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conventional investment
decision methods

Lecture 4

Chapter Outline

+ Uncertainty and Investment Analysis
= The Investment Process with Risky Cash Flows
x Example: The Earthilizer Proposal

+ Sensitivity Analysis
* Scenario Analysis
* Breakeven Sensitivity Analysis
= Simulation Analysis
+ Interpreting Simulation Results
* Reflections on the Use of Simulation

+ Decision Trees—Valuing Project Flexibility
x Example: Analysis of the Abandonment Option
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Introduction

Investment decisions take place in a world of
uncertain future outcomes

* There are more things that can happen than will
happen

* Project Risk Analysis Confronts Uncertainty
Risk analysis and uncertainty

* Scenario analysis, breakeven sensitivity analysis,
and Monte Carlo simulation

Importance of Flexibility

* The role of investment flexibility can affect the
expected cash flows (Decision Trees)
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Earthilizer Example

New organic fertilizer made from dairy farm waste

Developed by CSM’s ag-division in response to:
+ Growing demand from organic farmers
*= More restrictions on the disposal of cattle manure

Initial investment of $580K required
» 250K WC + $330K PPE
Project will be “up and running” by the end of 2007,
with first year of sales in 2008
CSM financed internally (all-equity-financed)
Very promising investment opportunity

x Product has undergone extensive testing
x Product is wholly organic and cheaper ($25 vs. $20 / acre)
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Discounted Cash Flow Valuation
(DCF)

+ DCF valuation analysis is simple:

* The value of an investment is determined by the
magnitude and the timing of the cash flows it is
expected to generate.

* The DCF approach provides a basis for
assessing the value of these cash flows

* It is a cornerstone of financial analysis.
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Earthilizer Assumptions

+ $580K initial investment  x Straight-line depreciation

at the end of 2007 + PPE 10-year life
* $250K WC and $330 PPE * zero salvage value
+ Sales $1 million in 2008 & 30% tax rate
* growing 10% annually + 2008 - 2012 NWC

throughout the 5-year
planning period

* COGS margin 67.40%

* Operating expenses
before depreciation are

requirements = 25% of
Earthilizer’s sales
+ CAPEX $330K in 2007

= zero in all future years

10% of sales plus an s Proiect .enld A h2:|)12
4 * lerminal cas ow:
annual fixed $115K $692,050
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Earthilizer: Income Statement

2008 2009 2010 2011 2012

1,000.00 $1,100.00 $1,210.00 $1,331.00 $1,464.10
(674.00) $ (741.40) $ (815.54) $ (897.09) $ (986.80)
326.00 $ 358.60 $ 39446 $ 43391 $ 477.30

(215.00) $ (225.00) $ (236.00) $ (248.10) $ (261.41)

Sales

Cost of goods sold
Gross profit

Operating expenses less

$

$

$
depreciation $
Depreciation $ (33.00) $ (33.00) $ (33.00) $ (33.000 $ (33.00)
EBIT $ 7800 $ 100.60 $ 12546 $ 15281 $ 182.89
Interest $ o & 2 $ = $ = $ =
EBT $ 7800 $ 100.60 $ 12546 $ 15281 $ 182.89
Taxes $ (2340) $ (30.18) $ (37.64) $ (4584) $ (54.87)
Net Income $ 5460 $ 7042 $ 87.82 $ 106.96 $ 128.02
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Earthilizer: Balance Sheet
2007 2008 2009 2010 2011 2012

250.00 $ 250.00 $ 275.00 $ 302.50 $ 332.75 $ 366.03
330.00 $ 330.00 $ 330.00 $ 330.00 $ 330.00 $ 330.00

Net working capital $
$
$ - $ (33.00) $ (66.00) $ (99.00) $(132.00) $(165.00)
$
$

Gross plant and equipment
Less: Accumulated

Depreciation

Net plant and equipment 330.00 $ 297.00$ 264.00$ 231.00$ 198.00$ 165.00
Total 580.00 $ 547.00 $ 539.00 $ 533.50 $ 530.75 $ 531.03
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Earthilizer:
Project Free Cash Flows

2007 2008 2009 2010 2011 2012
EBIT $ $ 78.00% 100.60 $ 12546 $ 152.81 $ 182.89
Less: Taxes $ $ (23.40) $ (30.18) $ (37.64) $ (45.84) $ (54.87)
NOPAT $ $ 5460% 7042% 87.82% 106.96 $ 128.02
Plus: Depreciation expense  $ - $ 3300%$ 3300% 3300% 3300% 33.00
Less: CAPEX $ (330.00) $ - $ - % =0 - 8 -
oy Ezg‘igles nnetworking ¢ (25000) 8 - $ (25.00) $ (27.50) $ (30.25) $ (33.28)
Plus: Liquidation of net
working capital $ A\ y g - & pe 1136693
Plus: Liquidation of PPE $ = 08 % - $ - $ - $ 165.00

Equals: Project free cash

flows (PFCF) $ (580.00) $ 87.60% 78.42% 93.32$% 109.71 $ 658.77

NPV (13.25%) = $43,070

IRR = 15.36%
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Sensitivity Analysis

* Phase | is complete: We have an NPV
estimate of the Earthilizer investment

+x How confident can we be that the project will
unfold as we expect?

+ What are the key value drivers of the project that
the firm should monitor over the life of the
investment to ensure its success?

+ In Phase |l we use a variety of tools to
address these concerns
* Scenario analysis
x Breakeven sensitivity analysis
+ Simulation analysis
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Scenario Analysis

+ What would happen to the Earthilizer NPV if
we applied a pessimistic estimate of the
initial sales of $500,0007?

+ DCF value drops to $342,790
* Negative-NPV investment,
+ We could also analyze scenarios involving

multiple sets of changes in assumptions and
forecasts.

» Evaluate the project using optimistic and
pessimistic estimates for the value drivers
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Scenario Analysis in Excel
+ Changes in 1 or 2 Value Drivers?
*» Use Data Tables
+ Changes in multiple Value Drives
*x Use Scenario Manager
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Break-even Analysis

« If our Initial Sales > $923 then we have a
positive NPV ceteris paribus

+ Can be very useful in resolving disputes and
focusing energy

* If everyone in the room believes Initial Sales are
above 923 then there’s no need to argue

A B C D E F
1 Sales Growth 10% NPV $
Initial Sales 3 923

[R*]
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More Complex Scenarios

+ Data Tables and Break-even analysis is nice
but you can only manipulate one or two
inputs

* Suppose that there are many things that
we’d like to manipulate at once
* Sales Growth Rate
* Initial Sales Level
x Operating Expenses Rate
* Gross Profit Margin
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Scenario Summary

KR Real Good Real Bad Most likely

AR IO
$C$1 10. 0% 15. 0% 2.0% 11. 0%
$C$2 3§ 1,000 § 1,500 § 800 § 1, 000
$C$3 67. 4% 60. 0% 75. 0% 62. 5%
$C$4 10. 0% 5. 0% 12. 5% 7. 5%

ZRBIUHE:

NPV $ 43.07 _$ 997.36

B EEE) § o ARk

R “HEITE” X PR KRAE
EN TSI, ATAR TR IE .
B2 77 0 TR BT S LUK (R SU SR R
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Sensitivity Analysis (Tornato)

Sensitivity Tornado
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Sensitivity Analysis

Mean of NPV F1 vs Percentage Change of Inputs
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Shortcomings

+ What is the probability of the NPV being at a
certain level?
* Are all scenarios equally likely?

+ What is the relationship between input
variables?

+ Correlation
x High COGS/Sales — High Operating Costs

Real options and Corporate Investment Decisions Wenjie
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Monte Carlo Simulation

+ Help the analyst evaluate what can happen
to an investment’s future cash flows and
summarize the possibilities in a probability

x OQutcomes from large projects are often the

result of the interaction of a number of
interrelated factors (or value drivers)

» Difficult to determine the probability distribution
of a project’s cash flows analytically

» Easy to find distribution via simulation

Real options and Corporate Investment Decisions Wenjie
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Simulation Modeling Steps

+ Build a base case pro-forma
* No uncertainty
+ Characterize Input Probability Distributions
x Tornado chart to find key drivers
* Assess probability distributions
+ Sample many times and record outputs
x Statistical analysis of results
x Graphical analysis
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Earthilizer Input Distributions
Expected
Value Distribution
Initial Sales  $1,000,000 Uniform
500,000 1,500,000
Sales Growth : B>
(Each Year Independent ) 18000 RnangU 10% 10% 30%
Lot
COGS (% Sales)  67.40%  Triangular 5g 400  g7.4%  75.4%
Operating Expenses (% Sales)  10.00%  Triangular 5% 10% 15%
Multiplier of Terminal Book Value 1.00 Uniform OH 0
21 Real options and Corporate Investment Decisions Wenjie
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If project is successful early, should the
growth rates reflect this?

Do our expenses move together?
* COGS and operating expenses

Mean reversion

* Tendency to correct

» Negative correlation in growth rates

Linking project value to macro-economy and
other projects of the firm

22
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Valuing Project Flexibility

+ Most investment projects offer the firm some
flexibility on the inputs used and final
product produced

* Generate greater cash flows when market
demand is high; cut back on capacity when
market demand is low

+ Options associated with investments

+ “Real” Options
» Decisions
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Introducing a New Product

High Demand

Competitor Enters Market

Low Demand

Introduce Next Year

High Demand

No Competitor Entry

Low Demand

High Demand

Introduce Now

Low Demand
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Earthilizer Abandonment Option

* Assume CSM faces an EPA test of the runoff
effects of Earthilizer on groundwater.

* Scenario 1: At end of year 1: EPA determines
that the project poses no hazard; grants
approval, no effect on project expected cash
flows

x Scenario 2: EPA rules product detrimental;
processing costs to CSM of $80K per year (after
taxes)

+ Pr(Scenario 2) = 0.20

Real options and Corporate Investment Decisions Wenjie
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Expected PFCFs

2007 2008 2009 2010 2011 2012
Favorable EPA PFCF  $(580.00) $ 87.60 $78.42 $93.32 $109.71 $658.77
NPV $ 43.07

Unfavorable EPA PFCF $(580.00) $ 7.60 $ (1.58) $13.32 $ 29.71 $578.77
NPV $(236.60)

Expected PFCF $(580.00) $ 71.60 $62.42 $77.32 $ 93.71 $642.77
E[NPV] $ (12.87)
+ Expected PFCF No Option to Abandon!

*x Weighted average of the original cash flows and the revised
cash flows

+ (1-0.2)x$87,600 + 0.2($87,600 - 80,000) = $71,600
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Option to Abandon

+ Can recoup $380 of $580 initial investment
if we shut down after year 1

* Year 1 Cash flow = $380 + 87.6 = $467.6

2007 2008 2009 2010 2011 2012
Favorable EPA PFCF $(580.00) $ 87.60 $78.42 $93.32 $109.71 $658.77
Continue NPV $ 43.07

Unfavorable EPA PFCF $(580.00) $467.60 $ - % S =25
Abandon NPV $(167.11)
Expected PFCF $(580.00) $163.60 $62.74 $74.66 $ 87.77 $527.02
E[NPV] $ 1.03
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Decision Tree Representation

NPV
Continue Operations
0.8 1 $ 43.07
Favorable EPA Ruling

1]
$ 43.07
Abandon Operations
|  s@e7.11)
$ 1.03
Continue Operations
0.2 | $(236.60)
Unfavorable EPA Rulin
2
$(167.11)
Abandon Operations
| $(167.10)
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What is the Option Worth?
0.8
Favorable EPA Ruling
/ $ 4307
No Abandon Option
$ (12.87) 0.2
Unfavorable EPA Ruling
777777777777 $(236.60)
Continue Operations
0.8 $ 43.07
Favorable EPA Ruling
Abandon Operations
$(167.11)
Abandon Option
Continue Operations
0.2 $(236.60)
Unfavorable EPA Ruling
$(167.11)
1 03 12 87 . $ 13 9 Abandon Operations
o " ( o ) — 0 $(167.11)
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Summary

+» Determining the value of an investment opportunity is
straightforward when future cash flows are known

+ Uncertainty complicates the valuation
process

* Analysts can utilize three basic tools to assess the impact of
uncertainty on a project

x Scenario analysis, breakeven sensitivity analysis, and simulation
analysis

+ Provide information that the analyst can use to understand the key
factors that drive a project’s success or failure

* Project flexibility allows firms to modify investments in
response to changing circumstances
* More on real options later!
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