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Risk neutral valuation of a leveraged buyout

Is it possible to value the equity investment in an LBO as a real option?
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Abstract
In this thesis a valuation model is constructed that values an equity investment in a leveraged buyout using techniques from real option theory and modern capital budgeting. The model is based on an earlier constructed model by Schwartz and Moon (2001), who applied their model on internet companies. The main difference between the constructed model and traditional valuation methodology (DCF) is that the free cash flows and residual firm value are calculated in a risk neutral world. As a result it’s possible to discount the cash flows and residual value at the risk free rate of interest instead of the WACC. The applicable methodologies to adjust the cash flows and residual value to a risk neutral world differ from the ones suggested by Schwarz and Moon (2001) and are discussed extensively. Finally, the constructed model is applied in the valuation of the equity investment made by Candover in the leveraged buyout of the Stork firm.
(JEL G11, G12, G17, G32, G34)
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1. Introduction

At the end of June 2006 Stork, a listed technical components manufacturer located in the Netherlands, announced that it could be a takeover target from several investment businesses. In other words: Stork had become the target of a possible leveraged buyout (LBO) transaction executed by one or more private equity investors. The initial announcement was followed by a small bidding war that resulted in the acquisition and delisting (LBO) of Stork by the Candover private equity house. Candover paid € 48.40 per share, implying a bid premium of approximately 14 percent over the stock price prior to the announcement. The fact that the shareholders, primarily other private equity investors, accepted the offer implicates that Candover paid a price equal to or exceeding their opinion about the stock’s value. However, according to Credit Suisse, a private equity house typically requires a yearly return on an investment of approximately 20-25 percent.
 As a result the conclusion could be drawn that Candover allocated a much higher value to Stork than other investors did. A conclusion that implies that one of the parties could have made an error in valuating Stork and/or that the parties involved made use of different valuation methodologies that resulted in different outcomes. To be able to understand the assumed differences in valuations and to draw the right implication(s) it’s necessary to start at the beginning, namely valuation in general.

According to the wikipedia online encyclopaedia valuation is the process of estimating the potential market value of a financial asset or liability.
 Furthermore, valuations can be done on assets (for example, investments in marketable securities such as stocks, options, business enterprises, or intangible assets such as patents and trademarks) or on liabilities (e.g., bonds issued by a company). The difficulty is however, that the outcome of a valuation depends on the forecast of certain for the asset or liability relevant future developments, which with certainty can be said to be uncertain. Because the outcome of a valuation depends on these uncertain future developments, it’s not possible to point out one correct outcome with certainty. Furthermore, as there are several different valuation methodologies available, it cannot be stated that one methodology is theoretically better than the other ones. 

The basic methodologies available for valuating a firm or an equity investment are the enterprise Discounted Cash Flow (DCF) method, the Adjusted Present Value (APV) method and the Multiples comparison method.
 Although the DCF methodology seems to be the most frequent used one, it cannot be stated that it is theoretically preferable over the other methodologies. For this reason the choice of the applicable methodology depends on the specific situation, the available time and data and the personal preferences of the applying person. It is also not uncommon to use more than one methodology, which enables result comparison. On top of these methodologies the so called internal rate of return (IRR), a capital budgeting metric, can be used to value the “efficiency” or “quality” of an investment. In practise this method is often used to value an equity investment in an LBO transaction, a transaction which is predominantly debt financed. Because of this relatively high degree of debt financing in an LBO transaction, the expected payoff of the equity investment could be compared with the payoff of an option. The upside potential is unlimited as the debt holders never receive more than the face value of their debt plus interest (the “strike price”), while the downside is limited to the equity investment (the “margin”), often a relatively small part of the total firm value. As the equity investment’s payoff is comparable with the one of an option, it should be possible to value the investment as an option, more specific, as a real option. 

Schwartz and Moon (2000 and 2001), among others, apply real option theory in combination with Monte Carlo simulation to value a firm as described and applied in their articles. Their application consists of the combination and use of techniques from real option theory and modern capital budgeting to value high growth internet companies. They specifically focus on internet companies as at the moment of their research (2000 and 2001 – before the internet bubble) the stock prices of these companies increased rapidly, while most of these companies had never made any net profits. Furthermore, it was almost impossible to explain the stock prices by applying the earlier discussed traditional valuation methodologies. The same can now be said about the valuation of Stork, as traditional valuation methodologies don’t seem to explain the acquisition and it seems to be based on possible upside potential. Because of this resemblance and in an attempt to explain the acquisition, an alternative valuation framework based on the one from Schwarz and Moon is suggested and constructed in this thesis. 

It’s important to realize that upcoming internet companies are not comparable to full grown multinationals as Stork. Therefore the model constructed by Schwarz and Moon has to be adjusted to be applicable to LBO transactions. Furthermore, the methodology of Schwartz and Moon has been adjusted to be better applicable in practise. The latter being an important feature as the constructed valuation model is applied to value Stork in the fourth chapter. Finally, when the model is constructed, it is possible to perform certain sensitivity analysis. As the model is run using Monte Carlo simulation it’s possible to test the sensitivity to certain changes in e.g. the capital structure. When it comes to sensitivity analysis the focus will be on the IRR as this is the assumed key metric for private equity investors.

The remainder of the thesis is organized as follows. Chapter two starts by discussing the basic characteristics of an LBO transaction, as far as these can be generalized, and reviews the traditional valuation methodologies. Option valuation in general and the valuation of equity as an option is discussed in the second part of chapter two. In the third part of chapter two Monte Carlo simulation is discussed as a component of the valuation of equity as an option. Chapter two concludes with discussing the practical implication of real option valuation done by Schwartz and Moon. Chapter three discusses the methodology of the theoretical model. Most important is the determination of the variables underlying the model and the suggested methodology to adjust the cash flows to a risk neutral world. The theoretical model constructed in chapter three is applied in chapter four in the case study valuation of the LBO of Stork. Chapter four concludes with several sensitivity test and general remarks. Finally, chapter five presents the conclusions and recommendations for possible adjustments and recommendations for future research.

2. Theoretical background 

This chapter discusses the theoretical background needed to understand and construct the option valuation model for an equity investment in an LBO transaction.

The first paragraph of this chapter discusses the general characteristics of an LBO transaction. The second paragraph elaborates on the basic theoretical valuation methodologies that can be used to value an equity investment in an LBO transaction. After a brief discussion of general option theory the third paragraph introduces an additional valuation method, namely real option valuation using Monte Carlo simulation. The fourth paragraph discusses different valuation methodologies that can be used to value an option. 

2.1 Leveraged buyouts

This first step in constructing a valuation model is to understand the underlying assets and the characteristics of the transaction. To be able to value an equity investment in an LBO transaction this paragraph discusses briefly the basics of an LBO transaction and the specific characteristics important for a correct valuation. The paragraph is mainly based on Arzac (2008, pp. 262-290), Brealey Myers (2003, pp. 964-968) and Viebig (2008, pp. 295-331).
2.1.1 Leveraged buy outs in general

An LBO is an acquisition of a target firm by a small group of private equity investors (also called sponsor or promoter) often in combination with existing or new management. The target firm is often a spin-off or carve out of a division/business, a family owned business without succession, a secondary or tertiary buyout or a listed firm that goes private (through the LBO).

The financial and business criteria of an ideal LBO target are shown in table 2.1. Most criteria are an effect of the financial structure of an LBO transaction, which will be discussed in more detail hereafter. 
Table 2.1 Criteria of an ideal LBO target 

	Possible financial criteria
	Possible business criteria

	1. History of demonstrated profitability and the ability to maintain above average profit margins

2. Strong, predictable cash flows to service the financing costs related to the acquisition.

3. Readily separable assets or business which could be available for sale, if necessary.

4. Clean balance sheet with little debt.

5. Limited working capital requirements.

6. Minimal future capital requirements.

7. Potential for expense reduction.

8. Heavy asset base for loan collateral.

9. Tax advantages – deductibility of interest.

10. Firm size.

11. Equity undervaluation.

12. Liquid debt and equity market.

13. Attractive exit price.
	1. Strong management team (also understanding demands imposed by financial structure; focus on cash generation and debt retirement)

2. Products with well-known brand names and a strong market position.

3. Status as a low cost producer within an industry, thereby creating a competitive advantage.

4. Potential for real growth in the future.

5. Not subject to prolonged cyclical swings in profitability.

6. Products which are not subject to rapid technological change.

7. Synergy/consolidation opportunities.

8. Viable exit strategy.

9. Poorly understood/out of favor industry with opportunities to exploit undervaluation.


Source: Viebig, 2008 pp. 299.
The acquisition in an LBO transaction is predominantly financed by borrowing (debt) against the target’s future cash flows and committing as less equity as possible. With regard to the capital structure Kaplan (2009, pp. 124) states that an LBO is typically financed with 60 to 90 percent debt. 

The aggressive capital structure of the transaction is possible as the transaction makes use of different kinds of debt. Usually it consists of a combination of (secured) senior debt (bank loans), high yield debt (“junk bonds”) and mezzanine debt, as much as possible secured upon the assets of the acquisition target.
 After completion of the acquisition all free cash flows of the acquired firm are used for interest payments and debt redemption. For this reason companies with a constant, high and improvable cash flow are preferred.

The two most important advantages of such a highly leveraged financial structure, besides soft factors, are that it enables the equity investor to earn high returns on equity and to create a tax shield resulting in an effective corporate tax rate of zero.

The investment horizon of private equity investors is usually three to five years. Because of this relative short investment horizon and the fact that all cash flows are used for debt redemption, return for equity investors is not expected until the exit. This is also shown in the illustrated overview of an LBO transaction in figure 2.1.

Figure 2.1: Overview of an LBO transaction
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Source: Credit Suisse.

Because of the relative short investment horizon of an LBO, investors should already consider a viable exit strategy before the acquisition of the target firm. The most commonly used exit strategies are an Initial Public Offering (IPO), trade/sale to strategic buyer, sale to other private equity investor (secondary/tertiary buyout) or liquidation/default.
[image: image1]
Figure 2.2: Exit routes 1 H 2005 European Market, n = 265. 

Source: Lecture sheets drs. H.T. Haanappel.

During the investment period the private equity investor tries to create value in (a combination of) four different ways:
1. Financial restructuring resulting in enhanced leverage lowering the overall cost of capital and creating a (larger) tax shield.

2. Operational restructuring resulting in cost savings, revenue enhancements and possible group synergies.

3. Multiple expansion: possible when the target (and add-on acquisitions) are acquired at a lower acquisition multiple than the exit multiple.

4. Operating capital restructuring resulting in reduction of the working capital and reduction of value destroying capital expenditures.
According to Kaplan (2009, pp. 124 & 132) a private equity firm typically pays a premium of 15 to 50 percent over the current stock price of a public company. This can be explained as private equity investors are on average able to increase the ratio of operating income to sales by 10 to 20 percent and to increase the ratio of cash flow (operating income less capital expenditures) to sales by roughly 40 percent. The question now remains how much (premium) a private equity investor should pay in a specific transaction. 

2.2 Valuation methodologies

This paragraph discusses several valuation methodologies for valuing an equity investment. The paragraph starts by discussing the basic Discounted Cash Flow (DCF) methodology and a variant approach and a budget metric based on the same fundamentals, namely the Adjusted Present Value (APV) methodology and the Internal Rate of Return (IRR) methodology. The paragraph concludes with discussing the so called multiples methodology.

2.2.1 The basic discounted cash flow methodology

The DCF methodology values an investment based on the net present value (NPV) approach. The NPV methodology implies discounting the expected net cash flows from an investment at a discount rate that reflects the risk(s) of those cash flows, as graphically shown in figure 2.3 and mathematically in formula 2.1:

Figure 2.3: Graphical illustration of DCF valuation
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(2.1)

The value of expected future free cash flows can be computed by calculating the present value of free cash flows during the forecasted period and adding up the present value of the continuation value at the end of the forecasted period. This methodology consists of three elements: the free cash flows (FCF), the discount rate and the residual value. These three elements will now be discussed separately.

Free cash flows

According to Arzac (2008, pp. 8) the first step to forecast free cash flows is to develop a financial model of the firm made up of a complete set of forecasted pro-forma financial statements. This assures that the assumptions about the individual line items of the forecast are consistent with each other and permits a variety of analyses in addition to the computation of the free cash flows. The second step in forecasting free cash flows is to translate the business plan of the private equity investor into a set of pro-forma financial statements. Based on these statements is it possible to calculate the free cash flows using the following scheme:
Table 2.1: Cash flow scheme
	Revenues

	Cost of goods sold -/-

	Gross Margin

	Personnel Cost -/-

	General and Administrative Expenses -/-

	Depreciation and Amortization -/-

	Earning before interest and taxes (EBIT)

	Taxes over operating profit -/-

	Net operating profit after tax (NOPAT)

	Investments in Fixed Assets and Intangibles -/-

	Investments in Net Operating Working Capital -/-

	Increase in Operating Provisions +/+

	Depreciation and Amortization +/+

	Free Cash Flow


Discount rate

The value of the enterprise is according to Arzac (2008, pp. 14) the present value of the free cash flows available to all security holders computed at the weighted average cost of capital (WACC) of the firm. The WACC is computed weighting the cost of equity and the after-tax cost of debt by the target debt and equity ratios, or in a formula:
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(2.2)

In this formula τc is the marginal corporate tax rate, D is the amount of debt of the target, E is the amount of equity of the target, V is the total firm value, or the sum of debt and equity, 
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 is the cost of debt and 
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 is the cost of equity.

According to Arzac (2008, pp. 14) the cost of net debt 
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 is computed after tax in order to capture the tax shield resulting from the tax deductibility of interest expense, which is not accounted for in the free cash flows. The cost of debt and equity can be calculated in several ways. Because a discussion of all possible methodologies is beyond the scope of this thesis, this paragraph will discuss the general methodologies. For further readings about alternative approaches the referral is made to Arzac (2008, chapter 3, pp. 36-65).
According to Arzac (2008, pp. 14) the most common method to calculate the cost of equity is by using a two-factor model. Such a model allows for a premium for the non-diversifiable risk of the company and a premium for its (small) size, itself a proxy for reduced liquidity, or in an formula:
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The yield of a 10-year ‘triple A’ rated Government bond can be used as a proxy for the risk free rate of interest. The Market equity premium measures the premium required from a well-diversified portfolio (the market equity premium) scaled by a coefficient β, which measures the contribution of the stock to the risk (variance) of such a diversified portfolio. The beta can also be based upon the (unlevered) beta of companies from a peer group. Finally the size or liquidity premium is based on additional premiums where companies of comparable size were historically subjected to.

The cost of debt can be calculated for each individual debt class using the yield-spread of comparable debt of the same duration.
 This spread over the risk free rate of interest is made up of a systematic risk component plus a default risk premium. The best way of estimating the promised yield to maturity of corporate bonds therefore provides a close estimate of the cost of debt. 

Finally the Debt to Equity ratio (hereafter D/E ratio) should be taken into account when calculating the individual cost of debt and equity. When discussing the influence of the D/E ratio on the cost of capital it should be taken into account that the cost of debt is lower than the cost of equity. The reason for this difference is that in the event of bankruptcy or insolvency, debt holders take priority over equity holders. Because of this merit debt holders are exposed to less risk than equity holders and therefore require less compensation/return.

As shown in figure 2.4 the WACC equals the cost of equity when the capital structure of a firm consists only of equity.

Figure 2.4: Capital structure and the cost of capital
[image: image13.png]wacc
Cost of equity

WACC
Cost of debt

Debt/Equity




According to Modigliani and Miller (1958) the cost of equity increases linearly (consistent with the later developed Capital Asset Pricing Model, which states that systematic risk rises with the degree of leverage) as the weight of debt in the capital structure increases. As the firm starts to borrow money it benefits from the tax deductibility of interest payments to debt holders and the lower cost of debt than of equity, resulting in a declining WACC. However, after some point, the rising weight of debt causes bond rating agencies to doubt the firm’s ability to meet its debt obligations, ratings decline, and the cost of debt rises. These costs are also referred to as bankruptcy costs, which can be divided into direct and indirect bankruptcy costs. Direct bankruptcy costs are the legal and liquidation costs of dissolving or reorganizing a firm, e.g. payments to attorneys and accountants. Indirect bankruptcy costs are the losses in the value of the firm and its assets that occur during the process of declaring bankruptcy and liquidating. If there where no bankruptcy costs, lenders would have no fear of bankruptcy, as they would receive the full par value of their loans plus accrued interest after liquidation was complete.

As the D/E ratio increases, management, as an agent for the owners of equity, may expose the firm to unwarranted risks. These risks expose the organization to an increased probability of bankruptcy, making potential bankruptcy costs more and more important, eventually increasing the cost of debt, causing the WACC to rise. 

Summarizing it can be stated that the WACC depends on the cost of debt and equity and the capital structure of the firm. As this structure is constantly changing over time in an LBO transaction, it is almost impossible to calculate one WACC that can be applied to discount all cash flows during the investment period for an LBO.
Residual value

According to Viebig (2008, pp. 45) the value of the firm is theoretically the present value of its future free cash flows from now until infinity discounted at an appropriate discount rate. As it is impossible to estimate cash flows until infinity, practitioners usually estimate the present value of future cash flows during a limited forecasting period, the so called competitive advantage period. The value of future cash flows after the explicit forecasting period can be referred to as the residual value.

The value of the firm or enterprise value can now be expressed using the earlier shown formula 2.1. 

Viebig (2008, pp. 46) now states that, if the assumption is made that free cash flows grow forever at a constant rate 
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 during the terminal value of stable-growth period, the following perpetuity formula can be applied to calculate the residual value:
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(2.4)
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(2.5)
The residual value captures the value of the cash flows after the explicit forecast period at point t. It must be discounted by the weighted average cost of capital of the competitive period,
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A possible problem in an LBO transaction could now be that the growth rate is estimated too optimistic and exceeds the growth rate of the overall economy. This is a problem as in the long run a perpetual growth rate exceeding the growth rate of the economy results in a firm becoming as large as the whole economy.

To solve this problem Viebig (2008, pp. 46) assumes, based on Samuelson and Nordhaus (1998, pp. 517-537), that there will be convergence between the real growth rate and real interest rate. This assumption implies that the risk free rate of interest could be used as a proxy for the growth rate. Making this assumption also implies that 
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 as companies usually have to pay risk premiums above the risk free rate of interest for debt and equity.

To apply the assumptions into the calculation of the residual value Viebig (2008, pp. 46) starts with defining the return on invested capital,
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, as net operating profit after taxes, or NOPAT, divided by invested capital, IC:


[image: image21.wmf]IC

NOPAT

r

ic

=











(2.6)
Hereafter Viebig’s (2008, pp 46.) assumes that the return on invested capital and opportunity cost of capital are by definition equal in a steady state. This implies that a firm cannot add economic value, EVA, by increasing invested capital during the terminal value period, or in a formula:


[image: image22.wmf](

)

0

=

¾

®

¾

-

=

=

RV

i

r

ic

EVA

IC

i

r

EVA








(2.7)
Free cash flows to the firm equal NOPAT times
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, where IR, the investment ratio, represents the percentage of NOPAT reinvested in net working capital and net long-lived assets. Applying the so called fundamental growth equation which states that the growth rate equals the return on invested capital 
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 times the investment ratio, the residual value formula, 2.5, can be rearranged by substituting FCF by NOPAT resulting in formula 2.9:
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A slightly different approach is suggested by Koller (2005, pp. 62), who suggest that if a company grows its cash flows at a constant rate, the company can be valued using the following cash flow perpetuity formula:
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(2.10)
Assuming that formula 2.10 is valid instead of formula 2.5, and substituting formula 2.8 into 2.10 results in the following so called ‘value driver’ formula:
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2.2.2 Adjusted present value methodology

The biggest shortcoming of the above discussed basic DCF methodology is that it assumes a capital structure (D/E ratio) that remains unchanged over time. However, because LBO transactions start with high levels of debt and uses all available free cash flows for debt redemption, this assumption does not hold. Therefore, in case of an LBO transaction, a methodology would be preferred that takes the changing capital structure into account.
The APV methodology is able to take the changing capital structure into account as it assumes that the value of the firm is equal to the value of a firm that is all equity financed plus the value of the financing side effects (e.g. the present value of tax shields and bankruptcy costs) that arises from debt financing. This is also shown in the following formula:

Enterprise value = Present value (Free Cash Flows discounted at the unlevered cost of capital) + Present value (Financing side effects)





(2.12)

or:
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Where 
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 stands for the unlevered value of operations and 
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 for the value created by financing effects (e.g. tax shields).
According to Koller (2005, pp. 124) a result of Modigliani and Miller’s (1958) work is that the total risk of a company’s assets, real and financial, must equal the total risk of the financial claims against those assets. Thus, in equilibrium, the blended cost of capital for operating assets (
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), which will be called the unlevered cost of equity and the cost of capital for financials assets (
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) must equal the blended cost of capital for debt (
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According to Koller (2005, pp. 124) rearranging formula 2.14 results in the following formula to solve for the levered cost of equity:
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(2.15)
Formula 2.15 indicates that the cost of equity depends on the unlevered cost of equity plus a premium for leverage, minus a reduction for the tax deductibility of debt.

Now again following Koller (2005, pp. 125) and assuming that the risk associated with tax shields (
[image: image38.wmf]txa

k

) is comparable to the risk of debt (
[image: image39.wmf]d

r

), formula 2.14 can be rearranged to solve for the unlevered cost of equity:
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In formula 2.16 unlevered cost of equity relies on observable variables, such as the market value of debt, market value of equity, cost of debt, and cost of equity, as well as one unobservable parameter: the present value of tax shields (
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).

The value of the tax shield can be calculated using three variables: the marginal tax rate
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, the discount rate and the percentage of debt, which in case of an LBO transaction depends on how the firm performs. Because the percentage of debt and the marginal tax rate are uncertain in the future, they can only be estimated. As stated earlier (
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) the cost of debt (
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) can be used as an appropriate discount rate if the assumption is made that the risk associated with the tax shield (
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) equals the risk of debt (
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). 

2.2.3 Internal rate of return
In practice the attractiveness of potential targets for LBO’s is often identified and quantified by its internal rate of return (IRR). IRR is a capital budgeting metric that expresses the annualized effective compounded return rate which can be earned on the invested capital (i.e. the yield on the investment). In other words the IRR of an investment is the discount rate that makes the net present value of the investment's cash flow stream equal to zero, or in a formula:
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For simplicity and practical reasons the assumption can be made that all available cash flows in an LBO transaction are used for debt redemption. As a result the investor only receives the (partial) enterprise value minus the remaining net debt at the exit moment. If this assumption holds, the IRR can be calculated by solving formula 2.18. 
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Figure 2.5 shows the cash flow characteristics of an LBO transaction graphically.
Figure 2.5
Cash flow streams of an LBO deal
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Source: Viebig (2008, pp. 302)
According to Viebig (2008, pp. 303-304) measuring the attractiveness of an LBO using IRR’s has the following drawbacks:

1. The IRR is overestimated if there are interim cash flows that cannot be reinvested at the IRR.

2. Comparable IRR’s of different LBO’s ignores the fact that buyout companies usually do not bear the same risk.

3. There can be many solutions when solving the NPV formulas for the IRR, especially when the expected cash flows change sign.

However, Viebig (2008, pp. 305) states two reasons why practitioners do use IRR calculations instead of DCF models when evaluating potential LBO deals:

1. Well constructed LBO models based on IRR’s realistically reflect the mechanics of a leveraged buyout transaction.

2. LBO models based on IRR’s do not require financial analysts to estimate the effect of financial leverage on the equity beta and cost of equity. 

Ad 2: In a DCF framework the effect of financial leverage on the cost of equity can be estimated in three steps:
1. Calculate the unleveraged beta βunlev to remove the effect of the historical debt to equity ratio (D/E)hist on the equity beta β using the following formula.
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2. Applying the D/E ratio after releveraging the financial structure (D/E)rel it is possible to calculate the releveraged equity beta βrel.
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Assuming that the CAPM holds, the cost of equity 
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 can be estimated by inserting the releveraged beta in the following CAPM formula:
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According to Viebig (2008, pp. 305) the process of calculating releveraged betas to calculate risk premiums is theoretically questionable as the CAPM assumes that investors are only rewarded for market risk which cannot be eliminated through diversification. This being questionable as private equity investors will most likely require additional compensation for the size (liquidity) risk, bankruptcy risk and other LBO transaction specific risks.
2.2.4 Multiple valuation

Multiple valuation is presumably the fastest methodology to give a rough estimate of a firm’s value and is often used next to or check of the DCF methodology. The methodology consists basically of a comparison between multiples of an asset, the one that has to be valued, with the multiples of comparable assets, for which the current (market) price is known. In the context of valuation, ‘comparable’ means for example having a similar risk profile and/or similar leverage and/or similar growth expectations and/or similar size. Multiples can also be classified in different categories. Examples of different categories are: 

· Earnings multiples: PE, EV/EBITDA(R) and EV/EBITA and EV/EBIT

· Sales multiples: P/Sales and EV/Sales

· Market to book multiples: Price to Book and EV/Operating Capital

· Industry specific multiples: Value per subscriber and value per m2 for retailers

When applying multiple valuations, it should be taken into account that the outcome may be distorted by accounting standards and is therefore hard to compare on an international basis. Another shortcoming of multiples is that so called size effects are not incorporated in the multiple valuation as earnings of large firms are valued higher than earnings of small firms.
Finally multiple expansion or multiple arbitrage has to be discussed with regard to LBO transactions. The best way to explain multiple expansion is by discussing the following example. Consider an initial LBO transaction with an acquisition EBITDA multiple of ten. This multiple implies that the private equity investor acquires the target company for ten times EBITDA. After this first successful acquisition the private equity investor acquires two other comparable target companies for respectively six and seven times EBITDA. The third step for the investor is to integrate or merge all three companies into one big company. The final step is the exit of the newly created company through e.g. a strategic sale or IPO generating ten times EBITDA. The numerical details of all transactions are shown in table 2.2.

Table 2.2 Numerical details of multiple expansion example
	 
	Target 1
	Target 2
	Target 3
	 
	"new" company
	 
	 
	 

	EBITDA
	300
	200
	100
	 
	600
	 
	Total acquisition costs
	4900

	EBITDA multiple
	10
	6
	7
	 
	10
	 
	Exit revenues
	6000

	Acquisition price
	3000
	1200
	700
	 
	6000
	 
	Profit
	1100


Table 2.2 shows that, if merger and acquisition costs are assumed to be zero, the investor makes a profit of 1100 through add-on acquisitions at a lower acquisition multiple than the expected exit multiple.
2.3 Option valuation

The previous paragraph discussed several traditional valuation methodologies. In this paragraph a relative new valuation methodology will be discussed, namely real option valuation using Monte Carlo simulation.

The paragraph starts by discussing the history and basics of (financial) options and their valuation. Real options are discussed in the second part of the paragraph.

2.3.1 Introduction to option theory 

According to Black and Scholes (1973) an option is a security giving the right to buy or sell an asset, subject to certain conditions, within a specified period of time. An “American option” is an option that can be exercised at any time up to the date the option expires. A “European option” is an option that can only be exercised on a pre-specified date. The price that is paid for the asset when the option is exercised is called the ‘expiration price’ or ‘strike price’. The last day on which the option may be exercised is called the ‘expiration date’ or ‘maturity date’.

Figure 2.6 shows the payoff graph for a financial call option. The graph takes into account that a premium (call price) is paid for the option. For this reason the payoff is negative until the expiration price equals the stock price plus the premium.

Figure 2.6: Long Call Option Payoff Graph
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Source: www.stockoptiontutorial.com.
According to Merton (1973) the history of option pricing began in 1900 when the French mathematician Louis Bachelier deduced an option pricing formula based on the assumption that stock prices follow a Brownian motion with zero drift.

A stochastic (random) process St is said to follow a geometric Brownian motion if it satisfies the following stochastic differential equation:
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In this formula 
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 is the drift (deviation), 
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 is the volatility and 
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 is a “Brownian motion”, meaning that it is a random variable that reflects the draw from a normal distribution. When the assumption is made that the price of a stock underlying an option follows a geometric Brownian motion, it implies that the instantaneous returns of the option are normally distributed and that the underlying stock value is lognormal distributed.
After Bachelier numerous researchers have made contributions to option pricing theory. The most import contributions can be found with Black and Scholes (1973), who developed a breakthrough model which can be used for valuing European options on non dividend paying stocks. This model introduced the concept of pricing securities based on arbitrage methodologies and became the basis of today’s option pricing model (hereafter B&S model). The basic formula of this model is:
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Where,
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and
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Where N(dx) stands for the cumulative normal density function, S is the price of the underlying stock,  X is the exercise price, T is the expiration date, t is the current time, 
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 is the risk free rate of interest per unit of time and σ is the volatility (standard deviation in the rate of return) of the underlying stock.

The B&S model is constructed under the following assumed conditions in the financial markets:

1. The short-term risk free rate of interest is known and constant.

2. The stock price follows a random walk in continuous time with a variance rate proportional to the square of the stock price. Thus the distribution of possible stock prices at the end of any finite interval is lognormal. The variance rate of return on the stock is constant.

3. The stock pays no dividends or other contributions.

4. The option is “European”, that is, can only be exercised at maturity.

5. There are no transaction costs.

6. It is possible to borrow any fraction of the price of a security to buy it or to hold it, at the short term risk free rate of interest.

7. Unlimited short selling is allowed.

At the same time Merton (1973) extended the B&S model to incorporate the effect of dividends payments. 

According to Schwartz and Trigeorgis (2001, pp. 2) the B&S model values an option relative to the underlying stock. Furthermore, if the assumed conditions underlying the B&S models hold, it is possible to replicate an option synthetically by buying shares of the underlying stock and borrowing at the risk free rate, or:
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Where S is the price of the stock underlying the option, X the amount borrowed and Δ is the option delta, which can be calculated using the following formula:
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The possibility of replicating an option gives the opportunity to offset the risk of an option and to create a risk-less hedge. This implies that an option should have the same value in the actual world as in a so called risk-neutral world. As a result, the assumption can be made that in a risk-neutral environment the expected rate of return on the underlying asset (as well as the option) is the risk-free rate of interest. Schwartz and Trigeorgis (2001, pp.1) state that then the expected value of the option at maturity, under the risk-neutral probability distribution, can be discounted at the risk-free rate to obtain the current value of the option. In other words, if the expected payoff of an option is adjusted to risk-neutral world expectations, it can be discounted back at the risk free rate of interest. 

2.3.2 Real options

Black and Scholes (1973) are also among the first to recognize so called real options and the possibility to value almost every asset in an option framework.
 Their theory can be explained using the following example. Imagine the firm’s balance sheet. The left side of the balance sheet represents the economic value of the firm’s assets, where the right side of the balance sheet represents the value of all the firm’s liabilities. Suppose a firm has only two classes of corporate liabilities: equity and a zero-coupon risky debt which matures on time 
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. If the value of the firm is smaller than the promised principal, the firm will default and the debt holders will receive the value of the firm while equity will be worthless. Figure 2.7 illustrates the payoff of equity and debt as a function of the value of the firm at the maturity date of debt.

Figure 2.7: The payoff of equity and as a function of the value of the firm debt at the maturity date of debt.
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Source: Dorsman, Haanappel and Thibeault (2005)

As can be derived from figure 1, the payoff functions of equity and debt is nonlinear and can be represented as follows. 
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and
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In the presence of zero-coupon risky debt financing, equity is analogous to an European call option on the assets of the firm, with an exercise price of
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, equal to the debt’s promised principal. If 
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 the shareholders will exercise the call option and pay 
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 to receive the underlying firm value. If 
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 the shareholders will not exercise the call option and it will expire worthless. Thus shareholders of a levered firm can, at the maturity date of outstanding debt, either repurchase the firm from the debt holders by making the required interest payments and principal repayments or walk away from their liability and thus relinquish ownership of the firm to debt holders. 

The value of risky debt is equal to the price of a risk-free bond with the same terms minus the price of a put written on the value of the firm. It is commonly understood that risky debt plus a loan guarantee has the same value as risk-free debt. The loan guarantee insures the debt holders: it will pay any shortfall in the value of the firm necessary to repay the debt. If 
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than the guarantee will pay nothing, since the firm is sufficiently valuable to retire the debt. However, if 
[image: image79.wmf]X

V

T

<

the guarantee must pay the difference between the promised principal and the value of the firm. This loan guarantee is similar to a put option written on the value of the firm with an exercise price equal to the promised principal. So if risk-free debt is similar to risky debt plus a loan guarantee it must be that risky debt is similar to risk-free debt minus a written put option. In effect the debt holders own the firm’s assets but have given the option to buy the assets back to the shareholders. As indicated above, equity and risky debt can be represented as combinations of simple option contracts. Note that this analogy is not dependent upon any particular option pricing formula but instead is a fundamental relationship, which holds independently of how options and corporate securities should be valued. 

2.4 Valuing equity as an option

Accepting equity being a real option and/or an option on the firm, it is now possible to apply option valuation methodologies to value an equity investment. This paragraph starts by giving an introduction to valuing equity as an option, after which different option valuation methodologies will be discussed.

2.4.1 Introduction to valuing equity as an option

The biggest advantage of valuing equity as an option is that it allows for application of the risk-neutral option valuation framework to value an equity investment. This brings an advantage over traditional valuation methodologies, as it allows for discounting free cash flows at the risk-free rate of interest. Other advantages are that some forms of option valuation can take managerial flexibility into account and doesn’t have to make assumptions about the trajectory of spot prices in the future. The latter because it can use the information contained in traded securities, more specific in futures prices.

The availability of relevant traded securities is presumably the reason for the first equity investment valuations using real option techniques to be the valuation of investment projects in natural resources. An example is the work of Brennan and Schwartz (1985), who were among the first to apply risk-neutral valuation. They showed how assets, whose cash flows depend on highly variable output prices, may be valued and how the optimal policies for managing them may be determined by exploiting the properties of replicating self-financing portfolios. 

In line with the valuation of natural resource investment projects real option valuation is often used as a tool for making strategic investment decisions (Smit and Trigeorgis, 2004, pp. 94-95). The general formula for such a valuation is the following:

Expanded NPV = passive NPV + flexibility (option) value



(2.30)
This formula shows that real option valuation calculates the flexibility value of an investment and adds this to the ‘traditionally’ calculated NPV.
To value a real option there are three basic methodologies available, namely:

1. Analytical valuation 

· Black and Scholes

· Arzac

2. Numerical approach

3. Monte Carlo simulation

Accepting this classification of option valuation methodologies ignores that some authors, e.g. Schwartz and Trigeorgis (2001, pp. 10), assume that Monte Carlo simulation is a numerical techniques for option valuation. Furthermore, only the first and third methodology will be discussed, as the second one is beyond the scope of this thesis. For a discussion of the numerical approach the referral is made to Cox, Ross and Rubinstein (1979).

2.4.2 Analytical valuation according to the basic B&S model

Recall that the equity of a firm can be represented as a call option on the assets of the firm with an exercise price equal to the promised payment to the debt holders. Risky debt is in fact a portfolio of the risk-free asset with a promised payment of X at maturity and a written put option on the assets of the firm, assuming that the debt consist of zero coupon bonds. For this reason the following formulas must hold for the valuation of debt and equity
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and
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and
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where E is the value of equity, D is the value of debt, V is the value of the firm assets, X is the face value of debt, ( is the standard deviation of returns of the asset value and ( is an adjustment factor which will be discussed later. 

All relevant variables will be discussed to see whether or not the B&S model is applicable to value an equity investment in a LBO transaction.

Maturity date (T) 

It is required that all debt must have the same maturity (T), which serves as the expiration date of the option. Such an assumption does not hold for most LBO transactions, as it uses different debt classes with different maturities. Merton (1973) argues that the maturity of the option can be estimated by assuming that the debt matures when the accountant conducts the next audit, or, in case of an LBO transaction, when the next covenant test is conducted. Interest payments to debt holders might be taken as a proxy for the covenant test. The latter is arguable as debt holders will file for bankruptcy when interest payments are no longer made. However, there are two problems that arise. The first one, as argued by Giammarino, Schwartz and Zechner (1989), is that if a default on debt payments does not result in a bankruptcy, the firm will continue to operate and the value of the equity can be interpreted as a renewed option on the firm’s assets. The value of equity should, therefore, be valued as a compound option (e.g. see Geske (1977)). The second problem is that debt holders do not always immediately force a firm into bankruptcy even if the value of the assets drops below the promised payments to the debt holders (face value of debt). Such a situation might arise for the following reason. Although insolvent, the debt holder might be willing to allow a firm to continue operations in order to avoid bankruptcy costs. To account for these complications, Ronn and Verna (1986) and Giammarino, Schwartz and Zechner (1989) compensate by adjusting the exercise price by a value of (, where 0<(<1. Ronn and Verna (1986) and Giammarino, Schwartz and Zechner (1989) have estimated ( to be around 0.97 in case of a financial institution. 

Instead of using a time to expiration until the next firm audit or interest payments to debt holders, Hsia (1991) suggested an alternative approach that can also be used to determine the time to maturity of the options. Because a review of this methodology is beyond the scope of this thesis the referral is made to the article of Hsia (1991).

Although alternative calculating and/or adjusting methodologies are available to calculate the maturity date
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, it can be concluded that it is difficult to come up with one exact and correct maturity date of debt needed to apply the B&S model.

Cash flows generated by the underlying asset and the Exercise price (X)

Earlier the assumption is made that all cash flows after the LBO transaction are used for debt redemption. Because debt redemption results in a constantly changing exercise price
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, the B&S model is not applicable to value an LBO transaction. This would be different when all cash flows are diverted to the equity investor as dividend. Although the B&S model was derived to value options on non-dividend paying stocks, it would still be applicable in this second situation. The irrelevance of dividends was pointed out by Hsia (1991). He states that the effect of dividends on the value of equity of a firm modelled as a call option is quite different from that on the value of a call option on a dividend paying stock. In case of valuing a call option on a dividend paying stock, the dividend payments are foregone by the call-holder. However, in the case of equity, it can be argued that investor or shareholders wealth is not affected by a firm’s dividend policy, because the issuers and receivers are the same equity holders. Therefore, it can be assumed that explicit considerations of dividend payment are not necessary when applying the B&S model.

Firm value (V) and riskiness of the firm assets (( )

For simplicity reasons the assumption is made that the value of a firm’s assets follows a geometric Brownian movement. The value of the assets of the firm and the standard deviation in the instantaneous return on the assets of the firm are not directly observable and have to be estimated. As mentioned before the volatility of the firm’s assets can be derived based on the fact that the equity of the firm can be valued as a call option on the firm’s underlying assets. As stated before and assuming that there are no dividends, the value of equity can be expressed by formula 2.29. As shown by Galai and Masulis (1976) the following formula will hold for the volatility of equity returns, (e, in an option framework:
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According to Christie (1982) this formula can be derived from formula 2.35, where 
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 stands for the instantaneous standard deviation of the rate of return on the value of the firm's asset and 
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 stands for the elasticity of the value of equity with respect to the value of the firm.
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where:
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(2.36)
One formula remains for the firm’s equity (2.31) and one for the standard deviation of equity returns (2.34). As both the market value of equity and the standard deviation of equity returns can be observed using historical data or implied market data, it’s possible to solve for the two unknown variables, V and (.

Adding up the difficulties in calculating the maturity date and the constant changing exercise price, the B&S model is rejected as being a suitable model for valuing an equity investment in an LBO transaction.

2.4.3 Analytical valuation according to Arzac
In accordance with Black and Scholes Arzac (2008, pp. 109-111) states that equity can be valued as an option. To do so Arzac (2008, pp. 110) starts by partitioning the cash flows of a firm into cash flows received by debt-holders:
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(2.37)
 and cash flows received by equity holders:
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Where
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the fraction of the cash flow Yt that is paid as dividend
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the cash flow of the levered firm at time t
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the debt outstanding at time t

Vt =




the continuation value of the firm at time t

Formula 2.37 equals the initial debt and states that bond-holders receive all the cash flow available for distribution after dividend payments and either the due balance Dt or the value of the enterprise if Dt > Vt. 

Formula 2.38 equals the initial equity value and states that equity-holders receive the dividend payments and residual enterprise minus the remaining debt at the exit moment. The latter implies that they have the option to default if Vt - Dt < 0 and a call option on the enterprise with a strike price equal to Dt or c(Vt, Dt, t). 

Arzac (2008, pp. 110) denotes the value of the first t unlevered free cash flows plus the tax shields by P0,t and the present value of the time-t continuation value Vt by P0[Vt].

The value of the initial debt can now be written as:
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(2.39)
The initial value of equity is equal to the dividends received plus the call on the enterprise, which can be written as:
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(2.40)
 
Arzac (2008, pp. 110) takes into account that D0 is known and formula 2.35 can be substituted into formula 2.36 to obtain the following formula:
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(2.41)
The enterprise value can be computed from:
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(2.42)
In an LBO transaction all cash flows can be assumed to be used for interest payments and/or debt redemption.
 Therefore formula 2.41 can be rewritten as:
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and
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(2.44)
Two important assumptions of this model are that equity-holders cannot default on their debt prior to t and that the tax shield is lost upon default.

Arzac (2008, pp 110-111) interprets c(Vt, Dt, t) as an option to exchange an uncertain asset (Dt) for another (Vt). Fisher (1978) and Margrabe (1978) have shown that the B&S model permits valuing this type of call when applied to a suitable transformation of the variables. When applied to the call in formula 2.41, the Fisher-Margrabe formula becomes:
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(2.45)
Where N(dx) is the standard cumulative normal distribution function,
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and 
[image: image103.wmf]2

2

12

2

1

2

cov

s

s

s

+

-

=

, where 
[image: image104.wmf]1

s

 is the volatility of 
[image: image105.wmf][

]

t

D

P

0

, 
[image: image106.wmf]2

s

 is the volatility of 
[image: image107.wmf][

]

t

V

P

0

 and 
[image: image108.wmf]12

cov

 is the covariance between 
[image: image109.wmf][

]

t

D

P

0

 and 
[image: image110.wmf][

]

t

V

P

0

.

Monte Carlo simulation can be used in order simulate the free cash flows and estimate the parameters needed to solve formula 2.45.
2.4.4 Monte Carlo simulation

Viebig (2008, pp. 85) discusses the history of Monte Carlo simulation, being the combination of the introduction of electronic computers and the development of the atomic bomb in the mid-1940’s. Initially Monte Carlo simulation was only used in physics, while nowadays it is used in many different scientific disciplines. 

According to Jorion (2001) one of the characteristics of Monte Carlo simulation is the ability to simulate a wide range of possible values in (financial) variables and fully accounts for possible correlations. This characteristic makes Monte Carlo simulation very suitable as a tool for option valuation.

Boyle (1977) is assumed to be the first that suggested a Monte Carlo simulation approach methodology for solving European option valuation problems.
 The methodology simulates the process generating the returns on the underlying asset. Furthermore it approximates the probability distribution of terminal asset values and invokes the risk neutrality assumption to derive the value of the option.
According to Cortazar (2001) there are several ways to increase estimation accuracy. The first one is to increment the number of simulating paths. The second enhancement could be reached by using so called variance reduction techniques, for which Cortazar refers to Hammersley and Handscomb (1964).

Tilley (1993) was the first one that seriously attempted to apply simulation to the pricing of American options. He did so by valuing an American put option on a non-dividend-paying stock using an algorithm in a path simulation model.

Carriere (1996) analyzes and extents Tilley’s methodology as he presents a simulation algorithm for approximating the value of the early exercise option for derivative securities. The algorithm uses a regression function to approximate conditional expectations. He also presents an unbiased algorithm for approximating the value of the early exercise option. 

In “Valuing American Options by Simulation: A Simple least-Squares Approach” Longstaff and Schwartz (2001) present a so called least squares Monte Carlo (LSM) approach for approximating the value and optimal exercise of derivatives with American-style exercise features by simulation. They use the cross-sectional information in the (Monte Carlo) simulated paths to identify the conditional expectation function. They do so by regressing the subsequent realized cash flows from continuation on a set of basis functions of the values of the relevant state variables. The fitted value of this regression is an efficient unbiased estimate of the conditional expectation function and allows them to accurately estimate the optimal stopping rule for the option. 
Another suggested use of Monte Carlo simulation by Viebig (2008, pp. 85-86) is incorporating uncertainty into DCF models by using Monte Carlo simulations. The biggest advantage is stated to be the conceptual simplicity of the methodology, as constructing a Monte Carlo simulation involves only two basic steps:

1. Generating (a reasonable amount of) random numbers

Generating random numbers could easily be done using a statistical software package that includes a random number generator (e.g. Microsoft’s Excel). However, according to Viebig (2008, pp. 86) the remarks should be made that Random numbers generated by computers are not truly random and often referred to as pseudo-random numbers.

Another possible remark or critique is the slow convergence rate of the Monte Carlo methodology. Viebig (2008, pp. 86) states that, according to Bernoulli, the sample average of an infinite sequence of uncorrelated random variables X with the same expected value and variance in all probability converges almost surely to its expected value μ.
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(2.47)

Monte Carlo simulations now converge at a rate of O(N-1/2), where N is the number of runs in a Monte Carlo simulation. This implies that an increase of the accuracy of a Monte Carlo simulation by a factor 2 requires an increase in computational effort by a factor 4.

2. Transforming random variables to capture the statistical characteristics of the model’s input variables

To construct a useful simulation in for example Microsoft’s Excel two input parameters are needed, namely the mean (μ) and the standard deviation (σ), and the applicable distribution has to be chosen. As the future is uncertain, the estimates for these parameters can only be based on historical data and their distribution. Because historical data is vital, Monte Carlo simulation is typically used if distributions of input factors are more or less well known. If distributions cannot be estimated Viebig (2008, pp. 87) suggests applying a simple triangular distribution.

Finally Viebig (200, pp. 88-103) discusses two examples of Monte Carlo simulation, but not before elaborating on the most important differences between Monte Carlo Free Cash Flow models and standard Free Cash Flow Models. These differences are:

Table 2.3:  Differences between Monte Carlo FCFF and standard FCFF

	
	Monte Carlo FCFF
	Standard FCFF

	Input
	Distribution of possible inputs
	Point estimates

	Output
	Complete probability distribution of all possible fundamental values of a firm
	Expected fundamental value of a firm


To avoid a biased opinion about Monte Carlo simulation, it’s important to take a closer look at possible downsides of this technique. The first possible downside is the practical fact that building and running a simulation model may be very expensive and time consuming.
 Furthermore it’s easy to misuse simulation by ‘stretching’ it beyond the limits of credibility. According to Spall (2003) this problem is especially apparent when using commercial simulation packages due to the ease of use and lack of familiarity with underlying assumptions and restrictions. Slick graphics and tables may tempt the user to assign unwarranted credibility to the output. The last point of critique is the output. Whereas a range of possible values of an asset is very useful in case of risk management, the added value in a transaction might be limited.
2.5 A practical implementation: Schwarz and Moon - Rational pricing of Internet companies

A practical implementation of a stock valuation based on real options using Monte Carlo simulation is discussed in this paragraph.

Schwartz and Moon (2000) applied real-options theory and capital-budgeting techniques to value an Internet company (Amazon.com). They formulated a model in continuous time, formed a discrete time approximation, estimated the models parameters, solved the model by simulation and performed a sensitivity analysis.

Their model has two sources of uncertainty: the changes in revenue (
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). Under some simplifying assumptions they obtain the risk-adjusted processes for the state variables from the true processes using the following formulas:
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R(t) =

Revenues or sales at time t

μ(t) =
The drift, the expected rate of growth within revenues and is assumed to follow a mean reverting process with a long-term average drift 
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σ(t) =

Unanticipated changes in revenues

κ =

Mean reversion coefficient that determines the rate of convergence
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h
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The initial volatility of expected rates of growth in revenues

λ1 & λ2 = 
Market prices of factor risks; risk premiums

* = 

Indicates that the process is risk adjusted

The model is path dependent, therefore the following discrete version of the risk-adjusted process is used to implement the Monte Carlo simulation. 
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where
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and
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In 2001 Schwartz and Moon revisited their valuation model for valuating internet companies. They made seven adjustments of which 2 will be discussed.

The first adjustment is the extension of the model with a third stochastic variable, namely variable costs.
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where
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and
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Based on the formulas above the value of the firm and the value of the stock, at any point in time, are functions of the value of the state variables (revenues, expected growth in revenues, variable costs, loss-carry-forward, cash balances and accumulated Property, Plant and Equipment) and time. Therefore the value of the stock is expressed in the following formula:
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(2.58)
The second adjustment is the use of the beta of the stock to infer the risk premium in the model. Schwartz and Moon compute the beta of the stock as a means of inferring the risk premium in the model. 

To achieve this Schwartz and Moon apply Ito’s lemma to formula 2.58 resulting in the following dynamics of the stock value:
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(2.59)
They now derive the volatility of the stock from formula 2.58:
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(2.60)
Schwartz and Moon now use formula 2.59 and the continuous time return on the market portfolio to write the “beta” of the stock as a function of the “beta” of the revenues:
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Using the Intertemporal Capital Asset Pricing Model the expected return on the stock, 
[image: image132.wmf]S

r

, can be written as 
[image: image133.wmf](

)

fSMf

rrr

b

+-

 and therefore:


[image: image134.wmf](

)

(

)

R

SfSMfRMf

RS

rrrrrrr

S

bb

=+-=+-







(2.62)
Where rf represents the risk free rate of interest and rm
 is the return of the market. 

The risk premium of the model can be written as
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. By equating the expected return on the stock given by formula 2.62 with the one obtained from formula 2.61 Schwartz and Moon derive the risk premium in the model, λ(t):
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3. Methodology

This chapter discusses the construction of a real option valuation model using Monte Carlo simulation to value an equity investment in an LBO transaction. The model is constructed using Microsoft excel in combination with the RiskAMP© add-in.

3.1 The basic model 

The objective of this paragraph is to construct a model that can be applied to value an equity investment in an LBO transaction using real option methodology. The first step in constructing the model is calculating the free cash flows generated by the target firm using the following cash flow scheme:

Table 3.1: Cash Flow scheme

	Revenues

	Cost of goods sold -/-

	Gross Margin

	Variable operating cost -/-

	Fixed operating costs (excl. D&A) -/-

	Earnings before interest, tax, depreciation and amortization (EBITDA)

	Depreciation and Amortization -/-

	Earning before interest and taxes (EBIT)

	Taxes over operating profit -/-

	Net operating profit after tax (NOPAT)

	Capital expenditures (CAPEX) -/-

	Depreciation and Amortization +/+

	Free Cash Flow


To simulate future free cash flows it is necessary to forecast future input variables (e.g. revenue growth). Traditional valuation methodologies forecast these variables at specific values, or point estimates, based on the consensual expectations of analysts and historical data. The proposed model differs from this approach as it uses Monte Carlo simulation (hereafter simulation) to forecast the input variables. Furthermore it adjusts the input variables to a risk neutral world, resulting in forecasted certainty equivalent free cash flows. The second step is to calculate the residual or exit value of the target at the forecasted exit moment of the investor. There are two suggested methodologies to forecast the residual value, which will be discussed in detail. Finally it’s necessary to discount the forecasted free cash flows and residual firm value. Traditional valuation methodologies discount the future cash flows and residual value at a discount rate (WACC), taking the risk of the project or firm into account. This is different from the proposed model as it already adjusted the free cash flows and residual value to a risk neutral world. For this reason both the free cash flows and the residual value are certain and should be discounted at the risk free rate of interest. All three steps will be discussed extensively in the next paragraphs.

3.2 Variable forecasting

In this paragraph the methodology of forecasting the different variables will be discussed from the perspective of an LBO transaction. Based on these variables it’s possible to construct the earlier discussed cash flow scheme. Before discussing how the different variables are forecasted, it’s important to take a closer look at the historical income statements of (listed) firms that were an LBO target (e.g. Stork, VNU, Vendex KBB). These statements often show decreasing revenues and increasing costs prior to the LBO. This is no surprise as private equity investors seek underperforming and undervalued firms, which enable them to increase revenues and decrease costs rapidly based on (self-assumed) superior organizational and/or management skills. To achieve these improvements the investor often makes significant changes in the organizational (e.g. add-on acquisitions or sale of divisions) and financial (D/E ratio) structure. As a result the (trends in) historical income statements have negligible forecasting power. At best they form the starting point of future forecasted income statements and cash flows. From this starting point on the input variables should be forecasted based on analytical knowledge of the market and firm, which can, for example, be derived from analyst reports. Finally it’s important to realize that not all the in this paragraph suggested methodologies of forecasting variables are applicable in each specific situation. For this reason it’s important to realize that the suggested methodology is a general one and should be adjusted to the specific situation.

3.2.1 Revenues

Revenues are probably the most difficult variable to estimate and/or simulate. It becomes even more difficult when it’s realized that there are different methodologies available to simulate the revenues.

The first and most complicated methodology to simulate revenue growth is applying the methodology suggested by Schwartz and Moon. The first step in this methodology is the following formula that describes the periodical change in revenues.
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In this formula
[image: image138.wmf]t

m

, the drift, is the expected rate of growth in revenues and is assumed to follow a mean reverting process with a long term average drift
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. The long term average drift is assumed to be the long term average growth rate from the investor’s perspective. Therefore the initial growth rate at acquisition time is assumed to converge stochastically to this long term average. This is also shown in the following formula:
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(3.2)
In formula 3.2 
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 represents the mean-reversion coefficient, which affects the rate at which the growth rate is expected to converge to the long term average growth rate. More specific, 
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 can be interpreted as the half-life of the deviations. In other words 
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 represent the number of periods needed to halve the difference between the current growth rate and the maximum growth rate. 

In formula 3.2 
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stands for the volatility of expected rates of growth in revenues, which is inferred from the market volatility of the stock price.
 The unanticipated changes in expected growth rate are assumed to converge to zero as shown in formula 3.3.
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Variable 
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is a random variable and reflects the draw from a normal distribution.
In formula 3.1 
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 stands for the unanticipated changes in revenues and is the standard deviation of percentage changes in revenues over the recent past. Although Schwartz and Moon assume that it converges (deterministically) to zero, it should be realized that this assumption  is firm/industry specific


[image: image148.wmf](

)

dt

k

d

t

t

s

s

s

-

=

3










(3.4)
In formula 3.3 
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 is the long term average the standard deviation of percentage changes in revenues, which is assumed to be zero. Finally it is also possible that 
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 are correlated. If correlation is present in historical data, it is also possible to have the random variables drawn with the same correlation.
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A problem with Schwarz and Moon’s methodology is that approximately ten variables have to be calculated and/ or estimated/forecasted (
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) to simulate one variable (namely revenue growth). This is a problem as these data are not always available (e.g. firms that are not listed prior to the buyout) and cannot be estimated on historical data as discussed in the introduction of this paragraph. Because of these difficulties a more practical approach is suggested.

The first step in this alternative approach is to analyze the distribution of historical changes in revenue. The second step is to simulate future revenues based on formula 3.1 using simulation:
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(3.6)
The required input for the simulation depends on the historical distribution of the variable that has to be estimated. Assuming that the revenue growth is normally distributed, the only input variables needed for the simulation are the mean,
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, and standard deviation,
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. The mean of the future revenues will be forecasted for every period using analysts’ consensual expectations. The standard deviation could also be an analytical forecast, but also the historical standard deviation of revenue growth. The choice of the applicable standard deviation should therefore depend on the quality and quantity of available information. Based on these two input parameters it is possible to simulate future revenue growth.

3.2.2 Costs of goods sold

The second variable that has to be forecasted is the costs of goods sold (COGS). COGS are the direct costs attributable to the production of the goods sold by a firm, e.g. raw materials, and are often expressed as a percentage of revenues, or in a formula:
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The costs of goods sold as a percentage in a period,
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, often depends on the market prices of raw materials and the size of the purchasing and selling firm. Because market prices can often only be hedged temporary and add-on acquisitions after the initial LBO can change the size of the purchasing firm, 
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 should be simulated assuming it is normally distributed and has a mean 
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(3.8)
If add-on acquisitions and for example purchase benefits of scale are expected, the mean can be adjusted based on this analytical knowledge and experience. 

3.2.3 Operating costs

The operating costs consist of two components, variable costs, 
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 and fixed costs, F. The variable costs, e.g. sales costs, are also assumed to be proportional to the revenues, as shown in formula 3.8.
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According to Schwartz and Moon (2001) the variable cost parameter,
[image: image167.wmf]t

g

, is assumed to follow the stochastic differential shown in formula:


[image: image168.wmf](

)

3

4

dz

dt

d

t

t

t

j

g

g

k

g

+

-

=









(3.10)
where
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(3.11)
The mean-reversion coefficient,
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, affects the rate at which the variable operating costs are expected to converge to the long-term average demanded, for example, by the investor. Schwartz and Moon assumed that unanticipated changes in variable costs converge (also deterministically) to zero.
The unanticipated changes in the growth rate of revenues, the unanticipated changes in its drift and the unanticipated changes in variable costs may be correlated.
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Table 2.1 (table with characteristics of ideal LBO candidate) showed that a private equity investor in an LBO transaction focuses mainly on rapid revenue growth and cost reduction. To achieve cost reductions radical measures are often taken, which result in ‘unexpected’ changes in 
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. For this reason and because of simplicity, another approach is suggested to simulate operating costs.
 The starting point however remains unchanged as shown in formula 3.15:
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Because of the expected changes the following two formulas are applicable for simulating 
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(3.17)
Assuming that the historical changes in 
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 and 
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 are normally distributed, the mean of these variables can be forecasted for every period using historical data in combination with analysts’ consensual expectations. The standard deviation will be the historical average standard deviation of the historical growth in costs. Based on these two input parameters it is possible to simulate future revenue growth. 

Furthermore, it is possible to simulate correlation between changes in 
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 and changes in revenues and/or between changes in 
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 and changes in revenues. The correlation will be applied in the simulation based on the existence of possible historical correlation. The correlation coefficient is therefore estimated based on historical data.

3.2.4 Taxes

The value of payable taxes differs in each country and depends on the corporate tax rate and tax base. Both are important as one of the value drivers of an LBO transaction is the created (extra) tax shield. As earlier discussed in paragraph 2.2.2 the value of the tax shield depends on the corporate tax rate and the deductibility of interest payments, the latter also being part of the tax base. Furthermore, it might be important in an LBO transaction that future profits may be compensated with historic losses and vice versa, both from a tax perspective. In the model both components should be taken into account by creating the possibility of a tax credit and the possibility that not all interest is tax deductible.
Because tax rates and bases normally don’t change often, they are assumed to be deterministic during the simulated period. However, specific rules cannot be set in advance as every country, and sometimes even region, has its own tax rate and base. 

3.2.5 Capital expenditures

In a traditional DCF valuation capital expenditures (hereafter CAPEX) are, for practical reasons, often set as a fixed percentage of revenues, based on historical data. Linking CAPEX to revenues might be a good approximation in ‘normal’ transactions, however, it’s assumed to perform less well in an LBO transaction and simulated valuations. One of the arguments for this assumption is the possibility that the LBO investor succeeds in increasing the firm’s revenue growth. Linking CAPEX to revenues would therefore result in a non-realistic growth of CAPEX. Another important argument is that in a traditional valuation revenue growth is often set as a fixed percentage. However, in a simulated valuation there are scenario’s where the revenue growth becomes highly negative. Assuming that CAPEX are a percentage of revenues would then imply much smaller CAPEX, while increasing CAPEX to turn around the decline in revenue growth is intuitively a more rational thought. Because of these arguments it’s suggested that the increase of CAPEX is based on the historical growth of these expenses, if necessary adjusted for analysts’ consensual expectations. An alternative would be making point estimates of the growth of CAPEX or of the absolute value of CAPEX. The latter because an LBO investor might have specific ideas about increasing or decreasing CAPEX.

3.2.6 Depreciation and amortization

The value of Depreciation and amortization (hereafter D&A) are driven by the value of earlier made CAPEX. However, also for practical reasons and based on the argument from the previous paragraph, it’s preferable to link the growth of D&A to its historical growth. An alternative would also be making point estimates of the growth of D&A or of the absolute value of D&A. 
Summarizing it can be stated that the size of forecasted CAPEX and D&A mainly depend on the circumstances of the specific characteristics of the target of the LBO transaction.
3.2.7 Debt and interest 

Paragraph 2.2.1 discussed shortly the different kind of debt used in an LBO transaction. Figure 3.1 summarizes the most frequent used debt instruments in an LBO transaction.

Figure 3.1: Overview of used debt instruments in an LBO transaction
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As shown in figure 3.1 every debt class has different risk and therefore lenders require different returns (rate of interest). Some debt classes, e.g. some sort of mezzanine debt, don’t require (partially) actual debt payments until maturity. For this reason it’s important to distinguish between the different debt classes, their different interest rates and their different methods of payment. This is even more important when the model allows for default of the firm. 

Free cash flows are, as earlier discussed, mainly used for debt redemption. This can be implemented in the model by assuming that all free cash flows are used for debt redemption. However, an alternative and more plausible approach would be assuming a debt redemption scheme with fixed debt redemption payments. Such a scheme has the advantage of creating a reserve that can be diverted to interest payments in times of decreasing revenues. However, it should be noted that fixed debt redemption payments create the possibility of the firm defaulting, as the cash flow could be insufficient to settle the interest expenses.

3.3 Risk neutral free cash flow forecasting

In a normal DCF valuation the estimated free cash flows and residual value would be discounted back using the WACC to obtain the current firm value. Another possibility, as discussed in paragraph 2.2, is to apply the risk-neutral option valuation framework to value the firm. Applying the risk-neutral framework can be implemented by correcting the forecasted cash flows and residual value for uncertainty. As a result the cash flows and residual value can be discounted back at the risk free rate of interest, making the estimation of an appropriate WACC unnecessary.

Following Schwartz and Moon (2001) the assumption is made that only the changes in revenue (
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) have a risk premium associated with their uncertainty, resulting in:
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(3.18)
Where 
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 stands for the market price of the factor risk or risk premium and can be calculated through applying formula 3.18 derived from the CAPM:
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Because only the changes in revenue (
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) are assumed to have an associated risk premium, the true and risk adjusted processes for the other variables are the same. 

The next paragraphs start with discussing Schwarz and Moon’s methodology to estimate the beta of an asset and the risk premium
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, needed to calculate the beta of revenues. In the subsequent paragraphs a simplified methodology is discussed to calculate the beta of revenues and the risk premium.
3.3.1 Calculating the beta of revenues according to Schwarz and Moon
According to Schwartz and Moon (2001) calculating the market price for factor risk,
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, starts by assuming the following function based on the model described in paragraph 2.5: 
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Formula 3.20 states that the value of the firm and/or the value of the stock are functions of the state variables revenues (R), time (t) and all other variables (X). Following Schwartz and Moon (2001) Ito’s Lemma can be applied to formula 3.20 resulting in the following dynamics of the stock value:
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(3.21)

In formula 3.21 the subscripts denote the first and second derivative, respectively.

The volatility of the stock value can be derived from expression 3.21:
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(3.22)
Following Schwartz and Moon the beta of equity,
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, of the stock can be written as a function of the beta of the revenues, 
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Assuming that only the revenue process is correlated with the return on the market gives the following results:
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where 
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(3.25)

Applying the Capital asset pricing model (CAPM) the expected return of a stock can be written as:
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(3.26)
According to Schwarz and Moon (2001), it is possible to derive the risk premium in the model 
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 by equating the expected return on the stock given by 3.26 with the one obtained from formula 3.21, resulting in the following formula:
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(3.27)

Finally, using formula 3.25 and 3.27, it is possible to write the beta of the stock as a function of the risk premium:
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(3.28)
Although it’s now theoretically possible to calculate the risk premium, in practice formula 3.28 is almost impossible to apply. Furthermore, applying formula 3.28 would be consuming too much time in practice. For this reason there is an alternative methodology suggested in the next paragraph to calculate the risk premium.

3.3.2 Simplified methodology of calculating the beta of revenues

From the equity investor’s perspective there are basically three ‘risks’ threatening the return on his investment. The first and most obvious one is the (negative) change of a firm’s revenues, which is often (partially) correlated with economic or market circumstances. The second ‘risk’ is the operating leverage, a measure of how revenue growth translates into growth in operating income and depends on the ratio of fixed costs to total costs (consisting of fixed and variable costs) or fixed costs to variable costs. The rational behind this ‘risk’ is that a firm always faces fixed costs, while the variable costs depend on the revenues. So, in times of severe economic conditions and decreasing revenues, a firm with a relatively high percentage of fixed costs endures more problems than a comparable firm with relatively low fixed costs. However, in times of economic prosperity, the firm with the relatively high fixed costs performs better, as it revenues increase sharper than its costs. The third ‘risk’ consists of the financial leverage of the firm. This risk derives from the fact that the equity investor’s return finally depends on what is left of the operating income, consisting of the revenues minus the fixed and variable cost, after interest has been paid to the debt holders.

After having identified these three risks, and assuming that they are the only risks an equity investor is exposed to, the assumption can be made that the total equity risk is the sum of these three individual risks. If the total equity risk can be calculated, and it could be adjusted for the ‘risk’ imposed by the financial and operating leverage, the result would be the individual risk imposed by possible changes of revenues. Thus, the first step that has to be made is calculating the total equity risk and adjusting it for the ‘risk’ of financial leverage.

Step 1: Calculating the total equity risk and adjusting it for the ‘risk’ of financial leverage

The first step starts by remarking that the beta of an asset denotes the asset’s sensitivity to non-diversifiable risk (also known as systemic risk or market risk) and measure to what extent the asset and the market (aggregate earning on all real assets) move together. In other words: 
[image: image208.wmf]asset

b

 shows to what extent the return on the asset (and thereby the risk) and the return on the market move together.
 Assuming that an asset can only be financed with debt and equity, it can be stated that all the debt and equity together have the same systematic risk as the beta of the asset. Based on this ratio Brealey and Myers (2003, pp. 229) state that the beta of an asset (or a portfolio) is a weighted average of the debt and equity beta, or in a formula:


[image: image209.wmf]e

d

portfolio

asset

E

D

E

E

D

D

b

b

b

b

+

+

+

=

=







(3.29)
The individual equity and debt betas can be calculated through applying the Capital Asset Pricing Model (CAPM):
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Where 
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(3.31)
In these formulas the betas stand for the equity and debt’s sensitivity to non-diversifiable risk (also known as systemic risk or market risk) and measure to what extent the equity or debt and the market move together. From here on the scope of this thesis will be limited to the beta of equity and the asset beta.

Formula 3.30 shows that the expected return of a stock is the risk free rate of interest plus a risk premium, which exists of the beta of equity times the expected market return minus the risk free rate of interest. Assuming that the target firm of an LBO transaction is listed on a public stock market prior to its acquisition, it is possible to the estimate the beta of equity through applying an Ordinary Least Squares (OLS) regression based on historical market data. When estimating the equity beta, proxies can be used for the risk free rate of interest, e.g. the yield on a ten year German government bond or the EURIBOR rate, and for the return of a benchmark for the market, e.g. the MSCI world index. If the target is not listed, it might be possible to estimate the beta making use of a peer group.
After estimating the equity beta it could be adjusted using Bloomberg’s smoothing formula:
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(3.32)
The ratio behind this adjustment is the assumption that a security's ‘true’ beta will move towards the market average value of one over time.

Assuming
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, the beta of equity depends on the capital structure or financial leverage of a firm. The ratio behind this assumption is that the risk of an asset and therefore 
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 is independent of the capital structure. For this reason changes in the capital structure or financial leverage result in changes in
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, which can be explained by the earlier discussed bankruptcy risk. Because the financial structure often changes radically after the acquisition, the estimated beta of equity isn’t applicable anymore. For this reason the estimated beta of equity can be unlevered. Unlevering the beta implies calculating the beta of equity, assuming that the firm is all equity financed without any financing effects. Formula 3.33 can be applied to unlever the beta of equity:
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(3.33)
In this formulas 
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 represents the corporate tax rate and D/E is the historical debt-to-equity ratio. The unlevered beta of equity assumes that the asset is hundred percent equity financed, implicating the assumption that
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After having calculated the total equity risk and having it adjusted for financial leverage, the second step can be taken. The second step consist of the second adjustment, namely adjusting the unlevered beta for the operating leverage

Step 2: Adjusting for the operating leverage

Equal to the ‘real’ beta of assets is the beta of cash flows. The beta of cash flows measures the relationship between changes in cash flows, instead of changes in the rate of return of the asset, and changes in aggregate earnings on all real assets (return on the market). As a result Beaver and Manegold (1975) showed that firms (being assets) with high cash flow betas also have high stock betas. According to Brealey and Myers (2003, pp. 237) this implies that cyclical firms (firms whose revenues and earnings are strongly dependant on the state of the business cycle) tend to be high beta firms. This results in a higher demanded rate of return on investments whose performance is strongly tied to the performance of the economy.

As shown in formula 3.29 (and assuming
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) financial leverage increases the beta of an investor’s equity investment. According to Brealey and Myers (2003, pp. 237) operating leverage (i.e. the commitment to fixed production charges) must add to the beta of cash flows. These statements can be substantiated following the steps described hereafter.

Cash flows generated by an asset can be broken down into revenue, fixed costs and variable costs, or in a formula:
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(3.34)
The present value of an asset can also be broken down in the same way:
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Or equivalently:
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(3.36)
According to Brealey and Myers (2003, pp. 238) formula 3.36 can be written as follows with the betas relabelled:
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(3.37)

Assuming that fixed costs are fully independent from economic cycles, the beta for fixed costs is zero, resulting in the following formula:
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(3.38)
According to Brealey and Myers (2003, pp. 238) the beta of revenues and the beta of variable costs should be approximately the same, as they respond to the same underlying variable, the rate of output. Assuming 
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 formula 3.38 can be rewritten as follows:
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(3.39)

Because the return of an asset is solely dependent of the cash flows of the asset, it can be stated that 
[image: image230.wmf]unlev

asset

flow

cash

b

b

b

=

=

. This implies that the beta of revenues can be calculated based on the estimated beta of equity after it has been unlevered. 

Finally the risk premium,
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, can be calculated through applying the following formula derived from the CAPM:
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(3.40)
At first sight formula 3.39 seems a lot easier to apply in practice. However, there is again a major drawback, namely that the risk premium 
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 is needed to calculate future cash flows, which are needed to calculate the present value of cash flows. Hence, there has to be thought of a proxy for the ratio PV(fixed costs)/PV(cash flow) in formula 3.39, that doesn’t consist of future values. Excluding the use of forecasted data results in a proxy consisting of historical data, based on which the following formula is suggested:
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(3.41)

Rearranging formula 3.41 and combining it with formula 3.40 results in the following formula to calculate the risk premium based on the equity beta, the D/E ratio, the corporate tax rate and the relation between the average historical fixed costs and average historical cash flow:
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(3.42)
The ratio behind the proxy is mainly a practical one: both the average historical fixed operating costs and the average historical cash flows can easily be derived from historical annual reports. As a result formula 3.42 is much better applicable in practice than formula 3.28. However, difficulties remain as a proxy is needed for the ratio PV(fixed costs)/PV(cash flow) in formula 3.39.
Summarizing it can be stated that the risk of a firm increases from the perspective of an equity investor as the commitments to fixed debt charges and fixed costs increase. This seems reasonable as increasing financial commitments increase the chance of the firm defaulting and decrease the chance of revenues for the equity investor. For this reason it’s necessary to adjust the changes in revenue (
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) for the fixed burdens to make it risk neutral.

3.4 Enterprise value 

There are two possible methodologies to calculate the residual or continuing value of the firm at the forecasted exit moment. The first methodology is based on multiples, more specific on a simulated EBIT and/or EBITDA multiple. The second methodology is based on calculating the risk neutral residual value based on the adjusted value driver formula. Both methodologies will be discussed in the following paragraphs.

3.4.1 Enterprise value based on the EBITDA multiple

The EBITDA multiple method starts by simulating an appropriate exit multiple. Assuming that the exit multiple is historically normally distributed, the exit multiple can be simulated based on a mean and standard deviation. The best way to estimate the mean of the exit multiples is to analyze historical exit multiples of comparable mergers and acquisitions, e.g. in the same industry. In the absence of available data it is also possible to calculate the multiple based on stock prices of comparable listed firms. Based on one of these methods, or a combination, it’s possible to estimate the mean and/or standard deviation, which can also be adjusted based on specific analytical knowledge, e.g. higher multiple add-on acquisitions in the future. The next step is to multiply the simulated multiple(s) with the average EBIT and/or EBITDA of the last three years resulting in the enterprise value. The three year average is taken to reduce the chance of over- or underestimating the enterprise value caused by an incidental high or low EBIT and/or EBITDA in the last period prior to the exit. This step is then followed by subtracting the debt from the enterprise value at the forecasted exit moment, resulting in the value of equity at the exit moment. The final step is discounting the value of equity back at the risk free rate of interest, as the residual value is already risk adjusted.

3.4.2 Enterprise value based on the residual value

The second method is, as stated above, based on calculating the residual value. Paragraph 2.2.1 discussed the following “value driver” formula to calculate the residual value:
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(3.43)

According to Koller (2005, pp. 288) the assumption can be made for many companies in competitive industries that the return on net new investment converges to the cost of capital as all the excess profits are competed away. As a result it can be stated that 
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, finally resulting in formula 3.44 as the following substitution can be made:
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And cancelling the term 
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 leaves the following simplified formula:
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(3.44)
According to Koller (2008, pp 288) it can be stated that the fact that the growth term has disappeared from the formula doesn’t mean that the nominal growth in NOPAT will be zero. The growth term drops out because new growth adds nothing to value, as the return associated with growth equals the cost of capital.

Assuming that the target firm of an LBO is a firm in competitive industry implies that formula 3.44 can be applied to calculate the residual value in a normal world. Hence, the final step is to adjust formula 3.44 to make it applicable in a risk neutral world

The numerator can remain as it is, as the NOPAT is already calculated based on the risk neutral growth of revenues. However, the denominator should be adjusted into the risk neutral world by substituting the WACC with the discount rate of the risk neutral world, being the risk free rate of interest. This substitution results in the following formula to calculate residual firm value in the risk neutral world:
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(3.45)
Formula 3.45 seems plausible from a theoretical perspective. However, applying formula 3.45 in the first part of the year 2009 would result in unrealistic residual values, as the current risk free rate of interest is approximately one percent. A possible solution could be using a long term average risk free rate of interest. For example, the average interest rates on listed German Federal securities with a residual maturity of 1.0 in the period from September 1972 until June 2009, which results in a long term average risk free rate of interest of approximately 5.5 percent.
  Applying this average would result in a much more plausible residual value of approximately 18 times NOPAT instead of 100 times NOPAT, which would be implied by a risk free rate of interest of 1 percent. Applying the long term average risk free rate of interest is therefore recommended when the adjusted value driver formula is applied in times of relatively low interest rates.

Comparing both methodologies it cannot be stated that one is superior over the other. For this reason no choice is made at this moment and it is recommended to apply both methods and analyze possible differences and their origin. 

3.5 Sensitivity analysis

When the model is finalized it can easily be duplicated into a risk neutral world and a normal world version, as the only major difference is the adjustment of the revenue growth rates. The real world model can be applied to calculate for example the expected IRR. Another possible application is implementing a mechanism that calculates certain events, e.g. default on interest payments. As the model is run using Monte Carlo simulation it allows calculating the occurrence of certain events. Furthermore it’s possible to run the model using different settings, e.g. capital structure or risk free rate of interest. After running similar simulations with different input variables it’s possible to compare and analyze the outcomes. Based on this analysis it’s possible to draw conclusion about the influence, or sensitivity, of changes of certain parameters on the outcome of the model, the enterprise value.
4. Case study

In this chapter the risk neutral valuation model described in the previous chapter is applied to value Stork. Furthermore, a real world valuation of Stork is made and based on both valuations the implied option value is calculated. The chapter ends with three sensitivity test and final remarks with regard to the model and the valuation of Stork.
4.1 Stork in general

This paragraph briefly describes the acquisition of Stork by Candover and gives a general overview of Stork’s activities.

4.1.1 Acquisition details

As already briefly discussed in the introduction Stork was targeted by several private equity investors as an LBO candidate in April 2006. However, it took until 2007 before the Candover private equity house made the first offer. After their first offer a take-over war arose, out of which Candover came on top. As a result Candover paid € 48.40 per share at the end of 2007, resulting in the delisting of Stork at 20 February 2008. According to the Zephyr database this offer implicated an enterprise value of Stork of 1,723 M, consisting of a deal equity value of 1,552 M. According to Stork’s 2008 annual report the acquisition was financed with approximately 595 M of debt. As Stork immediately sold one of his divisions for approximately 415 M after the acquisition, Candover is assumed to have made a net equity investment of approximately 542 M (1,552 – 595 – 415), implying a capital structure consisting of  52 percent debt. This percentage is substantially lower than the 60 to 90 percent debt average discussed in chapter two. The reason for this relative conservative financial structure is assumed to be found in the credit crunch, making banks and other debt investors anxious to take relatively large risks. The credit crunch and implied financial crises also increase the investment horizon of the private equity houses. For this reason the exit moment is not assumed to be within three to five years, but instead assumed to be within seven to nine years. For simplicity reasons the assumed moment of exit in the valuation made in this chapter is the year 2015.

4.1.2 Business details

The activities of Stork consist of the development and availability of critical components, industrial services and expert knowledge for Aerospace and Technical Services’ customers. Stork’s activities can roughly be divided in two divisions, both again divided in two sub-divisions, namely: Stork Aerospace, consisting of Aerospace industries and Aerospace services, and Stork technical services, consisting of Industry services and industry specialists. Prior to 2008 Stork was also occupied with the production of printing machinery and food production systems. Both divisions are assumed to be formally divested at the start of 2008. More specific, the sale of Stork prints is assumed to be completed in 2007 and taken into account in the 2007 annual report. The sale of Stork’s food systems division to Marel is assumed to be completed in 2008, resulting in a 415 M profit.

The following paragraphs start by shortly describing the specific adjustments and variables of the applied risk neutral valuation model. The results obtained from this valuation model, like those of any other valuation model, depend critically on the assumptions made about future revenues, rates of growth in revenues, and costs. For this reason it’s important to substantiate the specific assumptions made, which will mainly be based on past and present data available for Stork and analysts’ expectations with regard to Stork. Since most data and analysts’ forecasts of capital expenditures, revenues and costs are available on an annual basis, all forecast and simulations will be done on an annual basis. Furthermore all amounts are in Euros unless stated otherwise.
4.2 The model and input parameters

This paragraph discusses the details of the applied valuation model and input variables of Stork. The model will be based on the following cash flow scheme:

Table 4.1: Cash Flow scheme

	Revenues

	Cost of goods sold -/-

	Gross Margin

	Variable operating cost -/-

	Fixed operating costs (excl. D&A) -/-

	Earnings before interest, tax, depreciation and amortization (EBITDA)

	Depreciation and Amortization -/-

	Earning before interest and taxes (EBIT)

	Taxes over operating profit -/-

	Net operating profit after tax (NOPAT)

	Capital expenditures (CAPEX) -/-

	Depreciation and Amortization +/+

	Free Cash Flow


4.2.1 Revenue dynamics
The following stochastic differential equations describe the dynamics of Stork’s revenues:
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(4.4)
The starting value for the revenue simulation is the sum of the actual revenues of the Aerospace and Technical Services division in 2007, which adds up to 1631.0 M. The initial volatility of revenues 
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 is derived from yearly revenue data from the Aerospace and Technical Services division from 2002 until 2007 and comes to 0.14. The Long-term volatility of the rate of growth in revenues 
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 is assumed to be 0.05 according to Schwartz and Moon.
Table 4.2: Historical revenues en revenue growth of the Aerospace and Technical Services divisions

	Year
	2002
	2003
	2004
	2005
	2006
	2007

	Revenue
	1441.7
	1465.4
	1195.1
	1375.3
	1401.6
	1631.0

	Revenue growth
	
	0.016439
	-0.18445
	0.150782
	0.019123
	0.16367

	 
	
	
	
	
	
	 

	Mean revenue growth
	0.033112
	
	
	
	
	 

	Volatility
	0.140268
	 
	 
	 
	 
	 


4.2.2 Growth rate of revenues dynamics

The initial growth rate of revenues
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 is set to be 7.27 % continuously compounded per year and represents the average of two analyst forecasts of Stork’s 2008 revenue growth.
 It is assumed that Stork is a firm in a competitive industry, implying that the long-term growth rate of revenues
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 will decrease to zero percent per year. The initial annual volatility of the growth rate
[image: image252.wmf](

)

0

h

, one of the critical parameters in the model, is unobservable according to Schwarz and Moon (2001). However, it seems possible to calculate it in roughly the same way as the initial volatility of revenues calculated, namely based on the standard deviation of historical growth rates. Based on table 4.2 this would result in a standard deviation of historical growth rates of 8.1, which appears to be unrealistic. For this reason the alternative methodology suggested by Schwarz and Moon (2001) is applied, resulting in using the volatility of the stock as a proxy for the initial annual volatility of the expected revenue growth rate
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. To calculate the yearly volatility of the stock, the average daily volatility of the stock during the period from the 17th of May 2006 until 1st of June 2007 is calculated. The result is a daily volatility of the stock of 0.015103, resulting in a yearly volatility of 0.2397.

4.2.3 Half-life of deviations and correlations

For simplicity reasons and according to Schwartz and Moon (2001) the assumption is made that all mean reversion processes in the model have the same speed of adjustment coefficient, therefore
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is assumed to be 7.27 % and the long run average growth rate 
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 is assumed to be zero percent per year, starting at 2015. This implies an average yearly decrease of 1.04 percent and thus a half-life of
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. Finally correlations between variables are not assumed to be present in the model.

4.2.4 Risk premium 

As discussed in the previous chapter, the beta of revenues has to be estimated to adjust the revenue growth into a risk neutral world. 
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and
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(4.6)
The first step in calculating the beta of revenues is estimating the stock beta of Stork. The common way to estimate the stock beta would be by regressing the historical monthly stock returns on a proxy for the world market, e.g. the MSCI world index. However, because two out of the four divisions are assumed to be divested at the moment of the valuation, the historical beta of Stork is less representative for future adjustments. For this reason it’s assumed to be more realistic to estimate a ‘new’ unlevered beta to adjust the revenue growth. The unlevered beta is estimated based on a peer group, where the peer groups is mainly based on the suggested peer group in the Petercam analyst report and is shown in table 4.3.

Table 4.3: Peer group beta analysis
	Peer group Aerospace
	Year: 2007
	 
	 
	 

	 
	
	
	
	
	 

	Assumed Tax rate
	25%
	
	
	
	 

	 
	
	
	
	
	 

	Company
	Equity Beta
	Total LT debt
	Total comm eq
	D/E Ratio
	Unlevered Beta

	 
	
	
	
	
	 

	AAR corp
	1,51
	253,61
	494,24
	0,513131272
	1,090372015

	The Boeing Company
	1,25
	7455
	9004
	0,827965349
	0,771141296

	Bombardier
	1,43
	5937
	2813
	2,110558123
	0,553637271

	Cobham
	1,01
	123,48
	803,7
	0,153639418
	0,905643137

	Finmeccanica
	0,99
	1675
	5329
	0,314317883
	0,801140427

	Lockheed Martin
	1,11
	4303
	9805
	0,438857726
	0,835124403

	Satair
	1,08
	247,29
	566,68
	0,43638385
	0,813689336

	 
	
	
	
	
	 

	Average unlevered beta
	
	
	
	
	0,824392555

	 
	
	
	
	
	 

	Peer group Technical Services
	
	
	
	
	 

	 
	
	
	
	
	 

	Company
	Equity Beta
	Total LT debt
	Total comm eq
	D/E Ratio
	Unlevered Beta

	 
	
	
	
	
	 

	ABB
	1,59
	2137,99
	10956,94
	0,195126559
	1,387017095

	AMEC
	0,95
	0,1
	892,6
	0,000112032
	0,949920184

	Bodycote International
	1,46
	225,2
	490
	0,459591837
	1,085748976

	Imtech
	0,95
	133,34
	366,69
	0,363631405
	0,746430752

	 
	
	
	
	
	 

	Average unlevered beta
	
	
	
	
	1,042279252

	 
	
	
	
	
	 

	Revenue Aerospace 2007
	553
	
	
	
	 

	Revenues Technical services 2007
	1078
	
	
	
	 

	Total Revenue
	1631
	
	
	
	 

	 
	
	
	
	
	 

	Unlevered Beta
	0.991602995
	 
	 
	 
	 


 Source: Petercam and Thompson

In 2007 the total net turnover from the aerospace division was 553.0 M and 1,078.0 M from the technical services division. This results in an unlevered beta of 0.9916 as shown in the following calculation.
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In paragraph 3.2.2 the following formula was derived to calculate the risk premium:
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(4.7)
The average historical operational result plus depreciation is taken as a proxy for the average historical cash. Furthermore, 50 percent of the sales costs are assumed to be variable.

Table 4.4: Simplified overview of operational costs
	 
	2003
	2004
	2005
	2006
	2007

	Revenues
	1465.4
	1195.1
	1375.3
	1401.6
	1631.0

	Sales Costs
	68.1
	45.9
	58.5
	69.0
	75.5

	Assumed variable sales costs (50%)
	34.1
	23.0
	29.3
	34.5
	37.8

	Assumed fixed sales costs (50%)
	34.1
	23.0
	29.3
	34.5
	37.8

	General and administrative expenses
	184.0
	197.5
	192.6
	207.8
	217.0

	Research and development expenses
	0.0
	0.9
	0.3
	3.5
	0.5

	Depreciation
	33.5
	30.3
	31.0
	31.4
	39.1

	 
	
	
	
	
	 

	Total costs
	218.6
	214.0
	220.4
	248.9
	253.9

	 
	
	
	
	
	 

	Total fixed costs
	184.6
	191.1
	191.2
	214.4
	216.2

	 
	
	
	
	
	 

	Operational result
	69.5
	84.9
	105.2
	67.2
	51.1

	Operational result (including depreciation)
	103.0
	115.2
	136.2
	98.6
	90.2

	 
	
	
	
	
	 

	Average total fixed costs
	199.5
	
	
	
	 

	Average Operational result (including depreciation)
	108.6
	 
	 
	 
	 


The market risk premium at the time of the LBO is the average of the range of 6.0 to 8.5 percent that Brealey and Myers (2003, pp. 160) believe to be reasonable for the United States, which results in a market risk premium of 7.25 percent. Applying formula 4.7 results in the following:
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This calculation implies that the growth rate of revenues should be adjusted with 2.546 percent per year. 
4.2.5 Cost of goods sold
The following formulas are applicable for the COGS:
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(4.9)
The following data can be derived form Stork’s annual reports:

Table 4.5: Historical COGS and COGS of the Aerospace and Technical Services divisions as a percentage of revenues 
	 
	2002
	2003
	2004
	2005
	2006
	2007
	Average
	Volatility

	Revenue
	1441.7
	1465.4
	1195.1
	1375.3
	1401.6
	1631
	
	 

	COGS
	1252.4
	1144.6
	869.4
	1025.6
	1069.1
	1295.3
	
	 

	COGS as % of revenues
	0.869
	0.781
	0.727
	0.746
	0.763
	0.794
	0.758
	0.028


Because the percentage COGS of revenues is assumed to mainly depend on external factors (e.g. price of raw materials), minimizing the influence of the investor, it’s simulated with the historical mean of .758 and historical standard deviation of .028.

4.2.6 Variable and fixed operating costs
The following formulas are used to calculate the operating costs:
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(4.12)

The total operating costs are assumed to be the sum of sales costs, general and administrative expenses and research and development expenses, minus depreciation expenses. The historical operating costs are shown in table 4.6:

Table 4.6: Historical operating costs of the Aerospace and Technical Services divisions
	 
	2003
	2004
	2005
	2006
	2007

	Revenues
	1465.4
	1195.1
	1375.3
	1401.6
	1631.0

	Sales Costs
	68.1
	45.9
	58.5
	69.0
	75.5

	General and administrative expenses
	184.0
	197.5
	192.6
	207.8
	217.0

	Research and development expenses
	0.0
	0.9
	0.3
	3.5
	0.5

	Depreciation -/-
	33.5
	30.3
	31.0
	31.4
	39.1

	 
	
	
	
	
	 

	Total costs
	218.6
	214.0
	220.4
	248.9
	253.9

	 
	
	
	
	
	 

	Slope
	0.083
	
	
	
	 

	Intercept
	113.8
	
	
	
	 

	R squared
	0.489
	 
	 
	 
	 


The operational costs are divided into variable 
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 and fixed costs
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. To distinguish between fixed and variable costs the sum of sales costs, general and administrative expenses and research and development expenses are regressed on the revenues. The results, shown in table 4.6, show a linear relation with an intercept at 113.8 and a slope of .083 with a R2 of 0.489. As a result the operating costs consist of a fixed component of 113.8 M and a variable component of 8.3% of the revenues.
The initial volatility of variable costs is assumed to be 0.04, decreasing in the long run towards .02. Fixed costs are assumed to increase with 0.02 a year as a result of the imposed superior management skills of the private equity house. It should be noted that correlation between variables is again assumed not to be present.
4.2.7 Calculating Stork’s yearly interest

The following two overviews can be taken from Stork’s 2008 annual report. 

Figure 4.1: Overview of long term debt at the level of Stork NV
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interestrate|  Maturity| 31-12-2008
Long-term loans:
Guarantee Facility 1 EUR Euribor +2.375% 2015 85,000
Capex 2 Loan EUR Euribor +2.375% 2016 50,000
Capex 3 Loan EUR Euribor +2.625% 2017 50,000
Loans provided by the Nederlands Instituut voor
Viiegtuigontwikkeling en Ruimtevaart EUR  Average interest 5.13% 22,726
Loans to MASA, Columbia COP  Average interest 13.58% 14,320
Oher loans EUR 2,287
224,333
Repayments due in 2009 -
224,333
Of which with a remaining term of more than five years 185,000











Source: Stork’s annual report 2008

Figure 4.2: Overview of long term debt at the acquisition vehicle
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Long-term loans:
Senior Loan A usD Libor +2.75% 2015 95580
Senior Loan B usD Libor +3.25% 2016 32407
Senior Loan B EUR Euribor +3.25% 2016 129,050
Senior Loan C usD Libor +3.50% 2017 32407
Senior Loan C EUR Euribor + 3.50% 2017 129,050
Mezzanine Loan EUR Euribor + 3.50% 2017 197,356

and 7.25% non cash

Capitalised finance costs (20933)
594,917
Repayments due in 2009 -
594,917

Of which with a remaining term of more than five years 594,917











Source: Stork’s annual report 2008

Figure 4.1 shows the long-term debt on the level of the Stork company, which partially existed at the moment of the acquisition. Figure 4.2 describes the loans to the Topco, the acquisition vehicle that acquired the shares of Stork. It should be noticed that Stork’s 2008 annual report is applied while this wasn’t available at the end of 2007. However, hindsight is necessary as the financial structure of the Stork LBO was not publicly available before the acquisition.  

Based on figure 4.1 and 4.2 it’s possible to calculate the yearly interest rate. A possible difficulty could be the risk of changing Libor and/or Euribor interest rates and changing $/€ exchange rates. This could be taken into account by simulating future changes in interest rates and/or exchange rates using historical data. However this is, with regard to the interest rate risk, not necessary as Stork states in the 2008 annual report that it uses interest rate swaps to cover these interest rate risks. With regard to the exchange rate risk it can be stated that the risk is partially offset by the ‘natural hedge’ that exist from the fact that Stork makes part (approximately 17% in 2007, 370 M) of its turnover in the Americas. For this reason exchange rate risk is not taken into account and the $/€ exchange rate is set to be 1.462, which represent the three year Dollar/Euro swap rate at the end of 2007.

At the end of December 2007 the Euribor (currency: Euro) and Libor 12 (currency: US dollar) month interest rate are assumed to be 4.239 percent and 4.2238 percent respectively.
 Finally it’s important to notice that the mezzanine loan receives 7.25% non cash interest. In the model this results in yearly adding 7.25% of the mezzanine loan’s face value at the end of the preceding year to the mezzanine loan. Finally there are no assumptions made about using free cash flows for debt redemption as the 2008 annual report states that the first (Senior A) loan doesn’t mature until 2015. 

4.2.8 Taxes

According to the 2007 annual report 
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of the annual turnover was made in the Netherlands. For this reason the assumption is made that the corporate tax rate is 25 percent in line with the 2008 Dutch corporate tax rate. With regard to the tax base the assumption is made that all interest paid on debt used for the acquisition of Stork, (debt at the level of the Topco) is tax deductible. This assumption is made on the assumed ability of Candover to successfully apply so called debt push-down techniques. With regard to the interest paid on debt at the level of Stork the assumption is made that it’s only partially tax deductible. More specific, the assumption is made that this latter interest is only tax deductible as far as the percentage of revenues can be attributed to the Netherlands, being 66.4 percent. For simplicity reason the assumption is made that tax credits are not available.
4.2.9 CAPEX and depreciation and amortization

As discussed in the methodology D&A expenses depend on the earlier made CAPEX. Furthermore, it’s not possible to set either CAPEX or D&A as a percentage of revenues as these can be become negative. For this reason and for simplicity reasons another approach is suggested, namely setting future CAPEX and D&A expenses at the average value forecasted by analysts. However, the two analyst reports only estimate the yearly depreciation and amortization for Stork including the food systems division. Therefore it is not possible to derive exact numbers for the D&A expenses for the individual aerospace and technical services division. This problem is solved by starting with calculating the percentage of revenues in the analysts’ reports that is accountable to the Aerospace and Technical Services divisions. The second step is multiplying this yearly percentage with the yearly analysts’ forecast of the D&A expenses for Stork, including the Food systems division. The second step results in the D&A expenses assumed to be accountable to the Aerospace and Technical Services divisions. Finally, the yearly average is taken from both analyst reports as the forecast for future D&A expenses. After 2011 D&A expenses are assumed to increase with 4% a year. 

The capital expenditures (CAPEX) are forecasted in the same manner. After 2011 CAPEX are assumed to be set at 68M

Table 4.7: Average D&A and CAPEX based on analyst reports
	Fortis
	2008e
	2009e
	2010e
	2011e

	 
	
	
	
	

	Total revenues
	2073
	2244
	2431
	2524

	Aerospace & Technical services
	1691
	1833
	1991
	2056

	A&T as a percentage of revenues
	81.57%
	81.68%
	81.90%
	81.46%

	D&A (including food Systems)
	59
	63
	67
	70

	Accountable D&A 
	48.13
	51.46
	54.87
	57.02

	 
	
	
	
	

	Petercam
	
	
	
	

	 
	
	
	
	

	Total revenues
	2036.2
	2205.5
	2333.4
	2450.6

	Aerospace & Technical services
	1671
	1825
	1936
	2037

	A&T as a percentage of revenues
	82.06%
	82.75%
	82.97%
	83.12%

	D&A (including food Systems)
	55.4
	58.9
	60.2
	62.9

	Accountable D&A 
	45.46
	48.74
	49.95
	52.28

	 
	
	
	
	

	Depreciation
	46.80
	50.10
	52.41
	54.65


	Fortis
	2008e
	2009e
	2010e
	2011e

	 
	
	
	
	

	Total revenues
	2073
	2244
	2431
	2524

	Aerospace & Technical services
	1691
	1833
	1991
	2056

	A&T as a percentage of revenues
	81.57%
	81.68%
	81.90%
	81.46%

	CAPEX (including food Systems)
	86
	88
	85
	83

	Accountable CAPEX
	70.15
	71.88
	69.62
	67.61

	 
	
	
	
	

	Petercam
	
	
	
	

	 
	
	
	
	

	Total revenues
	2036.2
	2205.5
	2333.4
	2450.6

	Aerospace & Technical services
	1671
	1825
	1936
	2037

	A&T as a percentage of revenues
	82.06%
	82.75%
	82.97%
	83.12%

	CAPEX (including food Systems)
	72.6
	77.9
	80.6
	79.8

	Accountable CAPEX
	59.58
	64.46
	66.87
	66.33

	 
	
	
	
	

	CAPEX
	64.87
	68.17
	68.24
	66.97


4.2.10 Residual value

As discussed in chapter three, two methodologies are available to calculate the residual or continuing firm value. Both methodologies will be applied and then the results will be compared. First the multiple approach will be discussed, followed by the use of the adjusted value driver formula.

Multiple approach

Because the exact multiple isn’t know and has to be forecasted, there are two possibilities. The first one is to assume an exit multiple based on a peer group analysis. The second possibility is to simulate the multiple based on the same peer group’s mean and standard deviation. The peer group’s EV/EBITDA and EV/EBIT multiples are shown in table 4.8.

Table 4.8: Peer group EV/EBITDA and EV/EBIT multiples
	Aerospace
	 
	 
	 
	Technical services
	 
	 

	
	
	
	
	
	
	 

	Company
	EV/EBITDA
	EV/EBIT
	
	Company
	EV/EBITDA
	EV/EBIT

	 
	
	
	
	
	
	 

	The Boeing Company
	8.4
	10.3
	
	ABB
	12.7
	14.3

	Bombardier
	5.4
	8.3
	
	AMEC
	11.7
	13.5

	Cobham
	9.7
	12.3
	
	Bodycote International
	6.9
	12.2

	Finmeccanica
	7.2
	10.7
	
	Imtech
	7.9
	9.6

	Lockheed Martin
	8.3
	9.8
	
	
	
	

	Satair
	11
	13.4
	
	Average
	9.80
	12.40

	 
	
	
	
	Standard deviation
	2.83
	2.06

	Average
	8.33
	10.80
	
	
	
	 

	Standard deviation
	1.94
	1.82
	
	
	EV/EBITDA
	EV/EBIT

	 
	
	
	
	Average multiple
	9.07
	11.60

	 
	 
	 
	 
	Average standard deviation
	2.39
	1.94


Source: Petercam & Thompson

The calculation of the residual value is done by multiplying the simulated average EBIT and EBITDA of the three years before the exit (2012-2014) with the (simulated) exit multiple to avoid the influence of possible incidental outliers in the last years EBITDA and/or EBIT. Furthermore, the average is taken of both calculated enterprise values, as it cannot be stated that one of the multiples is a better estimator of the residual value. 

Application of the adjusted value driver formula

Earlier the assumptions is made that Stork is a firm in a competitive industry, implying a long-term growth of revenues of zero percent. Making this assumption allows it to apply the following adjusted value driver formula to calculate the residual value:
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(4.13)
At the end of 2007 the yield on a German government bond that matured in one year was approximately 4 percent. However, also considering current (2009) comparable yields, the average yield on a German government bond that matured in one year in the period 1973-2009 is taken as a proxy for the risk free rate of interest. This results in a risk-free rate of interest of 5.5 percent.
4.2.11 Overview of the input variables 

Table 4.9: Overview of the key parameters of the model
	Parameter
	Notation
	Estimated value

	Initial revenue
	Ro
	1631.0

	Initial expected rate of growth in revenues
	µ0
	0.073

	Initial volatility of revenues
	σ0
	0.1403

	Initial volatility of expected rates of growth in revenues
	η0
	0.2397

	Long-term growth rate of revenues
	µ lt
	0

	Long-term volatility of the rate of growth in revenues
	σ lt
	0.05

	
	
	

	Speed of adjustment for the rate of growth process
	k1
	0.1163

	Speed of adjustment for the volatility of the rate of growth process
	k2
	0.1163

	Speed of adjustment for the volatility of revenue process
	k3
	0.1163

	Speed of adjustment for the rate of growth of variable costs
	k4
	0.1163

	Speed of adjustment for the volatility of variable costs
	k5
	0.1163

	 
	
	

	Risk premium
	λ
	0.02456

	 
	
	

	Mean COGS as a percentage of revenues
	η
	0.758

	Volatility of COGS as a percentage of revenues
	ε
	0.028

	 
	
	

	Variable costs as a percentage of revenues
	γ
	0.083

	Long-term variable costs as a percentage of revenues
	γ lt
	0.09

	 
	
	

	Initial volatility of variable costs
	φ0
	0.04

	Long-term volatility of variable costs
	φ lt
	0.02

	Initial Fixed costs
	F
	113.8

	Yearly growth in fixed costs
	dF/F
	0.02

	 
	
	

	Percentage of interest tax deductible
	
	0.664

	Corporate tax rate
	
	0.25

	 
	
	

	Risk free rate of interest
	
	0.055

	Market risk premium
	 
	0.0725


4.3 The results

This paragraph will discuss the results of the risk neutral valuation of Stork using Monte Carlo simulation.

4.3.1 The simulated enterprise value (risk neutral world)

Based on the earlier discussed input variables the model is used to simulate the enterprise value of Stork. The calculation consists of the following steps:

1. Calculating the sum of the yearly free cash flows discounted at the risk free rate of interest.

2. Calculating the residual firm value using the adjusted value driver formula, the estimated multiples or the simulated multiples and discount it at the risk free rate of interest.

3. Summing up the sum of step 1 and step 2.

4. Simulating the outcome of step 3 while implying the constraint that if the outcome becomes negative it is set to be zero. The latter constraint is imposed as the value of a firm cannot become negative.

Performing these four steps result in the following simulated enterprise values:

Table 4.10: Simulated enterprise value (risk neutral world)
	Results Summary
	Value Driver Formula
	Multiple
	Simulated multiple

	 
	
	
	 

	Mean
	3576.477775
	2884.867546
	2893.065356

	Number of Trials
	10000
	10000
	10000

	Standard error
	69.96051916
	56.24076321
	56.57896927

	 
	
	
	

	Minimum
	0
	0
	0

	Maximum
	113623.3931
	91241.23799
	94300.45699

	Median
	529.6539318
	484.2095143
	474.4390264

	Range
	113623.3931
	91241.23799
	94300.45699


From table 4.10 it can be derived that the enterprise value calculated using the fixed exit multiple and the simulated exit multiple result in approximately the same enterprise value. This is foreseeable as the mean of the simulated multiple is equal to the ‘normal’ multiple. For this reason the mean of both methods is expected to converge as the number of trials increases.

The relatively high enterprise value calculated using the value driver formula can be explained by the earlier difficulties discussed in paragraph 3.3. The sensitivity of the enterprise value calculated by using the value driver formula to changes in the risk free rate of interest is discussed in more detail in paragraph 4.4.3.
In 2015 the remaining debt at the level of Stork is assumed to be 222 M and the financing debt is assumed to be increased to approximately 690 M. The latter is a result of the 7.25 percent yearly non-cash interest on the mezzanine debt. As a result the equity value can be calculated and the results are shown in table 4.11:

Table 4.11: Simulated equity value
	Results Summary
	Value Driver Formula
	Multiple
	Simulated multiple

	 
	
	
	

	Mean
	3576.5
	2884.9
	2893.1

	Remaining Debt
	912.0
	912.0
	912.0

	Equity value
	2664.5
	1972.9
	1988.1


It’s now possible to compare the results from the simulation with the actual transaction details derived from the Zephyr database.

Table 4.12: Simulated enterprise value and calculated equity value I
	
	Zephyr
	Value Driver Formula
	Multiple
	Simulated multiple

	Enterprise value
	1308
	3576.5
	2884.9
	2893.1

	Equity value
	542
	2664.5
	1972.9
	1988.1


In chapter two the following formula was displayed (formula 2.30):

 Expanded NPV = passive NPV + flexibility (option) value



(4.14)
Assuming that the calculated enterprise value based on the Zephyr database is a correct approximation of the passive net present value, it can be stated that the flexibility (option) value is between 2,122.5 and 1,430.9 M. However, a more realistic approximation of the passive NPV would be given by applying the valuation model without correcting for the revenue growth. This would result in the simulated enterprise value in the real world, which can be used to calculate the implied option value.
4.3.2 The simulated enterprise value (real world)

To be able to calculate the enterprise and equity value in the real world it’s necessary to estimate the appropriate WACC using the following earlier discussed formula:
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(4.15)
Assuming that the corporate tax rate is 25 percent, it’s necessary to calculate 
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, where the total amount of debt plus the total amount of equity equals the enterprise value.

The total amount of debt at the start of 2008 is approximately 690 M and the total amount of equity is approximately 542 M, resulting in a D/E ratio of 1.413.

The second step in calculating the WACC is calculating the cost of debt and the cost of equity. The cost of debt is calculated in table 4.13.

Table 4.13 Cost of debt

	Total debt begin 2008
	787.2106183
	 
	 
	 

	 
	
	
	
	 

	 
	Debt class
	% of total debt
	interest (cash & non-cash)
	 

	 
	Guarantee facility 1
	0.107976186
	0.06614
	0.007141545

	 
	Capex 2 loan
	0.063515403
	0.06614
	0.004200909

	 
	Capex 3 loan
	0.063515403
	0.06864
	0.004359697

	 
	NIVR
	0.028869021
	0.0513
	0.001480981

	 
	MASA
	0.018190812
	0.1358
	0.002470312

	 
	
	
	
	 

	 
	Senior loan A
	0.083047911
	0.069738
	0.005791595

	 
	Senior loan B
	0.028157916
	0.079738
	0.002245256

	 
	Senior loan B
	0.163933256
	0.07489
	0.012276962

	 
	Senior loan C
	0.028157916
	0.077238
	0.002174861

	 
	Senior loan C
	0.163933256
	0.07739
	0.012686795

	 
	Mezzanine loan
	0.250702919
	0.14989
	0.037577861

	 
	
	
	
	 

	 
	 
	 
	Cost of debt
	0.092406773


The cost of equity can be calculated by applying the CAPM, or in a formula:
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(4.16)
As earlier discussed and calculated, the risk free rate of interest is assumed to be 5.5 percent, the market risk premium is assumed to be 7.25 percent and the unlevered beta is 0.9916. To calculate the equity beta it’s necessary to relever the unlevered beta, using formula 4.16, which results in an equity beta of approximately 2.0426.
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(4.17)
Applying the equity beta in the CAPM results in a 
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 of 20.8 percent, which result in a WACC of approximately 13.9 percent. Using the WACC it’s possible to calculate the enterprise value of Stork in the real world. The calculation consists of the following steps:

1. Calculating the sum of the yearly free cash flows discounted at the WACC.

2. Calculating the residual firm value using the adjusted value driver formula, the estimated multiples or the simulated multiples and discount it at the WACC.

3. Summing up the sum of step 1 and step 2.

4. Simulating the outcome of step 3 with the constraint that if the outcome of step 3 cannot become negative. 

Table 4.14: Simulated enterprise value (real world, WACC 13.9%)

	Results Summary
	Value Driver Formula
	Multiple
	Simulated multiple

	 
	
	
	 

	Mean
	1264.39955
	1924.081022
	1925.958328

	Number of Trials
	10000
	10000
	10000

	Standard error
	23.40031547
	35.52225716
	35.88764445

	 
	
	
	

	Minimum
	0
	0
	0

	Maximum
	37377.29578
	57486.02008
	53175.09415

	Median
	246.6211732
	453.7091177
	453.0512697

	Range
	37377.29578
	57486.02008
	53175.09415


In 2015 the remaining debt is 912 M. equal to the remaining debt in the risk neutral world. This results in the following equity values:

Table 4.15: Simulated enterprise value and calculated equity value II
	
	Zephyr
	Value Driver Formula
	Multiple
	Simulated multiple

	Enterprise value
	1308
	1264
	1924
	1926

	Equity value
	542
	352
	1012
	1014


It’s now possible to calculate the implied option or flexibility value by combining table 4.14 and table 4.15. This results in the following option values:

Table 4.16: Implied option value
	
	Value Driver Formula
	Multiple
	Simulated multiple

	Enterprise value (risk neutral world)
	3576.5
	2884.9
	2893.1

	Enterprise value (normal world)
	1264
	1924
	1926

	Implied option value
	2312.5
	960.9
	967.1


4.4 Sensitivity analysis

In this paragraph three sensitivity analyses will be performed to analyze the consequences of certain parameters in the model. The first analysis is of the relationship between the exit multiple and the IRR, as this is assumed to be (one of) the most important budget metrics used by private equity investors. Before this analysis can be done it’s important to discuss the steps needed to calculate the IRR, which are the following:

1. Determine the initial equity investment. (In the base case the initial equity investment is assumed to be 542 M)
2. Simulate the mean of the individual cash flows for each year discounted at the WACC. 

3. Simulate the mean of the residual firm value using the adjusted value driver formula, the estimated multiples or the simulated multiples and subtract the remaining debt at the exit moment.

4. Discount the outcome of step two with the WACC and imply the constraint that the value cannot be smaller than zero.
 

5. Calculate the IRR using the XIRR function in excel.

Following these steps results in the following IRR for the different methods:

Table 4.17: Internal rate of return

	Results Summary
	Value Driver Formula
	Multiple
	Simulated Multiple

	 
	
	
	 

	Mean
	0.100232835
	0.169216069
	0.169601706

	Number of Trials
	2500
	2500
	2500

	Standard error
	0.000436795
	0.000386117
	0.000385835

	 
	
	
	

	Minimum
	-0.45762582
	-0.2393491
	-0.22688597

	Maximum
	0.237530181
	0.299428716
	0.308021235

	Median
	0.094808413
	0.164062339
	0.164795112

	Range
	0.695155998
	0.538777816
	0.534907209


The second sensitivity analysis analyses the relationship between the D/E ratio and the IRR. This analysis is performed by comparing the IRR of four different scenarios, each scenario having a different capital structure. The third and final sensitivity analysis analyses the influence of the risk free rate of interest on the calculated enterprise values in the risk neutral world, the normal world and the implied option values. As the sensitivity analysis can show possible weaknesses of the model or sensitivity test, each test is followed by suggestions of possible future model/methodology/test improvements
4.4.1 Sensitivity analysis of the exit multiple

The following multiples are used to calculate or simulate the exit value of Stork in the base case.

Table 4.18: Exit multiples and standard deviations

	
	EV/EBITDA
	EV/EBIT

	Average multiple
	9.07
	11.60

	Average standard deviation
	2.39
	1.94


In the performed sensitivity analysis the IRR of Stork is calculated using the following inputs for the (simulated) exit multiple: 9.6/7.1; 10.6/8.1; 11.6/9.1; 12.6/10.1; 13.6/11.1 (EBIT/EBITDA). In the following graph the simulated IRR’s are shown of the different exit multiples.

Figure 4.3: IRR’s sensitivity to the exit multiple
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Graph 4.1 shows that the IRR increases almost linear with the exit multiple. The fact that the linearity is not perfect results from the limited number of simulations (2500) that was done because of the extensive calculation time. Nevertheless, the assumed linearity is not surprising as the residual value determines a large fraction of the enterprise value and is a linear function of the exit multiple. 

A possible future improvement of this sensitivity test could be increasing/decreasing the EBIT and EBITDA multiple with a percentage instead of a fixed number. For example 5 scenarios with 80, 90, 100, 110 or 120 percent respectively times the base case EBIT/EBITDA multiple. Another possible improvement could be calculating scenarios based on the lowest forecasted exit multiple and on the highest forecasted multiple. As a result the outcome would be a range of possible IRR’s.

4.4.2 Sensitivity analysis of the Debt/Equity ratio

The amount of debt is assumed to be an important value driver as an increase of the D/E ratio results in an increase of tax deductible interest. At the same time an increase of the debt percentage in the capital structure decreases the size of the equity investment, increasing the IRR in case of success. An earlier discussed downside remains however, as increased debt levels increase the possibility of default and increase the costs of debt.

In the base case valuation of Stork the assumption is an initial equity investment of 452 M and 224.3 M debt at the level of Stork and 594.9 M debt at the level of the TopCo, consisting of 197.3 M mezzanine debt. In the following analysis the sensitivity of IRR to the capital structure is measured. The applicable WACC is in each scenario adjusted to the capital structure. The following scenarios are simulated:

Scenario 1: No debt at the level of the TOPCO, 224.3 M debt at the level of Stork, an initial equity investment of (1308 – 224.3 =) 1083.7 and a WACC of 12.6 percent.

Scenario 2: 282.6 M debt at the level of the TOPCO (50 percent of the debt in scenario 3 and € 98.7 M mezzanine), 224.3 M debt at the level of Stork, an initial equity investment of 803 M and a WACC of 13.2 percent.

Scenario 3: Base case

Scenario 4: 918 M debt at the level of the TOPCO (€ 450 M mezzanine), 224.3 M debt at the level of Stork, an initial equity investment of 167 M and a WACC of 15.6 percent.

Table 4.19: IRR of different scenarios

	 
	Multiple
	Simulated Multiple
	Value Driver Formula

	Scenario 1
	0.08730
	0.08709
	0.02604

	Scenario 2
	0.10472
	0.10518
	0.03463

	Scenario 3
	0.16922
	0.16960
	0.10023

	Scenario 4
	0.27666
	0.28029
	0.16572


The results in table 4.19 confirm the basic idea that increasing the degree of leverage increases the IRR for the equity investor. However, it should be noticed that the IRR is calculated based on the mean of the simulated cash flows and residual firm value. As a result the IRR increases with the percentage of debt, but at the same time the change of default is assumed to increase dramatically. The latter not being totally unexpected as one the basic rules of finance assumed that increasing returns can only come at the cost of increasing risk.

Finally two possible improvements of the model should be suggested. The first on is the possibility to imply debt redemption in the model. As a result the majority of the cash flows will be used for debt redemption, making it possible to base the IRR solely on the exit value. The latter is assumed to be more in line with the actual private equity practice. The second suggested improvement is adding the possibility of default. At first sight this seems easy as it’s possible to count the number of times that the cash flows are insufficient to make the interest payments. However, it’s unrealistic to assume that missing one interest payment directly result in total default. For this reason the possibility of default is not implemented in the model and is suggested as a subject for future research.

4.4.3 Sensitivity analysis of the risk free rate of interest

The last but definitely not least sensitivity analysis is the one of the risk free rate of interest. The risk free rate of interest influences the enterprise value in the risk neutral world as it is the applicable discount rate and it is part of the adjusted value driver formula. Furthermore, it’s one of the key variables determining the WACC and therefore the enterprise value in the real world. In graph 4.2 the enterprise value in the risk neutral world, the enterprise value in the normal world and the implied option value are plotted with the corresponding risk free rate of interest and WACC.
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Figure 4.4:: The sensitivity of the enterprise value and the implied option value to the risk free rate of interest and the WACC
The most salient detail in graph 4.2 is the extreme enterprise value in the normal world when the adjusted value driver formula is applied to calculate the residual firm value. This extreme value, as a result of the low risk free rate of interest, was already foreseen when the value driver formula was adjusted to the risk neutral world. Graph 4.2 also underlines that, from the moment that the risk free rate of interest rises to approximately 6 percent, the different methodologies result in ‘almost’ comparable outcomes. Hereby it should be noticed that a conservative adjusted value driver formula is applied, assuming a perpetual economic growth of zero percent. A possible explanation of this ‘flaw’ could be found in the fact that the value driver formula finds its origin in a period of relative high interest rates. Nevertheless, graph 4.2 stresses the fact that the outcome of the risk neutral valuation mainly depends on the assumptions made about the residual firm value and the applicable risk free rate of interest. As both assumptions are arbitrarily, it’s highly recommended that in the future additional research is done to the applicable risk free rate of interest and the methodology to determine the risk free rate of interest.

4.5 Final remarks with regard to the model and the Stork case

Besides the earlier discussed possible improvements of the model and the difficulties with determining the applicable risk free rate of interest and methodology to calculate the residual firm value, some other issues remain.

The first one is the fact that holding costs (headquarter costs) are not taken into account. The second one is that possible (options on) equity ownership of the management, not uncommon in an LBO transaction, is not taken into account. The third and more important one is the rumour that each stock of Stork, prior to the delisting, contained an unrealized real estate value of approximately € 25.
 The presence of such real estate would result in a value of approximately 780 M. These three issues emphasize once more the fact that, to be able to make a correct (option) valuation, a due diligence is needed and/or the exact parameters on which the private equity investor based his valuation. Unfortunately both weren’t publicly available. 

When comparing the enterprise values simulated with the fixed multiples and the simulated multiples, it should be noticed that there’s only a small difference. This is expected as the mean of the simulated multiple equals the fixed multiple and therefore both outcomes should converge if the number of simulations increases. However, the advantage of using Monte Carlo simulation arises when certain events are counted, e.g. number of possible defaults. Nonetheless, it should be noticed that to imply a ‘counting mechanism’, it’s important to increase the accuracy of forecasted variables and decrease the corresponding standard deviations. As a result the range of the distribution of simulated enterprise values decreases, while the mean remains unchanged, as shown in figure 4.1:
Figure 4.5 Normal distribution
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A consequence of the decrease of the standard deviations and therefore range of simulated enterprise values is the decrease of the ‘tails’ of the distribution. As a result the number of defaults, as shown in figure 4.1, would decrease. Although adjusting the model to decrease the number of defaults is not an objective in itself, it’s important because of the following reason. Imagine a simulated cash flow with a simulated mean of 5. Based on simulation with variables with relative high standard deviations the range of possible outcomes would be for example [-45;50], while based on simulation with variables with relative low standard deviations the range of possible outcomes would be [-1;11]. It’s not hard to imagine that the number of default is much lower in the simulation with the relative low standard deviations. As a result the percentage of defaults decreases from e.g. 30 percent to e.g. 15 percent, which is intuitively much more realistic for e.g. a blue chip company.   
5. Conclusions
In the introduction of this thesis the acquisition of Stork was discussed and the question was asked if Candover overpaid when it bid € 48.40 per share. Although a thorough due diligence would actually be necessary before being able to state anything with certainty, it should now be possible to answer this question.
Based on the real world valuation Candover overpaid when the value driver formula is applied to calculate the residual firm value. However, when multiples are used to calculate the residual firm value, Candover made a good investment. Because it cannot be stated that the residual firm value methodology is preferable over the multiple methodology, it cannot be determined if Candover did make a good investment or not. However, when the methodology of real option valuation is applied to value the equity investment, the only possible conclusion is that Candover made a very good investment. This conclusion can be drawn form the simulated enterprise value in the risk neutral world, which implies an additional option value between 960.9 M and 2312.5 M. Although the presence of the implied option value justifies Candover’s investment in Stork, it also raises a new question. This question is why the other private equity investors and the market allowed Candover to acquire Stork and this implied option value. A possible answer is that the other investors didn’t see an opportunity to realize the upside potential. However, this argument only holds for the market as private equity investors make use of the same legal, financial and management advisors to realize the possible upside potential.  For this reason the possibility of possible errors in the methodology shouldn’t be excluded.
The first possible error or point of discussion is the methodology to adjust the revenue growth from the normal world to the risk neutral world. As the applied methodology of Schwartz and Moon was assumed to be too complicated to be useful in practise, an alternative methodology was suggested. However, this alternative methodology is based on several assumptions, which could be questionable in practise. One of these assumptions is that a proxy can be used for the present value of fixed costs and cash flows, while the outcome of the formula is needed to calculate these values.
 Finally, the adjustment of revenue growth depends on the risk free rate of interest and the return of the market portfolio, both variables for which the applicable value is disputable. 
The risk free rate of interest is also one of the difficulties when it comes to determining the appropriate methodology to calculate the residual firm value. In theory the value driver formula can be adjusted to the risk neutral world. However, assuming a risk free rate of interest of two percent, applying the adjusted value driver formula results in a residual firm value of fifty times the NOPAT, which seems quite unrealistic. The problem of the applicable risk free rate of interest and corresponding WACC is also recognized in the results of the sensitivity analyses of the enterprise value to the risk free rate of interest.
The problem of determining the applicable variables rises also in other areas as discussed in the last paragraph of chapter 4. This problem could be solved or decreased if better data was available. Better data would result in better forecasted means of variables with smaller assumed standard deviations. At the same time it would reveal possible hidden costs, or more important hidden profits, in for example real estate. The latter often being an important part of an LBO transaction.

An often heard critique on Monte Carlo simulation is the calculation time. Although this argument sounds exaggerated, it becomes reality when simulating IRR’s for different models using Excel’s XIRR function. At some point it takes over an hour to simulate 2500 scenarios. As a result possible model adjustments result in dreadful exercises, making option valuation less attractive for the fast world of investment banking.

Summarizing it can be stated that the methodology of option valuation might be able to explain why certain LBO’s are executed. However, during the writing of this thesis, more questions about the practical implementation of the option pricing methodology rose than the results answered. For this reason further research on the earlier discussed points is strongly suggested. As a result, the real option approach might become a serious alternative to value investment project.
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� Based on a lecture on LBO’s given by Credit Suisse at the Erasmus University at the 29th of September 2008.


� � HYPERLINK "http://www.wikipedia.org" ��www.wikipedia.org� is specifically chosen to cite as it is often the starting point in finding specific answers in the current multimedia environment.


� The APV methodology is a variant approach of the DCF methodology and therefore based on the same fundamentals.


� According to Wikipedia Mezzanine capital, refers to a subordinated debt or preferred equity instrument that represents a claim on firm's assets, which is senior only to that of the common shares. Mezzanine financings can be structured either as debt (typically an unsecured and subordinated note) or preferred stock.


� With the return the transaction risk also increases as there is no free lunch.


� Based on Smit and Trigeorgis (2001, pp. 1).


� Recall that an average LBO transaction involves at least three types of debt.


� See scheme 2.1 for the calculation of NOPAT.


� See Arzac (2008, pp. 97) for the complete derivation of this formula.


� Based on the definition of IRR given by wikipedia.org.


� CF0 stands for the cash outflow or initial investment at t=0.


� According to Smit and Trigeorgis (2004) Stewart Myers ‘coined’ the term real options in 1977.


� Wikipedia.org.


� Arzac (2008, pp. 347).


� That is, N(d) is the probability that a normally distributed random variable x will be less than or equal to d. N(d1) in the B&S formula is the option delta. Thus the formula tells us that the value of a call is equal to an investment of N(d1) in the common stock less borrowing of (d2) x PV (EX).


� A call option can be replicated by buying shares of the underlying stock and borrowing at the risk free rate. A put option can be replicated by selling shares of the underlying stock and saving at the risk free rate.


� See also Galai and Masulis (1976).


� Schwartz and Trigeorgis (2001, pp. 5).


� This equation is comparable with equation 2.9.


� The details of an LBO transaction will be discussed more thoroughly in of the next paragraphs.


� A European option may only be exercised on expiration and an American option may be exercised on any trading day on or before expiration.


� According to wikipedia variance reduction is a procedure used to increase the precision of the estimates that can be obtained for a given number of iterations. Every output random variable from the simulation is associated with a variance which limits the precision of the simulation results. In order to make a simulation statistically efficient, i.e., to obtain a greater precision and smaller confidence intervals for the output random variable of interest, variance reduction techniques can be used. The main ones are: Common random numbers, antithetic variates, control variates, importance sampling and stratified sampling.





� The time needed for running a Monte Carlo simulation is assumed to decrease rapidly in the future, as the processing capabilities of computers are increasing every day.


� According to wikipedia.org � HYPERLINK "http://en.wikipedia.org/wiki/Kiyoshi_It%C5%8D" \o "Kiyoshi Itō" �It�o's lemma is used to find the differential of a function of a particular type of stochastic process. The lemma is widely employed in mathematical finance and its best known application is in the derivation of the Black-Scholes formula used to value options.


� Schwarz and Moon remark that only the revenue process is correlated with the return on the market.


� For this reason only applicable when the target is listed before the LBO transaction.


� Schwartz and Moon include the COGS in the variable cost.


� Based on historical data.


� Market is referring to the market portfolio, which implies a portfolio that has investment in all possible investible assets.


� Source:  www.bundesbank.de/statistik. 


� Fortis, 31 August 2007 and Petercam 27 July 2007.


� � EMBED Equation.3  ���, where h stands for the number of trading days in a year and is assumed to be 252.


� Petercam analyst report on Stork, 27 July 2007.


� Source: Thompson datastream.


� Adjusted for the sale of the Food Systems division.


� The amount of equity is adjusted for the sale of the Food Systems division.


� It should be noticed that during the simulation individual cash flows can be negative.


� Based on an anonymous statement of an investment banker.


� Formula 3.39.


� E.g. the LBO of Vendex/KBB.
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