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This article describes a comprehensive capital budgeting Excel model designed for use in the
Finance classroom. Capital budgeting has been recognized as a complex process — one that is
challenging for students to fully comprehend. The model we’ve developed allows students to
simultaneously investigate and observe the impact of varying factors such as depreciation methods,
tax rates, economic forecast for growth in sales and costs, and modifications in financing costs due
to associated changes in capital structure and sources of project funding.

APPLICATION INSPIRATION

Teaching advanced capital budgeting concepts can be quite challenging. Major hurdles for faculty in
teaching this material include (a) lacking or insufficient student prerequisite knowledge, (b) overcoming students’
inability to apply theoretical models, and (c) student difficulty in understanding how interrelated environmental
factors and managerial decisions substantially alter a capital budgeting project’s evaluation outcome.

The Importance of Prerequisite Knowledge

It is widely recognized and documented that students with adequate preparation with prerequisite knowledge
are able to advance their knowledge in upper-level courses. Students with prerequisite deficits may not be able to
efficiently apply their backgrounds to problems presented in a finance curriculum.

The literature is rich with evidence. Dreyfus and Dreyfus (2005) demonstrate the positive impact of known
facts on new learning. Jones and Roberts (2005) find students who enter upper division course work without the
necessary pre-requisite knowledge and skills tend to struggle to keep up and fall behind. Sargent (2013) finds that
success depends on adequate prerequisite development and tutoring. Domingo & Nouri (2016) find that transfer
students earn statistically lower grades in Intermediate I, Cost Accounting, and Advanced Accounting courses in
comparison to native students (students who have their prerequisites from the same institution as where they take
their upper level courses). The first 4 citations are summarized from Wright & Losi (2020 — 2021). The National
Academic Press (2002) reports seven principles of learning. Principle two states that, ‘Learners use what they
already know to construct new understanding.’

Theoretical Models and the Real World

Theoretical and conceptual constructs taught to students in a classroom often do not fit the real world very
well. Abstractness and assumptions are made to simplify the reaching of conclusions. The purpose is to get across a
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simplified analytical process. These classroom tactics frequently miss the target, however, when applied to actual
business scenarios.

Business is an applied discipline, however. The importance of utilizing complex business scenarios in the
teaching of finance and other business disciplines is often dismissed by professors. There may be various reasons for
this dismissal. Perhaps a professor feels that adding to an already topic-filled course would overburden students.
Professors may feel that their own background in business is lacking, or perhaps they have no actual business
experience applying their own subject matter. Traditional teaching techniques may provide more simplistic and
objective scoring results, whereas application to actual business scenarios, and the grading of those types of
assignments, are much more subjective. In some universities, “teaching effectiveness” is almost solely based on
student feedback about the professor and the course. Many observe that students are uncomfortable being drawn
outside their textbook presentations and objective testing comfort zones, and the resulting negative feedback about
the course and professor lessens the opportunity for positive performance evaluations and merit pay increases.

These justifications for avoiding application to real world scenarios and extensive cases, though, do not in
any way diminish the value of addressing actual business scenarios and cases. Students may not experience the exact
same tasks upon their entry into professional positions after graduation, but are better able to grasp the requirements
of properly analyzing real-world complexities.

We have found that one of the most effective tools in generally analyzing business scenarios is Microsoft
Excel or a similar spreadsheet software program. Properly designing an analytical framework is a highly valued skill,
according to the firms that recruit our graduates. In finance, a crowning analytical process, after introduction of risk
and return, time value of money, and some other foundational concepts and skills, is a capital budgeting analysis.
Students assess the feasibility of adding or replacing capital assets according to their perceived effect on sharecholder
wealth, using a variety of decision metrics. The numerous informational inputs to the capital budgeting analysis, and
the nature and variability of those inputs, provides a rich learning opportunity.

The Complexities of the Capital Budgeting Process

Previous literature recognizes the complexities of capital budgeting. Brous (2007) states, “One of the most
challenging aspects of teaching a capital budgeting course is connecting the wide divide between the theoretical or
normative approach to capital budgeting and the applied or positive approach.”

Mahoney and Kelliher (1999) state “Some of the difficulties in modeling these long-term investment
decisions include trying to estimate the amount and timing of the future cash flows, the discount rate, future cost
savings, the tax rate, and any residual value.”

APPLICATION DEVELOPMENT

Our model is developed in Microsoft Excel®, although other advanced spreadsheet software could also be
used.

Past research describes the effective use of spreadsheet software in the business classroom. Craft (2003)
demonstrates the usefulness of Excel for students completing Monte Carlo simulations, and Erfle (2001) describes
how students use Excel to analyze data to provide support for decision making in a Managerial Economics course.
Gregorowicz and Hegji (2002) present several examples of how computer spreadsheets are used to teach International
Economics.

“With the help of this very visual medium, students can gain a better understanding of abstract concepts and
their practical applications.” (MacDougall and Fellows 2006).

While we recognize the value of spreadsheets for developmental exercises that may be abstract or over-
simplified, we find that students benefit greatly from using spreadsheets to address actual business data and decision
processes.

Before introducing the capital budgeting model, we recommend sufficient exposition of foundational topics,
such as depreciation methods, calculating the weighted average cost of capital (WACC), and the capital budgeting
metrics of NPV and IRR. Then, more advanced concepts and techniques can be introduced (Table 1).
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Table 1. Coverage of Foundational Material

Depreciation

* A review of depreciation”

* A discussion of straight-line versus accelerated depreciation methods with examples.
* Development of the MACRS schedule.

* Demonstration of how depreciation expenses create a ‘tax shield'.

Weighted Average Cost of Capital (WACC)

* A discussion of the WACC and a demonstration of how it is calculated.

* A demonstration of using Hamada's equation to compute a levered Beta.

* Computing the cost of debt using standard deviation of equity to determine a ‘spread’ over the risk-free rate of return.

* Computing the cost of debt using the interest coverage ratio to determine a ‘spread’ over the risk-free rate of return.
* Using market value versus book value to compute weights of capital components.

Net Present Value (NPV)

* A discussion of NPV and a demonstration of how it is calculated.
* A discussion of the NPV decision criteria.

* A demonstration of using Excel functions to compute the NPV.

* A demonstration of how to create and interpret an NPV profile.

Internal Rate of Return (IRR)

* A discussion of IRR and how there is no closed end form for its solution
* Computing IRR using Excel tool, including Goal Seek and the IRR function.
* A discussion of nonconventional cash flows and the associated multiple IRR problem.

We find that this is necessary since upper division finance students may not have adequately developed
foundational skills or might not have retained these necessary skills. Transfer and Graduate students are particularly
susceptible to deficiencies; while one institution may have a well-integrated skill development curriculum, students
with lower-level preparation from junior colleges or other universities may not have been adequately introduced to
this material in previous classes or curriculum.

THE APPLICATION WITH PARTIAL SCREENSHOTS

The first worksheet in the workbook contains introductory material, describing capital investment and giving
some examples. It introduces the capital budgeting methods, and lists data for the sample project used in the rest of
the workbook. The second worksheet presents a refresher (hopefully a refresher, unless students haven’t retained
background from prior courses) on straight-line and accelerated depreciation methods, including MACRS.

Figure 1: Screen Shot of Worksheet 2

A B C D E E G H | J K
EXAMPLE 1 - Straight line depreciation with no salvage value EXAMPLE 2 - Straight line depreciation with salvage value
A firm purchases $12,000 worth of office furniture. A firm purchases a 530,000 delivery truck, with an expected life of 10 years.
They will depreciate the entire cost over the next 7 years. After 10 years, the truck will be worth $3,000, its salvage value.
Asset Life (years): 7 Asset Life (years): 10
Asset Cost: $12,000 Asset Cost: $30,000
Salvage Value: S0 Salvage Value: $3,000
Depreciable Base: $12,000 Depreciable Base: $27,000
STRAIGHT LINE DEPRECIATION STRAIGHT LINE DEPRECIATION
- Depreciation =~ Accumulated Book Depreciation  Accumulated Book
Expense Depreciation Value Expense Depreciation Value
0 $12,000 0 $30,000
1 $1,714 $1,714 $10,286 1 $2,700 $2,700 $27,300
2 $1,714 $3,429 $8,571 2 $2,700 $5,400 524,600
3 $1,714 $5,143 $6,857 3 $2,700 $8,100 $21,900
4 $1,714 $6,857 $5,143 4 $2,700 $10,800 $19,200
5 $1,714 $8,571 $3,429 5 $2,700 $13,500 $16,500
6 $1,714 510,286 51,714 6 $2,700 $16,200 513,800
7 $1,714 $12,000 50 7 $2,700 $18,900 $11,100
8 $2,700 $21,600 $8,400
9 $2,700 $24,300 $5,700
10 $2,700 $27,000 $3,000

Project Background | Depreciation Notes | WACC Notes | NPV Notes | IRR Notes ‘ MIRR Notes ‘ Basic Cap Budget ‘ Project Analysis
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The third sheet in the workbook addresses the cost of capital for the firm. Some simplifying assumptions
are made in order to include theoretical discussion of levered betas and the effect of leverage on the firm’s risk. A
variety of methods for calculating cost of debt and cost of equity for the sample firm are presented. Weights for the
WACKC are presented in both market value and book value weights in order to spark discussion of the relative merits
of each.

Figure 2: Screen Shot of Worksheet 3

A B C D E F G H | J K
33 (1) Hamada’s equation, named after Robert Hamada, is used to separate the financial risk of a levered firm from its business risk; It is used to determine the levered
34 Hamada's equation relates the beta of a levered firm (a firm financed by both debt and equity) to that of its unlevered (i.e., a firm which has no debt) counterpa
35 This equation is used to determine the cost of capital of a levered firm based on the cost of capital of comparable firms - firms having similar business risk and, t|
36
37 Where: BL - Bu[l + (1 T TC)(D]
38 B, is the levered Beta
39 B, is the unlevered Beta
40 Tc is the corporate tax rate
41 @ is the ratio of the firm's debt to its total equity
42
43 The following example demonstrates how a firm's levered Beta is impacted with changes in the firm's capital structure:
44 For this example, assume a firm has a corporate tax rate of 40% and an unlevered Beta of 1.2.
45
46 Capital Structure
47 % Debt % Equity | D/ E Ratio @ | Levered Beta
48 0% 100% 0% 1.20 Corporate Tax Rate T¢ 40%
49 10% 90% 11% 1.28 Unlevered Beta B, 1.2
50 20% 80% 25% 1.38
51 30% 70% 43% 1.51
52 40% 60% 67% 1.68
53 50% 50% 100% 1.92
54 60% 40% 150% 2.28 Why does the levered beta increase as the proportion of debt in the capital structure inc
55 70% 30% 233% 2.88 Because the more debt a company takes on, the more volatile its stock price will be in
» Project Background Depreciation Notes | WACC Notes = NPV Notes | IRR Notes = MIRR Notes | Basic Cap Budget Project Analysis

Worksheet four of the workbook presents the NPV analysis in detail, including the NPV profile. This
provides a discussion segue’ into the detailed IRR method on worksheet five. The drawbacks of the IRR method are
discussed and demonstrated, including the multiple IRR problem when nonconventional cashflows are involved.
Worksheet six presents the MIRR method. Comparisons may easily be made between the three methods with the
workbook.

Figure 3: Screen Shot of Worksheet 6

A u C o L I 5} [} | 1 K L I i} I
21 |Example 1. Calculating the Net Present Vlue (WPY)
A2 let's g wr thisat o st 55,000 today to poee
73 51,567 at the rnd of yrar 1; 5987 at tha and nt yaar 2 52,0009 at the eod of year 3; S383 ar tha and ot yaar 4 and 51,568 at thie and of year 5,
24 Wiaat is the Net Prasent Value of this iwestment assurming a discount rate of 3%7

| ATPROACH 1

e an inuestment inowthich yoo will receiie the following cosh

26 terlod (T) A Cash Flow (CF) Present Walue (1) Discount rate [r) = 2% interpret the NPV value for this potential Investment profect
27 L} =5, 000G =5, 00000 APPHONCH 2 Ihe NPV is grestes than cero . the project should be aocep
24 1 1,567 10 145093 NRY = bH1GE

&4 2 ELTELY Bdp. 19 v BH1.GZ How is NPV impacted i we increese/decreose the discownt n
. 3 2,005 1,594.81 - There i laation etaeen NPY () nb wirluc) i
H 4 QRLMT 72251 These. values As the discount rata incraasas, the MPY ot the projact darre
32 a5 156800 1,067,15 " shauld mauch

EE] SLIM = 68162 I

Exl

35 Example 2. Calculating the MW when cash flows are provided with dates instead of seriods.
b Ihe typical NP problem sssures cash flows ocur at the end of equally-spaced seriods.

Horweveer, when cash Mowes oocur on specific dates instead, adjestments must be made 1o ooddress discousting periods of different lenglhe (they pagments misy ro be equally spaced).

W In this case, the Tormuls Tor thie NPY & medilied 1o a formuola thal cormputes the exponent as a portion of the gear: N
9 Moticn how earchk cash How s discnuntod tor a the specitic number of days brtwoan the day the cash How is recoived and tima =0, — NP =
40 b=
41 [Ralow reneat tha NP analkecic chown in Framnle 1 ot use the datec rach Howe ara recaivad
3 Project Background Depreciation Motes | WACC Motes | NPV Motes  [RR Motes | MIRR Motes  Basic Cap Budget Project Analysis | F.. (1) +

The Basic Capital Budget tab contains an exposition of each piece of the dashboard. We describe each
input and demonstrate how the input data can be altered to se the effect of changed input variables.
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Figure 4: Screen Shot of Capital Budgeting Worksheet

A B C D E F G H | 1 K L M N 4] P a R

1 RASIC CAPITAL BLIDGFTING MONEL

2

3 | after completing a review of frundational matenial, we now desmibe the capital budgeting madel.

4 | The capital butgeting medel shown below is divided inle several parts, withan explanation of sach part’s role in the capital budgsting prosess.

5

& Part 1. Input Assumptions

T Thic section tontains the assumptions o 'starting values' for inguts to the capital budgeting process, 7

a Inputs Indhude such Infarmation as sales and cost prajections, Investments inworking capital, snd sshape values,

9 In this model, tha user can alsa talkar metrics ona per industry average ba

10 During the caprtal budgeting process, cells inthe input area will be connected (with farmulas) to the remainder of the analysis.

:ZI Fart 1. input Assumptions [Thousands of dollars)

13 Investm ol 2 56,000 Equipment cost 55,600

Sales in 13,30 Equipenant Yes Life ?
L& salis pr 3.0 Sabeags Vabut 41 & pereent of cait mh[e 162
15 Variable cost o 5257 Equipment Salvige Valus 53,360 St Darw Ecyuility: 0.3
16 Anra Fised Costs 53,00 Effective Tau Riate: 0.8
17 Tax Rate: Historical 33%) Equity Ratic: 088
i Maiginal Tax Nats on
19 Historical Tax Rate 035
20
21
22 Part 2, WaCE Calculation
23 The 'waAC' saction provides the apportunity for users to compute the averall cost of capital {the WACC). During this process, the cost of debt
=24 and eguity capital components are computed wsing the madels carlier desmbed. This secticn also allows users ta adjust capital structure weights.
25
26 Part 2. WaACC Caloulation
27 ‘Capital Strocture
28 Peoent Equiny (wic I:l ** How JOCF I SaMANE To e deerage i a he indusiy?
29 Fercent Dabs [we) %
30
Lot af Fguity {with benered Rurta)

i Lo term Treasury bond rate T AN TUBRED)

¥ Project Background Depreciation Motes ~ WACC Motes | NPV Motes | IRR Motes | MIRR Notes  Basic Cap Budget

The WACC section shows how weights, component capital costs, and WACC is calculated, and how the
different assumptions about each element can be asserted. In the Depreciation section, various methods can be
employed to determine depreciation inputs for calculating the net operating profit after tax (NOPAT). Section 5 shows
the calculations for NOPAT and the adjustment for net operating cash flow (NOCF). Section 6 utilizes all three capital
budgeting metrics to assess the financial feasibility of the project. Finally, the ability of management to incorporate
future business initiatives is discussed, with a control board for some common real option alternatives.

The Project Analysis tab is a summary dashboard that displays all of the specifications and can be effectively
used as a demonstration sheet in class.
Figure 5: Screen Shot of Dashboard

A B C o E F £} H J
2 | Part 1. Input Assumptions (Thousands of dollars)
3 | Inwestment in working capital 5,000 Exuiprment cost $9,500 Industry Selection:
4 | Salesinunits per year (first year] 15,300 Equiprnent “rear Life| 7 Associated Industry data
5 | Sales price per unit $3.02 Salvage Value as a percent of cost| kA > | Unlevered Beta: 162
6 | Variable cost per it 207 Equipment Salvage Value 33,050 St Dev Equity: 0,39
7 | Annual Fixed Costs $8.700 Effective Tax Rate: 009
] Tax Rate: 35| Equity Ratio 0.68
3
t Marsinsl T P
i M T (e
1z
13
u

15 | Part 2. WACC Calculation
16 | Capital Structure

” Percent Equity [w) T20% i s B I 0 s s ST 9 80 Ak S

18 Percent Debt ()

= 514,25000

20| Cost of Equity (with levered Beta) -

21 Ter: Long-term Treasury bond rate 11582 hitps#waww, ws].comimarket-dataquotestbon B TIMUBMUISDIOY \
22 [Frs - Flary” Equity Risk Prarmium 4.760%] btroipenple starn nuu edhdadamodanhew Home Pagelhome hirm 3142500

23 Levered Beta 2028 By = By[1+ (1-Tp)®] 2 144000

24 Cost of Equity rs = 10.811%] Tz=Tpe+ [Ny~ Tor) %Bs “

25 | Kurt - Please check the levered beta calculation 40w

26 | Cost of Debt

27 Interest Coverage Patio | < > 130 { e —
2

28 Basis Spread 5152 @ Stardard Devistion of Equity Methad!
23 Cost of Debt: 6.3087] I
a0 =1
31 Standard Deviation Equm[ < > 0.93 Weighted Average Cost of Capital $14.650.00
32 Basis Spread 6.50%] WALCC = 9730
8 Cost of Debt: 7.668%] WACC = wo xrpx [1-T) + we xrz
24
s
36 Years
- Depreciation Metheed
37 | Part 3. Depreciation Schedule ] 1 2 3 4
= €3 Staight Line
33 | Fixed Asset Depreciation 7-Year Class Life: @ MACRS

» Project Background Deprecriiartion Notes | WACC Notes | NPV Notes | IRR Notes | MIRR Notes
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The Application Workbook is valuable for professors who would like to have a fairly comprehensive
coverage of capital budgeting and its inputs, with the capability of demonstrating how changes in the inputs,
assumptions, or methods change the outputs.

The workbook is available for use by instructors. If you would like to use the application, kindly send an
email from your university account to Dr. Mary Fuck at mcf012@shsu.edu.
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