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Course: Capital Budgeting 

Field of study: Finance and Accounting 

Form of classes and number of hours: lecture 30 h, practical classes 15 h, project 15 h 

Number of ECTS credits: 5 

Learning outcomes: 

‒ Knowledge of estimating expenditures and future effects of the investment project and as-
sessment of its financial efficiency. 

‒ Knowledge of issues related to the investment process in the organization. 

‒ Knowledge of preparation of pro-forma statements. 

‒ Knowledge and understanding of methods of investments, financial profitability evaluation, 
classifications, divisions, purpose of usage. 

‒ Knowledge and understanding of the proper selection of the discount rate in the dynamic 
methods of investment profitability calculation. 

‒ Ability to build a team for the assessment of the investment project. 

‒ Ability to manage the projected investment, final preparation of pro-forma statements, final 
financial evaluation of the project. 

‒ Ability to identify the risks associated with the investment. 

‒ Student is aware of the consequences of overly optimistic and too pessimistic estimates of the 
effectiveness of the proposed investments. 

‒ Student is aware of the responsibility of staff teams for the evaluation of the proposed invest-
ment, their accountability for the successes and failures of the company and even the loss of 
jobs by other employees and bankruptcy of the company. 

‒ Student is aware of the various pressures put on the employees of these teams and the psy-
chological and sociological interactions outside and inside the teams. 

 

Evaluation methods of learning outcomes:  
written test, oral exam, discussion, verification of a project 

Subject matter of the classes: 

1. Introduction to Capital Budgeting – definition of investment, types and stages of investment 
projects. 

2. Estimation of investment cash flows. 

3. Static methods of investment profitability calculation. 

4. Dynamic methods of investment profitability calculation. 

5. Sources of investment financing. Capital costs in estimating the efficiency of the investment. 
Weighted Average Cost of Capital (WACC). 

6. Capital budget optimization. 

7. Methods of investment profitability calculation incorporating the element of risk. 

8. Investment project’s lifetime. 

9. Analysis of investment liquidation and replacement. Restitution investments. 

10. Separability of investment and financial decisions. 

11. The impact of the investment on the company’s risk characteristics. 
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1. Definition of investment and classifications 

 
Investment is the sacrifice of certain current consumption for generally uncertain future consump-
tion. The investor will want to be compensated both for the time that his money is tied up in the 
investment and for the risk that is involved during that time. The investor expects to be satisfied 
either by receiving income from his investment or through an increase in the capital value of the 
investment. The investors require returns that cover their earning expectation and risk. The rate of 
return consists of expected real interest rate, expected inflation rate, expected liquidity premium 
and expected risk premium. The first three components are the price of time, the fourth is the price 
of risk.  
 

Investments in financial and tangible assets can be distinguished. Financial assets are financial 
claims assets that are usually documented by some form of legal representation (e.g. bond, share 
of stock). Tangible assets represent actual tangible assets that may be seen, felt, held or collected. 
Companies invest in a variety of tangible assets such as buildings and machinery and intangible as-
sets such as patents. Investment in tangible assets will be considered as an investment undertaking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 1.1. Types of investments 2, p. 284 

 
 
Investments can also be divided into reconstruction-, modernization- and new investments [4]. 

The purpose of restitution investments is not the development of the enterprise or the expansion 
of the scope of activities conducted so far. They are aimed at recreating decapitalized fixed assets, 
which in turn allows for the continuation of existence and the maintenance of the company’s cur-
rent position on the market. Failure to make this type of investment may result in a loss of produc-
tion capacity, because the used fixed assets will prevent production or provision of services. From 
this point of view, these investments are necessary. They do not affect the development of applied 
technologies or increase the quality of manufactured products or services. Making only replacement 
investments leads to the marginalization of the company’s position on the market. 

The aim of modernization investments is not only to rebuild damaged and worn-out fixed assets, 
but above all to modernize them, i.e. to increase technical and technological quality. Only making 
this type of investment can provide the company with the conditions to properly compete on the 
market and defend its position held so far. 
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The purpose of new investments is to increase the production potential, i.e. the efficiency of the 
machinery and equipment, development of the commercial network, diversification of distribution 
channels, as well as the implementation of new products for production, satisfying the existing 
needs of potential buyers better or generating new, previously unknown needs. These investments 
are aimed at diversifying the conducted activity, and thus reducing the risk of ruining it due to the 
risk of failure of subsequent projects or the loss of some sales markets. They mainly consist in cre-
ating new, previously non-existent components, mainly in the area of fixed assets. This includes the 
construction of a production hall and investments in new technologies that will increase the quality 
of products and services, as well as work efficiency. Investments of this type contribute to limiting 
the costs incurred by the enterprise and have the greatest impact on its development and the pos-
sibility of expansion in the market. In the long run, this type of investment should be the most prof-
itable and guarantee the greatest benefits. These are investments that fall within a range of high 
risk and uncertainty about their success. 

Another division is the division of investments into: 
‒ simple, i.e. those that do not bring income during the investment; the only income comes at 

the end of the investment period; 
‒ coupons, i.e. those that generate income during the investment, and the income can be con-

sumed or invested. 
 

Another types of division of investments according to the degree of dependence between them can 
be found in the literature [5]: 
‒ mutually exclusive, i.e. those in which the implementation of one investment excludes the im-

plementation of the other,  
‒ complementary, i.e. those of which implementation increases the expected profitability of other 

investments,  
‒ substitutive, the acceptance of which reduces the expected profitability of other investments,  
‒ statistically dependent, when the increase (decrease) in the benefits of one investment is ac-

companied at the same time by the increase (decrease) of benefits in the other project, caused 
by the same phenomenon external to the enterprise. 

 

In addition to the presented classifications, there are also many others, e.g. according to the value 
of inputs (main, typical, small), according to the degree of necessity (urgent, required, desired) or 
the degree of risk. 
 
 
2. Measuring profitability of an investment undertaking 
 

Because the investment outlays are incurred “today” and profits gained thanks to the investment 
will appear in future – every investment undertaking is risky. Assessment of profitability of an in-
vestment undertaking needs very thorough calculations. The problem is that it is not possible to 
foresee future conditions and investment decision must be taken “today”. That is why investors use 
many evaluation methods to reduce the possibility of investment undertaking failure to minimum.  

The most popular methods of valuating investment profitability are based on discounted cash flows. 
The first basic principle of finance is that the monetary unit today is worth more than the monetary 
unit tomorrow, because the monetary unit can be invested today to start earning interests imme-
diately. Any investment rule which does not recognize the time value of money cannot be sensible. 

 
The most popular methods are: 
‒  Net Present Value (NPV), 
‒  Internal Rate of Return (IRR), 
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‒  Modified Internal Rate of Return (MIRR), 
‒  Payback (PB), 
‒  Discounted Payback (DPB), 
‒  Net Present Value Ratio (NPVR), 
‒  Profitability Index (PI). 

2.1. Net Present Value (NPV) 

The basic idea behind net present valuation (NPV) is to determine cash flows over the lifetime of a 
project and discount them by the appropriate opportunity cost of capital. This discount rate should 
reflect both the time value of money and the risk involved in a given project. If the value is positive 
(larger than zero), the company should proceed with the project, otherwise it should choose not to 
invest.  
 

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑡

(1+𝑘)𝑡
𝑛
𝑡=0 , 

where: 
𝐶𝐹𝑡 – cash flow generated by the project during t-period, 
𝑘 – discount rate (hurdle rate, rate of return, opportunity cost of capital). 

The rate of return is the reward that investors demand for accepting delayed payments. It is also 
called opportunity cost of capital because it is the return forgone by investing in the project rather 
than investing in securities. 

NPV informs how much company market value will grow if the project is implemented. The NPV 
theory is based on the following assumptions:  
‒ investment outlay is irreversible, 
‒ forecasted structure of cash flows during investment project is known, 
‒ the risk level and corresponding required rate of return are known,  
‒ only exogenous (market) risk is taken into the consideration, 
‒ the only alternative is to invest in the market. 

 
 
Example 2.1. 

Suppose a company is going to invest 1 000 000 EUR in a project. Rate of return is 14%. Lifetime of 
a project is assessed at 4 years. Forecasted cash flows are 150 000 EUR, 700 000 EUR, 1 030 000 EUR 
and 840 000 EUR in each year accordingly. Is it worthy to go ahead with implementation of this 
project? 
 
The answer is ‘yes’ because NPV>0 i.e. discounted cash inflows exceed investment outlay, Table 2.1. 

Managers consider NPV analysis as a shortsighted and incomplete method. An NPV calculation only 
uses information that is known at the time of the appraisal. NPV assumes the decision to invest in a 
project is all or nothing. The NPV analysis obliges managers to compute present values of their in-
vestment as if they have engaged all the costs. NPV undervalues investment project, because it does 
not incorporate management flexibility. NPV calculations ignore an investor’s ability to modify his 
behavior in response to incoming information. NPV is frequently applied without careful considera-
tion of the assumptions on which it is based.  
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Table 2.1. Discounted cash flows calculation 

Year Cash flows [in EUR] Discounted Cash Flows 

0 - 1 000 000 
−1 000 000

(1 + 0.14)0
= −1 000 000 

1 150 000 
150 000

(1 + 0.14)1
= 131 578.95 

2 700 000 
700 000

(1 + 0.14)2
= 538 627.27 

3 1 030 000 
1 030 000

(1 + 0.14)3
= 695 220.66 

4 840 000 
840 000

(1 + 0.14)4
= 497 347.43 

Total NPV  862 774.31 

 

In the situation when investment conditions are constantly changing it is possible that calculation 
based on NPV formula can turn out to be insufficient and inadequate to new circumstances. That is 
why, when it is possible, it is worthy to supplement investment analysis with a real option valuation.  
 
And then: 

despite NPV <0,  
but  
NPV + real option value>0  
it would be worthy to go on with a project. 

 
An elevated uncertainty according to investment conditions demands new ways of strategic thinking 
and new tools for financial analysis. Real options began to attract considerable attention from the 
industry as a potentially important tool for valuation and strategy.   
 

Real option is the right – but not the obligation – to gain the gross present value of expected cash 
flows by making an irreversible investment on or before the date the opportunity fails to be availa-
ble [9].  
 

Real options are not traded on organized stock market exchanges the way that traditional financial 
options are. They are rather analogous to a “value premise” [1]. 
 

There are three main categories of real options: 
‒ a timing option – delay investment until more information or skill is acquired, 
‒ an exit option – shut down a project when there is no further potential in a business oppor-

tunity, 
‒ a growth option – follow-up investments if the original project is a success. 

 

To use real options they have to be identified at first. A rich set of criteria is used to recognize the 
companies’ real options. Options can be identified using SWOT analysis that identifies up- and 
downside potentials. Sometimes uncovering real options can be difficult. Whereas some real op-
tions are likely to be incorporated in the project description or the strategy (e.g. patents, ownership 
of land, natural resources, managerial resources, technological knowledge, reputation, market po-
sition, possible scale [7]), others will remain unknown. On the other hand for some uncertainties, 
no options may exist e.g. armed conflicts. The second step is a real option valuation. A real option 
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theory has its origins in capital market derivative pricing. A real options approach applies financial 
option theory. The best known form is the Black-Scholes model. The last step in a real option imple-
mentation is the control of a real option valuation, because real options are only valuable if they are 
exercised accordingly. 
 
2.2. Internal Rate of Return (IRR) 

The internal rate of return is defined as the rate of discount which makes NPV = 0. 

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑡

(1 + 𝐼𝑅𝑅)𝑡

𝑛

𝑡=0

= 0 

 

Calculation of IRR usually involves trial and error approach. The easiest way to calculate IRR is to 
plot few combinations of NPV and discount rate on a graph, connect the points with a smooth line 
and read off the discount rate at which NPV=0.  
 
 
Example 2.2. 
Suppose we have to find IRR of a project which is supposed to generate the following cash flows in 
the future: 245 000 EUR, 312 000 EUR, 740 000 EUR and 320 000 EUR. Investment outlay is 
1 000 000 EUR. 
 

Table 2.2. NPV values for different discount rates 

discount rate NPV value 

0.10000000000000 255 115.77 

0.12000000000000 197 557.66 

0.14000000000000 143 930.76 

0.16000000000000 93 893.55 

0.18000000000000 47 139.95 

0.19000000000000 24 907.48 

0.20160848528247 0 

0.20161000000000 -3.19 

0.21160848528247 -20 714.18 

0.22000000000000 -37 588.45 

0.24000000000000 -76 033.60 

      𝐼𝑅𝑅 = 0.20160848528247 ≈ 20% 
 
We can also calculate IRR using the following formula: 
 

𝐼𝑅𝑅 = 𝑘1 +
𝑁𝑃𝑉𝑝(𝑘2−𝑘1)

|𝑁𝑃𝑉𝑛|+𝑁𝑃𝑉𝑝
, 

 
where: 
𝑘1 – lower discount rate, 
𝑘2 – higher discount rate, 
𝑁𝑃𝑉𝑝 – positive NPV achieved for lower discount rate k1,  

𝑁𝑃𝑉𝑛 – negative NPV achieved for higher discount rate k2. 
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Figure 2.1. Assessing IRR value 

 
The difference between k1 and k2 should not be larger than 1%. Dependence of NPV on k is non-
linear and therefore the larger difference between k1 and k2 the larger estimation error can be. 
The IRR rule is to accept an investment project if the opportunity cost of capital is less than the 
internal rate of return. It will give the correct answer if properly used. In reality it is not so simple to 
calculate it. Investor must consider the following situations:  
‒ If a project offers positive cash flows followed by negative flows, NPV rises as the discount rate 

is increased. The project with IRR lower than the opportunity cost of capital should be accepted 
then. 

‒ If there is more than one change in the sign of the cash flows, the project may have several IRRs 
or no IRR at all. 

‒ The IRR rule requires a comparison of the project’s IRR with the opportunity cost of capital. 
Sometimes the opportunity cost of capital may be different for cash flows in different years of 
the project implementation. 

 
2.3. Modified Internal Rate of Return (MIRR) 

The modified internal rate of return for a series of periodic cash flows is the interest rate that 
considers both the cost of the investment and the interest received on reinvestment of cash. MIRR 
better reflects the profitability of a project. IRR assumes the cash flows from the project are rein-
vested at the IRR, whereas the modified IRR assumes that all cash flows are reinvested at the firm’s 
cost of capital. When MIRR > cost of capital – the project should be accepted. The greater the 
MIRR the better. MIRR can be calculated using Excel formula or the following equation: 

 

𝑀𝐼𝑅𝑅 = √
∑ 𝐶𝐼𝐹𝑡(1+𝑘)(𝑛−𝑡)𝑛

𝑡=0

∑
𝐶𝑂𝐹𝑡

(1+𝑘)𝑡
𝑛
𝑡=0

𝑛
− 1 = √

𝑇𝑉

𝐼

𝑛
− 1, 

 
where: 
𝐶𝐼𝐹 – cash inflow, 
𝐶𝑂𝐹 – cash outflow, 
𝑇𝑉 – terminal value, 
𝐼 – investment value, 
𝑘 – cost of capital. 
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Example 2.3. 
Suppose we have the following project’s cash flows like in the Table 2.3. 
 

Table. 2.3. Forecasted project’s cash flows 

Year 0 1 2 3 4 

CF -800 000 250 000 300 000 350 000 410 000 

 
Let’s calculate TV at first assuming that k = 8%. 
 

Table 2.4. Terminal vale calculation  

Year Cash flows TV 

1 250 000 250000 ∙ (1.08)3 = 314 928 
2 300 000 300000 ∙ (1.08)2 = 349 920 
3 350 000 350000 ∙ (1.08)1 = 378 000 
4 410 000 410000 ∙ (1.08)0 = 410 000 

TOTAL 1 452 848 

 

𝑀𝐼𝑅𝑅 = √
1 452 848

800 000

4
− 1 = 16.09%  ;  MIRR>k → the project can be accepted. 

 

2.4. Payback (PB) 

Companies often require that the initial outlay on any project should be recoverable within some 
specified cutoff period. The payback period of a project is found by counting the number of years it 
takes before cumulative forecasted cash flows equal the initial investment. 
We can calculate it using the following formula: 
 

𝑃𝐵 = (𝑟(𝑛−1)) +
𝐾𝑡

𝐶𝐹𝑡
, 

where: 
𝑟(𝑛−1) – number of years prior to full recovery,  

𝐾𝑡 – uncovered cost at beginning of full-recovery year,  
𝐶𝐹𝑡 – cash flow during full-recovery year.  
 
 
Example 2.4. 
What is the payback period in years for projects A and B? Which project should be chosen if they 
are mutually exclusive projects? 
 

Table 2.5. Cash flows and cumulative cash flows of project A [in EUR] 

Year 0 1 2 3 4 5 

CFA -40 000 28 000 4 000 4 000 32 000 32 000 

Cumulative CFA -40 000 -12 000 -8 000 -4 000 28 000 60 000 

 
Table 2.6. Cash flows and cumulative cash flows of project B [in EUR] 

Year 0 1 2 3 4 5 

CFB -40 000 8 000 16 000 16 000 4 000 4 000 

Cumulative CFB -40 000 -32 000 -16 000 0 4 000 8 000 
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𝑃𝐵𝐴 = 3 +
4 000

32 000
= 3.125 𝑦𝑒𝑎𝑟𝑠 

 

𝑃𝐵𝐵 = 2 +
16 000

16 000
= 3 𝑦𝑒𝑎𝑟𝑠 

 
Project B is better in terms of the payback period. Considering the cash distribution in time the 
investor would prefer project A, because after the first year cash flows cover 70% of investment 
outlay and what’s more after the third year cash flows from project A are greater than from project 
B. 
 
2.5. Discounted Payback (DPB) 

Payback period does not recognize the time value of money. For this reason its practical implemen-
tation is rather small. That is why more useful is discounted payback. It recognizes that a monetary 
unit (e.g. 1 EUR) at the beginning of the payback period is worth more than a monetary unit at the 
end of the payback period. Because of time value of money implementation discounted payback is 
longer than undiscounted one. 

 
Example 2.5. 
Let’s use cash flows from the previous example. Discount rate of return is 12%. 
 

Table 2.7. Cash flows, discounted cash flows and cumulative discounted cash flows                                      
of project A [in EUR] 

Year 0 1 2 3 4 5 

CFA -40 000 28 000 4 000 4 000 32 000 32 000 

Discounted CFA -40 000 25 000 3 188.78 2 847.12 20 336.58 18 157.66 

Cumulative 
discounted CFA 

-40 000 -15 000 -11 811.22 -8 964.10 11 372.48 29 530.13 

 
Table 2.8. Cash flows, discounted cash flows and cumulative discounted cash flows                                        
of project B [in EUR] 

Year 0 1 2 3 4 5 

CFB -40 000 8 000 16 000 16 000 4 000 4 000 

Discounted CFB -40 000 7 142.86 12 755.10 11 388.48 2 542.07 2 269.71 

Cumulative 
 discounted CFB 

-40 000 -32 857.14 -20 102.04 -8 713.56 -6 171.48 -3 901.78 

 

𝐷𝑃𝐵𝐴 = 3 +
8 964.10

20 336.58
= 3.44 𝑦𝑒𝑎𝑟𝑠 

 
Cash flows of project B are not sufficient to cover investment outlay during the five years of project’s 
lifetime. 

2.6. Net Present Value Ratio (NPVR) 

When comparing two or more mutually exclusive projects, we often find that investment outlays 
related to the projects under assessment differ from each other, both in terms of the value of ex-
penditure and the different period incurring these outlays. Thus, judging only on the basis of the 
NPV criterion may not be sufficient as the NPV only measures the net cash flows. However, it does 
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not inform exactly about the differences in the level of profitability of competitive projects. Then 
the Net Present Value Ratio (NPVR) can be used as: 
 

𝑁𝑃𝑉𝑅 =
𝑁𝑃𝑉

𝑃𝑉𝐼
, 

 
where: 
𝑁𝑃𝑉– Net Present Value of investment project, 
𝑃𝑉𝐼 – Present Value of the Investment. 
 
The choice of an investment project is determined by the highest value of the NPVR ratio. This 
means that the selected project will be the most effective. This indicator is also useful for evaluating 
and comparing various financing options for a selected project. 
 
 
Example 2.6. 
The company is considering two mutually exclusive projects X and Y of a similar risk level. The cost 
of capital is 12%. Company cares about the most effective investment of capital. What decision 
should be made?  
 

Table 2.9. Cash flows of project X and Y [in thous. EUR] 

year 0 1 2 3 4 5 

CFx -100 40 23 35 41 87 

CFy -56 12 15 20 39 62 

 
 

𝑁𝑃𝑉𝑥 =
−100

(1 + 0.12)0
+

40

(1 + 0.12)1
+

23

(1 + 0.12)2
+

35

(1 + 0.12)3
+

41

(1 + 0.12)4
 

 

+
87

(1 + 0.12)5
= 54.38 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

 
 

𝑁𝑃𝑉𝑦 =
−56

(1 + 0.12)0
+

12

(1 + 0.12)1
+

15

(1 + 0.12)2
+

20

(1 + 0.12)3
+

39

(1 + 0.12)4
 

 

+
62

(1 + 0.12)5
= 40.87 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

 
 

𝑁𝑃𝑉𝑅𝑥 =
54.38 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅

100 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅
= 0.54 

 
 

𝑁𝑃𝑉𝑅𝑦 =
40.87 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅

56 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅
= 0.73 

 
 
Comparing NPV values, project X is better, but when we look at NPVR, project Y is more effective 
and this project should be accepted. 
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2.7. Profitability Index (PI) 

It can be used for evaluation of a single project and for choosing the best one out of the proposed 
projects. It is calculated on the basis of the following formula: 
 

𝑃𝐼 =
∑

𝐶𝐼𝐹

(1+𝑘)𝑡
𝑛
𝑡=1

∑
𝐶𝑂𝐹

(1+𝑘)𝑡
𝑛
𝑡=1

= 𝑁𝑃𝑉𝑅 + 1, 

 
where: 
𝐶𝐼𝐹 – cash flows generated by the project, 
𝐶𝑂𝐹 – investment outlays. 
 
 
Example 2.7. 
Let’s calculate PI of the projects X and Y from the previous example. 
 

𝑃𝐼𝑥 =

40
(1 + 0.12)1 +

23
(1 + 0.12)2 +

35
(1 + 0.12)3 +

41
(1 + 0.12)4 +

87
(1 + 0.12)5

100
(1 + 0.12)0

= 1.54 

 

𝑃𝐼𝑦 =

12
(1 + 0.12)1 +

15
(1 + 0.12)2 +

20
(1 + 0.12)3 +

39
(1 + 0.12)4 +

62
(1 + 0.12)5

56
(1 + 0.12)0

= 1.73 

 
If projects X and Y are independent, both are acceptable, because 𝑃𝐼𝑥 > 0 and 𝑃𝐼𝑦 > 0. 

If these projects are mutually exclusive, project Y is better than project X, because 𝑃𝐼𝑦 > 𝑃𝐼𝑥. 

 
 
3. Measuring profitability of an investment undertaking including risk factor 
 
In risky situations the investor using NPV analysis has to set the discount rate with regard to the 
higher risk level. The company cost of capital is the correct discount rate for projects that have the 
same risk as the company’s existing business. In principle, each project should be evaluated at its 
own opportunity cost of capital. When investor estimates the cost of capital for a particular project, 
project risk must be included in its calculation. 
 

There are methods that regard risk: 
‒ directly,  
‒ and indirectly. 

The methods regarding risk directly are: 
‒ Certainty Equivalent Adjustment (CEA),  
‒ Risk – Adjusted Discount Rate Approach (RADRA).  

3.1. Certainty Equivalent (CE) 
 

Certainty equivalent (CE) is the amount that can be gained with no risk and what is the most im-
portant, it has the same utility as the higher but uncertain amount. Uncertain cash flows generated 
by the project are replaced with lower but risk-free cash flows.      
    



Joanna SZCZEPAŃSKA 

39 

𝑁𝑃𝑉 = ∑
𝑎𝑡𝐶𝐹𝑡

(1+𝑘𝑅𝐹)𝑡
𝑛
𝑡=0 , 

 

where: 
𝑎𝑡 – certainty equivalent factor, 𝑎𝑡 ∈ [0,1], 
𝑘𝑅𝐹 – risk-free discount rate. 
 

Decreasing value of certainty equivalent factor is being taken into account for the following years 
of the project realization. CE reflects subjective attitude to the uncertain future conditions. In this 
way decision-makers can express their experience, intuition and risk attitude since CE is higher for 
the optimists than for the pessimists.  
 
 
Example 3.1. 
Suppose we have the following certainty equivalents and project’s cash flows. 
 

Table 3.1. Project’s cash flows calculation including certainty equivalent factor [in EUR] 

Year 0 1 2 3 4 5 

CFt -400 000 60 000 55 000 64 000 71 000 85 000 

at 1 0.95 0.9 0.85 0.8 0.75 

at ∙ CFt -400 000 57 000 49 500 54 400 56 800 63 750 

When we use kRF=5% to discount cash flows we will get NPV = -157 144.27 EUR. The project cannot 
be accepted. 
 
 
3.2. Risk Adjusted Discount Rate Approach (RADRA) 
 

RADRA is based on discount rate correction. The discount rate should reflect the degree of risk so 
when the project is considered to be riskier, the discount rate (WACC) should be appropriately ad-
justed. It can be calculated from the capital asset pricing model. CAPM states that the required re-
turn on any asset depends on its risk. 
 

𝑅𝐴𝐷𝑅 = 𝑘 = 𝑘𝑅𝐹 + 𝛽(𝑘𝑀 − 𝑘𝑅𝐹), 
 

where: 
𝑅𝐴𝐷𝑅 – risk adjusted discount rate, 
𝑘 – required rate of return, 
𝑘𝑅𝐹 – risk-free interest rate, 
𝑘𝑀 – rate of return on the market, 
𝛽 – a stock’s sensitivity to changes in the value of the market portfolio (Beta measures the marginal 

contribution of a stock to the risk of the market portfolio), 
(𝑘𝑀 − 𝑘𝑅𝐹)  ‒ market risk premium. 
 
The most common way to estimate the beta of a stock is to figure out how the stock price responded 
to market changes in the past. A more reliable figure can be obtained when investor calculates an 
industry beta for a group of similar companies. It is not enough to estimate beta and plug it into 
CAPM, because stock beta may reflect both business and financial risk. When a company borrows 
money, it increases beta and at the same time it increases the expected return of company’s stock. 
Company cost of capital is the expected return on a portfolio of all the company’s securities, not 
just the common stock. It can be calculated by estimating the expected return on each of the secu-
rities and then taking a weighted average of these separate returns. 
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Example 3.2. 
Expected cash flows of the project are given in Table 3.2. The company’s cost of capital is 8%. The 
risk-free interest rate is 5%, the market risk premium is 7%, and project X’s beta is 1.2. Let’s calculate 
project’s NPV using the company cost of capital and RADR as the discount rate. 
 

𝑅𝐴𝐷𝑅 = 𝑘 = 5% + 7% ∙ 1.2 = 13.4% 
 

Table 3.2. NPV calculation [in thous. EUR] 

Year Cash flow PV of cash flow at 8% PV of cash flow at 13.4% 

0 -150 -150.00 -150.00 

1 92 85.19 81.42 

2 55 47.15 43.07 

3 35 27.78 24.26 

Total PV 10.12 -1.25 

 
If investor used the company cost of capital in NPV calculation, the project would be accepted. This 
procedure can cause that unprofitable, risky projects will be accepted. Only when RADR is used as 
the discount rate the right value of the project NPV is calculated.  
 
Methods that regard risk indirectly: 
‒ scenario analysis, 
‒ decision tree, 
‒ sensitivity analysis, 
‒ Monte Carlo simulation. 

 
 
3.3. Scenario Analysis 

Scenario analysis constructs a number of scenarios i.e. vivid stories of a possible future states of the 
world, that arise from different resolutions of the key uncertainties present in the environment. A 
scenario is a description of the current situation as well as of a series of events that could lead from 
a current to a future scenario. Scenario analysis method involved forward projection which allows 
us to progress from the current situation to a series of alternative, future scenarios. Most often 
three scenarios are considered: optimistic, best and pessimistic. As a result we get three values of 
NPV. If we know probability distribution of these scenarios, the expected value of NPV can be cal-
culated using the following formula: 
 

𝐸(𝑁𝑃𝑉) = 𝑁𝑃𝑉𝑂 ∙ 𝑝𝑂 + 𝑁𝑃𝑉𝐵 ∙ 𝑝𝐵 + 𝑁𝑃𝑉𝑃 ∙ 𝑝𝑝, 

 
where: 
𝑁𝑃𝑉𝑂 – NPV of optimistic scenario, 
𝑝𝑂 – probability of optimistic scenario appearance, 
𝑁𝑃𝑉𝐵 – NPV of best scenario, 
𝑝𝐵 – probability of best scenario appearance, 
𝑁𝑃𝑉𝑃 – NPV of pessimistic scenario, 
𝑝𝑃 – probability of pessimistic scenario appearance. 
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It is also possible to calculate standard deviation that stands for the level of project risk.  
 

𝑠(𝑁𝑃𝑉) = [𝑝𝐵 ∙ (𝑁𝑃𝑉𝐵 − 𝐸(𝑁𝑃𝑉))
2

+ 𝑝𝑂 ∙ (𝑁𝑃𝑉𝑂 − 𝐸(𝑁𝑃𝑉))
2

+ 𝑝𝑃 ∙ (𝑁𝑃𝑉𝑃 − 𝐸(𝑁𝑃𝑉))
2

]
1 2⁄

 

 
If we had two or more mutually exclusive projects we could also calculate volatility index (VOLI) 
which measures how many risk units fall per unit of the expected value, i.e.: 
 

𝑉𝑂𝐿𝐼 =
𝑠(𝑁𝑃𝑉)

𝐸(𝑁𝑃𝑉)
. 

 
The lower the value of volatility index, the better. 
 
 
Example 3.3. 
Suppose we have the following scenarios of the project. 
 

Table 3.3. Project’s scenarios [cash flows in thous. EUR] 

Scenarios Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Probabilities 

Optimistic scenario (O) -100 34 38 43 47 54 0.3 

Best scenario (B) -100 25 29 34 38 45 0.5 

Pessimistic scenario (P) -100 16 20 25 29 36 0.2 

  ∑ 1 

 
When k = 9% we get: 

𝑁𝑃𝑉𝑂 = 64.77 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

𝑁𝑃𝑉𝐵 = 29.77 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

𝑁𝑃𝑉𝑃 = −5.24 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

𝐸(𝑁𝑃𝑉) = 33.27 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

𝑠(𝑁𝑃𝑉) = 24.50 𝑡ℎ𝑜𝑢𝑠. 𝐸𝑈𝑅 

𝑉𝑂𝐿𝐼 = 0.74 

 

0.74 unit of risk fall per one unit of the expected value. 

Even when 𝑁𝑃𝑉𝑃 < 0 the project is acceptable, because 𝐸(𝑁𝑃𝑉) > 0. The pessimistic scenario might 
not come true. 
 

3.4. Decision Tree Approach 

 
Decision tree approach is used for complicated staged projects when the decision taken earlier has 
its implication for future situation. The sequence of events is very important here. This is the ex-
tended scenario analysis. Decision-makers have to fix investment outlay, expected cash flows and 
probability of every possible situation. The expected value of the project and standard deviation as 
a risk measure can be calculated here. 
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Figure 3.1. Example of a decision tree [8, p. 164] 

 
3.5. Sensitivity Analysis 

Sensitivity analysis measures the impact on project outcomes of changing key input value about 
which there is uncertainty. An analysis is performed to see how the outcome changes as chosen 
value is considered in turn, with other things kept the same. In engineering economics, sensitivity 
analysis measures the economic impact resulting from alternative values of uncertain variables that 
affect the economics of the project. When computing measures of project worth, for example, sen-
sitivity analysis shows just how sensitive the economic payoff is to uncertain values of a critical in-
put, such as the discount rate or project maintenance costs. Sensitivity analysis reveals how profit-
able or unprofitable the project might be if input values to the analysis turn out to be different from 
what is assumed in a single-answer approach to measuring project worth. Of course, the less sensi-
tive the project is the better. 
 
 
Example 3.3.  
Suppose we have the following cash flows like in Table 3.4. 
 

       Table 3.4. Project’s cash flows [cash flows in thous. EUR] 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

-100 25 32 45 55 60 

 

When k = 12% →NPV = 48.86 thous. EUR. 
 
Supposing that investment outlay increased by 10%, NPV is equal to 38.86 thous. EUR.   
 

10% change of investment outlay caused 
20.47% change of NPV. 

 
 

 

 
Figure 3.2.  
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3.6. Monte Carlo Simulation 

 
Monte Carlo method is for studying the statistical confidence limits in distribution analyses. The idea 
of the Monte-Carlo analysis is the generation of a large number (e.g. 100 – 1000) of synthetic data 
sets that are similar to the experimental data set, but each one with different random normally 
distributed noise. Each of these new data sets is analyzed, and the distributions are stored. The 
resulting set of distributions can then be studied, point by point, and the mean and probability con-
tours can be calculated. In essence, the Monte-Carlo statistics allows to build up a probability distri-
bution function, and allows to study how much the noise of the data is translated into the distribu-
tion. As a consequence, the Monte-Carlo procedure can be useful for investigating what features of 
the distribution are a result of noise in the data, and what features are essential for describing the 
data. The underlying assumption made in the current implementation is that the best-fit distribution 
represents the ‘true’ data well enough, so that the effects of noise in the simulated data and in the 
real data are the same. A second assumption made is that the error distribution of each data point 
is Gaussian one. So, thanks to computer simulations we can get the probability distribution of pro-
ject NPV. The expected value and standard deviation of the project are the final results of this sim-
ulation. 
 
 
4. Incremental Cash flows 
 

Effectiveness of investment project is different when we consider investment as an individual un-
dertaking and is different when we consider an investment as a part of the whole company’s activity. 
Therefore, to assess appropriate effectiveness of the considered investment, we have to assess ad-
equate cash flows as of the date before investment was implemented and adequate cash flows as 
of the date when investment has already been introduced. Then we have to assess incremental cash 
flows. 
Incremental cash flow is defined as the difference between appropriate amounts after and before 
the implementation of the investment for each period of time 𝑡 = 1,2, … , 𝑛.  
 

𝑁𝐶𝐹𝑡 =△ 𝐸𝐵𝑇𝑡 +△ 𝐷𝑡 =△ 𝑁𝑊𝐶𝑡(1 − 𝑇) +△ 𝐷𝑡 +△ 𝑁𝑊𝐶𝑡, 
 

where: 
∆𝐸𝐵𝑇 – change in Earnings Before Taxes (EBT), 
∆𝐷 – change in Depreciation, 
∆𝐸𝐴𝑇 – change of Earnings After Taxes (EAT), 
∆𝑁𝑊𝐶 – change in Net Working Capital (NWC), 
𝑇 – income tax rate, 
𝑡 = 1,2, … , 𝑛  ‒ number of investment period. 
 

or 
𝑁𝐶𝐹𝑡 = (△ 𝑆𝑡 −△ 𝑂𝑡 −△ 𝐷𝑡)(1 − 𝑇) +△ 𝐷𝑡 +△ 𝑁𝑊𝐶𝑡, 

 

where: 
∆𝑆 = 𝑆2 − 𝑆1 – change in revenue, 
∆𝑂 = 𝑂2 − 𝑂1 – change in operating costs, 

and indexes mean: 

2 – situation after implementing the project, 
1 – situation before implementing the project. 
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Example 4.1. 
Company X decided to expand its activity by opening a new store. In order to complete the project 
an additional room has to be rented and equipped. Equipment cost is 60 000 EUR. Transportation 
cost and equipment installation cost is 6 000 EUR. Forecasted increase in working capital – 8 000 
EUR. 
After the launch of the investment the forecasted increase in revenue is: in the first year – 45 000 
EUR, in the second year – 50 000 EUR, in the third year – 65 000 EUR, in the fourth year – 70 000 
EUR and in the fifth year – 60 000 EUR. Expected operating costs including rent payment in the first 
year ‒ 25 000 EUR. It is expected that operating costs will be increasing each year by 8% through 
the 5 years of project’s lifetime. Linear depreciation of equipment will be used and equipment value 
after the 5 years of the project’s lifetime will equal zero. Rate of income tax is 32%. 

Investment outlay is calculated in the following manner: 
NINV = equipment cost + transportation cost + increase in working capital, 
NINV = 74 000 EUR. 

Calculation of incremental cash flows of the project is presented in Table 4.1. 
 

Table 4.1. Calculation of annual cash flows NCFi for Company X 

 in [EUR] year 1 year 2 year 3 year 4 year 5 

Change in revenue 45 000 50 000 65 000 70 000 60 000 

- change in operating costs 25 000 27 000 29 160 31 493 34 012 

- change in depreciation 13 200 13 200 13 200 13 200 13 200 

= change in EBT  6 800 9 800 22 640 25 307 12 788 

- tax 2 176 3 136 7 245 8 098 4 092 

=change in EAT  4 624 6 664 15 395 17 209 8 696 

+ depreciation 13 200 13 200 13 200 13 200 13 200 

+ equipment value after the lifetime      0 

+ return of working capital      8 000 

CFi 17 824 19 864 28 595 30 409 29 896 

 

Therefore 𝑁𝐶𝐹𝑖 for the project can be presented as: 

[in EUR] Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

𝑁𝐶𝐹𝑖 -74 000 17 824 19 864 28 595 30 409 29 896 

 
Every investment project can be divided into four stages that have different character and distribu-
tion of financial expenditures in time [3]. These stages are: 
‒ pre-investment stage, 
‒ stage of investment project inception,  
‒ stage of operating, 
‒ stage of investment liquidation.  

The way of calculating cash flows depends on the particular stage. 

 
Stage of investment projects inception 
 
 



Joanna SZCZEPAŃSKA 

45 

Example 4.2. 
In this case all expenses are borne at the same time. 
Company is going to launch production of a new product which will be manufactured in a new plant. 
It is anticipated that expenses are (in thous. EUR): purchase of land – 500, new production hall build-
ing – 200, installation of new technical equipment and machinery – 150. In order to launch a new 
production line it will be necessary to increase current assets by 30 thous. EUR and current liabilities 
by 8 thous. EUR. Recruitment and training of new employees will require 34 thous. EUR. Estimated 
advertising costs – 55 thous. EUR. The rate of income tax – 32%. 
 

Costs of advertising, training of employees are costs of gaining receipts.  
Therefore Tax savings = 0.32 ∙ (advertising costs + recruitment and training costs) = 28 thous. EUR 
 

Thus the actual amount of expenses for advertising and training is: 
89 thous. EUR – 28 thous. EUR = 61 thous. EUR 
 

𝑁𝐶𝐹0 = 𝑁𝐼𝑁𝑉 = capital expenditure + net working capital + actual expenses of advertising and     
training = 850 thous. EUR + 22 thous. EUR + 61 thous. EUR = 933 thous. EUR 
 

The way of calculating net investment (NINV) is presented in Table 4.2. 
 

Table 4.2. Net cash flow in the stage of investment project inception  

Type of 
operation 

Kind of expenditure Value [thous. EUR] 

 Land 500 

+ Buildings 200 

+ Machinery 150 

= Capital expenditures 850 

 Current assets 30 

- Current liabilities 8 

= Net working capital 22 

 Advertising costs 55 

+ Recruitment and training costs 34 

= Total costs of advertising, recruitment and training 89 

- Tax savings on costs of advertising, recruitment and training 28 

= Net costs of advertising, recruitment and training 61 

NCF0 = NINV 933 

 
In case when investment outlays are incurred in several succeeding periods we can transfer them 
to one period of time calculating their present value at t = 0 or calculating their future value at the 
moment of commencement of operating. 
 
 
Example 4.3. 
Inception stage lasts four years. Table 4.3. contains the examples of investment expenditures. 
 
Figures contained in the table mean that, for example the company will be incurring land purchase 
expenditures for four years i.e. in the first year 100 thous. EUR and in the following years 50 thous. 
EUR. 
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Table 4.3. NCFt (NINVt) in the following years of project inception 

Type 

of operation 
Kind of expenditure 

Value [thous. EUR] 

in the particular time periods 

   0 1 2 3 

 Land 100 50 50 50 

+ Buildings 60 0 62 60 

+ Machinery 0 0 120 300 

= Capital expenditures 160 50 232 410 

 Current assets    21 

- Current liabilities    5 

= Net working capital 0 0 0 16 

 Advertising cost   30 60 

+ 
Recruitment and 
training costs 

  15 21 

= 
Total costs of advertising, recruitment and 
training 

0 0 45 81 

- 
Tax savings on costs of advertising, recruit-
ment and training 

0 0 14 26 

= 
Net costs of advertising, recruitment and 
training 

0 0 31 55 

= Net cash flows 160 50 263 481 

 
 
Variant I 
Net cash flows (NCF) from all stages of capital investment are discounted at the moment of the first 
investment outlay t = 0. The present value of total net cash flows from particular periods in the 
inception stage is then as follows: 
 

 year 0 year 1 year 2 year 3 

NCFt [in thous. EUR] 160 50 263 481 

Present Value Interest Factor for k = 0.12 

𝑃𝑉𝐼𝐹 =
1

(1 + 𝑘)𝑡
 1.0000 0.8929 0.7972 0.7118 

PV(NCFt) [in thous. EUR] 160 45 209 342 

Total PV(NCFt) [in thous. EUR] 756    

 
 
Variant II 
The value of cash flows from particular periods is calculated at the moment of inception of operating 
stage. 
 

  year 0 year 1 year 2 year 3 

NCFt [in thous. EUR] 160 50 263 481 

Compound Value Interest Factor  
for k = 0.12  

𝐶𝑉𝐼𝐹 = (1 + 𝑘)𝑡 
1.4049 1.2544 1.1200 1.0000 

FV(NCFt) [in thous. EUR] 225 63 295 481 

Total FV(NCFt) [in thous. EUR]    1 063 
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In the stage of operating the cash flows are settled in two steps. First step is Earnings After Taxes 
(EAT) calculation. In the second step: depreciation is added to EAT, changes in net working capital 
(NWC) and alternatively deferred taxes are included. 
 
 
Example 4.4. 
Assessing 𝑁𝐶𝐹 in the fourth year of the investment operating stage.  
The company bought machinery and equipment for 350 thous. EUR. They will be used for 10 years. 
Their value after 10 years will be equal to 0. Linear depreciation will be used for tax purposes. “Life-
time” of the equipment is set for 5 years. In the analyzed year, Earnings Before Depreciation and 
Taxes (EBDT) are equal to 180 thous. EUR. It is assumed that due to the investment – current assets 
will increase by 70 thous. EUR and current liabilities by 26 thous. EUR. Rate of income tax is 32%.   
 

depreciation installment for tax purposes is: 
0.2 ∙ 350 thous. EUR = 70 thous. EUR 
 

depreciation installment for accounting purposes is: 
0.1 ∙ 350 thous. EUR = 35 thous. EUR 
 

net working capital = current assets – current liabilities = 
= 70 thous. EUR – 26 thous. EUR = 44 thous. EUR. 

increase in deferred taxes = (depreciation installment for tax purposes – depreciation installment 
for accounting purposes)∙income tax rate = (70-35) ∙ 0.32 = 11.2 thous. EUR 

The following steps of calculation of cash flow in the fourth year of the investment operating stage 
are shown in Table 4.4. 
 

Table 4.4. Estimated net cash flows in the first year of the investment operating stage                             
(the fourth year of the project)  

Type of 
operation 

Specification 
Income for tax 

purposes [thous. EUR] 
Income for accounting 
purposes [thous. EUR] 

 
Earnings Before Depreciation 
and Taxes (EBDT) 

180 180 

- Depreciation 70 35 

= Earnings Before Taxes (EBT) 110 145 

- Tax 35.2 46.4 

= Earnings After Tax (EAT) 74.8 98.6 

+ Depreciation 70 35 

- 
Increase of Net Working Capital 
(NWC) 

44 44 

+ Increase in deferred taxes 0 11.2 

= NCF4 100.8 100.8 

 
In the stage of investment liquidation there are two groups of revenue: 
‒ revenue on fixed assets sales, 
‒ revenue resulting from net working capital liquidation (sale of stock, collection of account re-

ceivables, payments of account liabilities). 
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Example 4.5. 
Investment liquidation stage – 𝑁𝐶𝐹𝑖 in the liquidation stage 

The company assumes that after 10 years the building and the land will be sold. The selling price of 
land will be equal to its purchase price i.e. 250 thous. EUR. In 10 years the building will not be fully 
depreciated. Its book value will be 50 thous. EUR. However the company will sell it for 97 thous. 
EUR. 

Full depreciation of machinery and equipment is assumed. After 10 years the value of current assets 
will be equal to 64 thous. EUR. The value of irrecoverable account receivables is assessed at 8 thous. 
EUR and value of current liabilities 36 thous. EUR. Income tax rate is 32%. 

The difference resulting from the sale of building: selling price – book value, will be taxed:  
0.32 ∙ (97 thous. EUR – 50 thous. EUR) = 15.04 thous. EUR.  

Tax savings from irrecoverable account receivables are equal to 2.56 thous. EUR (0.32 ∙ 8 thous. EUR). 

The method of calculation of final 𝑁𝐶𝐹𝑡 for the example in consideration is shown in Table 4.5. Hav-
ing calculated 𝐶𝐹𝑡 in every stage of investment project we can now choose the method of evaluating 
investment profitability. 
 
         Table 4.5. Net cash flow in the liquidation stage 

Type of operation Kind of inflow 
Value 

[in thous. EUR] 

 Land 250 

+ Buildings 97 

- Tax 15.04 

= Capital inflow 331.96 

 Current assets 64 

- Tax savings 2.56 

- Current liabilities 36 

= Net working capital 25.44 

= NCF 357.4 

 
The value of cash flows of investments that have already been completed is known. In case of in-
vestment projects that are in the stage of planning, the value of cash flows is a forecasted value so 
it is not a value that will be received for sure. Uncertainty refers to future revenue as well as to 
costs. For this reason these cash flows are considered as risky cash flows. It is often assumed that 
cash flows are random variables having appropriate probability distribution. 
 
 
5. Weighted Average Cost of Capital (WACC) 
 
Weighted average cost of capital (WACC) is a calculation of a company’s cost of capital that weights 
each category of capital proportionately. WACC calculation includes all capital sources, such as com-
mon stock, preferred stock, bonds and any other long-term debt. WACC is simply the weighted av-
erage expected cost for the company’s various types of obligations – debt, preferred stock, and 
common stock – that are issued by the corporation to finance its operations and investments. 
 

http://www.investopedia.com/terms/w/


Joanna SZCZEPAŃSKA 

49 

Broadly speaking, the assets of a company are financed by either debt or equity. WACC is the aver-
age of the cost of each of these sources of financing weighted by their respective usage in the given 
situation. By taking a weighted average, we can see how much interest the company has to pay for 
every monetary unit it borrows. A company’s WACC is the overall required return on the company 
as a whole. It is the appropriate discount rate to use for cash flows similar in risk to the overall 
company. In an analysis of a potential investment by the company, investment projects that have 
an expected return that is greater than the company’s WACC will generate additional free cash flow 
and will create positive net present value for stockholders. These corporate investments should re-
sult in an increase in stock prices. Investments that earn less than the company’s WACC will result 
in a decrease in stockholder value and should be avoided by the company. 
 

The general expression for calculating the weighted average cost of capital is as follows: 
 

𝑊𝐴𝐶𝐶 =
𝐷

𝐷+𝐸
∙ 𝑘𝑑 +

𝐸

𝐷+𝐸
∙ 𝑘𝑒, 

 
where: 
𝐷 – debt, 
𝐸 – equity, 
𝑘𝑒 – cost of equity, 
𝑘𝑑 – cost of debt. 
 
 

Table 5.1. Computing component costs 

COST OF EQUITY: 

1. Cost of preferred stock  
 

𝑘𝑝 =
𝐷𝑝

𝑃𝑝
 , 

or  

𝑘𝑝 =
𝐷𝑝

𝑃𝑝𝑛 − 𝐹𝑝𝑛
 

 
where: 
𝑘𝑝 – cost of preferred stock, 

𝐷𝑝 – preferred dividend per stock, 

𝑃𝑝 – price of preferred stock, 

𝑃𝑝𝑛 – sale price of preferred stock, 

𝐹𝑝𝑛 – costs of floating a new issue per stock. 

 

 

http://www.investopedia.com/terms/w/
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2. Cost of internal common equity: 

 
2.1. Dividend capitalization model 
approach  
 
 
 
 
 

 
The cost of equity for the no-growth case 

𝑘𝑒 =
𝐷

𝑃
, 

where: 

𝑘𝑒 – cost of equity,  

𝑃 – stock price, 

𝐷 – dividend. 
 

The case of perpetual dividends growing at a constant rate 

𝑘𝑒 =
𝐷0(1+𝑔)

𝑃
+ 𝑔, 

where: 

𝑔 – growth rate. 
 

The case of dividends growing at a variable rate 
 

𝑃0 = ∑
𝐷0(1+𝑔1)𝑡

(1+𝑘𝑒)𝑡
𝑚
𝑡=1 +

𝑃𝑚

(1+𝑘𝑒)𝑚 = 

 

=
∑

𝐷0(1+𝑔1)𝑡

(1+𝑘𝑒)𝑚
𝑚
𝑡=1 ∙𝐷𝑚+1

𝑘𝑒−𝑔2
, 

 
where: 

𝑔1 – above-normal growth rate expected by investors and secu-
rity analysts over the first m years’, 

𝑔2 – normal, perpetual, expected growth rate beginning in year 
m+1. 

The cost of equity
 
𝑘𝑒 can be estimated by solving this equation 

by trial and error. 
 

 
2.2. based on Capital Asset Pricing 
Model – CAPM 
 

 
𝑘𝑒 = 𝑘𝑅𝐹 + (𝑘𝑀 − 𝑘𝑅𝐹)𝛽, 

 
where: 
𝑘𝑅𝐹 – risk-free interest rate, 
𝑘𝑀 – market rate of return, 
(𝑘𝑀 − 𝑘𝑅𝐹) – market risk premium, 
𝛽 – a stock’s sensitivity to changes in the value of the market 
portfolio. Beta measures the marginal contribution of a stock to 
the risk of the market portfolio. 
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2.3. based on Arbitrage Pricing Model 
– APM 

 
𝑘𝑒 = 𝑘𝑅𝐹 + 𝛽1(𝑘1 − 𝑘𝑅𝐹) + 𝛽2(𝑘2 − 𝑘𝑅𝐹)+ 

+ ⋯ + 𝛽𝑛(𝑘𝑛 − 𝑘𝑅𝐹), 
 

where: 
1,2, … , 𝑛 – factors that affect the stock’s return, 
𝛽1, 𝛽2, … , 𝛽𝑛 – sensitivity coefficient of i-stock to certain factors 
1,2, … , 𝑛,  
(𝑘1 − 𝑘𝑅𝐹), (𝑘2 − 𝑘𝑅𝐹), … , (𝑘𝑛 − 𝑘𝑅𝐹) – risk premiums associ-
ated with certain factors 1,2, … , 𝑛.  
 

3. Cost of external common equity 
 

𝑘𝑒 =
𝐷0(1+𝑔)

𝑃−𝑊
+ 𝑔, 

where: 
𝑊 – cost of floating a new issue per stock. 
 
The cost of new capital is higher because: 
‒ cost of floating a new issue must be covered and 
‒ the new issue must be underpriced to attract buyers. 

 
From this reason many companies try to avoid this means of raising capital. Its usage depends on com-
pany’s investment opportunities. 
 

COST OF DEBT: 

1. cost of credit 
 

 
𝑘𝑑 = 𝑖𝑑(1 − 𝑇), 

 

 
where: 
𝑘𝑑 – cost of debt, 

𝑖𝑑 – interest rate, 
𝑇 – tax rate. 
 

2. cost of bonds 
𝑘𝑜 =

𝑂

𝑉0
(1 − 𝑇), 

 
where: 
𝑘𝑜  – cost of bonds, 
𝑂  – interest calculated on the nominal value of the bond, 

𝑉𝑜 – market value of the bond. 
 

3. cost of lease 
𝑘𝑙 = 𝑖𝑙(1 − 𝑇), 

 
where: 

𝑘𝑙 – cost of lease, 
𝑖𝑙  – lease interest rate. 
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Example 5.1. [6] 
TOR Company considers future investments projects. The company’s schedule of potentially ac-
ceptable capital expenditure projects (defined by the management as projects having internal rate 
of return IRR > 10%) for the next year as follows: 
 
        Table 5.1. Project’s characteristics 

Project’s name 
Required investment capital 

[in million dollars] 
Internal rate of return IRR [%] 

A 4.0 13.8 

B 8.0 13.5  

C 6.0 12.5 

D 5.0 12.0 

E 8.0 11.0 

F 4.0 10.0 

  
The company’s current capital structure (as well as its targeted future capital structure) consists of: 
‒ 40% debt, 
‒ 10% preferred stock, 
‒ 50% common equity. 

 

The company can raise: 

‒ debt $5 million at a pretax cost of 9%, 
‒ debt >$5 million at a pretax cost of 10%, 
‒ preferred stock at an after-tax cost of 10%. 

 
TOR Company expects to generate $10 million of retained earnings over the coming year. Its present 
dividend rate is 𝐷0 = $2 per share. The company’s common stock now is selling at $25 per share 
(𝑃0 = $25), and new common stock can be sold to net the company $24 per share (𝑃0

′ = $24). Fore-
casted growth rate is 7%. Tax rate is 40%. 
 
I.  Cost of capital calculation for each individual component 
 

1) Cost of debt kd 
 kd = id (1 ‒ t) = 9% ∙ 0.6 = 5.4% for debt  $5 mln 
 k’d =i’d (1 ‒ t) = 10% ∙ 0.6 = 6% for debt  $5 mln 
 

2) Cost of preferred stock 
 kp = 10 % (given) 

 

3) Cost of equity: 
– Internal (retained earnings - $10 million)  

ke = Do (1+g) / Po + g = $2(1 + 0.07) / $25 + 0.07 = 15.6%, 
– External (new common stock – amounts above $10 million) 

 k’e = Do (1+g) /P0’ + g = 15.9%. 

 
II. Computation the weighted (marginal) cost of capital for each increment of capital raised 
 
TOR Company raises funds in proportion to its target capital structure from its lowest cost sources 
first. Here, these sources are: retained earnings (15.6% after-tax cost), preferred stock (10%) and 
the first $5 million in debt (5.4% after-tax cost).  
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WACC1=k(W1) = 0.40 ∙ 5.4% + 0.1 ∙ 10% + 0.5 ∙ 15.6% = 10.96% 
 
How much total financing (retained earnings, preferred stock, debt) can be obtained before the $5 
million in low cost debt is exhausted and TOR company must acquire additional debt funds at the 
higher cost? Since we know that the target capital structure consists of 40% debt, the total financing, 
W1, that this will support, is equal to the amount of low cost debt available divided by the debt 
fraction in the capital structure: 
 

𝑊1 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑙𝑜𝑤 𝑐𝑜𝑠𝑡 𝑑𝑒𝑏𝑡 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

𝐷𝑒𝑏𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒
=

$5 𝑚𝑖𝑙𝑙𝑖𝑜𝑛

0.4
= $12.5 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 

 

This amount consists of: $5 million debt (40% of the total), $1.25 million (10% of the total) and $6.25 
million retained earnings (50% of the total). 
The amount of $12.5 million represents a break point in the marginal cost of capital schedule. Be-
yond $12.5 million in total financing, the weighted (marginal) cost of capital will rise, because higher 
cost debt must now be used. Beyond the first $12.5 million in funds, TOR Company can use higher 
cost debt (6% after-tax cost), preferred stock (10% after-tax cost) and retained earnings (15.6% af-
ter-tax cost) until all retained earnings are exhausted. Out of the total amount of retained earnings 
available ($10 million), $6.25 million has been used, leaving $3.75 million.  
 

WACC2 = k(W2) = 0.4 ∙ 6% + 0.1 ∙ 10% + 0.5 ∙ 15.6% = 11.2% 
 
The total financing that can be supported with the retained earnings is as follows: 
 

𝑊2 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

𝐸𝑞𝑢𝑖𝑡𝑦 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒
=

$3.75 𝑚𝑖𝑙𝑙𝑖𝑜𝑛

0.5
= $7.5 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 

 

This $7.5 million level represents the next break point in the weighted (marginal) cost of capital 
schedule. This $7.5 million consists of: $3.75 million retained earnings, $0.75 million preferred stock 
and $3 million debt. 
Beyond the second tranche, all additional funds raised will be with high cost debt, new common 
stock and preferred stock. The weighted cost of these funds is as follows: 
 

WACC3 = k(W3) = 0.4 ∙ 6% + 0.1 ∙ 10% + 0.5 ∙ 15.9% = 11.35%. 

 
III. Determining the optimal capital budget 
 

The optimal capital budget can be determined by comparing the expected project returns to the 
company’s marginal cost of capital schedule. We can illustrate this issue by drawing two curves: 
investment opportunity curve (IOS) and weighted (marginal) cost of capital curve (MCC). The opti-
mal capital budget is indicated by the point at which the investment opportunity curve and the 
marginal cost of capital curve intersect.  

Investment Opportunity Schedule (IOS) – a listing, or graph, of a company’s investment opportuni-
ties ranked in order of a projects’ rates of return. 

Marginal Cost of Capital (MCC) schedule – a graph or table that relates a company’s weighted av-
erage cost of capital to the amount of new capital raised.  

TOR Company’s optimal capital budget totals $23 million and includes projects A, B, C and D. Pro-
jects E and F are excluded, because their returns are expected to fall below 11.35% of cost of fund-
ing. Acceptance of projects E and F would result in a decrease in the company’s value. In principle, 
the optimal capital budget maximises the value of a company. 
It should be noted that this procedure assumes that all projects being considered are of equal (av-
erage) risk. 
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Investment decisions affect the level and structure of assets, and the corresponding financial deci-
sions affect the level and structure of liabilities and equity. These decisions are mutually independ-
ent in the sense that the attractiveness of equity investments does not depend on how they are 
financed. Hence, it can be concluded that the sources of obtaining funds necessary to launch invest-
ments do not affect the effectiveness of the projects under consideration, because the increase in 
funds is carried out in accordance with the capital structure theory.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.1. Determining the optimal capital budget 
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