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The basic way of analyzing and evaluating an investment project is by calculating the net present value of its cash flows. The rate used to discount the project's cash flows is one of the most important elements of the investment project analysis. Financial theorists agree that the "proper" discount rate should be the Weighted Average Cost of Capital (WACC) used to finance the project adjusted to account for the risk involved in the project. In practice we face the problem that there is no widely accepted way of adjusting the WACC to account for the project's risk. The purpose of this article is to show one of the potential ways to do it.
1. DISCUSSION
1.1. Weighted Average Cost of Capital

Weighted Average Cost of Capital is the sum of net costs of the capital components multiplied by the share participation in the total capital of a company: 
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where:

WACC 
- Weighted Average Cost of Capital,
A - total balance sum (assuming that A=E+D),

E - total equities,
CE - cost of equities, 

D - total debt,

CD - gross cost of debt,

T - terminal tax rate.

Example 1

The equities of the company amount to 45% of the total capital and their cost is estimated at 40%. The rest of the capital is bank credit which the effective cost is 26% gross. The company generates profit and therefore pays corporate tax which the effective terminal rate is 38%. Weighted average cost of capital equals 40%*0.45 + 26%*(1-0.38)*0.55 which is 26.87%.

If the cost of any capital components can change over time, the WACC should be estimated for each period separately. If the cash flows and the discount rate are estimated on the nominal basis (they include the forecasted levels of inflation) and if the forecasted rate of inflation decreases, the cost of debt should also decrease. Also, the decreasing nominal tax rate causes the decrease of WACC.

Example 2

The company assumed that the analyzed six-year project will be financed one-fourth with equities and three-fourths with debt obtained by issuing six-year bonds. The company estimates its equities’ capital at 37% p.a. and assumes it will stay constant. The issued bonds will pay the coupon at the end of each year and assumes that the rate of the coupon will solely depend on the rate of inflation. The forecasted levels of the inflation rate in the six coming years are as follows:

Table 1. Forecasted inflation rate


1
2
3
4
5
6

Forecasted inflation rate (%)
17.00
14.00
12.00
10.00
9.50
9.10

Currently, the inflation rate is 20% p.a. and the cost of debt for the company is 26% p.a. It means that the rate of the bond coupon would have to be 26% currently. It also means that the premium over inflation for bondholders and the premium for specific risk connected with the company is six percentage points over inflation.

Therefore, the cost of inflation could be projected as the sum of the forecasted inflation rate in each year and the six-percentage-point premium. However, it is not the proper solution in the economy characterized by a strongly variable inflation rate. The current share of the risk premium (six percentage points) in the whole cost of debt (26% p.a.) is about 23% (6/26). However, if the inflation rate in the last year of the project really decreases to the forecasted level of 9.1% p.a. and the premium is still at 6%, the share of the premium in the whole cost of debt (15.1%) will amount to 39.7% (6/15.1). To avoid such a situation in which the share of the premium increases too quickly, the premium paid to the bondholders should be calculated as a ratio. If the current premium is 6% p.a. and the basis (inflation rate) is 20%, the ratio would be 1.3 (26/20). Therefore, the company should offer to the bondholders the floating coupon rate that will be equal to the actual inflation rate in the coupon period multiplied by the fixed premium ratio of 1.3.

Thus, if the company accepts the coupon rate of the bonds equal to the inflation rate and the fixed premium ratio of 1.3, the company can estimate its gross cost of debt used to finance the project at the following levels:

Table 2. Gross cost of debt used to finance the project


1
2
3
4
5
6

Forecasted inflation rate (%)
17.00
14.00
12.00
10.00
9.50
9.10

Cost of debt (inflation*1.3)
22.10
18.20
15.60
13.00
12.35
11.83

As we assume, the project and the company itself will in all the years generate profits, due to which there will be the possibility to use the full tax shield which means that during each year, the net cost of debt can be calculated with the estimated equation Cnet=Cgrossx(1-T), where T is the effective terminal tax rate within each year.

In the example above, the capital used to finance the project constitute: three-fourths debt, with a floating cost and one-fourth equities, with a fixed cost of 37% p.a. The calculations for the weighted average cost of capital are shown in Table 3. 

1.2. Adjusting WACC

If the financing structure of a project is the same as the structure of financing the company and the risk of a project is the same as the risk of the current assets of the company, weighted average cost of capital would be the proper discount rate for the project. That situation could take place if a company consists of a number of identical shops, for example, and the project is building another identical shop. If financing the structure of building that shop would be the same as the financing structure of a company, weighted average cost of capital would be the proper rate to discount cash flows of the project. However, if the risk of a project is other than the risk of current assets of a company, then weighted average cost of capital needs to be adjusted to account for different risks of a project.

Table 3. Calculations for the weighted average cost of capital


1
2
3
4
5
6

Gross cost of debt (%)
22.10
18.20
15.60
13.00
12.35
11.83

Corporate income tax rate (%)
38%
36%
34%
32%
32%
32%

Net cost of debt (%)
13.7
11.65
10.3
8.84
8.40
8.04

Proportion share of debt
0.75
0.75
0.75
0.75
0.75
0.75

Actual cost of debt (%)
10.28
8.736
7.722
6.63
6.299
6.033

Cost of equities (%)
37
37
37
37
37
37

Proportion share of equities
0.25
0.25
0.25
0.25
0.25
0.25

Actual cost of equities (%)
9.25
9.25
9.25
9.25
9.25
9.25

Weighted Average Cost of Capital (%)
19.53
17.99
16.97
15.88
15.55
15.28

Potential adjustment is not symmetrical, however. If the risk of a project is higher than the risk of a company, weighted average cost of capital is adjusted upward to account for the higher risk of a project. On the other hand, if the risk of a project is lower than the risk of the company, weighted average cost of capital is not adjusted downward because it could lead to a wrong investment decision. Weighted average cost of capital represents the actual cost that a company will have to pay. Adjusting that cost downward in the discount rate could damage the analysis because automatically the assumption that cost is lower than it actually is would be made.

Example 3 

The company is analyzing a project requiring an investment of 100 units and offering the following cash inflows during the next three years:

Table 4. Cash inflows

0
1
2
3

-100
15
15
115

Weighted average cost of capital used to finance the project is 30% p.a. and is assumed to stay unchanged.

If a project would be investing in assets "almost" risk-free, for example making a time deposit in a safe bank, and to account for this, the company would use a lower rate to discount positive cash flows at 10% p.a. (risk-free rate), the Net Present Value NPV of that project would equal 12.43 units. Positive NPV would indicate that the project should be taken.

However, if the company's weighted average cost of capital is 30%, it means that the company will have to carry that burden. It implies that the cost of using both internal and external capital (dividends and interests) will be 30 units per year (assuming that dividends and interests are paid at the end of each year). This means that actual cash flows of such a project will be the following:

Table 5. Actual cash flows

0
1
2
3

-100
-15
-15
85

As it can be observed, the total sum of the cash flows is negative which means the investment will never be paid back, even in nominal categories.

To summarize, the WACC should not be adjusted downward even if the project's risk is lower than the risk of the company. In the opposite situation, the WACC needs to be adjusted upward. The problem is that there is no standard way to do it.

The aim of this article is to present a potential way of including the project's risk in its discount rate. The following adjustment ratio can be used to adjust the WACC upward:
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where:

AR
- the Adjustment Ratio,

CVp
- project's coefficient of variation,

CVc
- company's coefficient of variation.

The company's coefficient of variation can be calculated as the standard deviation of the company's operating flows in the past divided by their average value. Similarly, the project's coefficient of variation can be calculated as the standard deviation of the project's operating (other than investment and financial) flows divided by their average value.

If the risk (assumed as the coefficient of variation) of a project and the risk of the company are equal, the adjustment ratio will equal 1 and the proper discount rate will be equal to the weighted average cost of capital. If the project's risk is higher than the company's risk, the discount rate will be higher than the WACC. If the project's risk is lower, the adjustment ratio should stay equal to 1. Let us check this with our example.

Example 4

Let us assume that the operating flows of the company during the last three years (the most representative period) were as follows:

Table 6. Operating cash flows of the company

101,820
118,485
133,605

The average value of the above is 117,970 and the standard deviation is 15,899. It gives the value of the Adjustment Ratio at 0.13477 (15,899/117,970). The sum of operating, other than financial and investment flows
, of the project are shown in Table 7:

Table 7. The sum of operating, other than financial and investment flows


1
2
3
4
5
6

Operating flows
11 750
12 864
14 091
15 012
16 118
17 288

Other flows
-4 000
-4 000
-4 000
-4 000
-4 000
-4 000

Total flows
7 750
8 864
10 091
11 012
12 118
13 288

The average value of the total flows is 10,521 and their standard deviation is 2052, which gives the value of the project's coefficient of variation at 0.195. A higher coefficient means that the WACC should be adjusted upward. The Adjustment Ratio would be equal to 1.447 (0.195/0.135). The above Adjustment Ratio would lead to the following discount rates (the WACC comes from Example 2):

Table 8. Discount rates


1
2
3
4
5
6

Weighted average cost of capital
19.53
17.99
16.97
15.88
15.55
15.28

Adjustment Ratio
1.447
1.447
1.447
1.447
1.447
1.447

Discount rate
28.26
26.03
24.56
22.98
22.5
22.12

Given the discount rates for the successive periods, we can calculate the values of the discount rates that will actually be used to discount cash flows:

Table 9. Discounted cash flows


1
2
3
4
5
6

Single discount rate (%)
28.26
26.03
24.56
22.98
22.50
22.12

Cumulative discount rate (%)
28.26
27.14
26.28
25.45
24.85
24.39

If a discount rate is fixed and constant over all periods, the cash flow in period n is discounted with the following factor:
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However, if the discount rates are different for different periods, the cash flow in a period n is discounted with the following factor:
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which in fact means discounting with the geometric average of the discount rates for periods 1 to n. Such geometric averages are calculated in raw, titled "Cumulative discount rate (%)" in Table 9.
The proposed methodology of adjusting the weighted average cost of capital, though having a few advantages, also has at least one disadvantage. Though it seems that comparing the risk of a project and a company can be processed on the basis of the coefficient of variation, it is not yet determined whether calculating the coefficient of variation of a project is based on one standard deviation of all cash flows.

It may happen that a very attractive project has very high cash flows in the first few periods and very low in the last few periods. It will cause the standard deviation of such cash flows to be high or even very high which can lead to a high value of the Adjustment Ratio and, in consequence, high values of discount rates. Such case is described in Example 5.

Example 5

The following Table shows the projected cash flows of a project:

Table 10. Projected cash flows of a project

0
1
2
3
4
5
6
7

-100
4000
10
10
10
10
10
10

The average value of the above cash flows is 580. At first glance, it is obvious that the project is very attractive. However, the high value of the flow in period 1 and low values of flows in the next periods cause a very high standard deviation at 1508.1, which leads to a very high coefficient of variation (2.6).

A possible way of getting rid of this disadvantage is by changing in the calculating methodology of the project's coefficient of variation. Let us assume that the standard deviation of a project will not be calculated over all periods, but there will be calculated many standard deviations (one for each period) under different scenarios and the project's standard deviation will be the weighted average of standard deviations in all periods.

Example 6

Let us assume that the cash flows of the project presented in Example 5 can vary under different scenarios:

Table 11. Pessimistic scenario (probability 0.05)

0
1
2
3
4
5
6
7

-100
1 000
2
2
2
2
2
2

Table 12. Medium pessimistic scenario (probability 0.25)

0
1
2
3
4
5
6
7

-100
3 000
6
6
6
6
6
6

Table 13. Balanced scenario (probability 0.40)

0
1
2
3
4
5
6
7

-100
4 000
10
10
10
10
10
10

Table 14. Medium optimistic scenario (probability 0.25)

0
1
2
3
4
5
6
7

-100
5 000
14
14
14
14
14
14

Table 15. Optimistic scenario (probability 0.05)

0
1
2
3
4
5
6
7

-100
7 000
18
18
18
18
18
18

The next step is the calculating of coefficients of variation for each period separately. For each period, the average value and the standard deviation should be calculated. 

For the first period, the calculations will be as follows:

a) the expected value will equal 4000 (1000 * 0.05 + 3000 * 0.25 + 4000 * 0.4 + 5000 * 0.25 + 7000 * 0.05),
b) the standard deviation will equal 2236.07.

The following Table includes calculations of the expected values, standard deviations and the coefficient of variation for each period:

Table 16. Expected values, standard deviations and coefficients of variation


1
2
3
4
5
6
7

Expected value
4 000
10
10
10
10
10
10

Standard deviation
2 236.07
6.3
6.3
6.3
6.3
6.3
6.3

Coefficient of variation
0.559
0.632
0.632
0.632
0.632
0.632
0.632

The next step is calculating the average coefficient of variation for the whole project on the basis of coefficients of variation for all periods. It is obvious that the average coefficient of variation for the whole project should be calculated as the weighted average and not the simple average. To account for the "time value of money" effect, the weights should be based on the share participation of the current (present) value of a cash flow in the total sum of current values of cash flows. The present values of future cash flows should be calculated by discounting with the WACC (as we still do not know the proper discount rate).

The following Table shows the present values of the cash flows discounted with the WACC (assumed to stay constant at 20%).

Table 17. Present values of the cash flows discounted with the WACC

1
2
3
4
5
6
7

3 333.33
6.94
5.79
4.82
4.02
3.35
2.79

The total sum of present values of cash flows is 3361.05. The share participation of the flows in the total sum are as follows:

Table 18. Participation of the flows n the total sum

1
2
3
4
5
6
7

0.99175
0.00207
0.00172
0.00143
0.00120
0.00100
0.00083

The following table shows calculations of the coefficient of variation of the project:

Table 19. Calculations of the coefficient of variation


1
2
3
4
5
6
7

Coefficient of variation
0.55902
0.63246
0.63246
0.63246
0.63246
0.63246
0.63246

Share (weight)
0.99175
0.00207
0.00172
0.00143
0.00120
0.00100
0.00083

Multiples
0.55441
0.00131
0.00109
0.00091
0.00076
0.00063
0.00053

Total






0.55962

The project's coefficient of variation will equal 0.55962. As it can be observed it is much lower than the value calculated on the basis of one standard deviation of all flows which is 2.6.

1.  It seems that the proposed methodology has a few advantages:

2.  it compares the risk of a project and the risk of the company on the basis of the coefficients of variation;

3.  it calculates the risk of a project on the basis of the weighted average of coefficients of variation for different periods, due  to which the project's coefficient of variation is not sensitive to a strong variation of cash flows in successive periods;

4.  because the weights of coefficients of variation are based on current (present) and not nominal values, they properly account for the "time value of money" effect.

Undoubtedly, the disadvantage of the presented methodology is that it requires calculating the expected values and standard deviations for all cash flows under all possible scenarios which implies that all scenarios (and their possibility) should be estimated. The presented methodology also cannot be applied when the project is taken by a company "without history" because there is no company's coefficient of variation then.

CONCLUSION

One of the potential ways of adjusting the investment project's WACC is to multiply it by the Adjustment Ratio. The Adjustment Ratio is the project's coefficient of variation divided by  the company's coefficient of variation. The project's coefficient of variation may be simply calculated as the standard deviation of the cash flows divided by their average. The more sophisticated way is to calculate a coefficient of variation for each cash flow separately (under different scenarios). The project's coefficient of variation would be then the weighted average of coefficients of variation of all cash flows. The company's coefficient of variation can be calculated as the standard deviation of the company's operating flows in the representative past periods divided by their average.
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PRILAGOĐENI VAGANI PROSJEK TROŠKOVA KAPITALA U DISKONTONOJ STOPI INVESTICIJSKOG PROJEKTA

Sažetak
Osnovni način analiziranja i prosudbe investicijskog projekta je izračun čiste sadašnje vrijednosti njegovih novčanih tokova. Stopa kojom se diskontiraju novčani tokovi je jedan od najznačajnih čimbenika analize investicijskog projekta. Teoretičari financija se slažu da bi kao “pravu” diskontnu stopu trebalo odabrati prosječni vagani trošak kapirala (WACC) kojim se projekt financira, prilagođen za stopu rizika projekta. U praksi, pak, uočava se problem nepostojanja opće prihvaćenog načina prilagođavanja prosječnog vaganog troška kapitala riziku projekta. U ovom se radu prikazuje jedna od takvih metoda.

REVIEW ON RESEARCH REPORT

Arturas Kaklauskas:

MULTIPLE CRITERIA DECISION SUPPORT OF A BUILDING LIFE CYCLE
Vilnius, “Technika”, 1999.

The research report of dr. Arturas Kaklauskas’s Multiple criteria decision support of a building life cycle has 118 pages, including 206 bibliographical items. The research consists of four main parts:

1. A model for a complex analysis of a building life cycle

2. Methods of multiple criteria analysis

3. Multiple criteria decision support systems

4. Total life analysis, modeling and forecasting of construction in Lithuania.

The main task of this research was to increase the efficiency of the life cycle of a building with the help of a suggested model for the building life cycle complex analysis and methods of multiple criteria analysis. For this purpose, the author selected the object and method of research. The research object was a building life cycle, interested parties striving to attain their goals and the environment (macro and micro) making an integral whole. A comprehensive research into the object required the development of new methods of project multiple criteria analysis, enabling the user to thoroughly assess its various aspects. 

· In the first part, the author presented a survey of papers containing a complex analysis of a building life cycle made by researchers from various countries. In order to realize this purpose, an original model of the complex analysis of a building life cycle was developed, enabling the analysis of a building life cycle, the parties involved in the project, as well as its environment as a complete entity. This model was being developed step by step as follows:

· a comprehensive quantitative and conceptual description of a research object,

· multivariate design of the life cycle of a building,

· multiple criteria analysis of the life cycle of a building,

· selection of the most rational version of the life cycle of a building,

· development of a rational micro and macro level environment.

The model of the complex analysis of a building life cycle was verified by the author in operational conditions.

In the second part, the author developed a new method of multiple criteria analysis. Namely, researchers considering the methods of multiple criteria analysis did not touch upon the topic of making a building life cycle, the parties involved in the project and environment factors affecting it as an integral whole. New methods of applying multiple criteria analysis to the research of a building life cycle were developed.

A new method of complex determination of the significance of the criteria takes into account their quantitative and qualitative characteristics, enables the user to obtain a reduced criterion determining overall efficiency of the project, determines the utility degree and market value of objects on the complex analysis of all their benefits and drawbacks, enables the user to make a computer -aided design of up to 100,000 alternative project versions. 

In the third part, the author developed a multiple criteria decision support system. This system was developed on the basis of the analysis of ES and DSS in construction which were developed by researchers from various countries. The system developed by the author (in cooperation with his colleagues) differs from others in the use of new original methods and the object of investigation. It consists of a database, database management system, model-base, model-base management system and user interface.

The database consists of the following tables: (1) initial data tables, (2) tables assessing a refurbishment solution and (3) tables of multivariate design. The collection, processing and presentation of information for the database in the computer acceptable form is a complicated and time-consuming process. The information collected in the database should be reliable, fully describing building refurbishment, as well as enabling HRMCDSS to perform an efficient, multivariate refurbishment design and multiple criteria analysis.

Since the efficiency of the building refurbishment variant is often determined by taking into account numerous factors, a model-base of a decision support system should include models enabling a decision-maker to do a comprehensive analysis of the variants available and make a proper choice. The author aimed the following models of the model-base to perform this function: (1) a model of developing the alternative variants of building enclosures, (2) a model for determining the initial significances of the criteria, (3) a model for the criteria significance establishment, (4) a model for the multivariate design of building refurbishment, (5) a model for multiple criteria analysis and setting the priorities, (6) a model for determination of the project utility degree, and (7) a model for providing recommendations. Based on those models, a HRMCDSS can make up to 100,000 building refurbishment alternative versions, performing their multiple criteria analysis, determining the utility degree and selecting the most beneficial variant without human interference.

In the fourth part, the author applicated the model for analyzing, modeling and predicting the development of the Lithuanian construction industry, enabling the users to achieve better practical results in designing a more effective life cycle of the buildings.

The author developed an original model of a complex analysis of a building life cycle. This model enables the user to analyze a building life cycle and its stages, the parties involved in the project as well as its environment as an integral whole. The model was described in quantitative (a system and subsystems of criteria, units of measure, values and significances) and conceptual (text, formula, schemes, graphs, diagrams and video tapes) forms. For this purpose, the author developed new methods for performing multiple criteria analysis and original multiple criteria DSS. 

On the basis of the previous discussion, I believe that the research report, Multiple criteria decision support of a building life cycle by dr. Arturas Kaklauskas meets the highest standards of academic achievement, both regarding its original scientific contribution, and the methodology of research. Therefore, I am glad to be able to conclude that dr. Arturas Kaklauskas has demonstrated outstanding academic merit and that he deserves to be habilitated.

Prof. dr. Marin Buble
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� Other than operating, financial and investment flaws can be, for example, the negative flaws connected with the necessity to freeze additional capital in the project or lowering the current flaws of the company caused by taking a project.
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