number of months in the first year of operations
plus one.

IF($A752*12-B$11<=RTermN*12,$A752*12-B$11,RTermN*12),0)),0)

If current year times twelve less the month construction ends, row 11, is less than the
number of months in the loan term (RTermnN), then the end period is equal the current
year times 12 less the month construction ends, otherwise the end period is the number of
months in the loan term, i.e. the last year of the loan.

Column R sums the debt principal payments for all modules. Row 802 sums the individual module
payments, the sum of which, cell R802, should equal the check value provided in cell S802, which is the
sum of the debt capital and debt interest ranges on the IRR Analysis worksheet:

The debt interest payment for each module is calculated in rows 804 to 852. A complex IF statement
is used for this function, cell B804 is used in the following calculation example:

B804=IF(B$3=TRUE,IF(OR($A804*12<=B$11,$A804*12-B$11>=(RTermN+1)*12),0,
CUMIPMT(RDebtN/100/12,RTermN*12,B$§28*(-SUM(DebtCapital, DebtInterest)),
IF($A804=B$13,1,IF($A804=B$13+1,B$14+1,(SA804-B$13-1)*12+B$14+1)),
IF($A804*12-B$11<=RTermN*12,$A804*12-B$11,RTermN*12),0)),0)

The IF statement description is not provided for this equation as it is the exact equation used for the debt
principal calculation, except the CUMIPMT function, is used instead of the CUMPRINC function.
Again, Column R sums the individual module interest payments for all modules.

Finally, the capitalized interest, or the interest on debt during construction, is calculated for each
module in rows 856 to 885. Another complex IF statement is used for this function, cell B856 is used in
the following calculation example:

B856=IF(AND($A856>=B$8,$A856<=B$12),

If the current year in column A is greater than or equal to the year construction starts, row 8, and
less than or equal to the year construction ends, row 12, then the cell value is equal to the sum of
the following values:

-FV(RDebtN Con/100/12,

The negative of the value calculated using the built in Excel function FV, which calculates the
future value of the annual debt financed where the loan is assumed to be amortized in equal
monthly increments, the following syntax is used: FV(ratenper,pmt,pv,type). The rate is
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specified by the interest on debt during construction (RDebtN Con) entered on the Project
Inputs worksheet, converted to its equivalent monthly value.

IF($A856=B$8,$A856*12-B$7+1,IF(SA856<B$12,12,IF(SA856=B$12,12-
IF(B$14<12,B$14,0),0))),

The number of periods, i.e. the number of months during which money is being lent for
the corresponding analysis year is calculated as follows. If the analysis year equals the
year construction begins, then the number of periods is equal to the analysis year times
12 less the month construction starts, row 7, plus one month. If the analysis year is less
than the year construction ends, then the number of periods is equal to 12, i.e. a full year.
Finally, if the analysis year is equal to the year construction ends, then the number of
periods is equal to 12 less the number of months in the first year of operations, row 14, if
that value is less than 12, if the number of months is equal to 12 the period is equal to 12.
Otherwise, the period is equal to zero.

(IRR Analysis'!'$D27*B392/$R392)/IF(SA856=B$8,SA856*12-
B$7+1,IF(SA856<B$12,12,IF($A856=B$12,12-IF(B$14<12,B$14,0),0))),0)

The payment, which since we are calculating the amount of interest accumulated during
construction, is assumed to equal the corresponding debt capital value on the IRR
Analysis sheet multiplied by the yearly construction fraction for the current module
divided by the overall annual construction fraction (column R) divided by the number of
periods for the current year, which was described in the paragraph above. The present
value is set equal to zero since the calculation is for the amount of interest accumulated
during construction.

-'IRR Analysis'!$D27*B392/$R392

The corresponding loan amount financed for the analysis year is subtracted from the future
value of the loan with interest, to determine the interest accumulated during construction.

+IF(SA856>1,SUMIF($A$856:3A$885,"<"&$A856,B$856:B$885)+SUMIF(SA$856:3A$88
5,"<"&$A856,DebtCapital) *SUMIF(SA$856:$A$885,"<"&S$A856,B$392:B$421)/IF(SUMIF
(SA$856:3A$885,"<"&$A856,8R$392:5R$421)>0,SUMIF(SA$856:3A$885,"<"&SA856,SR
$392:3R$421),1),0)*RDebtN_Con/100,0)

Next, if the analysis year is greater than one, the previous annual sums for interest
accumulated on the debt during construction are added to the previous annual sums for the
capital financed for the current module, times the interest rate on debt during construction.
This adds the interest on the interest accumulated for the previous years and interest on the
capital financed during the previous years. Otherwise, if the annual year is outside the range
specified in the equation, the interest on debt is equal to zero.

3.2.10 Worksheet Macros

The UnhideCellsHTGRFractions Macro unhides the hidden rows 29 to 390 on the HTGR Project
Fractions worksheet when the user clicks the ‘Unhide Rows — Capital Fractions Detail’ button. The
UnhideCellsHTGRFractions Macro is presented in Figure 14.
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Sub TnhideCellsHTGRFractions()

' UnhideCellsHTGEFractions HMHacro

' Bhows the hidden rows on the HTGR Project Fractions Sheet
Sheets ("HTGR Project Fractions™) .3elect

Rows ("29:390") ,3elect
Selection.EntireRFow.Hidden = False

End 3Jub
Figure 14. UnhideCellsHTGRFractions Macro.

The HideCellsHTGRFractions Macro hides rows 29 to 390 on the HTGR Project Fractions
worksheet, when the user clicks the ‘Hide Rows — Capital Fractions Detail’ button. The

HideCellsHTGRFractions Macro is show in Figure 15.
Sub HideCellsHTGRFractions|()

' HideCellsHTGRFractions Macro

' Hides the rows on the HTGE Project Fractions Sheet
SGheets ("HTGE Project Fractions").3elect

Rows (M29:390") .3elect
Zelection.EntireRow.Hidden = True

End Sub
Figure 15. HideCellsHTGRFractions Macro.

3.3 HTGR Cost Basis

The HTGR Cost Basis worksheet is arranged into several sections where the capital cost, operating
and maintenance cost, fuel cost, and decommissioning cost are calculated based on the user inputs
specified on the Project Inputs worksheet along with correlations developed for the reactor capital and
operating costs in TEV-1196 (INL 2012a). The only user inputs available on the HTGR Cost Basis
worksheet are the user overrides for the number of power cycles and staffing levels for the single and
additional reactor unit, the inputs of which are limited using the data validation tool.

37



3.31 Capital Costs

Capital cost correlations are used to develop the HTGR capital cost according to the equations presented in Section 2.1, which are based on the
correlations presented in TEV-1196 (INL 2012a). These correlations can be easily changed if the underlying data presented in TEV-1196 is
updated. The data for the correlations is pasted from the HTGR Cost Model, which is documented in the “HTGR Cost Model Users’ Manual,”
INL/EXT-11-23833, (INL 2012b). The relationship for the ROT is a linear correlation, while the number of units and HTGR and power cycle size
are exponential correlations; multipliers are used to adjust the baseline NOAK costs to either FOAK or NGNP costs. Figure 16 presents the
factors used in the HTGR and power cycle correlations on the HTGR Cost Basis worksheet. In general these rows are hidden; however, they can
be unhidden by clicking the ‘Unhide Rows — HTGR Capital Cost Correlations’ button which is linked to a Macro. The rows can be redhidden by
clicking the ‘Hide Rows — HTGR Capital Cost Correlation’ button, also linked to a Macro.

A B C D E F G H I ] K L M M
1 | Capital Cost Correlations ROT Reactor # HTGR/Power Cycle Size FOAK NGMP
2 T Range T=B50 B50<T<200 T>200 Base 600
3 HTGR Less Power Cycle  |Slope 0.2576 14867 0.6000 Exponent 0.8275 Exponent 0.6734 Multiplier 14870 Multiplier 1.7583
= Int. 2509524 -793.5981 44148
3 T Range T=B50 BS0<T<200 T>900 Base 2808
& Brayton Cycle Slape 0.2539 0.5637 0.3901 Exponent 0.9195 Exponent 0.6044 Multiplier 20743 Multiplier 2.3548
i Int. -27.0585 -290 2688 -134.0303
8 T Range AllT's Base 267
= Rankine Cycle Slope 0.2365 Exponent 1 Exponent 0.5 Multiplier 1.3428 Multiplier 14286
10 Int. -58.7751

Figure 16. Capital cost correlations section of the HTGR Cost Basis worksheet, screenshot.

Using the factors presented above, the capital costs are developed based on the correlations presented in Section 2.1. First, the user inputs
selected on the project inputs sheet are presented. Then the capital cost is calculated for the HTGR NHSS, the Brayton cycle, and the Rankine
cycle. The power cycle cost is calculated based on the gross power produced, rather than the net power, which is the basis outlined in TEV-1196.
Hence, the basis for the Brayton cycle is 301.4 MWe and the basis for the Rankine cycle is 287.6 MWe'®. The power cycle size bases are also
used to determine the number of power cycle units required. However, the user can override the number of power cycles used in the model in row
24,

Preconstruction costs are the sum of the land and land rights costs and licensing and application costs. All preconstruction costs are accounted
for in the HTGR portion of the plant. Direct costs are the sum of the estimate for the top capital cost items, determined using the capital cost
correlations, and the BOE adder, assumed to be 25% of the top capital cost items (INL 2012a).

16 20.6 MWe is added to the net power basis to account for the HTGR house loads at 750°C ROT:
Brayton: 280.8 MWe + 20.6 MWe =301.4 MWe
Rankine: 267 + MWe + 20.6 MWe = 287.6 MWe
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Indirect costs are the sum of design costs, construction services, home office and engineering
services, field office and engineering services, and owner’s costs. Design costs are the sum of conceptual
design, preliminary design, final design, and research and development costs. The majority of design
costs occur only for the NGNP project phase, only a fraction of the final design costs occur for the FOAK
and NOAK project phases (INL 2012a). Construction, home office and engineering services, field office
and engineering services, and owner’s costs are all assumed to be a fraction of the total direct costs: 20%,
16%, 10%, and 12%, respectively (INL 2012a). The base construction costs are the sum of
preconstruction, direct, and indirect costs. A project contingency of 20% is assumed for all project phases
(INL 2012a). The total overnight cost is the sum of the base construction costs and the project
contingency. Costs are presented in 2009 dollars and converted to dollars for the project base year using
the CEPCI. Figure 17 presents the capital cost section of the HTGR Cost Basis worksheet.

A B i D E F G H
12 |Assumptions from Project Inputs Sheet Unhide Bows - HTGE
13 ROT 750 °C Capital Cost Correlations
14 = Reactor Phase NOAK Hide Rows - HTGR Capital
15 Reactor Module Rating 600 Cost Correlations
16 Staffing Plan Vendor
17 Refueling Period 18 months
18
% | Reactor Capital Cost HTGR Power Cycles Total
20 Brayton Rankine
21 |Plant Inputs
22 HTGR Thermal Rating/Gross Power [MWt, MWe) 2,400 0.0 1,117.0
23 Mumber of Units 4 0 4
24 User Override [Power Cycles Only)
25 Mumber of Units Used 4 0 4
26 | Capacity per Unit [MWt, MWe) 600 0.0 2793
27 |Preconstruction Costs
238 Land and Land Rights 510.00 510.00
29 Licensing Costs 5B1.00 581.00
30 |Total Preconstruction Costs 591.00 591.00
31 |Direct Costs
32 Direct Cost Total from Correlations 51,388.70 50.00 5467 40 51,B66.10
33 Balance of Equipment Costs 25% 5348 67 50.00 5116.85 5466.53
34 |Total Direct Costs 5174837 50.00 558425 5233263
35 |Indirect Costs
36 Design Costs 520.00 520.00
37 Construction Services 20 5350.36 S0.00 511708 5467 44
38 Home Office & Engineering Services 16% 528150 50.00 584,20 5376.11
39 Field Office & Engineering Services 10% 5170.84 50.00 557.09 5227.53
40 Owner's Costs 12% 5201.55 50.00 567.35 526B.90
41 |Total Indirect Costs 51,024.65 50.00 533572 5136037
42 Base Construction Cost 52,B64.02 50.00 5819 98 53,784.00
43 |Project Contingency 20% 557280 50.00 518400 5756.80
44 |Total Construction Cost (51,000,000 - 2009 Basis) %3.436.83 50.00 51,103.97 54,540.80
45 | [$/kwt $1,892.00
46 | $/kWe 34,388.29
47 |Total Construction Cost (51,000,000 - 2010 Basis) %3.627.14 50.00 51,165.11 54,792.25
48 | [$/kwt $1,996.77
49 G/kWe 54,631.29

Figure 17. Capital costs section of the HTGR Cost Basis worksheet, screenshot.
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3.3.2 O&M Cost

The O&M cost is the sum of payroll costs, various industry fees, insurance and taxes, material
supplies services and upgrades, outage costs, and administration and general cost overhead (INL 2012a).
The worksheet includes the vendor and INL staffing estimates for a single and the additional HTGR
modules, staffing levels are assumed to be independent of the module rating. The vendor or INL staffing
plan is selected by the user on the Project Inputs worksheet. Additionally, the user can override the
vendor or INL staffing levels with a staffing estimate for the single and additional reactor unit. Data
validation limitations have been set for the user overrides, such that the value entered must be greater than
the vendor staffing levels, which are assumed to represent the minimum staffing level required for the
plant. References for values included in the O&M cost section can be found in TEV-1196 (INL 2012a).
Figure 18 presents a screenshot of the O&M cost section of the HTGR Cost Basis worksheet. The O&M
cost is presented in 2009 dollars; the commodity price inflation rate is used to adjust the O&M cost to the
project base year, 2010 in the following example, which is used in the economic analysis.

A B C D E F £ H
21 Reactor 0&M Cost Single Unit Mdltl‘,}nal
52 Unit
533 |Staffing - User Override (Number of Employees)
54 |Staffing - Vendor or INL Plans (Mumber of Employees) 165.0 25.3
55 Staff Salary $63,400 510,461,000 51,606,133
o6 Staff Adders 617% 56454437 $990,984
57 |Total Staff Payroil 516915437 52597118
58 MRC Fees $4.784.000 54,784,000
39 |INPO Fees 5706,344 $176,586
60 |MEI Fees 559 366 559,366
61 |Insurance and Taxes 53,000,000 51,000,000
62 Material Supplies Services and Upgrades 55,000,000 55,000,000
63 |Outage O&M 54,070,724 54,070,724
64 Administration and General Cost Overhead 53,000,000 53,000,000
65 |Total O&M 537,535,870 520,687,793
66 |Total 0&M For Given Configuration (51,000,000 - 2009 Basis) 599.60
67 S/MWt-h 5473
68 S5/MWe-h $10.98
59 |Total O&M For Given Configuration (51,000,000 - 2010 Basis) 5102.59
70 S/MWt-h 54 88
71 S5/MWe-h 511.31
72

Figure 18. O&M cost section of the HTGR Cost Basis worksheet, screenshot.

3.3.3 Fuel Cost

The reactor fuel cost section of the HTGR Cost Basis worksheet calculates fuel costs for the
replacement reactor core for the selected HTGR plant configuration. Fuel costs are the sum of uranium
ore, uranium conversion, uranium enrichment, tails disposal, fuel fabrication, on-site spent fuel storage,
and spent fuel disposition costs, as document in TEV-1196 (INL 2012a). The cost per core for the
NGNP, FOAK, and NOAK project phases were taken from the HTGR Cost Model for a 600 MWt
HTGR, all other module ratings are scaled linearly with respect to the module rating specified by the user
on the Project Inputs worksheet. In addition to the fuel cost per core, the average yearly fuel cost is
calculated for the specified configuration. Figure 19 presents a screenshot of the fuel cost section of the
HTGR Cost Basis worksheet. The fuel cost is presented in 2009 dollars; the commodity price inflation
rate is used to adjust the fuel cost to the project base year, 2010, which is used in the economic analysis.
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A B 4 D E F & H

73 |Reactor Fuel Cost

74 |Fuel Cost per Core (51,000,000 - 2009 Basis) 550,21
75 |Average Yearly Fuel Cost (51,000,000 - 2009 Basis) 5133.88
76 5/MWt-h 56.36
77 S/Mwe-h 51476
78 |Fuel Cost per Core (51,000,000 - 2010 Basis) 551.71
79 |Average Yearly Fuel Cost (51,000,000 - 2010 Basis) 5137.90
20 5/MWt-h %6.55
a1 S/Mwe-h $15.20

Figure 19. Fuel cost section of the HTGR Cost Basis worksheet, screenshot.

3.3.4 Decommissioning Cost

The decommissioning cost for the selected HTGR plant configuration is calculated based on the cost
per MWt developed in TEV-1196 which is based on the methodology presented in NUREG-1307, Rev.
14 (INL 2012a). The 2009 cost from TEV-1196 is adjusted to the project base year using the commodity
price inflation rate. The total decommissioning cost is then adjusted to the decommissioning year
calculated on the Project Inputs worksheet using the analysis inflation rate also specified on the Project
Inputs worksheet. Based on the future value, the annual sinking fund payment is calculated which is
dependent on the sinking fund rate of return, specified on the Project Inputs worksheet. Figure 20
presents a screenshot of the decommissioning cost section of the HTGR Cost Basis worksheet.

A B e | E F €] H

83 Decommissioning Cost

84 |Decommissioning Cost (5/MWt - 2009 Basis) 5204 77978
85 |Total Decommissioning Cost (51,000,000 - 2009 Basis) 549147
86 |Total Decommissioning Cost (51,000,000 - 2010 Basis) 5506.22
87 Future Value Decomissioning Cost (51,000,000 - 2078 Basis) 53,778.04
a8 Yearly Sinking Fund Payment (51,000,000/year) 509,64
89 Check 53,778.04

Figure 20. Decommissioning cost section of the HTGR Cost Basis worksheet, screenshot.

3.3.5 Named Cells/Ranges
The following cells names have been assigned on the HTGR Cost Basis worksheet:
e HTGRCost — cell E47
e BraytonCost — cell F47
e RankineCost — cell G47
e OpMt—cell H70
e CoreCost —cell H78

e DeconPmt — cell H88

3.3.6 Worksheet Formatting

Cells highlighted purple indicate user inputs. Data validation limitations have been entered for all
user inputs. All other cells in the worksheet have been locked. In order to access the locked cells the
worksheet must be unprotected using the password identified in Section 3.
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3.3.7 Worksheet Equations/IF Statements

There are several complex equations and IF statements used on the HTGR Cost Basis worksheet,
which will be detailed in this section. However, there are also several simple functions used within the
worksheet which will not be described in detail. These functions include simple sums, references from
other worksheets, and simple multiplication and division. For instance, balance of equipment costs,
certain indirect costs, project contingency, staff salary, and staff adders are all simple multiplication
functions, for which the multiplication factor is listed in the column to the left of the calculated columns.
The development of these factors is described in detail in TEV-1196 and will not be described further in
this users’ manual (INL 2012a).

3.3.7.1 Capital Costs

In the reactor capital cost section the thermal rating, number of units, and capacity per unit for the
HTGR are referenced from the Project Inputs worksheet. The corresponding plant inputs are calculated
for the power cycle options. First, the gross power is calculated using the amount of heat available for
power generation and the specified efficiency from the Project Inputs sheet. The following examples
show the calculations for the Brayton and Rankine cycle thermal ratings:

F22=(PG_Heat)*HTGRBEFF/100
G22=(PG_Heat)*HTGRREFF/100

Next, the number of units for the power cycles are determined using the ROUND function in Excel along
with the gross power cycle size bases for the Brayton cycle, 301.4 MWe, and the Rankine cycle, 287.6
MWe. The number of units is calculated in row 23 for the Brayton and Rankine cycle, respectively:

F23=IF(AND(F22>0,ROUND(F22/(280.8+20.6),0)=0),1, ROUND(F22/(280.8+20.6),0))
G23=IF(AND(G22>0,ROUND(G22/(267+20.6),0)=0),1, ROUND(G22/(267+20.6),0))

These equations set the number of units equal to one if the power cycle size is significantly smaller than
the basis; otherwise the number of units is determined using the ROUND function. The user can override
the value calculated in row 23 in row 24 for the Brayton and Rankine cycles. The value entered must be a
whole number between 1 and 20. If a value is entered in row 24, the value used in the model, row 25,
reflects the user override as described in the previous sections. The capacity per unit, row 26, is then
calculated for each cycle as follows:

F26=IF(F22=0,0,F22/F25)
G26=IF(G22=0,0,G22/G25)

This equation sets the capacity per unit equal to zero if the gross power is zero, otherwise the function
would return a divide by zero error.

The land and land rights costs are calculated using the following function:
E28=(50+(50/3)*(E23-1))/10

This function is developed based on the cost per acre and the number of acres required per unit as
described in TEV-1196 (INL 2012a). The licensing costs are also calculated based on information
documented in TEV-1196, such that:

E29=IF(RPhase="NGNP",IF(E23=1,228.5,248),IF(RPhase="FOAK" IF(E23=1,84.5,94),
IF(RPhase="NOAK",IF(E23=1,71.5,81))))
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This equation sets the licensing costs equal to the values indentified in TEV-1196 for the appropriate
reactor phases. It is assumed that the four-pack costs in TEV-1196 are valid for all multiple module
configurations. Furthermore, TEV-1196 did not include a multiple module option for the NGNP project
phase; hence the trends identified for the four-pack FOAK and NOAK configurations were adjusted for
multiple module NGNP configurations.

The direct costs for the HTGR and power cycles are then calculated using the equations outlined in
Section 2.1. The following function is used to calculate the HTGR cost:

E32=(E26/600)"J3*E23"H3*IF(ROT<=850,D3*ROT+D4,IF(AND(ROT>850,ROT<=900),E3*
ROT+E4,IF(ROT>900,F3*ROT+F4,)))*IF(RPhase="FOAK",L3,IF(RPhase="NGNP",N3,
[F(RPhase="NOAK",1,)))

The Brayon cycle cost is similarly calculated using the following equation:

F32=(F26/(280.8+20.6))"J6*F25"H6*IF(ROT<=850,D6*ROT+D7,IF(AND(ROT>850,ROT<=
900),E6*ROT+E7,IF(ROT>900,F6*ROT+F7,)))*IF(RPhase="FOAK",L6,IF(RPhase=
"NGNP" N6,IF(RPhase="NOAK",1,)))

Finally, the Rankine cycle cost is calculated:

G32=IF(G22=0,0,(G26/(267+20.6))"J9*G25"H9*(E9*ROT+E10)*IF(RPhase="FOAK",L9,
IF(RPhase="NGNP",N9 IF(RPhase="NOAK", 1,))))

The design costs are calculated based on information documented in TEV-1196:
E36=IF(RPhase="NGNP",1014,20)

The majority of design costs only occur for the NGNP project phase, furthermore, design costs are
consistent for single and multiple module configurations (INL 2012a).

The total construction cost per kWt is calculated based on the thermal rating of the plant, defined on
the Project Inputs sheet:

H45=H42/HTGR_TR*1000

While the cost per kWe is calculated based on the net power produced, also defined on the Project Inputs
sheet:

H46=H42/Net PWR*1000

Finally, the construction cost is adjusted to the project base year using the CEPCI specified on the
Project Inputs sheet. The capital costs are also adjusted for alternate locations using the construction
adder, specified on the Project Inputs sheet. The HTGR cost is used in the following example:

E47=E42*(CEPCI/521.9)*CA

Similar functions are used for cells H48 and H49 as presented for cells H45 and H46.

3.3.7.2 O&M Costs

The staffing levels are calculated based on the selection made on the Project Inputs sheet; however, if
a user override is entered in row 51, the override is automatically used:

G54=IF(ISNUMBER(G53)=TRUE,G53,IF(Staffing="INL",382,IF(Staffing="Vendor",165,)))
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H54=IF(ISNUMBER(H53)=TRUE,H53,IF(Staffing="INL",71,IF(Staffing="Vendor",25+1/3,)))

Nuclear Energy Institute (NEI) fees are a function of the HTGR capacity per unit in cell E26
(INL 2012a):

G60=251.1%0.33*E26*(1+IRT_C/100)"(2009-2003)

The baseline value is from 2003; therefore, it is inflated to 2009 dollars using the commodity price
inflation rate specified on the Project Inputs sheet. The same formula is used for the additional unit as for
the single unit. Materials supplies services and upgrades are calculated in a similar manner:

G62=5000000%(E26/600)"0.947734582824931

The exponential factor was determined to fit the data for the 600 MWt and 350 MWt module ratings
documented in TEV-1196 (INL 2012a). Next, the outage costs are calculated, which are also a function
of the module rating:

G63=(E26/(1200/0.33))"0.6*12000000

Finally, the total O&M cost in 2009 dollars is calculated for the specified configuration, as a function
of the number of modules:

H66=(G65+(E23-1)*H65)/1000000

The O&M cost per MWt-hr is calculated based on the thermal rating of the plant, defined on the Project
Inputs sheet:

H67=H66/HTGR_TR/365.25/24*1000000

While the cost per MWe-hr is calculated based on the net power produced, also defined on the Project
Inputs sheet:

H68=H66/Net PWR/365.25/24*1000000

The O&M cost is adjusted to the project base year using the year specified on the Project Inputs sheet
along with the commodity price inflation rate:

H69=H66*(1+IRT_C/100)"(CEPCIYEAR-2009)
Similar functions are used for cells H70 and H71 as presented for cells H67 and H68.

3.3.7.3  Fuel Cost
The fuel cost per core is calculated based on the core costs presented in TEV-1196 (INL 2012a):
H74=IF(RPhase="NOAK",50.2060905399957,85.9159845399957)*E26/600
The average yearly fuel cost is then calculated based on the specified refueling period:
H75=H74*12/Refuel*E23

The fuel cost per MWt-hr is calculated based on the thermal rating of the plant, defined on the Project
Inputs sheet:

H76=H75*1000000/HTGR_TR/365.25/24

44



While the cost per MWe-hr is calculated based on the net power produced, also defined on the Project
Inputs sheet:

H77=H75*1000000/Net PWR/365.25/24

The fuel cost is adjusted to the project base year using the year specified on the Project Inputs sheet
along with the commodity price inflation rate:

H78=H74*(1+IRT_C/100)(CEPCIYEAR-2009)
Similar functions are used for cells H79, H80, and H81 as presented for cells H75, H76, and H77.

3.3.7.4 Decommissioning Costs

The total decommissioning cost in 2009 dollars is calculated based on the cost per MWt calculated in
TEV-1196 (INL 2012a):

H85=H84*E22/1000000

The cost is then inflated to the project base year using the commodity price inflation rate specified on the
Project Inputs sheet:

H86=H85*(1+IRT C/100)"(CEPCIYEAR-2009)

The future value of decommissioning for the decommissioning year calculated on the Project Inputs sheet
is calculated using the analysis inflation rate specified on the Project Inputs sheet:

H87=H86*(1+IRT A/100)"(Decon Yr-CEPCIYEAR)

The decommissioning fund payment is then calculated using the built in PMT function in Excel, along
with the decommissioning rate and the number of years the fund payment is made, both calculated on the
Project Inputs sheet, along with the future value calculated in cell H87:

H88=PMT(Rate Decon/100,Decon Yrs,0,-H87)

The FV Excel function is used to ensure that the payment calculated yields the appropriate
decommissioning cost calculated in cell H87:

H89=-FV(Rate Decon/100,Decon_Yrs,DeconPMT)

3.3.8 Worksheet Macros

The UnhideCellsHTGRCostBasis Macro unhides the hidden rows on the HTGR Cost Basis
worksheet when the user clicks the ‘Unhide Rows — Capital Cost Correlations’ button, which includes
rows 1 to 11. The UnhideCellsHTGRCostBasis Macro is presented in Figure 21.

The HideCellsHTGR CostBasis Macro hides rows 1 to 11 on the HTGR Cost Basis worksheet, when
the user clicks the ‘Hide Rows — Capital Cost Correlations’ button. The HideCellsHTGRFCostBasis
Macro is show in Figure 22.
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3ub TnhideCellsHTGRCostBasisi)
' TnhideCellsHTGRCostEazis Macro

' S3hows the hidden rows on the HTGR Cost EBasis Sheet
Sheets ("HTGR Cost EBasis"™) .3elect

Fowz("1l:11") .3elect

Gelection.EntireRow.Hidden = False

End 3Jub
Figure 21. UnhideCellsHTGRCostBasis Macro.

S3ub HideCellsHTGRCostBasisi)
' HideCellsHTGRCostEa=zis Macro

' Hides the rows on the HTGR Cost Basis Sheet
SGheets ("HTGE Cost Basis™) .3elect

Bows(M"1:11") .53elect
Gelection.EntireRow.Hidden = True

End 3Sub
Figure 22. HideCellsHTGRCostBasis Macro.

3.4 Commodity Prices Worksheet

A screenshot of the Commodity Prices worksheet is shown in Figure 23. The following list identifies
the cells which make up the Commodity Prices worksheet. A brief description is included for each cell as
well as if the cell is a user input or a calculated value. If the cell is a user input, any data validation
criteria are included in the description.

e Average Retail Electricity Price — Cell B2 — User Input — The average electricity purchase
price corresponding to the project base year specified by the user on the Project Inputs
worksheet. If the project base year is updated the average electricity price for the
corresponding year should be entered by the user. Any value greater than or equal to 40 can
be entered in this cell.

e Generation Percentage of Electricity Price — Cell B3 — User Input — The percentage of the
average retail electricity price associated with power generation, used to calculate the average
grid electricity sale price. Any value between 40 and 70 can be entered. 60% is the current
value based on 2010 electricity prices (EIA 2011Db).

e Cost of Electricity Transmission and Distribution — Cell B4 — Calculated — The average
cost of electricity transmission and distribution. This value is deducted from the average
retail electricity price to determine the grid electricity price.

e  Grid Electricity Price — Cell B5 — Calculated — The grid electricity sale price is assumed to
be equal to the retail electricity price less the cost of transmission and distribution.

¢ Industrial Electricity Price — Cell B6 — User Input — The industrial electricity purchase/sale
price corresponding to the project base year specified by the user on the Project Inputs
worksheet. If the project base year is updated the industrial electricity price for the
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corresponding year should be entered by the user. Any value greater than or equal to 20 can
be entered in this cell.

HTGR Heat Price — Cell B7 — Calculated — The HTGR heat price is calculated based on the
general HTGR power generation efficiency specified on the Project Inputs worksheet and the
industrial electricity purchase/sale price.

CO; Emission Offset Credit — Cell B8 — User Input — The CO, emission offset credit is the
equivalent of a cap and trade system, where CO, avoided would be treated as a revenue
stream. The avoidance allowance is based on offsetting power produced using natural gas. A
value greater than or equal to zero dollars per ton must be specified.

Depreciation Fractions — Cells G2 to G22 — The yearly depreciation fractions corresponding

to a 15 year MACRS property class, up to a 20 year property class can be specified.

A B c D E F G
Commodity Market Prices Price Source Depreciation Fractions
Average Retail Electricity Price 50880 /MWe-hr (El& 2011a) 1 0.05
Generation % of Electricity Price 60 % (El& 2011b) 2 0.095
Cost of Electricity Trans. & Dist. 53952 /MWe-hr 3 0.0855
Grid Electricity Price 55028 /MWe-hr 4 0.077
Industrial Electricity Price 567.90 /MWe-hr (El& 2011a) 5 0.0693
HTGR Heat Price 52920 /MWt-hr & 0.0623
CO, Emission Offset Credit 50,00 fton 7 0.053
g 0.059
9 0.0591
10 0.059
11 0.0591
12 0.059
13 0.0591
14 0.059
15 0.0591
16 0.0295
17 o
18 o
15 o
20 o
21 0

Figure 23. Commodity Prices worksheet screenshot.

3.4

3.4

A

2

The following cell names have been assigned on the Commodity Prices worksheet:

e GenPer — cell B3
e Transm — cell B4

e CarbonTax — cell B8

Named Cells/Ranges

Worksheet Formatting

Cells highlighted purple indicate user inputs. In addition, light blue cells indicate user inputs which
are also manipulated by Macros within the model, specifically the Macros on the Results Summary and
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Sensitivity Analysis worksheets. Data validation limitations have been entered for all user inputs. All
other cells in the workbook have been locked. In order to access the locked cells the worksheet must be
unprotected using the password identified in Section 3.

3.4.3 Worksheet Equations/IF Statements

Only a single complex equation is entered on the Commodity Prices worksheet, which is used to
calculate the HTGR market heat purchase/sale price, cell B6:

e B6=B5*HTGRGEFF/100 — This equation calculates the HTGR heat purchase and/or sale
price, based on the general HTGR efficiency specified on the project inputs sheet.

3.44 Worksheet Macros

No Macros are included in the Commodity Prices worksheet.

3.5 Economic Inputs Worksheet

The Economic Inputs worksheet consolidates the data generated in other worksheets into values
required to complete the economic evaluation on the IRR Analysis worksheet. A screenshot of the
Economic Inputs worksheet is shown in Figure 24.

A B C D E
1 | Total Capital Investment
2 Installed Cost | Engineering Fee Contingency Total Cost
3 |HTGR|s) %3,627,142,047 Inc. Inc. %3,627,142,047
4 |Power Cycle %1,165,105,505 Inc. Inc. %1,165,105,505
5 T %4,792,247,952
& | TCl+% Change TC %7,188,371,928
7 | TCl-% Change TCI %3,354,573,566
8
S | O&M Costs HTGR Amount Daily Cost Annual Cost
10 |O&M Muclear 2,400 MWt 51B0,BED 582,328,504
11 |Electricity 0 MWwe ] ]
12 O&M Costs HTGR %02,328,504
13
i4 Fuel Costs HTGR
15 Total Cost
16 |Cost Per Core %51,712,273
17
13 Decommissioning Cost

19 Annual Cost
20 |Fund Payment 59,640,912
21

22 |Revenues HTGR Amount Caily Revenue  Annual Revenue
23 |Heatto Process 0| MWt 50 50

24 Power to Process 0 Mwe 50 50

25 |Power to Grid 1,035 MWe 52,422,670 $796,392,300
26 |00, Avoidance Income 10,215 ton/day 50 50

27 | Annual Revenue %796,392,300

Figure 24. Economic Inputs worksheet screenshot.
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The TCI is calculated by summing the HTGR and power cycle capital costs calculated on the HTGR
Cost Basis worksheet. As noted previously, the engineering fees and contingencies are included in these
costs and are not added in this worksheet. Next, the TCI at the lower and upper TCI boundaries specified
on the Project Inputs sheet are calculated.

O&M costs are then calculated. The base O&M cost is referenced from the HTGR Cost Basis
worksheet, while the electricity costs are calculated for heat only operations (i.e. if the plant does not
generate electricity), where the house loads are assumed to be purchased from the grid at the industrial
electricity price specified on the Commodity Prices sheet. Fuel costs per core and the annual
decommissioning fund payment are referenced from the HTGR Cost Basis worksheet.

Annual revenue is calculated for the electricity and/or heat generated, which are either sold to an
industrial process and/or to the grid. In addition, CO, avoidance income is calculated using the CO,
emission offset credit specified on the Commodity Prices worksheet. The CO, avoidance is calculated
based on substituting the HTGR for a natural gas combine cycle unit, where 117 pounds of CO, is emitted
per MMBTU of natural gas input and 7.05 MMBTU of natural gas is required per MWe-hr generated
(EIA 2010).

3.51 Named Cells/Ranges

No named cells or ranges are included in the Economic Inputs worksheet.

3.5.2 Worksheet Formatting

No special formatting has been used on the Economic Inputs worksheet. All cells on the worksheet
have been locked. In order to access the locked cells the worksheet must be unprotected using the
password identified in Section 3.

3.6.3 Worksheet Equations/IF Statements

Several of the equations entered on the Economic Inputs worksheet are simple equations and,
therefore, do not include detailed descriptions. The following equation is used to calculate the daily cost
for nuclear O&M costs:

D10=B10*OpMt*24

Where OpMt is the O&M cost per MWt-hr calculated on the HTGR Cost Basis worksheet. The
calculated daily cost is then used to calculate the annual O&M cost, using the availability for the plant
(HTGR_A):

E10=D10*365.25*HTGR_A/100

A similar formula is used to calculate all annual costs and revenues, where the daily amount is multiplied
by 365.25 days per year then multiplied by the HTGR availability; this will be the only example provided.

The following equation is used to calculate the electricity requirement, when only heat is generated
by the HTGR:

B11=-IF(Grid_PWR<0,Grid_PWR,0)

This equation sets the amount equal to the negative value of the amount of power exported to the grid, if
the amount exported is negative, i.e. power is being purchased from the grid. The daily cost is then
calculated using the industrial price of electricity on the Commodity Prices worksheet:
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D11=B11*'Commodity Prices'!B4*24
Daily revenues for heat are calculated as follows:
D23=B23*IF(ISNUMBER(HeatPrice)=FALSE,0,HeatPrice)*24

This formula multiplies the amount of heat sold to the process times the heat price calculated on the IRR
Analysis worksheet, if that price is a number; otherwise, the value is multiplied by zero. The heat price
calculated on the IRR Analysis worksheet automatically iterates between the market price and the price
required to match the specified IRR per the users’ selection on the IRR Analysis worksheet. Similar
formulas are used to calculate the daily revenues for power to the process and power to the grid; however,
the process electricity price and grid electricity price, also solved for on the IRR Analysis sheet, are used.
The amount of power sold to the grid is specified on the Economic Inputs sheet using the following IF
statement:

B25=IF(Grid PWR>0,Grid PWR,0)

Similar to the specification for the amount of power required from the electric grid, this formula only lists
the power sold to the grid when the value is greater than zero.

The amount of CO, avoided is calculated using the following formula:
B26=HTGR_TR*HTGRGEFF/100*7.05*117/2000%24

This formula sets the equivalent amount of CO, emitted from a similar sized natural gas combined cycle
power plant, where the thermal requirement of natural gas is set to equal the thermal rating of the HTGR.
The daily revenue is calculated by multiplying the daily amount avoided by the CO, offset emission credit
specified on the Commodity Prices worksheet:

D26=B26*CarbonTax

3.54 Worksheet Macros

No Macros are included in the Economic Inputs worksheet.

3.6 IRR Analysis Worksheet

The IRR Analysis worksheet calculates the IRR for the project using data supplied from the other
worksheets described in the preceding sections. There are two fundamental options applied in this
worksheet. The IRR can be calculated for given prices of the commodities generated by the project or the
prices of the commodities can be adjusted to achieve a given IRR supplied by the user. The commodities
generated by the project can be electricity and/or process heat. If electricity is generated it can be sold to
the process and/or to the electrical grid. Figure 25 provides a screenshot of the cells in the worksheet that
summarize the key inputs and the outputs for the IRR calculations. It should be noted that this example
only includes selling electricity to the grid; hence the prices for power and heat to the process are all N/A.
The worksheet includes an option to toggle displaying the average retail electricity price, which is based
on the electricity price to the grid plus the average cost of transmission and distribution calculated on the
Commodity Prices sheet. In general the grid price should be used for economic assessments; however, if
only the average retail price is available for cost comparisons the user can display the price by clicking
the ‘Toggle Retail Electricity Price’ button. By default, this value is not displayed.
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17
18
19
20
21
22
23

A B Z D E
[teration Factor 500,000,000
Economic Modeling Results
HTGR IRR 12 %
Electricity Price to Grid 58755 /MWe-hr Toggle Fetai
Electricity Price to Process N/ [MWe-hr Electricity Price
Heat Price to Process MNi& MWe-hr
Heat Price to Process /& /MMBTU
Steam Price to Process NS4 S1000-1b
NPV Check %0.00
Ave. Debt Service Coverage Ratio 270
Payback Period 13 years
Project Selections
Grid Power Sales Option Price to Matcth!FE]
Process Power Sales Option [+]
Process Heat Sales Option
TCI Variation TC! [~]

Economic Inputs
TCI 54 792,247,852
0&M Costs 582,328,504 [fyear
Decammissioning Fund Payment 59,640,912 fyear
Fuel Cost per Core 551,712,273 /core
Revenues 5796,392,300 fyear

Figure 25. IRR Analysis worksheet screenshot, section one.

The following describes each of the values in these cells.

Iteration Factor — Cell C1 — User Input — The calculations performed on the IRR Analysis
sheet are iterative, and determine either the product price to achieve a given IRR or the IRR
for given product prices. This factor is used in the iterative calculations. If this value is too
small, the worksheet will not converge on a solution, if this value is too large the worksheet
will take extremely long to converge on the solution. For this model a value 500,000,000 has
been specified. Care should be taken when manipulating this factor as it can cause instability
in the model. The value for this factor is restricted to be between 10,000,000 and
10,000,000,000.

Economic Modeling Results — Cells C3 to C12 — All values are calculated by the model:

HTGR IRR — Cell C3 —The calculated IRR for the project. If the user selects ‘Market
Price’ for all of the applicable Project Selection combo boxes, the model iterates on the
IRR value until the NPV is equal to zero. If the user selects ‘Price to Match IRR’ for one
of the applicable Project Selection combo boxes, the model sets the IRR value to the
value specified on the Project Inputs worksheet.

Average Retail Electricity Price — Cell C4 — Hidden — This is the equivalent average
retail electricity price for all end use sectors. This value is calculated based on the
electricity price to the grid and the average cost of transmission and distribution. This
value is displayed by clicking the ‘Toggle Retail Electricity Price’ button. In general the
grid price should be used for economic assessments; however, if only the average retail
price is available for cost comparisons the user can display the average retail value.

Electricity Price to Grid — Cell C5 — The calculated electricity price to the grid for the
project. If the user selects ‘Market Price’ for the applicable Project Selection combo box,
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the model sets this value equal to the market price specified on the Commodity Prices
worksheet; otherwise, the model iterates on this value until the NPV is equal to zero. If
no power is exported to the grid, the value reads N/A.

o Electricity Price to Process — Cell C6 — The calculated electricity price to the process
for the project. If the user selects ‘Market Price’ for the applicable Project Selection
combo box, the model sets this value equal to the market price specified on the
Commodity Prices worksheet. If the combo boxes for the grid power sales and the
process power sales are both set equal to ‘Price to Match IRR’ this value is set equal to
the grid price in cell C5; otherwise, the model iterates on this value until the NPV is equal
to zero. If no power is exported to the grid, the value reads N/A.

e Heat Price to Process — Cells C7 and C8 — The calculated heat price to the process for
the project. If the user selects ‘Market Price’ for the applicable Project Selection combo
box, the model sets this value equal to the market price specified on the Commodity
Prices worksheet. If the combo boxes for the grid power sales, the process power sales,
and/or the process heat sales are set equal to ‘Price to Match IRR’ this value is calculated
using either the grid or process electricity price and the efficiency specified on the Project
Inputs worksheet; otherwise, the model iterates on this value until the NPV is equal to
zero. If no power is exported to the grid, the value reads N/A. Cell C7 is the value
iterated/set by the model and has the units $/MW?t-hr. Cell C8 is calculated based on the
value in cell C7 and has the units $/MMBTU.

e Steam Price to Process — Cell C9 — The price of steam to the process. This value is
calculated if the user sets the steam flow in cell B30 on the project inputs sheet. The
value is calculated based on the heat price calculated in cell C7. If a steam price is not
specified by the user, the value reads N/A.

e NPV Check — Cell C10 — Check value for the NPV, equals zero if the model has
converged.

e Average Debt Service Coverage Ratio — Cell C11

e Payback Period — Cell C12 — The year in which the cumulative ATCFs becomes
positive.

Project Selections — Cells C14 to C17 — All values are user inputs set using combo boxes.

e Grid Power Sales Option — Cell C14 — Allows the user to select if power is sold to the
grid at the market price or if the price is set to achieve a given IRR. If no power is
exported to the grid the combo box is empty.

e Process Power Sales Option — Cell C15 — Allows the user to select if power is sold to
the process at the market price or if the price is set to achieve a given IRR. If no power is
exported to the process the combo box is empty.

e Process Heat Sales Option — Cell C16 — Allows the user to select if heat is sold to the
process at the market price or if the price is set to achieve a given IRR. If no heat is
exported to the process the combo box is empty.

e TCI Variation — Cell C17 — Permits the calculations to be performed at the nominal,
low, and high values of the TCI.
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Economic Inputs — Cells C19 to C23 — Include the TCI, O&M costs, decommissioning fund
payment, fuel cost per core, and annual revenues calculated on the Economic Inputs
worksheet.

The IRR is calculated using a discounted cash flow analysis; (i.e., setting the IRR to a value which
results in a NPV of zero). A screenshot of the elements of this analysis is shown in Figure 26, the model
is built to accommodate up to 90 years of analysis, a portion of the rows corresponding to analysis years
46 to 79 are hidden to allow the screenshot to fit on a single page. The following list discusses each
element of cash flow analysis calculations:

Year — Column A — The actual year corresponding to the analysis year.
Analysis Year — Column B

Inflation Factor — Column C — Inflation factor for the current year, calculated based on the
analysis inflation rate specified on the Project Inputs worksheet.

Debt Capital — Column D — Debt capital expenditure for the current year, based on the
capital fraction calculated on the HTGR Project Fractions worksheet, the debt ratio specified
on the Project Inputs worksheet, and the TCI. The expenditure is increased by the inflation
factor in column C. These values are negative cash flows.

Equity Capital — Column E — Equity capital expenditure for the current year, based on the
capital fraction calculated on the HTGR Project Fractions worksheet, the equity ratio
specified on the Project Inputs worksheet, and the TCI. The expenditure is increased by the
inflation factor in column C. These values are negative cash flows.

Capitalized Interest — Column F — Interest accumulated on debt during construction,
referenced from the HTGR Project Fractions worksheet. These values are negative cash
flows.

Debt Interest Payment — Column G- Debt interest payment, referenced from the HTGR
Project Fractions worksheet. These values are negative cash flows.

Debt Principal Payment — Column H — Debt principal payment, referenced from the HTGR
Project Fractions worksheet. These values are negative cash flows.

Debt Service Coverage Ratio — Column [ — DSCR calculated based on the equation
presented in Section 2.4.3.

Revenues — Column J — Annual revenues, based on the revenue fractions calculated on the
HTGR Project Fractions worksheet and the annual revenue, cell C23 (RevHTGR). The
expenditure is increased by the inflation factor in column C.

Operating Costs — Column K — Sum of the annual operating costs, based on the operating
cost fractions calculated on the HTGR Project Fractions worksheet and the annual operating
costs (cell C20 — OMHTGR), and the refueling costs, based on the refueling occurrences
calculated on the HTGR Project Fractions worksheet and the fuel cost per core (cell C22 —
HTGRFuel). The expenditures are increased by the inflation factor in column C. These
values are negative cash flows.
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24 Annual Cash Flow Analysis

2 Year AnalysisVear Inflation Factor  Debt Capital Equity Capital Cap\::::; DE";L"::::: Dem:a"v"’j::: m‘?:r:‘::;'z: Revenues Operating Costs D;z:‘;‘: Depreciation Taxable Income Tg:::“fv‘e"f;:‘; Taxes A'I‘:;:: After T :a;: b ”C‘ﬁ
26 2013 1 1093 -$177,125,225  -5177,125,235 -56,641,104 S0 S0 0.00' S0 S0 S0 S0 50 S0 S0 S0, -5177,125225 -5158,147,522
27 2014 z 1126 -3621,365,000 -$621,365,000  -$37,253,765 S0 50 0.00 50 50 S0 50 50 50 50 S0 -3621,365,000 -5495 328374
28 2015 3 1159 -51,065,539,541 -$1,065,539,541  -5107,341,971 0 50 0.00 50 50 50 50 50 50 50 $0 -$1,065,539,541 -5$758,429 998
29 2016 4 1194 -5743,090,663  -$743,090,663 -5188029.955  -$45,685033  -520,284,325 0.92 §77,263,392  -$16,536,759 -$0,640,912  -3107,472,857 -$102,072,1689  -5102,072,169 50 $5400,688 -$757,974,300  -5$481,706,371
30 2017 5 1230 -3172,777,662  -$172,777,662  -$82,519,295 -$179,765,865  -$84,301,656 112 $440,757934  -$145925073 -59,640,912  -5341,644,758 -$236,218673  -5338,200,842 50 $105426,084 -$151,653,233  -586,052,117
31 2018 & 1267 50 50 S0 -$243,291,54 -5123,872,285 169 5875434908  -$256,745,031 -$9,640,912  -3499,086,53% -$132,320826  -5470,620,668 S0 $366756712 $242,884427  $123052,810
32 2019 7 1305 0 0 50 -5233,009915 -5134,153,624 195 $1,039,111,317 -5322,886,118 -$9,640,912 -$503,445,285  -529,870,913  -5500,491,581 S0 $473,574,372 $339,420,748  $153,536,709
33 2020 g 1344 S0 50 50 -5221,875231 -5145,288,309 201 51,070,284,656 -5332,572,701 -59,640,912| -5453,238,202 552,957,610 -5447,533,971 50 §506,195812  5360,907,504 5145764488
34 2021 9 1384 S0 50 50 -5209,816373 -5157,347,167 226 51,102,393,196 -5270,968,002 -59,640,912 -5407,818,080  5204,149,820 -5243,384,142 S0 S$611,967,909 5454620743  5163,940,737
35 2022 10 1426 50 ) 50 -5196756635 -5170,406,904 213 §1,135464992 -5352,826,379 -59,640,912 -5373,141,757  $203,009,300  -540,284,833 S0 557,241,086 5405838162  S130,667,739
36 2023 1 1489 50 50 50 -5182,612947 -5184,550,503 220 51,160,528041 -5363,411,170 -59,640,912 -5356487,008  $257,376,004  5217,091,171  -S84,448465  S520,415448  $344.864855 509,140,405
37 2024 12 1513 $0 50 50 -$167,295,338  -$199,868,201 247 §1,204,614,810 -$296,094,052 -$9,640,912  -$353,128,300  $378,456,208  S378,456,208 -$147,210,465  $584,365,043  5384,406,842 598,690,763
38 2025 13 1558 S0 50 50 -$150,706,376  -5216,457,163 233 §1,240,753,254  -5385542,910 -$9,640,912  -5353,188,247  S341,674809 5341674802 -$132,911,501  $561,951,555 5345494392 579,178,397
39 2026 14 1605 $0 50 50 -$132,740,538  -5234,423,001 240 $1,277.975851 -$397,109,198 -$0,640,912  -3353,236,620 5385248584 5385248584 -$140,861699  $588623,504  5$354,200,504 572,476,441
a0 2027 15 1653 $0 50 50 -$113,283,545  -5253,879,994 270 §1,316,315127 -$323,549,965 -$0,640,912  -3353,188,247 5516652458  5516,652,458 -3200,977,806  S668862,898 5414982905 575,815,825
41 2028 16 1702 50 50 S0 -$92,211631 -$274,951,909 255 §1,355,804581  -5421,293,148 -$9,640912 -$353,236,620  $479,422,971  5479,422,071 -3186,495263  $646,163,627  $371,211,719 560,552,672
42 2029 7 1754 0 0 50 -$69,390,758  -5297,772,781 262 $1,396,478,718 -5433,931,942 -$9,640912 -$353,188,247  $530,326,860  5530,326,860 -5206,297,148  $677,217,958  $379.445,177 555,264,043
43 2030 18 1806 0 0 S0 -$44,675764 -5322,487,775 295 $1,438,373,080 -5353,551,783 -$9,640912 -$353,236,620  $677,268,002  S5677,268,002 -3263,457,253  $767,047,369  $444559,583 557,810,347
44 2031 18 1.860 S0 50 S0 -519,018,749 -5282,175,432 3.39) 51,481,524,272 -5460,358,398 -59,640,912 -5289,779,261  $702,726,953  5702,726,953 -5273,360,785  5719,145420  $436969,997 550,735,178
45 2032 20 1916 50 0 50 -53632,955  -599,463,063 10.20) $1,525,970,000 -5474,169,150 -59,640,212  -5145110,368  S803 416,615 5803416615 -3347,530,083 5600087020  S501524858 561,321,468
45 2033 21 1974 50 ) 50 0 ) 0.00 §1,571,740,100 -5386,335579 -59,640,212  -531954,357 517143818253 S1,143,818,253 -3444045300  5730,827,308  §730,827,308 567,645,002
47 2034 22 2033 50 50 50 0 S0 0.00 S1,618301573 -5503,046,051 -59,640,912 S0 51106214611 51,106,214,611 -5430,317,484  $675,807,127  5675,897,127 555,857,835
a8 2035 23 2,004 $0 50 50 $0 50 0.00 S$1,667,468621 -5518,137,432 -$9,640,912 S0 $1,139,690,277 $1,132,690,277 -$443,339,518  $696,350,752  $696,350,759 551,382,299
49 2036 24 2157 S0 50 50 $0 50 0.00 $1,717,492679 -$422,159,318 -$9,640,912 S0 $1,285,692,449 $1,285692,440 -S500,134,363  $785558086 5785558086 5§51,754,219
50 2037 25 2221 $0 50 50 $0 $0 0.00| $1,769,017,460 -$549,692,002 -$9,640,912 50 $1,209,68¢546 $1,009,684546 -$470,567,288  $739,117,258  5738,117,258 543,477,321
51 2038 26 2288 $0 50 50 $0 50 000 $1,822,087983  -5566,182,762 -$9,640,912 S0 $1,296,264310 $1,246,264310 -$484,796,816 5761467403 761,467,493 539,992 889
52 2039 27 2357 50 50 50 S0 50 0.00 §$1,876,750,623 -5461,304,885 -59,640,912 S0 51,405,804,826 $1,405,804,826 -5546,858,077  $858,946,740 5858946749  $40,279,088
53 2040 28 2427 50 50 50 50 50 000 $1,933,053142  -3600,663,282 -89,640,912 S0 $1,322,748938 §$1,322,748,938 -$514,549,337  $808,199,601  5808,139,601 533,838,725
54 2041 23 2500 $0 0 50 $0 50 0.00 $1,991,044736 -5618,683,191 -59,640,912 S0 51,362,720,633 §1,362,720,633 -5530,098,326  $832,622,307  5832,622,307  $31,126148
55 2042 30 2575 S0 50 50 s0 ) 0.00 52,050,776,078 -5504,080,304 -59,640,912 SO 51,537,054,863 51,537,054,863 -5597,014,342  5935,140,521  5939,140,521 531,346,561
56 2043 31 2652 S0 50 50 s0 ) 0.00 52,112,299,360 -5656,360,997 -59,640,912 SO 51,446297451 51,446,297451 -5562,600,709  $883,687,743  5883,687,743  526,335413
57 2044 22 2732 50 ) 50 0 ) 0.00 52,175,668,341 -5676,051,827 -59,640,212 S0 51,489,075602 51,480,075,602 -S570,600,500  §910,375,003  5910,375,093 524223876
] 2045 33 2814 s0 50 50 s0 50 0.00 52,280,838391 -5550,822,158 -59,640,912 S0 51,680,475322 §1,680,475,322 -5653,704,900 S1026770,422 S51,026770,422 524393752
59 2046 34 2898 $0 50 50 $0 50 0.00 $2,012,645725 -5384,021,049 -$9,640,912 S0 $1,625,983,764 $1,625983764 -$632,507,684  $093.476,080  5993,476,080 521,073,887
60 2047 35 2985 $0 50 50 $0 50 0.00 5891529327  -5103,358,067 -$9,640,912 S0 $778530,349 5778530340 -S302,848,306 5475682083 475,682,043 $9,009,195
61 048 36 3.075 $0 50 50 $0 50 0.00 50 50 $0 50 50 50 50 $0 50 $0
62 048 37 3.167 $0 50 50 $0 50 0.00 50 50 $0 50 50 50 50 $0 50 $0
63 2050 38 3.262 50 $0 50 $0 S0 0.00 $0 50 $0 S0 $0 $0 50/ $0 S0 $0
64 2051 39 3.360 50 s0 50/ S0 S0 0.00 s0 50/ s0 S0 50 ] 50 $0 50 50
65 2052 40 3461 50 s0 50/ S0 S0 0.00 s0 50/ s0 S0 50 ] 50 $0 50 50
66 2053 41 3.565 50 50 50 50 S0 0.00' 50 50 50 50 50 S0 50 50 50 50
67 2054 42 3671 50 S0 50 S0/ S0 0.00' S0 50 S0 S0 50 S0 50 S0 S0 S0
68 2055 43 3782 50 S0 50 S0/ S0 0.00' S0 50 S0 S0 50 S0/ 50 S0 S0 S0
69 2056 24 3.895 S0 50 50 S0 S0 0.00 50 50 $0 S0 50 50 50 S0 S0 S0
70 2057 45 4.012 50/ $0 50 $0 $0 0.00 $0 50 $0 50 $0 $0 S0/ $0 S0 $0
105 2092 80 11289 50 $0 50 $0 $0 0.00 $0 50 $0 50 $0 50 50 $0 50 $0
106 2093 81 11628 50 $0 50 $0 $0 0.00 $0 50 $0 50 $0 $0 S0/ $0 S0/ $0
107 2094 82 11976 50 $0 50 $0 $0 0.00 $0 50 $0 50 $0 $0 S0/ $0 S0/ $0
108 2095 83 12336 50 $0 50 $0 S0 0.00 $0 50 $0 S0 $0 $0 50/ $0 S0 $0
109 2096 B4 12706 50 s0 50/ S0 S0 0.00 s0 50/ s0 S0 50 ] 50 $0 50 50
110 2097 B3 13.087 50 s0 50/ S0 S0 0.00 s0 50/ s0 S0 50 ] 50 $0 50 50
111 209 2] 13.480 50 50 50 50 S0 0.00' 50 50 50 50 50 S0 50 50 50 50
112 2099 87 13.884 50 S0 50 S0/ S0 0.00' S0 50 S0 S0 50 S0 50 S0 S0 S0
113 2100 g8 14.300 50 S0 50 S0/ S0 0.00' S0 50 S0 S0 50 S0/ 50 S0 S0 S0
114 2101 89 14728 S0 so 50 S0 S0 0.00' so S0 s0 S0 S0 S0 50 s0 S0 S0
115 2102 90 15171 50/ $0 50 $0 $0 0.00 $0 50 $0 50 $0 $0 S0/ $0 S0/ $0
116 NPV @ IRR S0

117 Check Value S0/

Figure 26. IRR Analysis worksheet screenshot, second section.
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3.6.1

Decommissioning Fund Payment — Column L — Yearly decommissioning fund payments,
cell C21 (DCFP). These values are negative cash flows.

Depreciation — Column M — Depreciation deduction based on the fractions calculated on the
HTGR Project Fractions worksheet and the total debt capital, equity capital, and capitalized
interest costs in columns D, E, and F. These values are negative cash flows.

Taxable Income — Column N — Annual taxable income, equal to revenues less operating
costs, less depreciation, less debt interest payments.

Taxable Income with Carryover Losses — Column O — Carries over the negative taxable
income until the cumulative taxable income is positive.

Taxes — Column P— Annual taxes paid based on the taxable income with carryover losses.
These values are negative cash flows.

After Tax Income — Column Q — Revenues less operating costs, less debt interest payment,
less taxes.

After Tax Cash Flow — Column R — After tax income less the equity capital and the debt
principal payment.

Present Value of the ATCF at the IRR — Column S — The present value of the ATCFs, the
sum of which should equal zero. Used as a check to ensure the calculations are functioning
correctly and the model has converged.

Named Cells/Ranges

The following cells names have been assigned on the IRR Analysis worksheet:

Iteration — cell C1
IRRValue — cell C3
RetailPrice — cell C4
GridElecPrice — cell C5
ProcElecPrice — cell C6
HeatPrice — cell C7
HeatPrice MMBTU - cell C8
HeatPrice LB — cell C9
TCIHTGR —cell C19
OMHTGR - cell C20
DCFP —cell C21
HTGRFuel — cell C22

RevHTGR - cell C23

55



e NPV -—cellQl16
The following named ranges have been assigned on the IRR Analysis worksheet:
e DebtCapital — cells D26:D115

e DebtInterest — cell F26:F115

3.6.2 Worksheet Formatting

Cells highlighted purple indicate user inputs. Cells highlighted in pink indicate cells where automatic
iterations occur. Data validation limitations have been entered for all user inputs. All other cells in the
workbook have been locked. In order to access the locked cells the worksheet must be unprotected using
the password identified in Section 3. If the pink cells flash between #VALUE and 0, simply change the
product selling option from ‘Price to Match IRR’ to ‘Market Price’, if this does not solve the problem the
user has altered an equation which was previously protected and should reload the original model.

3.6.3 Worksheet Equations/IF Statements

Several of the equations entered on the IRR Analysis worksheet are simple equations and, therefore,
do not require explanation. The following IF statement is used to calculate/set the IRR value:

C3=IF(OR(PPP="Price to Match IRR",GPP="Price to Match IRR",HPP="Price to Match
IRR"),IRRN,

If any of the sales options (cells C14 to C16) are set to ‘Price to Match IRR’ the IRR value is set
to the IRR specified on the Project Inputs worksheet.

IF(HTGRFuel*12/Refuel*Number+DCFP+OMHTGR>=RevHTGR,"N/A",

Otherwise, if the operating costs are greater than the project revenues, the IRR value is set to
N/A as operating costs cannot exceed revenues for a viable project.

IF(ISNUMBER(IRRValue)=FALSE,0,
If the current value of the IRR is not a number, the current value is reset to zero.
IF(NPV<>(,IRRValue+NPV/Iteration,IRR Value))))

Finally, if the NPV is not equal to zero, the current NPV is divided by the iteration value in
cell B and added to the current IRR value. Otherwise, the iteration stops at the current IRR
value. This iterates the IRR by an increasingly smaller fraction as the NPV approaches zero,
until the NPV is equal to zero.

The average electricity market price is then calculated based on the current grid price and the average
cost of transmission and distribution, specified on the Commodity Prices worksheet:

C4=IF(ISNUMBER(GridElecPrice)=TRUE,GridElecPrice+Transm,"N/A")

This equation sets the average electricity price equal to the grid electricity price plus the average price of
transmission and distribution (Transm), otherwise, N/A is displayed; this indicates that electricity is not
being supplied to the general market. The electricity price to the grid is calculated/set using the following
IF statement:

C5=IF(Grid_ PWR<=0,"N/A",
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If power exported to the grid (Grid PWR) is less than or equal to zero, the value is listed as N/A.
IF(GPP="Market Price",'Commodity Prices'!B5,

Otherwise, if the user selects the grid power sales option (GPP) to match the market price
using the combo box, the value is set equal to the grid price on the Commodity Prices
worksheet.

IF(ISNUMBER(GridElecPrice)=FALSE,60,

Otherwise, if the user selects ‘Price to Match IRR’ in the grid power sales combo box and the
current grid price is not a number, the value is reset to 60.

IF(NPV<>0,GridElecPrice-NPV/Iteration,GridElecPrice))))

Finally, if the NPV is not equal to zero, the current NPV is divided by the iteration value in
cell Bl and subtracted from the current grid electricity price. Otherwise, the iteration stops
at the current grid electricity price. This iterates the grid electricity price by an increasingly
smaller fraction as the NPV approaches zero, until the NPV is equal to zero.

A similar iterative formula is used to calculate/set the electricity price to an external process:
C6=IF(CP_PWR=0,"N/A",
If no power is exported to the process, the value is listed as N/A.
IF(PPP="Market Price",'Commodity Prices'!B6,

Otherwise, if the user selects the process power sales option to match the market price using
the combo box, the value is set equal to the industrial electricity price on the Commodity
Prices worksheet.

IF(GPP="Price to Match IRR",GridElecPrice,

Next, if the grid power combo box has been set to the price to match the IRR, the process
electricity price is set equal to the grid electricity price. This is necessary, as only one value
can be iterated on at a time in the model.

IF(ISNUMBER (ProcElecPrice)=FALSE, 60,

Otherwise, if the user selects ‘Price to Match IRR’ in the process power sales combo box and
the current process power price is not a number, the value is reset to 60.

IF(NPV<>0,ProcElecPrice-NPV/Iteration,ProcElecPrice)))))

Finally, if the NPV is not equal to zero, the current NPV is divided by the iteration value in
cell Bl and subtracted from the current process electricity price. Otherwise, if the NPV is
equal to zero the iteration stops at the current process electricity price. This iterates the
process electricity price by an increasingly smaller fraction as the NPV approaches zero,
until the NPV is equal to zero.

A similar iterative formula is used to calculate/set the heat price to an external process:
C7=IF(CP_Heat=0,"N/A",

If no heat is exported to the process, the value is listed as N/A.
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IF(HPP="Market Price",'Commodity Prices'!B7,

Otherwise, if the user selects the process heat sales option to match the market price using
the combo box, the value is set equal to the market heat price on the Commodity Prices
worksheet.

IF(PPP="Price to Match IRR",ProcElecPrice*HTGRGEFF/100,IF(GPP="Price to Match
IRR",GridElecPrice*HTGRGEFF/100,

Otherwise, if the process power purchase price is set equal the price required to match the
IRR, the process heat price is equal to the process electricity price times the general HTGR
efficiency. Otherwise, if the grid electricity price is equal to the price required to match the
IRR, the process heat prices is equal to the grid electricity price times the general HTGR
efficiency. This is necessary, as only one value can be iterated on at a time in the model.

IF(ISNUMBER (HeatPrice)=FALSE, 60,

Otherwise, if the user selects ‘Price to Match IRR’ in the process heat sales combo box and
the current process heat price is not a number, the value is reset to 60.

IF(NPV<>0,HeatPrice-NPV/Iteration,HeatPrice))))))

Finally, if the NPV is not equal to zero, the current NPV is divided by the iteration value in
cell B1 and subtracted from the current process heat price. Otherwise, if the NPV is equal to
zero the iteration stops at the current process heat price. This iterates the process heat price
by an increasingly smaller fraction as the NPV approaches zero, until the NPV is equal to
zero.

The process heat price solved for in cell B7 has units of $/MWt-hr. It was determined that the heat
price should also be presented in units of $/MMBTU and $/1000-1b. The following equations are used to
convert the heat price calculated in $/MW?t-hr to these units:

C8=IF(CP_Heat=0,"N/A",HeatPrice*0.2930711)
C9=IF(ISNUMBER(NPV)=FALSE,"N/A",NPV)

The average debt service coverage ratio is calculated using the following formula:
C11=AVERAGEIF(I126:1115,"<>0")

This calculates the average of the debt service coverage ratios for all values not equal to zero. The final
iterative calculation is performed for the payback period calculation:

C12=IF(SUM(R26:R115)<0,"N/A",IFISNUMBER(C12)=FALSE, 1,IF(C12>90,1,

If the sum of the after tax cash flows is less than zero, the value is equal to N/A. Otherwise, if the
current value of the payback period is not a number, the value is reset to zero. If the current
value of the payback period is greater than 90, then the value is reset to one.

IF(SUM(INDIRECT(CELL("address",R26)&":"& ADDRESS(CELL("row",R26)+C12-1,
CELL("col",R26))))<=0,C12+1,

Otherwise, if the sum of the ATCF for the first analysis year to the analysis year
corresponding to the payback period calculated is less than or equal to zero, one is added to
the current payback period.
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IF(AND(SUM(INDIRECT("R27:"& ADDRESS(CELL("row",R26)+C12-2,CELL("col",
R26))))<0,SUM(INDIRECT("R27:"& ADDRESS(CELL ("row",R26)+C12-1,CELL("col",
R26))))>=0),C12,C12-1)))))

If the sum of the ATCFs from the first analysis year to the current payback period less one is
less than zero and the sum of the ATCF'S from the first analysis year to the current payback
period is greater than or equal to zero, the value is equal to the current payback period.
Otherwise, the payback period is equal to the current value minus one.

The following equations are used to calculate the values associated with the cash flow analysis. All
examples are shown for row 26, analysis year one:

C26=(1+IRT_A/100)"(A26-CEPCIYEAR) — This equation sets the annual inflation factor
based on the analysis inflation rate and the project base year (CEPCIYEAR) specified on the
Commodity Prices worksheet and the actual year corresponding to the analysis year.

D26=-1F(B26>30,0,TCIHTGR *DebtN/100*'HTGR Project Fractions''R392)*C26 — This
equation sets the debt capital for the analysis year equal to the negative of the total capital
investment times the debt ratio, from the Project Inputs worksheet, times the corresponding
capital fraction from the HTGR Project Fractions worksheet, times the corresponding
inflation factor, if the analysis year is less than or equal to 30; otherwise, the value is zero.

E26=-1F(B26>30,0,TCTHTGR*EquityN/100*' HTGR Project Fractions''R392)*C26 — This
equation sets the equity capital for the analysis year equal to the negative of the total capital
investment times the equity ratio, from the Project Inputs worksheet, times the corresponding
capital fraction from the HTGR Project Fractions worksheet, times the corresponding
inflation factor, if the analysis year is less than or equal to 30; otherwise, the value is zero.

F26=IF(B26<=30,'HTGR Project Fractions''R856,0) — This equation sets the capitalized
interest for the current analysis year equal to the corresponding value calculated on the
HTGR Project Fractions worksheet, if the analysis year is less than or equal to 30; otherwise,
the value is zero.

G26=IF(ISNUMBER('HTGR Project Fractions''R804)=TRUE,IF(B26<=50,'HTGR Project
Fractions''R804,0),0) — This equation sets the debt interest payment equal to the
corresponding value on the HTGR Project Fractions worksheet, if the value calculated is a
number and the analysis year is less than 50; otherwise, the value is zero.

H26=IF(ISNUMBER('HTGR Project Fractions'!'R752)=TRUE,IF(B26<=50,'HTGR Project
Fractions'!'R752,0),0) — This equation sets the debt principal payment equal to the
corresponding value on the HTGR Project Fractions worksheet, if the value calculated is a
number and the analysis year is less than 50; otherwise, the value is zero.

126=IF(G26<0,SUM(J26:K26)/-SUM(G26:H26),0) — This sets the debt service coverage ratio
equal to the sum of the revenues and operating costs divided by debt principal and interest
payments, if a payment is being made; otherwise, the values is zero.

J26=RevHTGR*'HTGR Project Fractions''R424*C26 — This equation sets the revenue equal
to the annual revenue times the corresponding revenue fraction calculated on the HTGR
Project Fractions worksheet times the corresponding inflation factor.

K26=(-OMHTGR*'HTGR Project Fractions''R516-HTGRFuel*' HTGR Project
Fractions''R608)*C26 — The operating costs are equal to the negative of the operating and
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maintenance costs times the corresponding operating cost fraction calculated on the HTGR
Project Fractions worksheet less the refueling cost per core times the corresponding refueling
occurrence calculated on the HTGR Project Fractions worksheet, times the corresponding
inflation factor.

L26=-IF(HTGR Project Fractions''R424>0,1,0)*DCFP — The decommissioning fund
payment is equal to the negative decommissioning fund payment, if the revenue fraction
calculated on the HTGR Project Fractions worksheet is greater than zero.

M26=IF(B26<=50,SUM($D$26:8F$115)*'HTGR Project Fractions'!'R700,0) — The
depreciation deduction is equal to the depreciation fraction calculated on the HTGR Project
Fractions sheet, corresponding to the analysis year, times the sum of the debt and equity
capital outlays plus the capitalized interest if the analysis year is less than or equal to 50;
otherwise, the value is zero.

N26=SUM(J26,K26,G26,M26,1.26) — The taxable income is equal to the sum of the debt
interest payment, revenue, operating cost, and depreciation deduction.

026=IF(ISNUMBER(026)=TRUE,IF(N26=0,0,IF(025<=0,025+N26,N26)),0) — This
equation sets the taxable income with carryover losses equal to zero if the taxable income,
column N, is equal to zero, otherwise if the previous taxable income with carryover losses is
less than or equal to zero, the value is set equal to the previous taxable income with carryover
loss plus the current taxable income. Otherwise the value is set equal to the current taxable
income. This carries over and accumulates all negative taxable incomes until the sum is
positive.

P26=IF(026<0,0,-026*TTax/100) — This equation calculates the taxes paid using the total
tax rate from the Project Inputs worksheet and the taxable income with carryover loss. If
taxable income with carryover loss is less than zero, no tax is withheld.

Q26=SUM(J26,K26,G26,P26,1.26) — The after tax income equals the sum of the debt interest
payment, revenues, operating costs, and taxes.

R26=SUM(E26,H26,Q26) — The after tax cash flow is equal to the sum of the after tax
income plus the debt principal payment and equity capital expenditures.

S26=R26/(1+IRRValue/100)"(B26) — Calculates the present value of the ATCF at the IRR.

Finally, the sum of the ATCFs are evaluated using the NPV Excel function and the IRR calculated/set
by the worksheet:

Q116=NPV(IRRValue/100,R26:R115)

This value should equal zero as a result of the iterative calculation described previously. A check value
of the calculation is calculated in cell Q117 by summing the values calculated in column S, the present
value of the ATCFs.

3.6.4

Worksheet Macros

The ToggleRetailPrice Macro unhides toggles displaying the estimated retail electricity price when
the user clicks the ‘Toggle Retail Electricity Price’ button. The ToggleRetailPrice Macro is presented in

Figure 27.
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Sub ToggleRetailPrice()
' ToggleRetailPrice Macro

' Toggles between showing and hiding the retail
' electricity price on the IRR Analysis Sheet
Sheets ("IER Analysis™) .S3elect

RBows ("4") .3elect

' If the row iz hidden then the row iz unhidden
If Fows("4") .Hidden = True Then

Gelection.EntireRow.Hidden = False
' Otherwise if the row is shown it's hidden
Else
Gelection.EntireRow.Hidden = True
End If
End Suhl

Figure 27. ToggleRetailPrice Macro.

3.7 ListInfo Worksheet

The List Info worksheet provides the data which populates the combo boxes on the Project Inputs and
IRR Analysis worksheets. In general this worksheet is hidden and must be unhidden for the user to
access. Based on the value selected in the combo boxes'”, the appropriate cell link value is written to the
cell for the corresponding reactor variable (row 6). Based on the cell link value, the value selected in the
combo box is written to the cell for the corresponding variable (row 8). The following table provides the
user inputs and possible values currently provided in the HTGR Application Economic Model:

Table 3. HTGR Application Economic Model user inputs for combo boxes.

Grid Power Selling [Process Power Selling|Process Heat Selling| Reactor TCI Project | Staffing
Option Option Option Module Ratin Phase Plan
Market Price Market Price Market Price 200 TCI NGNP INL
Price to Match IRR | Price to Match IRR | Price to Match IRR 350 Low TCI | FOAK | Vendor
600 High TCI | NOAK

Product selling options are only shown if power and/or heat are being supplied to the grid or process.
For instance, in the example shown, power is only being sold to the grid; hence the process power and
heat selling options appear blank. Figure 28 presents a screenshot of the List Info worksheet.

7" To edit or add to the data in the combo boxes the user must right-click the combo box to be edited and select ‘Format
Control’. Next, select the ‘Control’ tab, where the ‘Input range’ and ‘Cell link’ cell references are shown. Select the
corresponding named cell range to be included from the List Info worksheet for the input range and the appropriate cell link

on the List Info worksheet.

61



1
2
3
4
5
=
7

A B c D E F 3
Grid Power Selling  Process Power Selling  Process Heat Selling Base Project Staffing
Option Cption Option Reactor Size Phase Plan
Market Price 200 TCI MGMP IML
Price to Match IRR 350 Low TCI = FOAK | Vendor
600 High TCl NOAK
Index from Drop-Down Selection
2 2 1 3 1 3 2
Value Selected
8 Price to Match IRR 600 TCI NOAK Vendor

Figure 28. List Info worksheet screenshot.

3.71 Named Cells/Ranges

The following cells names have been assigned on the List Info worksheet:

e GridElecl —cell A2
e GridElec2 — cell A3
e ProcElecl —cell B2
e ProcElec2 — cell B3
e ProcHeatl —cell C2
e ProcHeat2 —cell C3
e RSizel —cell D2

e RSize2 —cell D3

e RSize3 —cell D4

e Phasel —cell F2

e Phase2 —cell F3

e Phase3 —cell F4

e Staffingl — cell G2
e Staffing2 — cell G3
e GPP—cell A8

e PPP—cell B8

e HPP —cell C8

e RSize — cell DS

e TCI Selection — cell E8

e RPhase —cell F8
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e Staffing — cell G8
The following named range has been assigned on the List Info worksheet:

e VariablesEcon — range B8:G8

3.7.2 Worksheet Formatting

No special formatting has been used on the List Info worksheet. All cells in the worksheet have been
locked. In order to access the locked cells the worksheet must be unprotected using the password
identified in Section 3.

3.7.3 Worksheet Equations/IF Statements
The following equations and IF statements are included in the List Info worksheet:

e A2=IF(Grid PWR>0,"Market Price","") — This equation sets the grid power selling option to
Market Price when power is being sold to the grid.

e A3=[F(Grid PWR>0,"Price to Match IRR","") — This equation sets the grid power selling
option to Price to Match IRR when power is being sold to the grid.

e B2=IF(CP_PWR>0,"Market Price","") — This equation sets the process power selling option
to Market Price when power is being sold to an external process.

e B3=IF(CP_PWR>0,"Price to Match IRR","") — This equation sets the process power selling
option to Price to Match IRR when power is being sold to an external process.

e (C2=IF(CP_Heat>0,"Market Price","") — This equation sets the process heat selling option to
Market Price when heat is sold to an external process.

e (C3=IF(CP_Heat>0,"Price to Match IRR","") — This equation sets the process heat selling
option to Price to Match IRR when heat is sold to an external process.

o A8 to G8=INDEX(array, index) — This equation sets the value selected in row 8 for the
named ranges and the corresponding combo box index.

3.74 Worksheet Macros

No Macros are included in the List Info worksheet.

3.8 Results Summary Worksheet

The Results Summary worksheet presents the results of a parametric analysis for the project in which
the IRR is calculated for product market prices and specified product prices are calculated to achieve a
given IRR varying the TCI over the range set on the Project Inputs worksheet. In addition, the effect of a
carbon offset credit on the product price is assessed. To execute the calculations and repopulate the
worksheet click the ‘Run Economic Calculations’ button. This button is linked to the Economics Macro.
A screenshot of the Results Summary worksheet is shown in Figure 29. The parametric analysis includes
the option to display the average retail electricity price, which is based on the electricity price to the grid
plus the average cost of transmission and distribution calculated on the Commodity Prices sheet. In
general the grid price should be used for economic assessments; however, if only the average retail price
is available for cost comparisons the user can display the price by selecting the option to display the value
in the user form. By default, this value is not displayed.
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Do oo~ || s w| e

ol Ll Ll Ll L
e I R R O ]

18

17
13

A B C D E F G H
Run Economic Calculations
-% A TCI TCl +% ATCI
IRR Price IRR Price IRR Price
Capital (HTGR) 53,354,573,566 54 792,247,952 57,188,371,928
% Grid Elec. Price (5/MWe-hr) 6.8 55028 5.6 55028 0.9 55028
= |Process Elec Price 3/ MWt-hr) 6.8 NSA 36 Mo 0.9 MfA
% Process Heat Price (5/MWt-hr) 6.8 Y 3B MSA 0.9 MSA
= |Process Heat Price (5/MMEBTU) 6.8 NSA 36 Mo 0.9 MfA
Proc. Steam Price (5/1000-1b) 6.8 NJA 36 NfA 0.9 N/A
Capital (HTGR) 53,354,573,566 54792,247,952 57,188,371,828
& |Grid Elec. Price ($/MWe-hr) 12.0 577.10 12.0 597.55 12.0) 513164
é, Process Elec Price (5/MWt-hr) 12.0 NSA 12.0 Mo 12.0 MfA
§# |Process Heat Price &/ MWt-hr) 120 MSA 120 MSA 120 MSA
& |Process Heat Price (S/MMBTU) 12.0 N/A 12.0 N/A 120 N/A
Proc. Steam Price (5/1000-1b) 12.0 MNSA 12.0 MNSA 12.0 MNSA
I M M o P o] R S T ] v W X Y z Al
Carb. Tax| -% A TCl TCI +H% ATC| -% ATC TCl +HATC| -% ATC TCl +HATC| -%ATC TCl +HATC| -%ATC TCI +H ATC
{($fton)| Grid Elec. Price ($/MWe-hr) | Process Elec Price (5/MWi-hr) |Process Heat Price (5/MWi-hr)|Process Heat Price ($/MMBTU)| Proc. Steam Price (5/1000-1b)

50 | 577100 59755 S$131.64 N/A N/A N/A
550 | 55654 57699 511107 N/A N/A N/A
5100 | 33587  556.42 58051 N/A N/A N/A
5150 | 51540  535.86  S69.94 N/A N/A N/A
5200 | -35.16 51523 543.38 N/A N/A N/A

N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A

N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A

N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A

Figure 29. Results Summary worksheet screenshot.
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3.8.1 Named Cells/Ranges

No named cells or ranges are included in the Results Summary worksheet.

3.8.2 Worksheet Formatting

No special formatting is used on the Results Summary worksheet, this worksheet is not protected. All
cells in the worksheet have been locked. In order to access the locked cells the worksheet must be
unprotected using the password identified in Section 3.

3.8.3 Worksheet Equations/IF Statements

No equations or IF statements are included in the Results Summary worksheet.

3.8.4 Worksheet Macros

The Economics Macro compiles the economics results, when the user clicks the ‘Run Economic
Calculations’ button. The user enters the economic inputs in a user form which is called by the Macro;
the initial values are copied from the current values on the Project Inputs worksheet. The
Economiclnput UF user form code is presented in Figure 30, a screenshot is presented in Figure 31. The
Economics Macro is presented in Figure 32. The user form and Macro codes are several pages long.

Friwvate Z3ub CancelButton Click()
' Cancels the macro and hides the form
CancelMacro = True

EconomicInput UF.Hide

End Sub

Friwvate Z3ubh ContinueButton Click()

' Ensures that the term of the loan is less than the plant life
If LoanTerml] Entry > PlantLifelN Entry Then

' Message box for user
Fesponse = MsagBox ("Please ensure the loan term is less" &
" than the plant life.®, whOEOnly)

Else
' Ensures that at least one product is set to price to match IRR
If GridElecH Entry.Walus = "Price to Match IRR"™ Or
FrocElecH Entry.Valus = "Price to Match IRR™ Or
FrocHeatM Entry.Valus = "Price to Match IRR™ Then

' Writes the walues specified in the form
IRRN Walue = IRFN Entry

LebtBRatioll Value = DebtBRatioll Entry
DebtIntl Value = DebtIntlN Entry
DebtIntCon Walus = DebtIntConll Entry
LoanTerml Walus = LoanTerml] Entry
Constructiont Valus = Constructionl Entry

Figure 30. Economiclnput UF user form code.
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FlantLifelN Value = FlantLifel Entry
FefuelingPeriodl Value = RefuelingPeriodl Entry
FrojectPhasel Walus = ProjectPhaselN Entry
StaffingPlant Value StaffingPlanl Entry
BaseFReactor3izeN Value = EBaseReactor3izelN Entry
GridElecM Walus = GridElecl Entry

FrocElecH Walue FrocElecH Entry

FrocHeatM Value FrocHeatM Entry

CTI = CarbonTax Entry

FetailPricelisplay = RetailPrice

' Continues the macro and hides the form
CancelMacro = False
EconomicInput UF.Hide

Elze

' Message box for user

Fesponse = MagBox ("Specify at least one product to iterate" &

" the product price on for the analysis.", vhOoEOnly)
End If
End If

End Sub

Frivate 3uh CarbonTax Entry AfterUpdatei)

' Ensures the walue entered is within the proper range
If CarbhonTax Entry <= 100 And CarbhonTax Entry »= 10 Then

Elze

' Resets the walue to the initial wvalue

CarbonTax Entry.Walus = 50

' Message box for user

Fesponse = MsgBox ("Enter a walue between 10 and 100.", whOoKOnly)

End If
End Sub

Frivate Zub DebtIntMN Entry AfterUpdater)

' Ensures the walue entered is within the proper range
If DebtIntMN Entry <= 15 And DebtIntN Entry >= Z Then

Elze

' Besets the walue to the initial walue
DebtIntl Entry.Valuse = Range ("RDEETH") .Walue

Figure 30. Economiclnput UF user form code. (continued)
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' Message box for user

Fesponse = MsgBox ("Enter a walue between 2 and 15.%", vbhOoEOnly)

End If

End Sub

Frivate Zub DebtIntConM Entry AfterUpdate()

' Ensures the walue entered is within the proper range
If DebtIntConl Entry <= 15 And DebtIntConl Entry >= Z Then

Elze

' Resets the walue to the initial wvalue
DebtIntConl Entry.VWalus = Range ("REDEETHN CCN'™) .Value
' Message box for user

Fesponse = MsgBox ("Enter a walue between 2 and 15.%", vbhOoEOnly)

End If

End Sub

Frivate Zub Constructionl Entry AfterUpdate ()

' Ensures the walue entered is within the proper range
If Constructionl Entry <= 72 And Constructionl Entry >= 12 Then

Elze

' REesets the walue to the initial walue
Construction Entry.Valuse = Range ("CPN™) .Value

' Message box for user

Fesponse = MsgBox ("Enter a walue between 12 and 72.", whOEOnly)

End If

End Sub

Private Zub DebtRaticol Entry AfterUpdate()

' Ensures the walue entered is within the proper range
If DebtRatiolN Entry A 100 €= 1 And DebtEatiolM Entry »>= 0 Then

Elze

' RBesets the walue to the initial walue
DebtRatiol Entry.Walue = Hange ("DEETN").Value

' Message box for user

Fesponse = MsgBox ("Enter a walue between 0 and 100.%, whOEOnly)

End If

Figure 30. Economiclnput UF user form code. (continued)
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End Sub

Friwvate Zuh IRRN Entry AfterUpdate (]

' Ensures the walue entered is within the proper range
If IRPN Entry <= 25 Aind IRFN Entry »>= 0 Then

Else
' Besets the wvaluse to the initial walue
IRRN Entry.Walus = Range ("IRFN") .Value
' Message box for user
Fesponse = MsgBox ("Enter a walue bhetween 0 and 25.", whOEOnly)

End If

End Sub

Friwvate Z3ubh LoanTerml Entry AfterUpdater)

' Ensures the walue entered is within the proper range
If LoanTerml| Entry <= 30 ind LoanTerml Entry >= 10 Then

Else
' Besets the wvaluse to the initial walue
LoanTerml Entry.Valus = Range ("RTERMN") .Value
' Message box for user
Fesponse = MsgBox ("Enter a walue bhetween 10 and 30.7%, vhOEOnly)

End If

End Sub

Friwvate Zuh PlantLifel Entry AfterUpdate (]

' Ensures the walue entered is within the proper range
If PlantlLifelN Entry <= 60 ind PlantLifel Entry >= 10 Then

Else
' Bezets the walus to the initial walue
FlantLifelN Entry.Walus = Range ("ELN"™) .WValus
' Message box for user
Fesponse = MsgBox ("Enter a walue bhetween 10 and 60.7%, vhOEOnly)

End If

End Sub

Frivate Z3uh RefuslingPeriodW Entry AfterUpdate ()

Figure 30. Economiclnput UF user form code. (continued)
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' Ensures the wvalue entered iz within the proper range
If RefuelingPeriodl Entry <= 24 And RefuelingPeriodN Entry >= & Then

Else
' Besets the walus to the initial walue
BefuelingPeriodl Entry.Value = Range(["Refuel"™].Value
' Mezsage hox for user
Fezponse = MagBox ("Enter a wvalue hetween © and 24.", whOoKonly)

End IL

End Sub

Private 3Sub UserForm Initialize()

' Bets the project phases in the ComboBox

ProjectPhasel Entry.AddItem Range ("Phasel™).Value
ProjectPhasel Entry.AddItem Range ("Phasei™).Value
ProjectPhasel Entry.AddItem Range ("Phasei™).Value

' Bets the project phase set on the List Info Worksheet
ProjectPhasel Entry.Value = Range ("RPhaze™).Value

' Fets the reactor Size in the ComboBox

BaseReactor3izel Entry.Addltem Range ("REizel™].Value
BaseReactor3izel Entry.Addltem Range ("REizeZ™).Value
BaseReactor3izel Entry.Addltem Range ("REize3™).Value

' ZBets the reactor Zize Lo the wvalue on the List Info Worksheet
BaseReactor3izel Entry.Value = Range ("REize™) .Value

' Bets the staffing plant in the ComboBox
staffingPlan Entry.AddlItem Range ("3taffingl™).Value
staffingPlan Entry.AddlItem Range ("3taffingZ™).Value

' Bets the staffing plan to the wvalue selected in the model
SFtaffingPlanl Entry.Value = Range ("3taffing™).Value

' Bets the grid electricity price options in the ComboBox
GridElecN Entry.AiddItem Range ("GridElecl™) .Value
GridElecH Entry.AddItem Range ("GridEleci™) .Values

' Bets the grid electricity price based on the List Info Worksheet
GridElecN Entry.Valus = Range ("GPP™) .Value

' etz the process electricity price options in the ComboBox
ProcElecN Entry.AiddItem Range ("ProcElecl™) .Value
ProcElecN Entry.AiddItem Range ("ProcElecz™) .Value

' Bets the processzs electricity price hased on the List Info Worksheet
ProcElecN Entry.Valus = Range ("PPP™) .Value

Figure 30. Economiclnput UF user form code. (continued)
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' 3etzs the process heat price options in the ComboBox
ProcHeatlN Entry.LddItem Range ("ProcHeatl®™) .Walue
ProcHeatlN Entry.AddItem Range ("ProcHeatZ®™) .Walue

' 3etzs the process price bhased on the List Info Worksheet
ProcHeatlN Entry.Valus = Range ("HPP™) .Value

'Writes the walues from the Project Inputs sheet Lo the user form
IEFN Entry.Values = Range ("IREFN"™].WValues
DebtRatiol Entry.Value = Range ("DEETHN™) .Value
DebtIntN Entry.Waluse = Range ("RDEBTN™) .Walue
LoanTernwll Entry.Value = Range ("RTERMN™) .Value
Constructiont Entry.Value = Range ("CPN") .Value
DebtIntConl Entry.Walue = Range ("RDEBTN CON™) .Walue
PlantLifel Entry.Value = Range ("ELN") .Value
FefuelingPeriodl Entry.Value = Range ("Refusl™) .Value
' Locks the retail price option if no grid power is produced
If Range ("Grid PWR"™] .Walue <= 0 Then
FetailPrice.Enabhled = False
Else
FetailPrice.Enakled = True
End If

End Sub

Figure 30. EconomicInput UF user form code. (continued)
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Economic Inputs

Please enter the following basic
economic inputs to used in the model.

Project Phase:

Staffing Plan:

Reactor Module
Raating {Mwiy:

3

Tk,

Yendor

a0o

Display Retail Electricity Price Estimate:

[

r

Select 3 minimum of one option 1o varry the
product price to achieve the IRR.

iarid Eleckricity

Process Electricity

Process Heat
Selling Price:

IRR. (%)

Debt Ratio (%)

Debt Interest Rate
& H

Loan Term (wrs):

Conskruckion
Period {months):

Interest on Debt,
Constrockion (%)

Economic Life
[vrs):

Refueling Period
imonths):

Carbon Credit
Increment ($/kon):

Price to Match IRR

-

v

|

Yalue: Fange:
12
0 ko 25
L]
0 ko 100
o]
2tols
13
10 ko 30
36
12072
o]
2o 15
30
10 ko 60
18
6 ko 24
=0
10 ko 100
| Continue | Cancel

Figure 31. Economiclnput UF user form screenshot.
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' Decl
Pubhlie
Pubhlie
Pubhlie
' Huel
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlie
Pubhlic

are public wvariahles=
CancelMacra

CTI

RetailPricelizplay
ear Process

IREN Value

DebtRatiolN Value
DebtIntN Value
DebtIntConl] Value
LoanTermt] Value
ConstructionM Value
PlantLifelN Value
RefuelingPeriodl Value
ProjectPhasel Value
StaffingPlanl Value
BazeReactordizelN Value
GridElecH WValue
ProcElecH Value
ProcHeatl Walue

3ub Ec

ip

Re

If

onomics()

Economics Macro

Macro developed by Anastasia Gandrik
Idaho National Laboratory

NGNE Project

Thiz mwacro runz the economic calculator, caloculating the IBR for
gelling power and/or heat. In addition, the price of the main product
iz computed, =such that the IRR iz equal Lo a user specified IRR:.

Clears the clipboard
plication.CutCopyMode = Falze

S3ets the model agsword
nonprass -

Zetz initial wvalue of all wvariables Lo zZero

=0 ' Carkbon tax wvariation
=0 ' TCI wariation
=1 ' Zelling heat/electricity at market price or at IRE

Mezzage box for user
zponze = MagEBox ("EBun Macro for the economic calculations?", wbh¥eslNo)

Eegin calculationz for economic analysi=
Rezponse = wh¥ez Then

' Mezzage box for user

Response = MsgBox ("Please wait for the caleculations to complete.™ &

L message box will prompt vou when calculations are complete, ™ &
" please click QE.™, whOEOnly)

Figure 32. Economics Macro.
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' Bring= up user form for economic entries=
EconomicInput OF.Show

' duitz the user form, =20 entriezs are rezset to baseline values
Unload EconomicInput UF

' If the uzer indicatez Lo continue calculations=
If CancelMacro = Fal=ze Then

' ZBelectz the summary sheet and unprotects it
Sheetzs ("Resultz 3uwmmmarvy™) . Thprotect Password: =NGHNPPaz==
Sheetz ("Rezsultzs 3unmarvy™) . Select

' Bring= up user form showing calculations in progres=s
CaleProg UF.Zhow

' Unload=z the user form
Unload CalcProg OF

' Btopz the screen from updating
Application.3creenlUpdating = Falzse

' Copiez the wvaluez =zet in the drop down boxez, 3o that they are
' preserved after the economic analy=iz iz run

Zheetz ("Li=t Infof) .Unprotect Password:=NGHNPPaz==

Zheetz("Lizt Info') .Vizible = True

Zheetz("Li=zt Infof) .Z3elect

Range ("VariablezsEcon™) . Copy Destination:=Cell=(10, 1)

' Writez the economic inputz from the user form to the project
' input= sheet

Sheetzs ("Project Inputs™) .3elect

Range ("IRFN™] .Valus = IRRN WValue

Range ("DEBTN'™) .Value = DebtRatiolM Value

Range ("RDEETN™] .Valus = DebtIntl Value

Range ("RDEETN Con™] .Valuse = DebtIntConM Value
Range ("RTERMN™] .Valuse = LoanTernl Value

Range ("CPN™) .Value = Constructiont] Value

Range ("ELN™] .Value = PlantLifelN Value

Range ("Refuel™] .Valuse = RefuelingPeriodN Value

' Writez the economic inputs from the user form to the list
' info sheet

Zheetz("Li=zt Infof) .Z3elect

Range ("RPhase™] .Valuse = ProjectPhasel Value

Range ("3taffing™] .Value = 3taffingPlani Value

Range ("R3ize'") .Value = BaseReactoriizel Value

Range ("GPP") .Value = GridElecl Value

Range ("PPP") .Value = ProcElecl Value

Range ("THPP™) .Value ProcHeatl Value

' Loopz though market price for price at the IRR
Do Tntil 1 = -1

Figure 32. Economics Macro. (continued)
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' Loops through TCIs
Do Until j = 3

' et TCI subroutine
GoZ3ubh S3etcTCI

' Only performs carbon tax @IRR calculations
If 1 = 1 Then

' Loops through the carbon tax cases
Do Until i = 4

' Buns the carbon tax subroutine
Go2ub CarbonTax

' Iterates to the next wvalue of i [(carbon tax)
i=1i+1

' Carbon tax loop
Loop

' RBeinitialize=s i
i=20

' Resetzs the carbon tax Lo zero

Sheets | "Commoditcy Prices™) .3elect
Bange ("CarbhonTax™) .Value = 0

Else

End If

' Buns the economwic analysis subroutine
GFoZubh Economichnalysis

' Iterates to the next wvalue of 7 [(TCI)
i=31+1

' TZI loop
Loop

' RBeinitializes j
j=n

' Iterates to the next wvalue of 1 (fmarket price or IRR)
l1=1-1

' Product price loop
Loop

' RBeinitialize=zs 1
1 =1

Figure 32. Economics Macro. (continued)
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' Pastes the economic wariables to their original location
Sheets ("List Info®™).3elect

Fange ("410:510") .Copy Destination:=Range ("LE™)

Fange ("410:510") .Clear

' SGelects the suanary sheet
Sheets ("Results Swmmary™) . Select

' Shows the retail electricity price if the user indicates to
If RetailPricelisplay = True Then
Fows ("5") .Hidden = False
Fows ("13") .Hidden = False
Columns ("J:L") .Hidden = False
Else
Fows ("6") .Hidden = True
Fows ("13™") .Hidden = True
Columns ("J:L") .Hidden = True
End If

' Hides the List Info sheet
Sheets ("List Info™) .Visible = False
Sheets ("List Info®) .Protect Password:=NGNFPass

' Protects the Results swmnary sheet
Sheets ("Results Swmnary™) .Protect Password:=NGHFPass

' Allows the screen to update again
bpplication.3creenllpdating = True

' Message box for user
Fesponse = MagBox ("Calculations Complete, please click OE" &
e whOoKEOnly)

' Message box for to copy current results

Fesponsei = MsgBox ("Would you like to save a copy of the" &

" model results?", whbY¥esho)

' If the user wants to copy the prewvious results
If Responsel = wh¥es Then

' Subroutine for copying previous results
GoSub CopyFResults

El=ze
End If

El=ze

' Message box for user
Fesponse = MsgBox ("Exiting Macro."™, vhOoEOnly)

End If
Figure 32. Economics Macro. (continued)
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El=ze

' Mesz=zage box for user
Rezponse = MagBox ("Exiting Macro...™, wvhOEOnly)

End If

' Clears the cliphoard
Application.cutCopyMode = False

Exit Zub

' Subroutine for calculations for carkbon tax cases
CarbonTax:

'Weites the wvalue of the carbon tax to the sheet
Sheetz ("Commodity Prices™) .Jelect
Range ("CarbonTax™) . Value = CTI * (i1 4+ 1)

' SBolvez for the HTGE product price and copiez it Lo the sunmary sheet
Sheetz ("Results Sunmarvy™) .Select
Cells((15 + i), 9).Value = CTI * (i + 1)

Cell=s((15% 4+ i1, (10 + J1).Value = Range ("RetailPrice™) .Value

Cell=s((15 + i1, (13 4+ 1J1).Value = Range ("GridElecPrice’™) .Value

Cell=s((15 + i1, (16 4+ 7J1).Value = BRange ("ProcElecPrice’™) . WValue

Cell=s( (15 4+ 11, (19 4+ 7311 .Value = Range [("HeatPrice™) .Value

Cells((15 + 1), (22 + Jj]).Value = BRange |("HeatPrice MMNETU"].Walue

Cells({({15 + 1}, (25 + Jj]).Value = Range ("HeatPrice LE") .Value
Return

' Bubroutine for the economic analyziz calculations
Economichihalysi=:

' For the market price iteration
If 1 = 0 Then

' Writes the selector for heat/power purchased BIRR or market price
Sheetz ("List Info™) .3elect

If BFange ("GPP') .Value = "" Then
El=e

Range ("GPP™) .Value = "Market Price™
End If
If BFange ("PPP") .Value = "" Then
El=e

Range ("PPP™) .Value = "Market Price™
End If
If Bange ("HPP'") .Value = "" Then
El=e

Range ("HPP™) .Value = "Market Price™
End If

Figure 32. Economics Macro. (continued)
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Elze

End If

' Writez the IRE & product price to the

Sheets ("REesults Sunmary™) . Select

Suntnary sSheet

Cella((e + 7 % 1), (3 4+ 2 % 31).Value = Range ("IEREValue™) .Value
Cella({(e + 7 1), (4 + 2 * j))1.Value = REahge ("BetailPrice™) . Value
Cella((7 + 7 % 1), (4 + 2 % 3J)).Value = Range("GridElecPrice™) . Value
Ccell=s((8 + 7 % 1), (4 + 2 % 3J)).Value = Range ("ProcElecPrice™) . Value
Cella((92 + 7 % 1), (4 + 2 % 3J1).Value = Range ("HeatPrice™) . Value

Cells{({10 + 7 * 13,
Cells{({1l + 7 * 13,

REeturn

' Sets the TCI
SetTCI:

' Gets the TCI Value
Sheets("List Infof).Select

If j = 0 Then

Range ("TCI Selection™).Value =
ElzelIf j = 1 Then

Range ("TCI Selection™).Value =
El=e

Range ("TCI Selection™).Value =
End If

Return

' Copiesz the previous model results Lo
CopyResulta:

' Stops the screen frow updating
Application.ScreenUpdating = False

(4 + 2 * 3)).Value =
(4 + 2 * 3)).Value =

Range ("HeatPrice MMETU") .WValue
Range ("HeatPrice LE™) .Value

"Low TCI"
"TC I r
"High TCI™

the end of the workbook

' Determines the nunber of sheets in the workbook

SheetNums =

' Initializes count wvariakbhles
CountSheet = 1
SavedResults = 0

Aetivellorkbhook.Sheets . Count

' Checks if a =zaved results sheet exists for numbering

Do Until CountSheest =
Sheetlawme =
If InStr (SheetMNamwe,
El=e
SawvedResults =
End If

Figure 32. Economics Macro. (continued)
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SheetNums + 1
Aetivellorkbhook.Sheets (Countheet) (Name
fagwed Results™) =

0 Then

SavedResults + 1



' Progresses to the next sheet
Count3heet = Count3heet + 1

Loop

' Reinitializez the count
Countiheet = 1

' Copiez the results from the prewviouz run to the end of the workbhook
Sheetz ("Results Sunmarvy™) .Select

Zheets ("Results Swmnary™) .Copy

Lfter:=Activellorkbook.3heetz (ActivelWorkbook. 2heets . Count)

' Namez the results sunmary sheet

JavedResults = SavedResults + 1

NewSheetlame = "3awved Results " £ JavedResults
AetiveSheet (Name = NewiheetNane

' Remowves the button to run the macro
Loetivelheet . Unprotect Password:=NGHNPPass
Loetivelheet . 2hapes ("Eutton 17) .3elect
Jelection.Cut

' Deletez the first two rows
Rowz("1:27") .Delete

' ZBelectz and pastezs the information from the Project Inputs sheet to
' the new sunmary sSheet

Sheetz ("Project Inputa™) .Range (Til:C200™) . Copy

Sheetz (NewiheetMNamwe) . Range (TAC1™) . Zelect

Selection.Pastelpecial (Xx1lPasteValuesindiNunberFormats)
Selection.Pastelpecial [(x1lFormats)

' Bizez the cells appropriately, =20 the text iz viewahle
Columns (TAC:AE™) .EntireColumn. butoFit

' Belectz all the cells on the sheet, copies, and pastezs the wvalues
Range ("Al1:ZZ200%") = BEange (TLl:zZZ00") .Value

' Clears the cell shading

Columns (PAC:AE™) .S3elect

With Selection. Interior
.Pattern = xl1lNone

End With

' Protectzs the saved resultzs sheet
Letivelheet . Protect Password:=HNGHNPPas=

' Clears the cliphoard
Application.cutCopyMode = False
Sheetz ("Results Sunmarvy™) .Select

Figure 32. Economics Macro. (continued)
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' Allows the screen to update again
Application.3creenlUpdating = True

Feturn

' Ends the subroutine
End Sub

Figure 32. Economics Macro. (continued)

3.9 Sensitivity Analysis Worksheet

The Sensitivity Analysis worksheet assesses the impact of varying key analysis parameters over
specified ranges, while holding all other parameters at baseline values, on the required product selling
prices to achieve a given IRR. The results of the analyses are presented in tornado diagrams; each
product price is presented in a separate chart. A tornado chart is useful in that it shows the influence of
varying each variable over a specific range on the required prices. It also depicts the relative importance
of variables by arranging the results for each variable in descending order of influence. To run the
sensitivity analysis and repopulate the worksheet, click the ‘Run Sensitivity Analysis’ button. This button
is linked to the Sensitivity Macro. The tornado diagram for the electricity price to the grid is presented in
Figure 33. A screenshot of the Sensitivity Analysis worksheet is shown in Figure 34.

The sensitivity analysis includes the option to display the average retail electricity price, which is
based on the electricity price to the grid plus the average cost of transmission and distribution calculated
on the Commodity Prices sheet. In general the grid price should be used for economic assessments;
however, if only the average retail price is available for cost comparisons the user can display the price by

selecting the option to display the value in the user form. By default, this value is not displayed.

40 year Economic

20 year Loan Term

24 month
Construction Period

a

$93.88 | $101.74

$94.68 | $101.48

1

$94.80 | $100.44

20 year Economic

10 year Loan Term

48 month
Construction Period

Product Selling Price ($/MWe-hr) - Baseline of $97.55

Baseline Values:

Low TCI High TCI TCI
$77.10 | $131.64
10% IRR 15%IRR 12%IRR
’ $87.03 | $115.23 ’ ’
80% Debt/ 20% Debt/ 50% Debt/
20% Equity $89.03 | $108.73 80% Equity 50% Equity
24 month 12 month 18 month
Refueling Period $93.06 | $106.53 Refueling Period Refueling Period

30 year Economic

Recovery Period $94.47 | $106.17 Recovery Period Recovery Period
INL Staffing Plan Vendor Staffing Plan
$101.92
6% Interest 10% Interest 8% Interest

15 year Loan Term

36 month
Construction Period

Figure 33. Grid electricity price tornado diagram.
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Figure 34. Sensitivity Analysis worksheet screenshot.
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3.91 Named Cells/Ranges

No named cells or ranges are included in the Sensitivity Analysis worksheet.

3.9.2 Worksheet Formatting

No special formatting is used on the Sensitivity Analysis worksheet, this worksheet is not protected.
All cells in the worksheet have been locked. In order to access the locked cells the worksheet must be
unprotected using the password identified in Section 3.

3.9.3 Worksheet Equations/IF Statements
The following IF statements are included in the Sensitivity Analysis worksheet:
O4=IF(L4="N/A","N/A",IJF(ISBLANK(L4)=TRUE,"",Q4/L$3))
Q4=IF(L4="N/A","N/A",IF(ISBLANK(L4)=TRUE,"",-ABS(L$3-L4)))

These equations calculate variations in the lower bound grid electricity price calculated in the analysis
from the baseline value. The first equation calculates the lower boundary percentage change; the second
calculates the absolute value of the difference in the lower bound price and the baseline price. If the
calculated value is blank or N/A the cell displays that value. The upper bound calculations (P4, R4) are
similar.

3.94 Worksheet Macros

The Sensitivity Macro compiles the sensitivity analysis results when the user clicks the ‘Run
Sensitivity Analysis’ button. The user can enter the upper and lower bounds for the economic inputs in a
user form which is called by the Macro; the baseline values are copied from the current values on the
Project Inputs worksheet. The Sensitivitylnput UF user form code is presented in Figure 35, a screenshot
is presented in Figure 36. The Sensitivity Macro is presented in Figure 37. The user form and Macro
codes are several pages long.

Private 3ub CancelButton Click()
' Cancels the macro and hides the form
CancellMacros = True

SensitivityInput UF.Hide

End Sub

Private 3ub ContinueButton Click()

' Ensures that at least one products price is set to match the IRER

If GridElecd Entry.Value = "Price to Match IRR™ Or
ProcElecd Entry.Value = "Price to Match IRR™ Or
ProcHeat3 Entry.Value = "Price to Match IRR™ Then

' Writezs walues specified in the form
IRES Values(0) = IRRS LL
IRES Values(l) = IRRS EL
IRES Value(z) IRES UL

Figure 35. Sensitivitylnput UF user form code.
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DekbtRatios Value (0]
DebtFRatiod Value (1]
DebtFRatiod Value (2]

DekbtRatios LL
DEhtRatiDS_BL
DEhtRatiDS_UL

DebtIntd Value (0] = DebtInt3 LL
DebtIntd Value(l] = DebtInt3 EL
DebtIntd Value(Z] = DebtInt3 TL

LoanTerm3 Value (0] = LoanTerm? LL
LoanTerm3 Value (1) LoanTerm3 EBL
LoanTerm3 Value (2] LoanTerm3 TL
Constructiond Value(0) = Constructiond LL
Constructiond Value (1) Constructiond BL
Constructiond Value (2] Construction3 UL

Staffingd Valus(l) = Staffing? EBEL
Staffingd Values(Z)] = Staffing? UL
FPlantLifed Value (0] = Plantlife? LL
FPlantLifed Value(l]} = Plantlife? EL
FPlantLifed Value(Z] = Plantlife? TL
TCIS Value(0O) = TCIS LL

TCIS Value(l) = TCIS BL

TCIS Value(Z) = TCIS UL

Fefuelingd Value (0]
Fefuelingd Value (1]
Fefuelingd Value (2] Fefuelings UL
FProjectPhased Value ProjectPhase
F3ized Value = Reactordize
GridElecd Valuse = GridElecd Entry
FProcElecd Value FProcElecd Entry
FProcHeat3 Value FProcHeat3 Entry
RFetailPricelisplay?2 = FetailPrice

Fefuelings LL
Fefueling3 EL

' Continues the macro and hides the form
CancelMacroZ = False
SensitivityInput UF.Hide

El=ze
' Message box for user
Fesponse = MagBox ("Specify at least one product to iterate"™ &
" the product price on for the analysis.", vhOEOnly)
End If
End Sub

Priwvate 3ubh IRRS LL AfterUpdate()

' Ensures the lower limit iz within data wvalidation limits and
' less than the baseline wvalue
If IRR3 LL < 0 or IRR3 LL »= IRR3 BL Then

' Besetzs the wvalue to the initial walue
IRRS LL = 10

Figure 35. Sensitivitylnput UF user form code. (continued)
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' Message box for user
MzgBox ("Enter a walus greater than or egqual to 0" &

whOEDnly)

Fesponse =
" which is less than the baseline. ™,

Elze
End If

End Sub

FPriwvate Zubh IRR3 UL AfterUpdate (]

' Ensures the upper limwit is within data wvalidation limits and

' greater than the baseline walue
If TRE3 UL > 25 COr IRRS UL <= IERS EBEL Then

' Besetzs the walue to the initial walue

IRRS UL = 15

' Message box for user
MzgBox ("Enter a walus less than or egual to 25" &

whOEDnly)

Fesponse =
" which is greater than the baseline.™,

Elze
End If

End Sub

Private Zuh DebtRatiod LL AfterUpdate()

' Ensures the lower limit iz within data wvalidation limits and

' greater than the baseline walue
If DebtRatioZ LL » 100 Or DebtRatio LL / 10 <= DebtRatio? BL / 10 Then

' Besetzs the walue to the initial walue

DebtBRatiod LL = 30

' Message box for user
MzgBox ("Enter a walus less than or egual to 100" &

whOEDnly)

Fesponse =
" which is greater than the baseline.™,

Elze
End If

End Sub
Private Zuh DebtRatiod UL AfterUpdate()

' Ensures the upper limwit is within data wvalidation limits and

' less than the bhaseline walue
If DEbtRatiDS_UL < 0 Or DEbtRatiDS_UL = DEbtRatiDS_BL Then

' Besetzs the walue to the initial walue

DebtBRatiod UL = Z0
Figure 35. Sensitivitylnput UF user form code. (continued)
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' Message box for user
MzgBox ("Enter a walus greater than or egqual to 0" &

whiOEOnly)

Fesponse =
" which is less than the baseline. ™,

El=ze
End If

End Sub
FPrivate Z3uh DebtInt? LL AfterUpdatei)
' Ensures the lower limit iz within data wvalidation limits and

' less than the bhaseline wvalue
If DebtInts LL < 2 Or DebtInt3 LL »>= DebtIntS BEL Then

' Besetzs the walue to the initial wvalue

DebtInt3 LL = &

' Message box for user
MzgBox ("Enter a walus greater than or egqual to 2" &

whiOEOnly)

Fesponse =
" which is less than the baseline. ™,

El=ze
End If

End Sub

FPrivate Z3uh DebtInt? UL AfterUpdatei)

' Ensures the upper limit is within data wvalidation limits and

' greater than the baseline walue
If DebtInt3 UL » 15 Cr DebtInt® UL / 10 <= DebtInt? BL / 10 Then

' Besetzs the walue to the initial wvalue

DebtInt3d UL = 10

' Message box for user
MzgBox ("Enter a walus less than or equal to 15" &

whiOEOnly)

Fesponse =
" which is greater than the baseline.™,

El=ze
End If

End Sub

Frivate Zub Construction3 LL AfterUpdater)

' Ensures the lower limit iz within data wvalidation limits and

' less than the bhaseline wvalue
If CDnstructiDnS_LL < 12 Or CDnstructiDnS_LL = CDnstructiDnS_BL Then

' Besetzs the walue to the initial wvalue

CDnstructiDnS_LL = 24

Figure 35. Sensitivitylnput UF user form code. (continued)
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' Message hox for user
Fezponse = MagBox ("Enter & walue greater thah or egqual to 127

' which iz less than the haseline. ™, vwhOoEOnly)

&_

Elze
End If

End Sub

Private Zubh Construction? UL AfterUpdate()

' Ensures the upper limit iz within data walidation limits and

' greater than the haseline walue
If Construction® UL > 72 Or Constructiond UL <= Constructiond BEL Then

' Besets the wvalue to the initiasl walue

Constructions UL = 48
' Message hox for user

Fesponse = MagBox ("Enter & walue less than or egual to V27 &
T which iz greater than the baseline. ™, vbhOoEOnly)
Elze
End If
End Sub
Private Zubh LoanTerm3 LL AfterUpdate()]
' Ensures the lower limit iz within datas walidation limits and
' greater than the haseline walue
If LoanTerms LL > 30 Or LoanTerms LL <= LoanTerm? BL Then
' Besets the wvalue to the initiasl walue
LoanTerms LL = 20
' Message hox for user
&

Fezponse = MagBox ("Enter a walue less than or equal to 307 _
T which iz greater than the baseline. ™, vbhOoEOnly)

' Ensures the walue entered iz less than or egual to the economic

' recovery period baseline
ElzeIf LoanTerms LL > PlantLife? BL Then

' Besets the wvalue to the initiasl walue

LoanTerms LL = 20
' Message hox for user
Fezponse = MasgBox ("Enter a walue less than or equal to the'™

fhaseline economic recovery period. ™, whOoKOnly)

&_

End If

End Sub
Figure 35. Sensitivitylnput_UF user form code. (continued)
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Frivate Zubh LoanTermd3 UL AfterUpdate()

' Enzurez the upper limit iz within data wvalidation limits and

' lezz than the bhaseline wvalue
If LoanTerwZ UL < 10 Or LoanTerwZ UL »>= LoanTerm? EL Then

' RBezetz the walue to the initial wvalue

LoanTerm3 UL = 10
' Mezsage hox for user

Response = MsgBox ("Enter a walue greater than or egual to 107 &
" which is lesz than the bhaseline. ™, wvhOoEOnly)
El=se
End If
End Sub
Private Jub PlantlLife3 LL AfterUpdate()
' Ensures the lower liwit is within data wvalidation limits and
' greater than the bhaseline wvalue
If PlantLifed LL > 60 Or PlantLifed LL <= FlantLifed EL Then
' REesets the walus to the initial walue
FlantLifed LL = 40
' Mezsage hox for user
Response = MsgBox ("Enter a walue less than or egual to 0" &
" which iz greater than the baseline.™, vhbOoEOnly)
El=se
End If
End Sub
Private Jub PlantlLifed UL AfterUpdsate()
' Enzurez the upper limit iz within data wvalidation limits and
' less than the haseline walue
If PlantLifed UL < 10 Or PlantLifed UL »= FlantLifed EL Then
' REesets the walus to the initial walue
PlantLifed UL = 20
' Message box for user
&

Fesponse = MsgBox("Enter a wvalue greater thah or egqual to 107

" which is lesz than the bhaseline. ™, wvhOoEOnly)

' Enzuresz the wvalue iz greater than or equal to the loan term

' bazeline
ElzelIf PlantlLifed UL < LoanTerws BL Then

' RBezetz the walue to the initial wvalue
FlantLifed UL = Z0

Figure 35. Sensitivitylnput UF user form code. (continued)
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' Message hox for user

Fezsponse = MagBox (MEnter a walue greater than or egqual to the™

' loan term bhaseline. ™, whOEOnly)

&_

End If

End Sub

Private Suh Refusling® LL AfterUpdatel)

' Ensures the lower limit iz within data walidation limits and

' greater than the haseline wvalue
If Refuesling3 LL > 24 Or Refuelings LL <= FEefusling3 EBEL Then

' Besets the waluese to the initisl walue

Fefuslings LL = Z4

' Message hox for user
= MagBox ("Enter a walues less than or equal to 247" &

FEesponse =
 which iz greater than the baseline. ™, wbhOEOnly)

Elze
End If

End Sub

Private Suh Refusling® UL AfterUpdate|)

' Ensures the upper limit iz within data walidation limits and

' less than the haseline wvalue
If Refuesling3 UL < & Or Refusling3 UL 10 == Fefuslings EL /10 Then

' Besets the waluese to the initisl walue

Fefuslingd UL = 1z
' Message hox for user
Fezponse = MsgBox (MEnter a walue greater than or edqual to 6fF

f which iz less than the bhaseline. ™, whOEOnly)

&_

Elze
End If

End Sub

Private Zuh UserForm Initialize()

' Sets the project phases in the ComwboBox

ProjectPhase. iddItemn Bange ("Phasel™) .Value
ProjectPhase. iddItemn Bange ("PhaseZ2™) .Value
ProjectPhase. iddItemn Bange ("Phase3™) .Value

' Sets the project phase to the walue selected in the model
ProjectPhase.Value = BRange ("RPhase™) .Value

Figure 35. Sensitivitylnput UF user form code. (continued)
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' Gets the reactor size in the ComwboBox

RBeactorSize. iddItem Bange ("RSizel™) .Values
RBeactorSize. iddItem Bange ("RSizeZ™) .Values
RBeactorSize. iddItem Bange ("RSized™) .Values

' Sets the reactor size to the walue zelected in the model
RBeactorZize.Value = Bange ("RSize™) .Value

' Bets the grid electricity price options in the ComboBox
GridElecs Entry.AddItem Range ("GridElecl™) .Value
GridElecs Entry.AddItem Range ("GridEleci™) . Value

' Sets the grid electricity price based on the List Info Worksheet
GridElec3 Entry.Valus = Range ("GPP") .Value

' Sets the process electricity price options in the ComboBox
ProcgElecs Entry. AddItem Range ("ProcElecl™) . Value
ProcElecs Entry. AddItem Range ("ProcEleci™) . Value

' Sets the process electricity price hased on the List Info Worksheet
ProcgElec3 Entry.WValus = Range ("PPP") .Value

' Sets the process heat price options in the ComboBox
ProcHeat3 Entry. AddItem Range ("ProcHeatl™) .Value
ProcHeat3 Entry. AddItem Range ("ProcHeati™) . Value

' Sets the process price based on the List Info Worksheet
ProcHeat3 Entry.WValus = Range ("HPP") .Value

'Writes the wvaluss from the Project Inputs sheet to the user form
IRRE BL.Valus = Range ("IREN").Value

DebtRatiod BL.WValus = Range ("DEETHN") .Value

DebtInt3 BL.Walus = Range ("RDEBTN'™) .Value

LoanTerm3 EBL.Valus = Range ("RTERMN") .Value

Conztruction? BL.Value = Range ("CPN'").Value

PlantLifed BL.Walus = Range ("ELN").Value

Befuelingd BL.WValus = Range [("Refuesl'").Value

' Locks the retail price option if no grid power iz produced
If Range ("Grid PWR™) .Value <= 0 Then
BFetailPrice.Enabhled = Fal=se
El=e
BetailPrice.Enabhled = True
End If

End Sub

Figure 35. Sensitivitylnput UF user form code. (continued)
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Please enter the following economic: inputs to be
utlized in the sensitivity analysis.

MOk

Praject Phase: | j
Reactar Module | &0 j
Feaking (P ;

Display Retail Electricity Price Estimate : [

Select & minimum of one option to varry the product price
to achieve the IRR.

7.9 l3 el PricetoMatchIRR &
Selling Price: 1
Process Electricity -
Selling Price:
Process Heat | j
Selling Price:
Lower Limik: Baseline:; Upper Limit:
| 10 | 12 | 15
IRR (560
a0 S0 20
Debt Rakio (%40
Debt Interest Rate g g 0
|:°.'"o:|:
20 15 10
Loan Term (yrs):
Construckion 24 35 45
Period {rmonthsh:
] Yendor IML
Staffing:
o 40 30 210
Economic Life (yrs]:
Lowy TCI TCI High TiCI
TCL (%)
Refueling Period 24 18 12
(months):
Cancel

Sensitivity A nalysis f'5__<

Figure 36. Sensitivitylnput UF user form screenshot.
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' Decl
Fubhlic
Fubhlic
' Hucl
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic
Fubhlic

are public wariashles=
CancelMacraoz
FetailPricelisplav:s
ear Process

IRES Walue (&)
DebhtRatio3 Value (2]
DebtIntd Walue(Z)
LoanTerm3 Value (2]
Construction3 Value (Z)
Staffingd Value (2]
PlantlLife3 Value (2]
TCI3 Value (Z)
Refueling3 Value (2]
ProjectPhase3 Value
R3ized Value
GridElecd Value
ProcElecd Value
ProcHeat3 Walue

3ub 3Ze

ip

1
i
1

ke

If

nsitivityi()

Jensitivity Lnalysis Macro

Macro developed by Ahnastasia Gandrik

Idaho National Laboratory

GNP Project

Thiz mwacro runs the sensitivity analysis,

calculating the required

gelling price of heat and/or power for the HTGER.

Clears the clipboard

plication.CutCopyHMode =

Fal=e

Jets the mwodel password

wonrrass =

Jets initial wvalue of all variables Lo zZero
=0 ' ZBensitivity wvariation

Mezzage box for user

zponse = M=agEBox ("REun Macro for the sensitivity analysis?"™,

Eegin calculations for sensitivity analysis

FEesponse = wh¥es Then

' Messzage box for user

FEezponse = MsgBox ("Please wait for the calculations to complete.™

' L message box will prompt yvou when calculations are complete,

" please click QKE.™,

VhoEOnly)

' Bring=s up user form for economic entries
SensitivityInput UF.3how

Figure 37. Sensitivity Macro.
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' uits the user formw, S0 entries are reset to haseline wvalues
Unload JensitivityInput UF

' If the user indicates to continue calculations
If CancelMacrol = False Then

' Brings up user form showing calculations in progress
CalcProg UF.Zhow

' Unloads the user form
Unload CalcProg UOF

' Stops the screen from updating
hpplication.3creenUpdating = False

' Clears the previous sensitivity analysis results

Sheets ("3ensitivity Analysis™) .Unprotect Password:=NGHNFPass
Sheets ("3ensitivity Analysis™) .Select

Bange ("E3 : AN3 , 24:C12,E4:312,L4:N12,534:T12") .ClearContents
RBange ("Z4:AB12, AG4:AT12, AN4: AP12") .ClearContents

' Copies the walues set in the drop down boxes, so that they
' are preserved after the sensitivity analysis is run

Sheets ("List Info™).Unprotect Password:=NGNFPass

Sheets ("List Info™) .Visibhle = True

Sheets("List Info™).3elect

RBange ("VarishlesEcon®™) .Copy Destination:=Cells {10, 1)

' Gets the reactor base size, the generation option, and the
' project phase based on the input to the user form

Range ("R3ize") .Value = R3ized Value

Range ("RPhase™) .¥alue = ProjectPhased Value

Range ("GPP") .Value = GridElec3 Value

Range ("PPP") .Value = ProcElec3 Value

Range ("HPP") .Value = ProcHeat3 Value

' RBuns the haseline walue subroutine to zet the baseline wvalues

Go2ubh SetBaselineWValues

'Writes the baseline wvalues to the sensitivity analysis sheet
Sheets ("3ensitivity Analysis™) .Select
Range ("B4") .¥alue = IRRE3 Value(l) & "3 IRR"
Range ("B5") .Walue = DebtRatiod Valueil)] & "% Deht/™ & _
Chr {10} & 1100 - DebtRatiod Value(l)] & "% Egquity”
Range ("BE&") .WValue = DebtInt3 WValueil)} & "% Interest"”
Range ("BY") .W¥alue = LoanTerm3 Values({l) & " year Loan Term"
Range ("BS") .WValue = Constructiond Values(l] &
" month™ & Chri(l0) & "Construction Period®
Range ("BO") .WValue = 3taffingd Value(l) & " 3taffing Plan”
RBange ("E10™) . Value PlantLifed Values({l) &
" wear Economic®™ & Chri(l0) & "Recovery Period®
Bange ("E11™) .Value TCIZ Value (1)

Figure 37. Sensitivity Macro. (continued)
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Range ("B12") .Value = Refuelingd Values(l] &
" month™ & Chri(l0) & "Refueling Period®

' Writes the baseline product selling price to the sheet
RBange ("E3") .WValue = BRange ("EetailPrice™).Value

RBange ("L3") .WValue = BRange ("GridElecPrice™).Value
Bange ("233") .WValue = Bange ("ProcElecPrice™).Value
Bange ("Z23") .WValue = BRange ("HeatPrice™).Value

Range ("AG3") .Value = Range ("HeatPrice MHETU").WValue
Range ("AN3") .Value = Range ("HeatPrice LE™).Value

' Iterates through the sensitivity analysis
Do Until i > 2

' Performs sensitivity for the IRR and writes the wvalue
' to the sheet

Fo2ubh SetBaselineValues

Range ("IEBN™) .Walus = IRR3 WValue (i)

Sheets ("3ensitivity Analysis™) .Select

Cellsi4, 1 + 2 * i / 2).Value = IRR3 Value(i) & "% IRR"
Cells(d4, 5 + i / 2).Value = Range ("RetailPrice™) .Value

Cells(4, 12 + i / 2).Value = Range ("GridElecPrice™) .Value
Cells(4, 19 + i / 2).Value = Range |("ProcElecPrice™) . Value
Cells(d4, 26 + 1 / 2).Value = Range("HeatPrice") .Value
Cells(d4, 33 + i / 2).Value = Range ("HeatPrice MMETU").WValue
Cells(4, 40 + i / 2).Value = Range ("HeatPrice LE™).Value

' Performs sensitivity for the debt to eguity ratio

Fo2ubh SetBaselineValues

Range ("DEBTHN") .Value = DebtRatiod Value (i)

Sheets ("3ensitivity Analysis™) .Select

Cells(5, 1 + 2 * i / 2)1.Value = DebtRatiod Values({i) &
"t Debt/"™ & Chr(10) & (100 - DebtBatiol Walus(i))] &
"L Egquity™

Cells(5, 5 + i / 2).Value = Range|("RetailPrice™) .Value

Cells(5, 12 + i / 2).Value = Range |("GridElecPrice™) .Value
Cells(5, 19 + i / 2).Value = Range |("ProcElecPrice™) . Value
Cells(5, 26 + i / 2).Value = Range|("HeatPrice™) .Value
Cells(5, 33 + i / 2).Value = Range ("HeatPrice MMETU").WValue
Cells(5, 40 + i / 2).Value = Range ("HeatPrice LE™).Value

' Performs sensitivity for the loah interest rate
FoSubh SetBaselineValues
Range ("RDEETHN CON™).Valus = DebtInt3 Value (i)
Range ("RDEETHN™) .Walue = DebtInt3 Value (i)
Sheets ("3ensitivity Analysis™) .Select
Cells(g, 1 + 2 * i / 2)1.Value = DebtIntd Values({i) &
"% Interest™
Cells(g, 5 + i / 2).Value = Range|("RetailPrice™) .Value
Cells(e, 12 + i / 2).Value = Range |("GridElecPrice™) .Value
Cells(g, 19 + i / 2).Value Range ("ProcElecPrice™) .Value
Cells(6, 26 + 1 / 2).Value Range ("HeatPrice™) .Value

Figure 37. Sensitivity Macro. (continued)
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Cellsi6, 33 + 1 / 2).Value = Fange ("HeatPrice MMETU™) .WValue
Cellsie, 40 + 1 / 2).Value = Range ("HeatPrice LE™).Value

' Performz sensitivity for the loan term

GoZukh JetBaselineValues

Range ("RTERMN™) .Value = LoanTerm3 Value (1)

Sheets ("Sensitivity Analysis"™) .Select

Cellsi7, 1 + 2 * i / 2).Value = LoanTerm3 Valus(i] & _
" wemar Loan Term™

Cellsi(7?, 5 + i / 2).WValuse = Bange ("RetailFrice™) .Value

Cellsi(7?, 12 + 1 / 2).WValue = BRange ("GridElecFrice™) .Value
Cells(7?, 12 + i / 2).WValue = BRange ("ProcElecFrice™) .Value
Cells(7?, 26 + 1 / 2).WValuse = Bange ("HeatFrice™) .Value
Cells(7?, 33 + 1 / 2).Value = Range ("HeatPrice MMETOM) .Value
Cells(7?, 40 + 1 / 2).Value = Range ("HeatPrice LE™).Value

' Performz sensitivity for the reactor construction period

GoZukh JetBaselineValues

Bange ("CPN™) .Value = Constructiond Value (i)

Sheets ("Sensitivity Analysis"™) .Select

Cellsig, 1 + 2 * i / 2).Value = Constructiond Value (i) & _
fomonth™ & Chr(l0) & "Construction Period”

Cellsig, 5 + i / 2).WValuse = BRange ("RetailFrice™) .Value

Cellsig, 12 + 1 / 2).WValue = BRange ("GridElecFrice™) .Value
Cellsig, 12 + i / 2).WValuse = BRange ("ProcElecFrice™) .Value
Cellsig, 26 + 1 / 2).Valuse = Bange ("HeatFrice™) .Value
Cellsig, 33 + 1 / 2).Value = Range ("HeatPrice MMETOM) .Value
Cellsig, 40 + 1 / 2).Value = Range ("HeatPrice LE™).Value

' Performz sensitivity for the staffing level
If i = 2 Then
GoZukh JetBaselineValues
Range ("Staffing™) .Value = 3taffingd Value (1)
Sheets ("Sensitivity Analysis"™) .Select
Cellsi2, 1 + 2 * i / 2).Value = Staffingd Valus(i] & _
f Ztaffing FPlan”™
Cellsi?, 5 + i / 2).WValuse = Bange ("REetailFrice™) .Value

Cellsi2, 12 + i / 2).Value = BRange ("GridElecFrice™) .Value

Cellsi2, 12 + i / 2).WValuse = BRange ("ProcElecFrice™) .Value

Cellsi2, 26 + 1 / 2).WValuse = Bange ("HeatFrice™) .Value

Cellsi2, 33 + 1 / 2).Value = Range ("HeatPrice MMETOM) .
Value

Cells(2, 40 + 1 / 2) .Value = Fange ("HeatPrice LE").Value

End If

' Performz sensitivity for the economic recowvery period

GoZukh JetBaselineValues

Range ("ELN™) .Value = FlantLifed Value (i)

Sheets ("Sensitivity Analysis"™) .Select

Cellsilo, 1 + 2 * i / 2).Value = FlantLifed Value(i] & _
" wegr Economic™ & Chr(l10) & "REecowvery Period”

Cellsil0, 5 + i / 2).Valuse = Bange ("REetailPrice™) .Value

Figure 37. Sensitivity Macro. (continued)
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Cells(10, 12 2] .Value = Range ("GridElecPrice™) .Value
Cell=s(10, 12 2] .Value = Range ("ProcElecPrice™) .Value
Cells(10, 26 2] .Value = Range["HeatPrice™) .Value

Cells{10, 33
Cells{10, 40

2] . Walue = Range ("HeatPrice MMETU™).WValue
2] ..Walue = Range ["HeatPrice LE™).WValue

+ + + + +
I N A =

Tl T Tl Tl e

' Performs sensitivity for the reactor TCI

FoZ3uh FetBaselineValuess

Range ("TCI 3Jelection™).Value = TCIZ Value (i)

Sheetzs ("lensitivity Ahalysizs"™) .2elect

Cell=a(1l1, 1 + 2 * 1 / 2).Value = TCIZ Valus (i)
Cells(ll, 5 + i / 2).Valus = Range|("RetailPrice™) .Value

Cells(ll, 12 + i / 2).WValuse = Range|("GridElecPrice™) .Value
Cells(ll, 12 + i / 2).Walus = Range|"ProcElecPrice™) .Value
Cells(ll, 26 + 1 / 2).Valus = BRange|"HeatPrice™) .Value
Cells(ll, 33 + i / 2).Valus = Range ("HeatPrice MMETU™) .Value
Cells(ll, 40 + i / 2).Values = Range ("HeatPrice LE™) .Value

' Performzs sensitivity for the refueling period

FoZ3uh FetBaselineValuess

Range ("Refusl™) .Valus = Refueling3 Value (i)

Sheetzs ("lensitivity Ahalysizs"™) .2elect

Cells(lz, 1 + 2 * 1/ Z).Value = RBefueling3d Value(i] & _
f month™ & Chr(ld) &£ "Refueling Period™

Cells(lZ, 5 + i / 2).Valus = Range|("RetailPrice™) .Value

Cells(lz, 12 + i / 2).WValuse = Range|("GridElecPrice™) .Value
Cells(lz, 12 + i / 2).WValuse = Range|"ProcElecPrice™) .Value
Cells(lZ, 26 + 1 / 2).Valus = BRange|"HeatPrice™) .Value
Cells(lZ, 33 + i / 2).Value = Range ("HeatPrice MMETU™) .Value
Cells(lz, 40 + i / 2).Values = Range ("HeatPrice LE™) .Value

' Iteratezs Lo the next valuese of i
i=1i+2

Loop
i=a0

' Buns the baseline value subroutine
Fo2uk FetBaselineValues

' Pasztez the economic wvariablezs to their original location
Sheetz ("List Info'™).3elect

Fange ("A10:310") . Copy Destination:=Rahge [(TAS™)

Fange ("A10:%10") . Clear

' Belectsz the sensitivity analysizs sheet
Sheetzs ("lensitivity Ahalysizs"™) .2elect

' Initializes count variables
k=10
i=1

Figure 37. Sensitivity Macro. (continued)
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Loop=s through the product prices
Do Until j = 6

' Loops through the economic wvariables
Do Until k = &

' Gets the negative lower wvalue, this was necessary
' as entering an egquation in this coluwn created a zZero
' wralue on the data label, ewven if the cell is blank

If Cells(k + 4, 7 * 3 - 2).Value = "" Then
Cellsik + 4, 7 * j).Valus = ""

Elzself Cells(k + 4, 7 * j — 2).Value = "N/A"™ Then
Cells(k + 4, 7 % ji.Valus = "N/L"

El=e

Cell=lk + 4, 7 * j] .Value _
-Cells(k + 4, 7 * 3 - 2] .Value
End If

' Tterates to the next wvalue of k
E=k+ 1

Loop

' Beinitialize=z k
k=10

' Determines the minimuan value of the lower bound
MinVal = Application.WorksheetFunction.Min

[Range (Cellsi4, 7 * 3 + 3), Cells(lz, 7 * 3 4+ 311}
MinWal = dbs(MinVal)

' Determines the maximun value of the upper bound
MaxVal = Application.WorksheetFunction. Max

[Range (Cells(4, 7 * j + 4), Cells(lz, 7 * 7 + 4}
MaxVWal = lbs(MaxVal)

' Gets the scaling value for each product chart
SGoaleV = Application.WorksheetFunction.Max (MinVal, MaxVal)

' Determines the corresponding chart nsaumne
ChartMNurber = 45 + (] - 1) * &
ChartName = "Chart " & ChartNurber

' Gets the range for the chart based on the scaling wvalue
betiveSheet . ChartChijects (ChartName) | Aetivate

betiveChart. Axes (x1lValue, xl3econdary) .Minimun3cale = -ScaleW
betiveChart. Axes(xlVWalue, xl3econdary) .MaximanScale = ScaleV
betiveChart. Axes(xlValue) . MinimamBcale = —-ScaleV
betiveChart. Axes(xlValue) . MaximumBcale = ScaleWV

' Determines the corresponding textbhox name
TextBoxMNurnbher = 46 4+ [ - 1) * &

Figure 37. Sensitivity Macro. (continued)
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TextBoxMName = "TextBox " & TextBoxMNumber

' Wlrites the appropriate baseline price to the texthox text
If j < 4 Then
TexthoxText = "Product Selling Price (%/MUe-hr) -" &
" Baseline of §" & Cells(3, 7 % 3 - 21
ElseIf j = 4 Then
TexthoxText = "Product Selling Price (§/MUt-hr) -" &
" Baseline of §" & Cells(3, 7 % 7 - 21.Value
ElseIf 7 = 5 Then
TexthoxText = "Product Selling Price (§/MMBTU) -" &
" Baseline of §" & Cells(3, 7 % 7 - 21.Value
ElseIf 7 = & Then
TexthoxText = "Product Selling Price ($/1000-1k) -" &
" Baseline of §" & Cells(3, 7 % 7 - 21.Value
End If

' Bets the text in the text hbox
Morksheets ("3ensitivity Analysis™) .Shapes (TextBoxMNamme) .3elect

Selection.Characters.Text = TexthoxText

' Tterates to the next walus of j
ij=31+1

Loop

' Beinitiali=zes j
j=1

' Determines which range to sort

If GridElecd Value = "Price to Match IRR"™ Then
SortBange = "M4:M12"

ElselIf ProcElecs Value = "Price to Match IRR"™ Then
SortBRange = "T4:T1z2"

Elself ProcHeat3 Value = "Price to Match IRR"™ Then
SortFange = "AabLd:RALl12"

End If

' SBorts by the appropriate range
Fange ("44:AT12") .3elect

betivellorkbook. Worksheets ("3ensitivity Analysis™) . Sort.
SortFields.Clear
Letivellorkbook. Worksheets ("Sensitivitcy Analwysis™) . Sort.

SortFields.Add Key:=Range (3ortRange), Sorton:=
®13ortOnValues, Order:=xliscending, DataOption:=xl3ortMNormal

With ActivelWorkbook.Worksheets ("3ensitivity Analysis™) .Sort
.Z3etRange Range ("4d4:LT12™)

.Header = =xlGuess
.MatchCase = False
.Orientation = x1TopToBottom
.SortMethod = =x1Pin¥in
SApply

End With

Figure 37. Sensitivity Macro. (continued)
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' Shows the retail electricity price if the user indicates to
If RetailPricelisplays2 = True Then
Column=s ("E:K") .Hidden = False
Elzse
Column=s ("E:E") .Hidden = True
Worksheets ("3ensitivity Analwysis™) .Shapes ("TextBox 46%) . 3elect
Gelection.Characters, Text = "9
End If

' Hide=s the List Info sheet
Sheets ("List Info™) .VWi=sihle = False
Sheets("List Info™).Protect Password:=NGNFPPass

' Protects the Results swmmary sheet
Sheets ("3ensitivity Analysis™) .Protect Password:=NGHNFPPas=

' Allows the screen to update again
Lpplication.3creenlpdating = True

' Message box for user
Response = MsgBox ("Calculations Complete, please click OE"™ &
e whOEOnly)

' Message box for to copy current results

RBesponsei = MsgBox ("Would you like to save a copy of the" &
" model results?*", vbhYeslo)

' If the user wants to copy the previous results

If Responsesd = wvhY¥es Then

' Subroutine for copying previous results
FoZuh CopyResults

Elze
End If

Elze

' Message box for user

Beszponsze = M=gBox ("Exiting Macro..."™, wvhOEInly)
End If
Elze
' Message box for user
Beszponsze = M=gBox ("Exiting Macro..."™, wvhOEInly)
End If

' Clears the clipboard
Lpplication.CutCopyMode = False

Figure 37. Sensitivity Macro. (continued)
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Exit Sub

' ZBetz the baseline wvaluez specified in the sensitivity user Lform
SetBaselineValues:

' ZBelectz the Project Inputs sheet
Sheetz ("Project Inputs") .3elect

' Bpecifiez the bhaseline wvalues on the Project Inputs sheet
Fange ("IREN™] .Walus = IER3 WValue(l)

Fange ("DEETN"™) .Value = DebtRaticd Value (1]

Fange ("RDEBETN CON™) .Walus = DebtInt3 Value(l)

Fange ("RDEBETN™] .Walus = DebtInt3d Values(l)

Fange ("RTERMN™] .Walue = LoanTerm3 Value (1]

Fange ("CPN™) .Value = Constructiond Value (1)

Fange ("ELN"™) .Value = PlantLifed Value (1]

Fange ("Refuel™] .Valuse = Refueling3 Value(l)

' ZBelectz the Lizt Info sheet
Sheetz("Li=st Infof) .3elect

' Bpecifiez the haseline wvalue=z on the Lizst Info sheet
Fange ("3taffing™) .Value = Itaffings Value (1]
Fange ("TCI_Selection™) .Value = TCIS Value(l]

Feturn

' Copiez the previous model results to the end of the workhook
CopyResult=:

' Btopz the screen from updating
LApplication.3creenlUpdating = Fal=se

' Determine=s the number of sheetz in the workhook
SheetMumzs = ActiveWorkhook.Zheets.Count

' Initialire=s count wvarishles
CountSheet = 1
SavedResults = 0
' Checks if a =zaved rezsultzs sheet exiztzs for nuwmbering
Do Until Count3heet = SheetMum=s + 1

SheetMame = ActivelWorkhook.Zheetzs(CountZheet) (MName

If In3tr(2heetMame, "Saved Sensitivity™) = 0 Then
El=e

SavedResults = SavedResult=s + 1
End If

' Progreszes to the next sheet
Count3heet = Count3heet + 1

Loop
Figure 37. Sensitivity Macro. (continued)
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' RBeinitializes the count
Countheet = 1

' Copies the results fromw the prewvious run to the end of the workbhook
Sheets |("3ensitivity Lnalysis™) .Select

Sheets ("Sensitivity Analysis").Copy
Lfter:=Activellorkbook. 3heets | Lotivellorkbook. Sheets. Count)

' Namwes the sensitivity results sumnary sheet
SGavedResults = SavedBResult=s + 1

NewSheetMName = "3aved Sensitivity " & SavedResults
betiveSheet .Name = NewSheetName

' Rewmowves the button to run the macro
betiveSheet . Inprotect Password:=NGNPPass
betiveSheet . Shapes ("Button 1) .3elect

Selection. Cut

' Clears the clipboard
Lpplication.CutCopyMode = False

' Gelects all the cells on the sheet, copies, and pastes the wvalues
Bange ("41:Z200%") = Range ("41:Z200") .Value

' Protects the saved results sheet
AetiveSheet . Protect Password: =NGHNPPas==

' Allows the screen to update again
Lpplication.3creenlpdating = True

Return

End Sub

Figure 37. Sensitivity Macro. (continued)
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