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Abstract 

The objective of this thesis is to incorporate the Monte Carlo simulation method into the discounted cash 

flow (DCF) model in order to shed light on uncertainty and risk transparency in valuation.  

The traditional DCF model is set up by estimating the most likely point estimates as inputs. This approach 

results in the most likely expected value as an output. However, this approach hides valuable information 

about risk to the decision maker. Including risk in the discount rate or in the underestimation of cash 

flows doesn’t provide the decision maker a full picture about the embedded uncertainty of the valuation 

and its risk. To increase risk transparency in valuations, the Monte Carlo approach is incorporated in the 

traditional DCF. This thesis assesses how Monte Carlo simulations can provide a more informative and 

flexible valuation output.  

In order to conduct the analysis, this paper is built on the valuation of Vestas Wind Systems A/S (referred 

to as “Vestas” throughout this thesis) as a case study. The fair share price of Vestas is valued both under 

the deterministic DCF model and the Monte Carlo simulations method. The employment of two different 

valuation methods allows for the comparison between the two different approaches and for the discussion 

of potential benefits delivered by the Monte Carlo approach. The discussion of results revolves around 

which additional information is revealed by the application of Monte Carlo and how information about 

uncertainty can help make more informed investment decisions.  
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1. Introductory background 

This introductory chapter provides an introduction to the topic of this thesis and a discussion of the 

tackled problem. Based on these discussions, the research questions are formulated. Additionally, 

existing literature, limitations and the outline of the thesis are presented.  

 

1.1 Introduction 

Valuation is the process of estimating a price for an asset. Literature and reasearch have developed many 

different valuation methods and frameworks aimed at firm valuation. While different models can be used 

in different contexts, a good valuation model is simple and helps investors make informed decisions.  

All most commonly used methods for business valuation are based on the discounted cash flow (DCF) 

model. The model is based on the principle that the fundamental value of an asset is the present value of 

its expected future cash flows discounted at a discount rate that properly reflects the risk of the asset’s 

cash flows (Viebig, et al., 2008). This method draws heavily from the present value framework for 

valuation developed by Merton Miller and Franco Modigliani in the beginning of the 1960s. Today, many 

different approaches from the DCF exist, because they allow investors to focus on a few most crucial 

aspects of the valuation while disregarding less important ones, depending on the context (Viebig, et al. 

2008). A few of the most important ones are dividend discount models, free cash flow to the firm (FCFF), 

economic value added, and free cash flow to equity. 

All the above mentioned models are models based on single point estimated values for input variables in 

order to arrive at a single output value of the enterprise value (EV). Valuation methods based on single 

point estimates have been widely used due to data availability problems, but we are now entering a new 

era regarding data accessibility. Companies are setting up business intelligence technologies and 

processes that allow to collect large amounts of data about the company’s operations. As data becomes 

more accessible, it is worth examining if it is possible to make valuation models more informative and 

increase transparency in the valuation output with the support of known statistical tools (Damodaran, 
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2018). A comprehensive valuation approach is Monte Carlo simulations, where single point estimates 

are replaced by probability distributions as input variables.  

As valuation requires to understand how value will be created and how it will be sustained in the future, 

uncertainty is deeply embedded in the valuation activity, regardless of the chosen valuation method. 

Uncertainty is in the estimations of inputs, in pojections of future market conditions, and in the 

comparable data. This implies that a range of possible values can be used as imputs, which will translate 

into a range of possible values as the output of the valuation. The traditional DCF model fails to account 

for this embedded uncertainty, and the Monte Carlo simulation is considered to convey more information 

about this ingrained uncertainty and risk.   

 

1.2 Problem statement 

Traditionally, analysts compute the expected value for an asset with the DCF model, which represents 

only one scenario out of all possible future outcomes. In the DCF model calculations, all input variables 

are point estimates, in other words, they are our best estimates of growth, risk, reinvestment needs, 

future sales etc. However, these expectations are not a very precise representation of the future as no 

analyst can precisely foreast the future. These errors then will be compounded over time, making 

expected cash flows into the future more noisy than the cash flows in the near future (Damodaran, 

2018).  

The main reasons why single point estimates have been widely accepted among valuation practitioners 

are data availability and model limitations. First, in order to obtain a full picture about uncertainty, 

easy access to historical data and cross sectional data is necessary, which wasn’t available to analysts 

until a few years ago. Second, the display of uncertainty in valuation models requires advanced 

analytical tools that were not widely available a decade ago. Today, as data abundance and analytical 

tools become easily accessible to analysts, we should observe a shift in valuation techniques and more 

advanced models that openly deal with uncertainty. However, this change has been observed to be 

extremely slow (Damodaran, 2018).  
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Static point estimates give decision makers the illusion of precision, while the acknowledgment that 

the model is highly sensitive to uncertainty is uncomfortable and somewhat scary (Damodaran, 2018). 

Many decision makers respond with denial and choose not to look at how uncertain they are on the 

development of margins, revenue, and investments. However, it is important to understand that 

uncertainty is a key feature of valuation, and not just insignificant noise that can be disregarded.  

An extension of the DCF is scenario analysis, which conducts the analysis under three scenarios (best 

case, most likely, and worse case), while the Monte Carlo probabilistic approach is the most 

comprehensive one in terms of dealing with risk. A Monte Carlo simulation provides a more complete 

evaluation of all possible scenarios, presenting a more complete picture of risk and transparency in 

valuation outcomes. 

 

1.3 Research question 

The main purpose of this thesis is to apply and compare two different valuation techniques to reveal 

some weaknesses of the traditional DCF valuation model and the advantages found in the Monte Carlo 

probabilistic approach through a case study on Vestas Wind Systems A/S. The above discussion serves 

as the motivation to explore this topic, which leads to the following reseach questions found below.  

- What is the fair price of Vestas Wind Systems at 31st December 2018?  

- Which additional information about uncertainty is conveyed by the Monte Carlo approach? 

- Should information about uncertainty be conveyed to valuation users? 

 

1.4 Limitations 

As outlined in the motivation and research question section above (Section 1.3), the purpose of this 

thesis is to determine the fundamental value of Vestas Wind Systems and investigate the benefits of 

the Monte Carlo valuation approach, as an extension of the DCF deterministic model.  

Only theories affecting the subject discussed in the two research questions will be considered. Hence, 

the DCF model, the CAPM, and the Monte Carlo simulation valuation method will be the research 

boundaries of this paper, meaning that option valuation will not be considered. Given the financial 
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practical focus of this thesis, only strategic frameworks that aim at giving a sufficient level of 

understanding of the business environment have been employed. The PEST analysis, Porter 5 forces, 

VRIN and SWOT analysis frameworks have been included in the thesis. Further research on industry 

dynamics and cycles, as well as further analyses on resources and capabilities are assessed to be outside 

the scope of this thesis.  

Furthermore, a more accurate valuation of the company will only be possible with additional 

information provided directly from the company itself. Instead, this thesis is primarily based on pubicly 

available information from annual reports, industry reports, company announcements, webpage, 

various public interviews and articles. The use of public information is assessed as sufficient for 

anwering the research question as it is the same type of information that external investors and external 

analysts have available to base their investment decision on.  

The target date for this thesis is 31st of December 2018, the valuation of Vestas Wind Systems is 

therefore based on the reported closing price at that date.  

With the above-mentioned data boundaries and time contraints, it has been necessary to set out some 

limitations and assumptions, which were critical in order to reach an adequate depth in the analysis. 

Assumptions will be discussed in further details in the appropriate sections. 

This thesis has a practical approach to the valuation, hence, it is assumed that the reader is familiar 

with most finance and strategic management concepts employed in this thesis. However, a general 

theoretical review of the models employed will help ensure coherence and a better understanding of 

the analyses.  

 

1.4 Previous Research 

The desire to account for uncertainty, risk, and increased transparency in a valuation context has been 

extensively discussed in existing literature. Researchers such as French & Gabrielli (2004), 

Tamošiūnienė & Petravičius (2006), and Damodaran (2018) have published articles about the inclusion 

of the Monte Carlo simulation in the DCF model. Previous research has pointed out the pitfalls of the 
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DCF static approach, and compared the DCF model to the Monte Carlo probabilistic approach. The 

application of the Monte Carlo method in real-estate projects has been extensively evaluated in several 

practice-oriented papers by French & Gabrielli (2004), French & Loizou (2012), Meszek (2013), and in 

other project valuation papers written by Ball & Savage (1999) and Komlosi (2001). Evidence from 

studies by Graham & Harvey (2001), Meier & Tarhan (2007) and Brunzell, et al. (2013) shows that in 

project valuations, professionals often employ subjective methods to face project specific risk.  

Nowac and Hnilica (2012) investigate the benefits of Monte Carlo simulations compared to the DCF 

model in business valuations. They argue that a frequent mistake in static DCF is the failure to account 

for non recurring events. The firm is exposed to significant non recurring events, such as a new 

competitor entering the market, a change in taxes, disruptive technologies, or a change in legislation. 

Their critique to the static DCF is that analysts often neglect these scenarios as their probability of 

occurrence is small, yielding a biased valuation output.  

However, even if the topic has been widely discussed in the literature, both in business valuation context 

and in project valuation context, the practical use of the simulation based DCF is not widespread. 

Damodaram (2018) explores the motives why the Monte Carlo application has been painfully slow, 

arguiging that it requires advanced statistical knowledge that current analysts do not have. Furthermore, 

he sheds light on some valuation inconcistencies that can arise from some common mistakes in the 

application of simulations.  

In all literature papers, all scholars seem to agree that Monte Carlo is a more informative approach, as it 

conveys information about uncertainty that is hidden under the traditional static DCF, because risk is 

merely incorporated in the discount rate, or in lower cash flows. The above mentioned published 

literature has been taken into used to assess the topic treated in this thesis.  

 

1.5 Thesis outline 

In order to give the reader an overview of the structure of this thesis, the thesis outline is presented in 

Figure 1. This thesis is structured in an academic style, where the first chapter (Introductory background) 

is dedicated to an introductory background, presenting the problem and the research question that the 

this thesis aims to answer.  
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The second part (Theoretical framework) is devoted to the main tools found in the literature that will be 

employed in the case study to answer the research question.  

In the third part (Case study), the case study is presented, followed by the actual valuation of Vestas 

Wind Systems A/S. First, the traditional deterministic DCF model will be used to value the company, 

then, the Monte Carlo approach will be applied. The valuation aims to investigate the differences in the 

approaches to shed light on the treatment of uncertainty.  

The results of the case study are discussed in the fourth part (Results and conclusion), based on the 

theoretical background. The discussion of the findings and conclusions are aimed at proposing an answer 

to the research question. Suggestions for further research related to this topic are then presented with 

closing remarks.  

Figure 1: Thesis structure 
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2. Theoretical framework 

This chapter aims to provide the relevant theoretical framework for this thesis and how it is used in 

valuation. First, the DCF model and its inputs will be introduced. The DCF theoretical concepts are also 

applicable for the simulation approach, used in the final stage of the case study. In the last part of the 

chapter, the Monte Carlo method is presented with an introduction on the main statistical distributions.  

 

2.1.1 The Discounted Cash Flow model 

As already mentioned, the DCF model is a standard model used for valuation purposes, both for firm 

valuations and for project valuations, and it is widely accepted among existing scholars and valuation 

practitioners, such as investment banks (Viebig, et al., 2008).  

The DCF model takes into account three important parameters, the time value of money, the cost of 

capital, and future cash flows (Kruschwitz & Loffler, 2006). The purpose of the model is to estimate 

future cash flows generated by the firm and discount them with a discount rate that reflects company 

risk, the final output is the present value of the operations of the firm, referred to as enterprise value. 

The future cash flows that are used in the DCF are defined as free cash flows to the firm (FCFF), 

whereas the appropriate discount rate employed is the weighted average cost of capital (WACC). In 

the DCF model, enterprise value is positively impacted by higher FCFF and by lower WACC. The 

DCF can be be specified as a two-staged model with the formula below:  

 

𝑃𝑉0 =  ∑
𝐹𝐶𝐹𝐹𝑡

(1 + 𝑊𝐴𝐶𝐶)𝑡
+

𝐹𝐶𝐹𝐹𝑛+1

𝑊𝐴𝐶𝐶 − 𝑔
∗  

1

(1 + 𝑊𝐴𝐶𝐶)𝑛

𝑛

𝑡=1

 

 

The first term on the left hand side expresses the summation of the FCFF in the forecast period, 

discounted back to today at the appropriate discount rate (WACC). The second part of the expression 

on the right hand side is what is called terminal value. The terminal value is valued as a growing 
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perpetuity, as publicly traded firms have a non finite life, and then discounted back to today by the 

discount factor, using WACC. The terminal value is the present value of all future cash flows that 

accrue after the forecast period.  

The terminal value implies that cost of capital and growth are sustainable forever, i.e., that they are 

constant forever (Damodaran, 1999). This means that the growth rate can not be higher that the overall 

growth rate of the economy, because no firm can grow forever at a higher rate than the overall economy 

(Damodaran, 1999). Thus, when calculating the terminal value, two critical assumptions are needed. 

First, we need to estimate when the firm will become a stable growth firm. Second, we need to estimate 

the capital structure of the stable firm, including the cost of capital (Damodaran, 1999). An example of 

calculations under the DCF can be found in Table 1 below. 

 

Table 1: an example of DCF model calculations. 

 

 

PV FCFF (forecast) 48.5 

PV TV (terminal value) 183* 

Enterprise value 231.5 

*in the calculation of the terminal value, an assumed growth rate of 2% is used.  

The DCF is a valuation method that is based on different predictions (Steiger, 2008). Therefore, a 

possible scenario analysis is conducted in order to understand the changes in the enterprise value that 

are caused by a change in the underlying assumptions or input variables. The analysis is usually 

conducted on three scenarios, a “base case”, where the company performs according to expectations, 

a “bull case” with very optimistic assumptions, and a “bear case” with very pessimistic assumptions. 

The main components of the DCF are presented in further details in the sections below (2.1.2 and 

2.1.3).  

Periods 1 2 3 4 5 6 

FCFF 11.2 11.7 12.3 12.9 13.6 18.3 

WACC 8.256% 8.250% 8.243% 8.237% 8.229% 8.221% 

Discount factor 0.924 0.853 0.788 0.728 0.673  

PV, FCFF 10.3 10.0 9.7 9.4 9.1  
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2.1.2 Cash flows 

A very important input of the DCF model is cash flows. Cash flows need to be estimated throughout 

the forecast period and for the calculation of the terminal value. There are two different approaches to 

cash flows estimation in the DCF model (Petersen & Plenborg, 2012). The first alternative is the 

calculation of FCFF, which is the amount of cash flow that is available to debt holders and equity 

holders. An alternative approach is the calculation of free cash flow to equity (FCFE), which is the 

cash flow available to equity holders only. The adoption of the FCFE approach requires the use of 

return on equity (𝑟𝐸), instead of the WACC, as discount rate. The use of the FCFF approach will result 

in the enterprise value, whereas the use of the FCFE will result in the equity value. However, since an 

acquirer of the firm will typically take on all assets and liabilities, the FCFF is considered more relevant 

than the FCFE approach (Steiger, 2008). Therefore, this thesis will employ the FCFF approach.  

When FCFF is used, the estimates are based on accounting figures calculated before any payment is 

made to any funding provider (debt holders, common stockholders, preffered stockholders, convertible 

bond holders, etc.) and after necessary investments in net working capital and fixed assets are made 

(Stowe at al., 2015). The calculation of the FCFF follows the formula shown below (Petersen & 

Plenborg, 2012): 

 

𝐹𝐶𝐹𝐹 = 𝑁𝑂𝑃𝐴𝑇 + 𝐷&𝐴 − 𝐶𝑎𝑝𝑒𝑥 −  𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑛𝑜𝑛 𝑐𝑎𝑠ℎ 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 

 

The FCFF calculation can therefore be divided in four steps: 

1. NOPAT. NOPAT stands for Net Operating Profit After Tax, and it represents the net profit coming 

from the operating activities of the firm. It can be calculated by deducting taxes from the firm’s 

earnings before interest and taxes (EBIT). 

 

𝑁𝑂𝑃𝐴𝑇 = 𝐸𝐵𝐼𝑇 ∗ (1 − 𝑡𝑎𝑥 𝑟𝑎𝑡𝑒) 
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2. D&A. Depreciation and amortization need to be added back in order to eliminate the impact from 

NOPAT. This is done because D&A is a non cash item, and it is only an accounting measure to 

account for the decrease in value of the assets held by the firm.     

3. Capex. Capital expenditures are subtracted because it is a cash outflow that is not reflected in the 

income statement, so it won’t be captured by NOPAT, but it lies on the asset side of the balance 

sheet. Furthermore, it is necessary to keep in mind that the purpose of the FCFF calculation is to 

be left with all the cash surplus after all reinvestment needs have been met (Damodaran, 1999). 

4. Increase in non cash working capital. The non cash working capital can be measured as the 

difference between non cash current assets, which is generally accounts receivable and inventory 

and the non-debt portion of current liabilities, which is generally accounts payable (Damodaran, 

2009). The logic behind is that money invested in working capital is tied up in the business and 

cannot be used elsewhere. Hence, increases in non-cash working capital represent cash outflows, 

while decreases represent cash inflow.  

It is imporant to point out that this is not the only method recognized by literature for the calculation 

of FCFF, but every method will yield the same result.  

 

2.1.3 Discount rate 

Cash flows need to be discounted at a rate that matches the cost of financing (Damodaran, 1999). Firms 

finance their operations through equity investors and lenders, but both kind of investors require a 

premium on their investment. Equity investors require a premium for the equity risk, which is called 

cost of equity, whereas lenders demand a premium for default risk, which is called cost of debt 

(Damodaran, 2012).  

The WACC  

The appropriate discount rate used in the forecasted period and terminal value is the weighted average 

cost of capital (WACC). Therefore, WACC is a cost of financing that reflects the cost of equity (E), 

debt (D), and the relative weights in the capital structure (Damodaran, 1999):  
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𝑊𝐴𝐶𝐶 =  
𝐸

𝐷 + 𝐸
𝑟𝐸 +

𝐷

𝐷 + 𝐸
𝑟𝐷 ∗ (1 − 𝑡) 

 

The return on equity (𝑟𝐸) represents the return required by equity investors, whereas the return on debt 

(𝑟𝐷) represents the cost of borrowing, adjusted for the tax (t) benefits of leverage (Damodaran, 1999). 

Cost of debt is adjusted to the after tax cost of debt in order to reflect the tax deductability of interest 

payments to debt holders (Brigham & Ehrhardt, 2002). Therefore, the advantage of leverage is picked 

up by the model through the use of a lower discount rate, rather than by using larger cash flows 

(Brealey, et al., 2011). The intuition behind the WACC is that it represents the minimum return the 

firm has to generate to compensate its specific mix of capital investors (debt and equity providers).  

It is very important that the capital structure components of the WACC formula are estimated using 

market values in order to reflect the current importance of each financing source because the WACC 

is the expected return an investor would earn on an alternative investment with identical risk (Koller, 

et al., 2010).  

The WACC calculation is based on the firm’s current financing characteristics even though it is used 

to discount future cash flows. This means that it is assumed that the capital structure of the firm and 

the risk level of the firm remain constant (Brealey, et al., 2011). It follows that if the capital structure 

of the firm changes, the WACC should be recalculated in order to reflect the new risk level of the 

company.  

In order to calculate the WACC, it is necessary to estimate the inputs of the fomula, meaning the cost 

of equity, the after tax cost of debt, and the company’s target capital structure. As none of these imputs 

are directly observable, we need to apply a variety of assumptions, models, and approximations (Koller, 

et al., 2010). In the following paragraphs, the theory behind WACC inputs estimation is presented.  

Cost of equity 

The cost of equity estimation is the lenghtiest and more complicated input to determine in the WACC 

formula. It is so, because equity holders are simply the residual claimants of the firm’s cash flows, 
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therefore, their return is not stated on a contract as it is for debt holders. Thus, the return on equity is 

an estimated required return that equity investors demand on their invested capital and not actual 

payments. The cost of equity calculation is built on three factors: the risk free rate, the market risk 

premium, and a company-specific risk adjustment (Koller, et al., 2010).  

The CAPM 

The most common used method to evaluate the return on equity within a valuation framework is the 

Capital Asset Pricing Model, commonly referred to as CAPM. The CAPM formula for the cost of 

equity is presented below: 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑟𝑒𝑡𝑢𝑟𝑛 = 𝑟𝑖𝑠𝑘 𝑓𝑟𝑒𝑒 𝑟𝑎𝑡𝑒 + 𝐵𝑒𝑡𝑎(𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚) 

𝑟𝑒 =  𝑟𝑓 +  𝛽(𝑟𝑚 − 𝑟𝑓) 

The CAPM shows a linear relationship between the expected return on the asset, which in this case 

would be the return on equity, the beta for this asset and the risk premium. In the model, the only 

company specific factor is the beta, whereas the other inputs will be equal for all firms. The beta shows 

the volatility of the asset in relation to the market as a whole. As firm specific risk can be eliminated 

from investor’s portfolios through diversification, the systematic risk is the only type of risk that equity 

investors should be compensated for, according to CAPM.  

Since the CAPM is built on several strong assumptions,it has been argued in the literature and empirical 

studies that these assumptions do not fully describe investors’ behavior, so some conclusions of the 

model are not a complete accurate representation of reality (Berk & DeMarzo, 2012). Despite this, 

financial economists find the model to be a very useful approximation, so it is still the most common 

model used by firms and practitioners. This thesis employs the CAPM because of its widespreasd use 

in company valuation.  

The risk free rate 

The risk free rate is the return that an investor can earn on an investment with without incurring any 

risk. The best indication of the risk-free rate is government default-free bonds. Although these 
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securities are not completely risk free, long-term government bonds in the United States and Western 

Europe have extremely low betas that can be considered as a good approximation of a risk-free 

investment because of their low risk of default (Koller, at al., 2010). For the accuracy of the DCF, cash 

flows should be discounted using a long-term government bond that matches the maturity of the cash 

flows.  

Market risk premium  

A key ingredient of the CAPM is the risk premium, which is the difference between the market 

expected return (𝑟𝑚𝑘𝑡) and the risk free rate (𝑟𝑓) (Koller, et al., 2010).  

𝑅𝑖𝑠𝑘 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 = 𝑟𝑚𝑘𝑡 −  𝑟𝑓 

It is important to understand the degree to which stocks can outperform bonds, as this has implications 

in firm valuations, asset allocation in portfolios, and retirement savings (Koller, et al., 2010). The 

market risk premium can be defined as the excess return over the risk-free rate that all investors should 

expect to receive as compensation for undertaking systematic risk. As in the case of expected equity 

returns, it is not possible to observe the market expected return. There is no single model to estimate 

the market risk premium that has gained universal acceptance, so various methods exist (Koller, et al., 

2010). As there is no universal approach to the calculation of the market risk premium, the application 

of different approaches leads to different results. However, it is important to bear in mind that the 

choice of market risk premium will affect the valuation result more than specific inputs, such as cash 

flows or beta, which makes the correct estimation of the market risk premium essential to perform a 

satisfactory valuation.  

Beta 

According to CAPM, the expected return on a stock is driven by beta, the degree to which the stock 

and the market move together. Beta cannot be observed directly, so it is necessary to establish a 

methodology to estimate its value (Koller, et al., 2010). For companies listed on exchange, a raw beta 

is estimated by regressing the stock returns against the returns of the market portfolio (Berk & 

DeMarzo, 2006).  



 

17 

 

The empirical estimation of beta employs the market model for the regression:  

𝑅𝑖 =  𝛼 + 𝛽𝑅𝑚 +  𝜀 

In the equation, the stock return (𝑅𝑖) is plotted against the market risk premium (𝑅𝑚 =  𝑟𝑚 − 𝑟𝑓), where 

α is the intercept of the line and 𝜀 is the regression error term. In the regression process, monthly returns 

should be used, as the employment of weekly or daily returns will lead to a biased beta, due to empirical 

problems such as stock illiquidity (Koller et al., 2010). The market return should be represented by a 

value weighted and well diversified market portfolio. For example, for the U.S. market, the most 

common proxy is the S&P 500 index.  

The regression, however, gives imprecise results of a raw beta. In order to improve the precision of 

beta, the use of industry betas rather than company betas is recommended. As companies in the same 

industry face similar operating risks, they should have similar operating betas. Therefore, we can use 

an industry median beta in the valuation, because overestimates and underestimates of individual betas 

will cancel out (Koller, et al., 2010). However, as companies face different financial risk depending on 

their capital structure, leverage needs to be taken into consideration in beta estimation, as higher 

leverage will produce a higher beta. This means that in order to compare betas of companies that face 

similar operating risk, we need to isolate the effect of leverage.  

Cost of debt  

Cost of debt is the return required by the lenders of the firm. Literature suggests that the cost of debt 

should be the cost of debt of most recently issued bonds by the analyzed company. If no bonds are 

issued, bonds issued by corporations with an equal credit rating can be used (Koller, et al., 2010). The 

yield to maturity is used to discount cash flows from debt. Below, the equation to find the yield to 

maturity on debt (Koller, et al., 2010).  

 

𝑃0 =  
𝐶𝑜𝑢𝑝𝑜𝑛

(1 + 𝑌𝑇𝑀)
+  

𝐶𝑜𝑢𝑝𝑜𝑛

(1 + 𝑌𝑇𝑀)2
+ ⋯ + 

𝐹𝑎𝑐𝑒 +  𝑐𝑜𝑢𝑝𝑜𝑛

(1 + 𝑌𝑇𝑀)𝑁
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The yield to maturity (YTM) should be reversed engineered from the bonds cash flows and its price, 

and it should be calculated on liquid, option-free, long term debt. Long term debt is used because short 

term bonds do not match the duration of the company’s free cash flow. In addition, any attached option 

to the bond like callability or convertibility will alter the price of the bond without affecting the cash 

flows, generating a distorted YTM (Koller, et al., 2010). 

 

2.1.4 The output of the DCF 

The output of the DCF model is the Enterprise Value (EV), which is the result of the sum of the 

discounted cash flows in the forecast period, and the present value of the terminal period cash flows. 

The EV is interpreted as the market value of operations, or the market value of invested capital, and it 

is used to derive a capital structure based on market values (Petersen & Plenborg, 2012). Therefore, it 

is important to note that the EV is not merely the sum of assets or liabilities and equity found on a 

company’s balance sheet. Instead, EV is a capital structure neutral measure which reflects the market 

value of the operations of the whole business. This allows comparability between peer companies based 

on ratios derived from EV (Titman & Martin, 2011).   

 

2.1.5 DCF limitations 

The greatest pitfalls of the DCF model are its extreme sensitivity to input assumptions and the high 

uncertainty in the calculation of the terminal value. As already mentioned previously, the DCF is 

influenced by future growth projections and the discount rate. It follows that it is extremely hard to 

predict with sufficient accuracy exact forecasted figures for 5 to 10 years in the future. Therefore, the 

model has a high degree of uncertainty built into it, resulting in an inaccurate valuation (Damodaran, 

2002).  

The first limitation of the DCF model lies in the point estimate of cash flows. The underlying analyses 

are very complex, all the cash flows are based on assumptions and actual cash flows can be very 

different from expectations, especially with risky assets. Therefore, forecasting FCFF for valuation 
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purposes requires a deep understanding of a company’s future and market trends. It is best practice to 

make predictitons for 5 to 10 years. FCFF forecasting is based on historical data, the firm’s business 

plan, industry analysis, sector trends, and macro-factors. For example, let’s consider a company with 

an expected revenue growth rate of 8%. The estimation of 8% is the best estimate, but this doesn’t 

exclude that revenue growth rate could be 7.5%, 7%, or 9%. Indeed, the outcome of the valuation with 

an 8% growth is only one possible scenario of the forecast. Furthermore, errors in the forecast will be 

compounded over time, leading to highly inaccurate cash flows predictions that are further in time 

(Damodaran, 2018).  

In order to provide a view on how the value of the company is affected by a change in the underlying 

assumptions, three possible scenarios are evaluated. By assessing the bear and bull case, one should 

obtain the upper lower bounds of the valuation. In the best case, cash flows are estimated under the 

assumption that everything works to perfection, setting each input to the best estimated possible 

outcome (Damodaran, 2018). On the other hand, in the worse case, cash flows are estimated setting 

each input to the lowest (or worse) possible outcome. The problem with this approach is that it might 

not be feasible in reality. It might be that a company needs to charge lower prices in order to increase 

volumes, which in turns decreases margins. Thus, the best combination of inputs is a feasible 

combination the maximizes the valuation outcome. This approach is more realistic, but it requires more 

work and effort (Damodaran, 2018). The base case is often based on management’s estimates and 

predictions. This represents the most likely scenario as it is formed drawing on management’s expertise 

and its opinions about the future of the company. However, from a transaction perspective, possible 

buyers should pay attention to the reliability of this scenario as it can be biased towards a more positive 

view of the company than reality. In general, best/worse case scenarios do not add much information 

to the analysis. It is very intuitive that an asset will be worth a higher value in the best case, and a lower 

value in the worse case. Thus, when the range between best and worst case values is very large, it might 

be difficult to assess the attractiveness of the investment. 

The terminal value calculation shows to be extremely important as it accounts for the majority of the 

final enterprise value (Koller, Goedhart & Wessels, 2015). The terminal value accounts for 

approximately 80% of enterprise value (Sudarsanam, 2003), and it can vary depending on the terminal 
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growth assumption. Therefore, the assumptions behind the terminal value are extremely critical to the 

output of the valuation and they must be carefully chosen with a thorough understanding of the current 

and future competitive dynamics (Sudarsanam, 2003).  

 

2.1.6 Monte Carlo simulation 

The Monte Carlo simulation is a powerful statistical analysis tool, and its applications vary between 

many fields such as engineering, finance, physics and so on. In finance, its main application relates to 

understainding the impact of risk and uncertainty in project management, finacial models, costs, and 

forecasting. Monte Carlo is often used to model the probability of different outcomes in processes that 

cannot easily be predicted due to the intervention of random variables. The main characteristic of this 

methodology is that the end result is not a static value, but a statistical probability distribution of all 

potential outcomes (Vose, 2008). The Monte Carlo approach works by substituting any inputs that have 

an inherent uncertainty with probability distributions. This will allow to see all possible outcomes of a 

particular decision.  

In practice, during a Monte Carlo simulation, values are sampled randomly from the input probability 

distributions. The resulting outcome from each iteration is recorded. The model then repeats the process 

hundreds or thousands of times, resulting in a complete set of possible outcomes. By dividing these 

outcomes according to the frequency they occur, a probability distribution can be constructed 

(Fishman, 1995; Hubbard, 2007). The power of the Monte Carlo distribution lies in the knowledge the 

decision maker acquires about how likely it is an outcome to happen.  

 

2.1.7 Incorporating Monte Carlo in the DCF 

Incorporating Monte Carlo into the DCF model is an extension of the DCF itself. The main purpose of 

the incorporation of Monte Carlo is the inclusion of risk and uncertainty in the valuation that may affect 

the final result. To perform the incorporation, the model has to be prepared for the Monte Carlo 

simulation process. The DCF, as already mentioned, is based on static input variables, which are 
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entered as most likely values. Monte Carlo, on the other hand, allows us to enter variables as probability 

distributions according to the specific variable’s distribution type (See Section 2.1.10).  

Probabilistic input variables 

The simulated valuation model is based on input variables that are defined as probability distributions 

instead of most likely values as in the deterministic model of the traditional DCF. Thus, it is important 

to choose the appropriate proability distribution and the appropriate distribution parameters that 

describe each variable (Damodaran, 2009). It is not easy to estimate input probabilities appropriately, 

but the use of historical data is considered a valid starting point. Furthermore, personal expertise is of 

great importance in the estimation of probability distributions. Even if historical data shows a particular 

distribution type, a given input variable might be known to have the characteristics of another 

distribution (Kelliher & Mahoney, 2000; Damodaran, 2009; Titman & Martin, 2011). If the valuation 

is done for internal purposes, such as an investment valuation, the definition of probability distributions 

for input variables should be done by including the appropriate department, which might have specific 

knowledge (Titman & Martin, 2007). 

It is necessary to be aware that not all input variables need to be defined as probability distributions in 

the model. Indeed, it is possible to perform the valuation keeping some input variables as fixed values, 

such as known pre-fixed payments (Smith, 1994). Through sensitivity analysis, it is possible to notice 

which variables have a smaller impact on the valuation outcome, so it would be worth considering to 

keep those as fixed values. Only key variables that have a crucial impact on the valuation should be set 

as probability distributions for two reasons. First, a great the number of probability distributions in a 

random simulation increases the likelihood of generating inconsistent scenarios. Second, the resources 

and costs employed to define distributions for variables that have such a small impact on the valuation 

might offset the benefits (Tamošiūnienė & Petravičius, 2006).  

In reality, however, few valuation inputs meet the rigorous conditions that statistical distributions 

require (Damodaran, 2018). For instance, revenue growth cannot be normally distributed as the lowest 

value it can take up is -100%. Therefore, we have to settle for distributions that are close enough to the 

behavior of the input variable so that resulting errors will not distort the valuation (Damodaran, 2018)). 
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Correlations 

Correlations play an important role in Monte Carlo analysis, so they need to be carefully considered for 

the valuation. Two or more variables are said to be correlated if they tend to vary together in a systematic 

manner (Tamošiūnienė & Petravičius, 2006). If two uncorrelated variables are taken into considerations, 

any value could be drawn from each distribution independently. Correlation between variables implies 

that when a value is drawn from one distribution, not all values in the other distribution will be 

considered possible. Consider for example sales and cost of goods sold, if sales increase than cost of 

goods sold will also increase (assuming prices do not change), and vice versa. This means that sales and 

cost of goods sold are two positively correlated variables. The failure of the identification of such 

correlations can distort the results because a number of unrealistic scenarios will be considered in the 

final output, which means that the final outcome will be an unreliable valuation (Tamošiūnienė & 

Petravičius, 2006).  In practice, it is not easy to spot correlations between input variables (Brealey, 2011). 

Historical data and available knowledge can be used in order to identify existing correlations (Kelliher 

& Mahoney, 2000).  

Simulation runs 

At this stage of the process, the computer the model by taking into account all the assumptions and 

correlation constraints. The model is run until enough results are gathered to have a probability 

distribution of all possible outcomes. Each recalculation produces a different result because the input 

values are picked randomly from the assigned probability distributions. The result of each run is then 

stored for statistical analysis (Tamošiūnienė & Petravičius, 2006). 

 

2.1.8 Probability distributions in Monte Carlo 

On a theoretical level, any type of distribution can fit into a Monte Carlo simulation. However, this study 

will limit the topic of probability distributions to those that are most suitable in the use of Monte Carlo 

in the DCF framwork for enterprise value valuation. The four distribution types decribed below are the 
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uniform distribution, the triangular distribution, the normal distribution and the lognormal distribution. 

The aforementioned four distributions have been selected based on previous literature. 

On a general level, random variables and probability distributions can be divided in two broad categories, 

discrete and continuous. The discrete probability distribution can only take on a limited set of values. 

The most obvious example would be a coin toss. The number of values that the toss can take on is 

limited, as the result can only be head or tail. Another example of a discrete distribution would be the 

rolling of a dice, the number of bridges built along a highway, or the number of customers that will 

arrive at a shop in one hour. Clearly, these variables can only take on specific values as one cannot build 

half a bridge, or serve 4.1 customers (Vose, 2000).  

On the other hand, a continuous distribution is used to describe a variable that can take on any value 

within the specified range, called the domain. Technically, the range of possible outcomes of a 

continuous random variables is the real line (all real numbers between +∞ and -∞), or some subset of it 

(DeFusco, et al., 2015). In other words, the variable can take any number with an unlimited number of 

decimals within the specified domain. Examples of continuous random variables are the rate of return 

of an investment, distance, and time, because they can take on an infinite amount of decimals.  

According to Damodaran, there are four basic elements that need to be considered when we need to 

assess if the data can be explained by a probability distribution. First, we need to consider if the data is 

descete or continuous. The inputs of the DCF have been considered to be continuous random variables 

by previous literature, so continuous distributions are employed througout this thesis. Second, the 

symmetry of the data needs to be estimated. Third, upper and lower limits of data need to be estimated. 

For example, revenue cannot be lower than zero and operating margin cannot exceed 100%. Finally, the 

likelihood of observing extreme values needs to be considered. In some variables, extreme values are 

observed very frequently, whereas in others they occur very infrequently.  
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Continuous Uniform Distribution 

The continuous uniform distribution is the simplest continuous probability distribution (DeFusco, 2001). 

In order to define a variable that follows a uniform distribution, it is necessary to define the minimum 

or the maximum value that a variable can possibly take on.  

According to Damodaran, it is appropriate to assume that a variables follows a uniform distribution when 

the highest and lowest values the variable can take are known, but there is no information about where 

in the range the value will fall. It is an approriate probability model in order to represent uncertainty 

when all outcomes appear equally likely (DeFusco, 2001).  

A graphical representation of the Uniform distribution’s probability density function is given in Figure 

2 below.  

Figure 2: uniform distribution representation 

 

In the graphical example, the variable can take on the value 40 as a minimum and he value 60 as a 

maximum. As it is observable from the y-axis, all the values between 40 and 60 are equally likely to 

occurr. Values above 60 and below 40 have 0 probability.  

In capital budgeting, the uniform distribution is most useful when the probability properties are not well 

known, such as when there is not enough available data to back up the estimation of the variable (Vose, 

2000).  
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Triangular Distribution 

The triangular distribution requires, in addition of the maximum and minimum, the specification of the 

most likely value. Therefore, the triangular distribution has three parameters instead of two. Unlike the 

uniform distribution, the triangular distribution doesn’t assign equal probabilities to values. Furthermore, 

this distribution type doesn’t impose symmetry around the most likely value. Indeed, the distribution 

can be skewed, which means that the most likely value can be closer to the minimum or the maximum 

value. If the distribution is skewed, the mean of the distribution doesn’t equal the most likely value 

(Vose, 2000).  

A graphical representation of the triangular distribution is given in Figure 3 below.  

Figure 3: Triangular distribution representation 

 

The strenght of the triangular istribution lies in its simplicity. The estimation process for this distribution 

type is very intuitive, as only three parameters are needed: minimum value, maximum value, and most 

likely value. The estimation of these three parameters is much more strainghtforward than the 

estimations for more complex distributions such as the normal or the lognormal distribution (French & 

Gabrielli, 2004). Therefore, it is a more useful tool as the information requirements of the triangular 

distribution mirror the likely thought process of an analyst (French & Gabrielli, 2004). Even in the case 

of the application of a standard scenario analysis, these three parameters will most likely be estimated 

in order to conduct bear, bull, and base case valuations.  
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However, its simplicity can also be viewed as a disadvantage, as in statistical terms, the triangular 

distribution typically overestimates the variance (French & Gabrielli, 2004).  

Normal Distribution 

The normal distribution is the most common used probability distribution in quantitative work, and it 

plays a very important role in portfolio theory and risk management (DeFusco, 2001). The normal 

distribution can be modelled only with reference to two parameters: the mean and the standard deviation 

(French & Gabrielli, 2004). The mean can be seen as the most likely value, while the standard deviation 

is a measure of dispersion of the observations (DeFusco, 2001). The distribution is symmetrical around 

the mean, meaning that there is equal probability that the observed value will be above or below the 

mean, therefore, it cannot be skewed. The normal distribution is not bound by any limits (Vose, 2000), 

and the range of possible outcomes are all real numbers between -∞ and +∞. However, the majority of 

the values will lie between the range of + or – 3 standard deviations from the mean (French & Gabrielli, 

2004). Nevertheless, there is still a small probability that the observed value will lie in the inifinite tails 

of the normal distribution. In the normal distribution, for any value x that differs from the mean, the 

outcome probabilities will be smaller than the mean. As seen from the graphical representation in in 

Figure 4, the probabilities of the values different from the mean are always lower than the mean (French 

& Gabrielli, 2004). 

Figure 4: Normal distribution graphical representation 
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The normal distribution is less suitable for asset prices. This is so because a normal random variable has 

no lower limit, while an asset price can only drop to 0. As the normal distribution has no lower bound 

below zero, it cannot be an accurate model for prices (DeFusco, 2001). However, because more than 

99% of values lie within 3 standards deviations from the mean, it is often used as a sufficient 

approximation (DeFusco, et al., 2001).  

Lognormal Distribution  

A random variable follows a lognormal distribution if its natural logarithm, follows a normal distribution 

(DeFusco, et al., 2001). The reverse holds as well: if the ln of a random variable is normally distributed, 

then the variable is lognormally distributed. The lognormal distribution has a lower bound of 0, and it is 

skewed to the right, meaning that it has a long right tail (DeFusco, et al., 2001). While the normal 

distribution is a better description of returns, the lognormal distribution is a better description of prices. 

As asset prices are bounded below by 0, the lognormal distribution has been found to be an accurate 

description of asset prices distributions (DeFusco, et al., 2001).  For this reason, both distributions are 

noteworthy for finance professionals. The lognormal distribution is defined with two set of parameters: 

the mean and the standard deviation of the associated normal distribution, and the mean and standard 

deviation of the lognormal distribution. 

Figure 5: Lognormal distribution graphical representation 

 

 

Mean 
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2.1.9 Issues with simulations 

Even though it has been argued that simulation runs yield more informative outputs than single estimates, 

the use of simulations in investment analysis has been subjected to some criticism (Damodaran, 2007). 

Undeniably, there are some key issues that need to be considered while conducting simulations with a 

risk assessment purpose.  

The first issue is commonly reffered to as “garbage in, garbage out”.  The expression explains the 

concept that flawed input data in a model produces flawed output data. Specifically, it means that in 

order to have simulations that produce meaningful results, the inputs should be based on analysis and 

data rather than guesswork (Damodaran, 2007). If the inputs are not based on thorough analysis, 

simulations will produce meaningless outputs and decision making is based on wrong output data. 

Furthermore, the use of simulations require an in depth knowledge of statistical distributions, and many 

analysts may not be experienced enough to use them for decision making (Damodaran, 2007).  

The second issue is represented by the fit of data. Indeed, data from the real world might not fit statistical 

distributions’ requirements. If the distribution doesn’t do a good job in explaining the variable’s 

behavior, the inputs will yield misleading results.  

The third issue relates to non-stationary distributions. Shifts in market structure and conditions can lead 

to shifts in the parameters of the distribution as well. This means that the mean and the variance estimated 

for a normally distributed variable may change over time. Therefore, it would be ideal to use forward 

looking probability distributions, which few professionals can assess (Damodaran, 2007).   

Lastly, correlations across inputs might change overtime. It was argued earlier that correlation across 

input variables can be taken into account in the simulations, however, this will produce valid results only 

if the correlations remain stable across time. If the correlations change over time, they become far more 

diffult to model them (Damodaran, 2007). 
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3. Case study 

The aim of this chapter is to apply the theories presented in the previous chapter to a Danish publicly 

traded company. This chapter contains an introduction about the company and its strategic and financial 

analysis, which is based on analytical financial statements. This is followed by a walkthrough of the 

valuation procedures for the DCF model and the Monte Carlo simulations. The results of the valuations 

are presented at the end of the chapter and they will be used as a foundation for the discussion of findings 

in Chapter 4.  

 

3.1 Background 

In order to investigate the advantages associated to the Monte Carlo simulation incorporated in the DCF 

model for firm valuation regarding uncertainty and transparency, this chapter presents the valuation of 

the Danish company Vestas Wind Systems A/S. 

As a starting point, a traditional DCF model will be employed with static input values. Then, a sensitivity 

analysis will be conducted from the deterministic DCF as this is a widespead tool to evaluate how 

sensitive the output is to certain variables. The previous analyses will serve as a basis for the 

incorporation of Monte Carlo framework into the DCF model. The choice of probability distributions as 

inputs and correlations will be presented before showing the simulation results.  

Since industry and company knowledge are essential for valuation purposes, Section 3.2 presents an 

introduction about the company, while an understanding of the industry in which it operates is provided 

in the strategic analysis in Section 3.3.  

 

3.2 Vestas Wind Systems A/S 

Vestas was established in 1898 as a manufacturer and exporter of varying industrial equipment. In order 

to actively respond to the oil crisis in the 1970s, Vestas was transformed into a wind turbine 

manufacturer. Since then, Vestas has experienced extensive growth, especially in the last decade. Since 
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2005, the company has started to build its global presence with production facilities, and it is currenlty 

the company that has installed the most wind power. The company operates in two business areas: power 

solutions and service. Together with its join venture, MHI Vestas Offshore Wind A/S, Vestas operates 

in the offshore segment since 2014. Vestas’ products are considered high end, thanks to its market leader 

expertise and extensive R&D investments, as the company continuously strives to bring to the market 

new products with great technological advances. Vestas operates mainly in EMEA and USA. The 

Asia/Pacific region presents several growth opportunities for the firm, as its current presence in these 

markets is not as big as in Europe and America. Vestas’ long term goal is to be the global leader in 

sustainable energy solutions and has a strategic focus on onshore and offshore manufacturing. Indeed, 

Power Solutions is the biggest business area with EUR 8,465m in revenue, which accounts for 84% of 

total sales. Figures 6 and 7 show an upward trend in revenue acress products and markets until 2016, 

and a more stable revenue in 2017 and 2018. As it will be explained in further detail in the forecasting 

section and in the strategic analysis (Sections 3.5 and 3.3), we might no see this sharp increasing trend 

in the future. 

 

Figure 6: Sales by geography (in EURm)                           Figure 7: Sales by product (in EURm) 

 

 

Vestas has approximately 24,648 employees and revenue of 10.1bn EUR in 2018. The share capital is 

traded on the Copenhagen stock exchange, with a market capitalization of 13.6 bn EUR and 205 million 

shares. From 2017 to 2018, Vestas share price increased by 15%, showing a stronger performance than 

the OMX Copenhagen Index 20 CAP, which decreased by 13%. Figure 8 illustrates Vestas’ share price 
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development. The majority of shareholders are large international capital funds, such as Norges Bank 

and Termpleton Global Advisors, which have ownerhip of 61% of total shares, as shown in Figure 9 

below.  

Figure 8: share price development (in DKK)                                  Figure 9: shareholders distribution 

 

 

 

 

 

 

 

 

3.3 Strategic Analysis 

In order to reach the final valuation of Vestas, key financial analysis has to be accompanied by a strategic 

analysis to understand key drivers in the business environment. Vestas will be analyzed on a macro-

level, on an external level, and on an internal level by using PEST, Porter five forces, and VRIN 

framework respecively. A SWOT analysis will summarize key findings in the above mentioned analyses. 

It is worth noticing that the wind industry is the energy sector is an extensive topic which continuously 

evolves. Therefore, only key strategic aspects are included in this section, even though the forecasts 

reflect all aspects.  

3.3.1 PEST analysis 

A PEST analysis is conducted in order to understand Vestas’ external business environment. The 

thinking behind this analysis is that the firm needs a strategy that fits both internal capabilities and macro 

forces, which are uncontrollable to the firm (Gupta, 2013). This analysis will focus on political, 

economical, social and technlogical forces playing in the external business environment.  
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Political 

There is wide consensus among countries globally that supporting the development of sustainable energy 

solutions to reduce emission is on the political agenda. Therefore, governments are increasing public 

spending to incentivize a change in the energy mix towards clean energy. However, there are various 

sources of green energy and each country will choose investments that fit feasibility in terms of costs 

and resource availability. Currently, wind energy, like other clean energy sources, is largely dependant 

on government subsidies in the form of tax reductions and fixed price agreements. According to the 

Global Wind Energy Council, the wind energy market is increasingly operating on a commercial basis, 

moving away from support schemes (GWEC, 2018). 

 

 EMEA 

Europe committed to meeting 20% of its total energy needs with renewables by 2020 and 27% by 2030, 

accompanied by a 40% reduction in Co2 emissions (European Commission). In order to achieve this 

common target, each country set out different national targets ranging from 10% in Malta to 49% in 

Sweden. This is a clear message, showing long term commitment and an indication of stable political 

environment for growth. An increase in demand for new turbine plants is expected in order to meet EU 

targets. 

In 2018, Europe installed 11.7GW of new wind energy, a 32% decrease compared to 2017, which was 

a record year (WindEurope, 2018). Currently, wind power accounts for 14% of EU’s total energy 

demand, while convential power sources such as fuel, oil, and coal commissions continue to decrease. 

However, the wind power share has only grown 2% in 2018, partly due to lower electricity demand. 

Germany’s onshore installation fell significantly compared to 2017 due to lenghty permitting processes 

and some longer period projects that were granted to citizens. UK showed the same trend due to the end 

of the Renewable Obligation Certificate, which means that onshore wind installation will not rely on 

auctions. 68% of wind power is installed in 5 countries (Germany, Spain, UK, France, and Italy). 

Generally, cost reductions across the industry’s value chain and increased industry competition have 

made it possible for investors to finance more capacity for less cash.  
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Americas 

The Americas are currently the largest market for Vestas, accounting for 44% of total revenue. Like 

Europe, Noth America has also been on the forefront in terms of clean technologies and green energy. 

The US wind energy industry has been highly dependant on the renewable energy federal incentive 

scheme Production Tax Credit (PTC), showing growth during the years leading to the expiration of the 

PTC and showing sharp decreases when the PTC expired. Up until 2016, the US saw a great development 

in the industry due to the political stability provided by the PTC scheme, allowing for effective business 

planning and long term investments (Vestas, 2016). The tax credit has been extended to all wind facilities 

starting construction by 31st December 2019 (Energy.gov), however with a percentage reduction in the 

tax credit amount, triggered yearly. The PTC amount was reduced by 20% in 2017, by 40% in 2018, and 

will be reduced by 60% in 2019. Despite the expiration of incentive schemes at federal level, 2017 and 

2018 saw increased installed capacity, driven by large support at state and municipality level, giving 

confidence about the future of the industry (WWEA), 2018). In the South America’s area, Mexico is 

expected to meet ambitious targets of wind energy generation by 2022, with recent auctions at very low 

prices, showing the competitiveness of the market. Brazil, the largest market in Latin America, saw 

substantial growth in 2018 and it is part of the world’s leading markets with 14.5GW of installations 

(WWEA, 2018). Overall, due to political instability and scarce financing, Latin America is still far from 

fully exploiting wind power, but the region is expected to grow (GWEC, 2018).  

 

 Asia/Pacific 

China is the largest wind power market with an installed capacity of over 200GW, and 26GW installed 

only in 2018 (WWEA, 2018). Despite its market size, Vestas’ market share is quite small in the 

Asia/Pacific area due to the presence of strong local competitors. The area accounted for 14% of Vestas’ 

total revenue in 2018, but it saw a revenue growth of 50% from 2017 to 2018, indicating the growing 

importance of this geographical area. China’s wind development is expected to slow down and have a 

couple of stable years in 2019 and 2020 due to political reasons (GWEC, 2018). India is another large 

market in the Asian energy sector, but countries such as Pakistan, Philipphines, Taiwan, Vietnam, and 
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Indonesia are showing an increasing interest towards wind power generation, and new policies to 

facilitate the initial growth of the industry will be introduced.  

Economical 

Wind has been considered a growing industry with wide consensus, fostered by high new investments. 

However, there are some uncertainties around market potential given its sensitivity to economic 

downturns. It can be observed that during the financial crisis in 2008, the energy sector faced lower 

demand, causing investments to decrease due to lower incentives and lower fossil-fuel prices (IEA, 

2009).  

Vestas is exposed to currency, interest rates and raw material price movements. Vestas’ international 

business activities imply that the financials are mainly exposed to foreign currency risk, which mainly 

arises from purchase of materials and sale of services and wind turbines in foreign currencies (Vestas, 

2018). Currency risk is reduced by hedging the exposure to each individual currency by entering in 

currency forward contracts and currency swaps (Vestas, 2018). Interest rate risk is limited as Vestas has 

no interest bearing debt with floating interest. Commodity price risk mainly relate to raw materials price 

fluctuation, as steel and copper are primarily used in the production (Vestas, 2018). The risk is mitigated 

by the employment of hedging strategies involving forward contracts. Over the last years, there has been 

a favorable development in raw material prices which has contributed to a lower cost of wind turbines 

on a global level. Price fluctuations in steel and copper are not expected to pose an imminent threat to 

margins (GWEC, 2018). 

Socio-cultural 

Demand for energy is highly depended on population growth. Therefore, it is useful to analyze global 

population expected development in order to understand how Vestas will be impacted in its global 

operations.  
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Figure 10: UN forecasted population (in thousands) 

 

The United Nations estimate that population will be 9.7bn in 2050, a 28% increase from today. As a 

consequence, demand for energy in general will increase. In addition, the combination of increased 

political focus on green energy and the improvements of Asian living standards will lift demand even 

further. This is supported by empirical evidence which shows rising in energy consumption of 1.6% in 

the period 2005-2015, and 2.1% from 2016-2017 (Enerdata). Population and consumption growth is 

driven by emerging markets and non-OECD countries, due to the improvement in living conditions and 

in the economy. Vestas’ current markets which drive the most value are the Americas and the EMEIA 

region, which are more mature markets. However, Vestas has a strong growth mindset and it is planning 

to expand in emerging markets to capture unexpoited potential for market share and increase global 

presence.  

Technological 

Technological development has played a key role for Vestas to reach its current market leading position. 

Currently, the renewable energy industry is facing a problem concerning the storage of energy. At the 

moment, there is no feasible solution to store energy generated by wind mills as batteries are too 

inefficient and unsuitable for large-scale manufacturing. The pioneering of solutions to increase wind 

penetration in the electrical grid through the development of storage facilities is a mid-term priority for 

Vestas (Vestas, 2018).  

Currently, the offshore market is going through a great technological development. Turbines are installed 

on floating plants, and wind mills need to perform in complicated weather conditions. Therefore, pricing 
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solutions have been found to be a challenge in this segment, as turbines performance need to be improved 

while keeping costs at a competitive level. Vestas has established MHI Vestas offshore, a joint venture 

with Mitsubishi Heavy Industries, to deliver better and more competitive offshore products.  

Conclusion PEST  

Overall, the political environment plays a key role in the wind industry, and Vestas is highly exposed to 

incentive schemes and political context in every country it operates, making political forces a critical 

factor in a valuation framework and in forecast estimations. According to IEA’s Executive Director 

“over 70% of global energy investments will be government driven and as such the message is clear – 

the world’s energy destiny lies with decisions and policies made by governments”. As explained in 

further details in the forecast section (see Section 3.5), overall industry growth is assumed in the 

deterministic DCF and Monte Carlo model. The industry growth forecast will contain a tendency to 

grow capital expenditures and investments, and a lower price per MW because of lower costs per 

installed MW, also due to technological developments. A continued improvement in technology and 

development projects is expected in the upcoming years. Vestas needs to be ready to comply to new 

technologies and other competitors’ offerings to match market standards in order to preserve its 

competitive advantage. From a social and environmental perspective, instead, the industry is favoured 

by the global green trend. 

 

3.3.2 Porter 5 forces 

The Porter’s five forces framework allows to indentify industry attractiveness, which is shaped by five 

sources of competitive pressure (Grant, 2016). In other words, it is assumed that competitive behavior 

determines industry profitability. The five forces in Porter’s framework are competition from substitutes, 

threat of entry, rivarly between established competitors, bargaining power of buyers, and bargaining 

power of suppliers. For the purpose of this thesis, each force is assessed as low, medium, or high.  
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Threat of new entrants 

Know-how, economies of scale, capital requirements, product differentiation and experience are the 

most important factors that determine market entry. The industry is characterized by large initial capital 

investment requirements  to set up production facilities. This can be easily noticed from Vestas’ large 

book value of PPE on the 2018 Balance Sheet of 1.3bn EUR. Furthermore, operational costs related to 

raw materials, distribution and windmills services are substantial. In addition, R&D costs can be quite 

significant to stay ahead of competition given that the industry is currently seeing a digitalization trend 

(Vestas, 2018). Thus, it can be concluded that Vestas operates in a capital intensive industry.  

It can be challenging for new entrants to attain a critical mass to reach economies of scale in a short 

amount of time, which makes variable costs larger. The industry is also demanding under a value chain 

perspective. A standard contract also contains add-on services concerning the operation and maintenance 

of windmills. Therefore, in order to remain competitive in the industry, the business proposition must 

cover a broad range of the value chain, as market players with more narrow offerings will have 

difficulties competing with all-in-one contracts.  

Know-how and long sector experience are crucial competitive elements. It is possible for new entrants 

to acquire tangible and intangible assets through inorganic growth, but this would further intensify 

capital requirements mentioned above. Furthermore, the more advanced technologies that are coming 

into play in the industry require experienced market players. The industry is based on best practices and 

well-established knowledge, which means that customers rely on large and experienced producers. This 

is related to their preference of buying well tested and established products.  

This results in low threat of new entrants for Vestas, mainly due to capital requirements and economies 

of scare. It is assessed as more likely that a financially strong market player would arise from acquisitions 

from large industrial conglomerates within the energy and machinery production industry, seeking to 

expand their product portfolio.  
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Threat from substitutes 

The two main drivers of substitute competition are buyers’ propensity to substitute, prices and 

performance of substitutes (Grant, 2016). Substitutes to Vestas’ product offering can be considered any 

alternative to wind energy, including both other renewables such as solar and biomass, and traditional 

power sources such as coal and gas. According to Vestas (2018), wind energy has now become the 

cheapest source of renewable energy supply. As opposed to solar, wind energy prices have been 

decreasing, accompanied by strong capacity additions. To assess the threat from substitutes force, it is 

important to consider the levelized cost of energy (LCOE), which is the ratio between the total costs 

over time (investment, operations, maintenance) and the energy produced over time. The LCOE allows 

to compare costs and performance across different sources of energy. The global weighted LCOE 

average for wind power is USD 0.06/kWh in 2017, while solar energy global average was USD 

0.10/kWh (IRENA, 2018).  Solar is the second most used renewable energy source, but it appears to be 

more expensive than wind. Furthermore, renewable energy production widely depends on availability, 

so solar power has its core potential in Africa and South America, as opposed to wind power which has 

great potential in most areas of the world, especially offshore. Both solar and wind are moving towards 

grid parity, and there is not wide consensus around which energy source will reach it first. However, 

regardless of which one will reach it first, the other will follow shortly after.  

As outlined in the PEST analysis (see Section 3.3.1), demand for renewables is increasing, so threat of 

substitutes from traditional polluting energy sources is considered very low. Wind is currently the first 

green energy source among renewables, but technological advances in other renewable energy sources 

might disrupt the business environment, meaning that the supremacy of wind is not guaranteed to last 

for a long time in the future. In conclusion, threat of substitutes is considerate moderate to low.  

Rivarly between established competitors 

The global industry of wind turbine manufacturer producers is characterized by few large market players, 

which are leading with high market shares. 80.4% of total market share is owned by top 9 market players 

(Statista, 2019). Vestas’ largest competitors, as shown in the figure below, are Gamesa, Goldwind, GE 

Energy and Enercon.  
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Figure 11: Global wind turbine manufacturers market share 

 

Industry rivarly is intensifying as Chinese manufacturers such as Goldwin and Guodian are growing in 

the European and African markets. Competitors are seeking ways to penetrate emerging markets and 

increase their market share through consolidation. Large M&A deals such as Nordex and Acciona’s 

merger, GE’s acquisition of Alstom and Siemens’ acquisition of Gamesa, are speeding up industry 

consolidation and increasing competition. Therefore, industry rivarly is considered a major threat for 

Vestas. This is shown in the DCF forecast by using a conservative market share development. Rivarly 

among wind turbine manufacturers is assessed as high. 

Bargaining power from buyers 

Vestas’ main customers are global corporations and investment funds who are seeking to increase their 

renewable energy consumption (Vestas, 2018). Size of customers and customer concentration play a big 

role in determining bargaining power from buyers.  

Vestas has been working extensively on building and strenghtening customer relations to increase 

customer retention. The implementation of a Key Account Management structure has been the main 

driver of better quality customer relationships for bigger clients. Additionally, Vestas has started to 

involve customers in the product development phase to tailor solutions and decrease customer churn. 

The company’s customer base is now widespread with a total of 273 customers, out of which over 50% 

are a variety of smaller corporations (Vestas, 2018). A diversified customer base allows Vestas to be 

less dependent on a few customers as it decreases their negotiation power, making less accomodating on 

price pressures from buyers.  
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An important factor to consider is the number of market players that offer similas products as Vestas, so 

both windmills manufacuting but also operation and maintenance. On one hand, the onshore market is 

charachterized by mature and strong competition, which increases the customers negotiation power. On 

the other hand, the offshore market is less competitive. Vestas and Siemens dominate the market as 

many other onshore players are not represented in this market. This is very advantageous for Vestas 

given the expected growth for this market and the low negotiation power from customers in this segment.  

The large diversified customer base and strong strategic relationships allow to conclude that the industry 

is characterized by a relatively low threat from customers.  

Bargaining power of suppliers 

The production of windmills is highly complicated and it involves over 8.000 highly technological 

components which have to meet strict requirements imposed by the turbines manufacturers. Therefore, 

producers are dependent on suppliers as it is almost impossible to be vertically integrated on production 

as it would require additional technical know-how, technologies, expertise and R&D. Due to the the high 

complexity of the different components, suppliers are extremely diversified and have specific know-

how. As a consequence, they are highly interconnected with windmills manufacturers in order to meet 

their specific quality and technology requirements.  

Vestas has been increasingly outsourcing its production as a result of the restructuring program started 

in 2013, which focuses on decreasing required investments. Increased technology complexity in 

windmills components means that costs are reduced if production is outsourced to a specialized supplier 

that will be able to exploit economies of scale. The option to acquire suppliers is dangerous, as given the 

cyclicality of the industry, the amount of capital that would be tied up in times of downturn would be 

too high and it will hurt profitability. Vestas’ new approach to production is to increase partnership 

relations with suppliers, which allows tó participate in the development of new components. This makes 

Vestas more dependent on specific suppliers and it decreases Vestas’ negotiation power, as switching 

costs to move to another supplier would be high. However, given Vestas’ size and its market leading 

position, it is likely that Vestas represents a key customer for suppliers, which makes Vestas’ bargaining 

power stronger.  
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Based on the above discussion, bargaining power from suppliers is assessed as low. However, as 

manufacturers increase their supply chain dependance from suppliers, their bargaining power is assessed 

as being likely to increase.  

Porter’s five forces conclusion 

When assessing the industry attractiveness, the analysis shows that the market, especially the onshore 

segment, is highly competitive, mainly driven by technological developments which play a crucial role 

in turbines manufacturing. Traditional energy sources are diminishing, and the commitment to 

renewable energy sources by governments and companies is increasing tremendously, showing a bright 

future for the industry.  

High capital requirements to enter the market will protect existing market players, even though there is 

an increasing threat posed by industry consolidation trends and recent substantial M&A activity in the 

industry. Indeed, financially strong new companies might put pressures on current market shares and 

prices. However, the current bargaining powers from buyers and suppliers are assessed as low, which 

means that turbine manufacturers position in the market is strong.  

 

3.3.3 VRIN framework 

VRIN analysis is crucial for the undestanding of the internal business environment of a company, 

because it allows to pinpoint whether a company has a competitive advantage over other market players. 

The VRIN framework has a resource-based view of sources of competitive advantage, therefore the most 

crucial internal resources are assessed to be: R&D activities, industry experience, and brand value.  

 

Extensive R&D 

In order to maintain its market leader position, Vestas has invested substantially in R&D, with a 6 year 

average of 34% of total other operating expenses. Currently, Vestas has the highest R&D expenses in 

the industry, ahead of Siemens & Gamesa and GE (Vestas, 2017).  
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Table 1: R&D expenses as % of sales and operating expenses 

  FY13 FY14 FY15 FY16 FY17 FY18 

R&D / Revenue 4.0% 3.1% 2.5% 2.2% 2.4% 2.3% 

R&D / OPEX 35.9% 34.4% 32.7% 32.2% 32.1% 34.1% 

 

R&D mainly relates to technological advances regarding products and digital platforms that enables 

customers to monitor more closely the energy production and the efficiency of the turbine (Vestas, 

2018). R&D has been a key enable of strong organic growth for Vestas, and it remains a key priority on 

its strategic agenda.  

Brand value 

Vestas offers high end products, along with all in one contracts, and has focused on creating meaningful 

customer relations. As mentioned in Section 3.3.2, the Key Account Management program, helps Vestas 

strenghten partnerships with customers by involving them in the product development phase to tailor 

solutions to their needs. Through Vestas’ customer satisfaction survey, the company aims understanding 

customer priorities and asks them to assess the company’s competitiveness (Vestas, 2018). The results 

are then used to re-assess Vestas strategic priorities. Overall, customers consider Vestas to be 

competitive and majority of them believes Vestas will remain competitive in the future, indicating a 

strong brand value. Vestas brand value is assessed to be hard to imitate by competitors, but it cannot 

necessarily be upheld in the long run due to a highly transparent market.  

Industry experience 

Vestas has more than 40 years of experience in the wind industry and an unmatched track record in terms 

of installed capacity. Furthermore, it has been an industry pioneer, as Vestas has installed the first wind 

parks in many countries (Vestas, 2017). This allows Vestas to have enough expertise to focus on 

continuous product improvement and performance improvement. It can be concluded that industry 

experience is at the core of Vestas’ competitive advantage. 
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3.3.4 SWOT analysis  

In order to summarize key findings from the strategic analysis and to shed some light on how relevant 

these findings are, a SWOT analysis is presented. The SWOT analysis allows to provide a clear tangible 

picture of Vestas’ current and future situation with respect to its internal and external environment.  

Figure 12: Vestas SWOT analysis  

Internal factors 

Strenghts Weaknesses 

- Global manufacturing process - Highly dependent on political factors 

- Broad product portfolio - Supplier dependence 

- R&D focus - High R&D costs 

- Supplier relationships - Small market share in fast growing makets 

- Customer focus  

- Industry experience  

- Well known and established brand  

- Market leader  

- Quality and efficiency focus  

External factors 

Opportunities Threats 

- Population growth - Advances in other renewable energy sources 

- Growing industry - Intense rivarly 

- Increasing energy demand - Financially strong conglomerates entering the market 

- Political focus on renewables - Price developments in raw materials 

- Growth of the offshore market - Political uncertainties 

- Depletion of traditional energy sources - Technology breakthrough of competitors 

 

3.4 Financial Analysis 

After discussing Vestas’ strategic position and the business environment, it is important to focus on 

financial value drivers. The discussion of key value drivers and the assessment of Vestas’ historical 

financial performance is done through a financial statement analysis of Vestas reported financials. 

Together with the strategic analysis, the financial analysis serves as basis to assess the future potential of 

the company and in the forecast formulation. While the strategic analysis is based on qualitative factors, 
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the financial analysis is built on historical quantiticative data drawn from the company’s Annual Reports. 

The relevant historical period is assessed to be the period 2013-2018. It can be argued that a longer 

historical period should have been taken into consideration in order to get better insights. However, given 

that Vestas operates in a growing industry, more information on past performance is assessed to be 

irrelevant. Also, it is common practice in a valuation setting to consider 5 years of historical data.  

 

3.4.1 Financial statements reformulation 

Vestas consolidated financial statements comprise Vestas Wind Systems A/S and the subsidiaries over 

which Vestas excercises control. Vestas covers the two business areas of Power solutions and Service, 

while MHI Vestas Offshore Wind is accounted for using the equity method. 

In order to identify value creating elements in the financial statements, it is necessary to reformulate 

their structure for analytical purposes. In the reformulation, operating and financing items are separated. 

Operating items relate to the core activities of the firm, while financing items relate to how the firm 

finances its operations. Operating activities reflect the ability of the company to create value through 

their core operations. In this valuation case, the framework laid out by Petersen and Plenborg will be 

employed, with the reformulation of the income statement and balance sheet.   

Analytical Income statement 

The main purpose of the income statement reclassification is to find the net operating profit after tax 

(NOPAT). Taking Vestas’ reported income statement into consideration, several items need 

reclassification. The most striking item is depreciation and amortization (D&A). Since Vestas follows 

the function method of classification in the income statement, D&A is hidden in all the different expenses 

accounts rather than shown as a separate line. This means that EBITDA is not presented on the Vestas’ 

financial statements. D&A will be separated from the expense account and presented as a separate item 

in the analytical income statement, which can be found in Appendix 1.  

Some items are reclassified as core or special operating/financial items. Special items include expenses 

such as imparment of assets accounted for using the fair value method, extraordinary staff costs, gains 

or losses on disposals of assets, based on the assumption that these costs are not part of the ordinary 



 

45 

 

course of business and can be considered as one off-expenses. Furthermore, it is important to isolate 

only income and expenses generated by the ordinary course of business on a day to day basis. For 

example, expenses and income generated by acquisitions or disposal of assets do not represent core 

company activities, and as a consequence they are not included in the NOPAT calculation. All items 

classified as “other comprehensive income” are treated as special items as they consist of items that are 

unpredictable in nature and relate to income or loss from hedging, foreign currency translation, and other 

comprehensive income from joint ventures. Therefore, they are excluded from the forecast. 

Analytical Balance sheet  

Similar to the income statement reformulation, the balance sheet items are separated into operating and 

financing activities acress assets and liabilities. The purpose of the reformulation is to determine invested 

capital, which is the assets on which the company is supposed to earn a return. The financing part of the 

balance sheet shows, like in the income statement, how the company is financing its activities.  

On the Vestas’ balance sheet, most items are self-explanatory, but some of them require particular 

attention. Other receivables and other liabilities are classified as both financing and operating activities. 

Therefore, a breakdown of these accounts has been analyzed in order to classify properly each item. 

Furthermore, investments in associates relate to the offshore business area, which is given by the joint 

venture with Mitsubishi Heavy Industries, and they are therefore treated as an operating item. The net 

value between operating assets and operating liabilities is called invested capital. On the financing side, 

the net value between financing assets and financing liabilities constitutes net interest bearing debt 

(NIBD). It is worth mentioning that Vestas’ NIBD is negative from 2014 onwards, due to large cash 

balances. This particular case will be discussed further in the following cahs holdings and negative NIBD 

section, as it has big implications in the context of valuation. The reformulated balance sheet can be 

found in Appendix 2.  

Cash holdings and negative NIBD 

It is worth dedicating particular attention to Vestas’ cash holdings due to their effect on NIBD. Indeed, 

Vestas’ cash holdings are so large that they cause Vestas’ net debt position to be negative. In other 
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words, if all short term financing debt obligations were due tomorrow, Vestas would be able to repay all 

its debt, and there would still be excess cash remaining.  

 

Table 2: Historical NIBD 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

NIBD 269 -      1,041 -      1,899 -      2,605 -    2,845 -      2,507 

 

According to traditional corporate finance theory, firms face a tradeoff between costs and benefits of 

cash holdings from the perspective of shareholder wealth maximization (Berk & DeMarzo, 2012). 

Managers and shareholders view the costs of benefits of holding liquid assets differently: this mismatch 

betweeen managers and shareholders interest is called agency theory. According to agency theory, 

managers have greater preference for cash because it reduces firm risk and increases their judjement on 

how to employ those liquid assets.  

There are finve main reasons why firms tend to accumulate cash (Damodaran, 2005); operating motives, 

precautionary motives, future capital investments, strategic motives, and management interests.  

1. Operating motive 

Firms in different industries have different needs for cash due to the different nature of their operations. 

In general, firms that are in a cash oriented business, such as retail or restaurants, have higher cash needs 

than firms that operate in credit businesses (Damodaran, 2005).  

 

2. Precautionary motive 

Firms wil tend to accumulate cash in order to cover unanticipated expenses. This is highly relevant for 

firms operating in cyclical industries, because they will accumulate cash during expansion periods in 

order to draw on the cash in downturn periods to cover for operational losses (Damodaran, 2005).  

 

3. Future capital investments 

Firms face constraints and costs when in need of accessing capital markets, like transaction costs. To 

avoid these contraints, firms will set aside cash to provide for future investment needs and avoid rejective 



 

47 

 

future attractive investments due to lack of available capital (Damodaran, 2005). Therefore, the amount 

of cash holdings will be higher if the firm expects substantial future investments needs and the magnitude 

of these investments is uncertain. Furthermore, if a company has easy access to capital markets, it should 

have lower cash holdings. This is the case of Vestas, which is one of the biggest publicly traded 

companies in Denmark and one of the most liquid stocks. Lastly, cash holdings are higher in firms that 

have substantial R&D investments.  

4. Strategic cash holdings 

In many cases, companies do not hold cash out of investment needs. Instead, they view cash as a strategic 

asset that can be used to take advantage of future possible opportunities. This is particularly useful in 

markets where it is hard get access to new capital, such as developed markets (Damodaran, 2005).  

5. Management interests 

 In pubicly traded companies, there is a separation between management and ownership. This separation, 

as mentioned at the beginning of the section, causes a disalignment of interests called agency theory. 

Managers have preference for higher cash holdings because they might have their own agenda to go 

after (Damodaran, 2005). For example, managers could use cash fundings for empire building purposes.  

In Table 3 below, it is possible to observe that cash holdings constitute a large % of the company’s total 

assets.  

Table 3: Vestas cash holdings as a % of total assets 

 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Cash and cash equivalents         694           2,018           2,765           3,550                3,653           2,918      

Total assets      5,640           6,997           8,587           9,931               10,871         11,899      

Cash as a % of tot assets 12.3% 28.8% 32.2% 35.7% 33.6% 24.5% 

 

In Vestas’ case, operating reasons surely play a role in the decision of holding high cash balances. 

Indeed, as outlined in the Strategic Analysis (See section 3.3), Vestas operates in a capital intensive 

industry. However, the most important reasons behind Vestas’ cash holdings is assessed to be 
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precautionary and future investments. Vestas operates in a cyclical industry, which means that 

profitability and cash generation will be hurt in times of economic downturn. Future capital needs also 

play a role, as Vestas is extensively involved in R&D activities. Indeed, in the historical period, an 

average of 2,7% of revenue was spent in R&D, which made up an average of 34% of OPEX. 

Additionally, given Vestas’ growth focus, it is of key importance to always have access to capital. 

It is common practice among analysts to categorize cash holdings into operating and non-operating assets 

(excess cash). Traditionally, the operating cash is included in working capital, while excess cash is added 

to operational assets (Damodaran, 2005). However, according to Damodaran, a more useful 

categorization for valuation purposes is between wasting cash and non-wasting cash. The breakdown to 

wasting and non-wasting cash classifies cash based on the return earned on cash compared to the market. 

Cash that is invested at rates that are lower than the market is wasting cash, such as cash left in a deposit 

account with no interest earned. The approach of this categorization is to compare interest income as a 

percentage of average cash balance over the year with the market interest rate over the same period. If 

cash is being wasted, then market interest rate will be higher than the book interest earned on cash 

(Damodaran, 2005).  

The market interest rate is calculated by taking the yearly average of interest rate earned on 3-months 

US treasury bills. This type of government bond is highly liquid and it still allows Vestas to earn a return 

on the investment. From an accounting point of view, cash equivalents are pooled together with cash on 

hand and cash deposits. According to IAS 7, “an investment normally qualifies as a cash equivalent only 

when it has a short maturity of three months or less form the date of the acquisition”. Therefore, the 

accounting standard’s definition of cash and cash equivalents supports the comparison between the book 

interest rate to the interest rate earned on 3 months T-bills.  

Trapped cash with disposal restrictions due to contractual obligations will be discarded from the analysis, 

as the purpose of this analysis is to compare the fair return Vestas would earn on riskless investments 

versus the book interest. From Table 4, we can see that Vestas’ book interest rate is lower than the market 

interest rate in 2017 and 2018.  
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Table 4: wasting cash vs non wasting cash classification 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Cash and cash equivalents 694 2,018 2,765 3,550 3,653 2,918 

With disposal restrictions 71 199 196 335 456 32 

Without disposal restrictions 623 1,819 2,569 3,215 3,197 2,886 

Average cash 
 

1,221 2,194 2,892 3,206 3,042 

Interest income               6                14                25               14               15      

Book interest rate   0.49% 0.64% 0.86% 0.44% 0.49% 

Market interest rate  0.03% 0.04% 0.31% 0.94% 1.96% 

Wasting cash % 
    

53.5% 74.8% 

Non wasting cash %         46.49% 25.18% 

Wasting cash 
    

     2,167           2,191      

Non wasting cash              1,486             727      

 

In 2018, Vestas has wasting cash of 2.1 DKKm, because the book interest rate is 1.47 percentage points 

lower than the market interest rate. As discussed above, the wasting cash will be included in working 

capital. The inclusion of wasting cash in operating assets increases invested capital, which in turns 

lowers the return on invested capital. The non wasting cash portion of 727m EUR is instead considered 

a financial asset as it earns a fair return, and included in the NIBD calculation. Appendix 3 shows a 

condensed version of the analytical balance sheet, where it is possible to see the impact that the cash 

reclassification has on NIBD and Invested Capital. The version of the analytical balance sheet with the 

cash and non wasting cash reclassification is the basis for the profitability analysis conducted in Section 

3.4.2. 

This case is obviously an exception, and needs to be treated with particular attention in the valuation 

model due to its implications in the calculation of capital structure and in the equity bridge. This thesis 

will adopt the following approach to cash holdings. Since cash is considered negative debt in traditional 

corporate finance (Berk and DeMazo, 2012), net debt will be considered zero in the capital structure. 

Thus, Vestas is valued as a 100% equity financed company. The negative amount of NIBD is considered 

as excess cash and it is added on top of equity value, increasing the equity value per share.  
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3.4.2 Historical financial performance 

After performing the reformulation of financial statements, the historical profitability of Vestas can be 

analyzed in terms of core operating activities. The historical performance analysis allows to identify 

profitability drivers, which in turn will form the basis for the forecasting activity. To perform the 

analysis, the reformulated balance sheet with the split between wasting and non-wasting cash will be 

used. The analysis will focus on return on invested capital (ROIC), turnover rate of invested capital,  

and profit margin.  

ROIC is the most important measure of profitability of operations, as it is an expression of the return the 

company generates on the capital invested in its operating assets.  

Table 5: ROIC historical development 

 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

NOPAT (before special items) 804 506 793 1,198 1,070 915 

Invested Capital 1,793 1,338 1,000 585 2,434 2,788 

ROIC % 45% 38% 79% 205% 44% 33% 

 

ROIC significantly increased from 2013 until 2016, and it drastically decreased in 2017 and 2018. In 

2018, Vestas is able to generate a return of 33 cents for each Euro invested in operations. In order to 

further examine ROIC development, the ratio is decomposed into operating profit margin and turnover 

rate of invested capital. 

Table 6: Opearating profit margin after tax and turnover rate of IC historical development 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Operating profit % (after tax) 13.2% 7.3% 9.4% 11.7% 10.7% 9.0% 

Turnover rate of IC 3.39 5.17 8.42 17.50 4.09 3.63 
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From the decomposition of ROIC, it can be observed that the main contributor for ROIC large swings 

is turnover rate of IC, which increased from 3.39 to 17.50 from 2013 to 2016, and then decreased again 

to 3.36 in 2018. On the other hand, opearating profit doesn’t show any sharp increasing nor decreasing 

trend, remaining within the range of 7.3%-13% throughout the historical period.  

On a general level, the turnover rate of IC measures how efficiently a firm uses its assets to generate 

revenue, so higher asset turnover ratios are more favorable. There are several explanations for the 

turnover rate of IC ratio development. First of all, revenue increased sharply from 2013 to 2016, which 

was a record year in terms of sales. In 2016, the Americas saw an abnormal growth due to the 

implementation of the PTC reform, while the Asia/Pacific region kept growing. In 2017 and 2018, 

revenue stabilized, inidicating that the driver of turnover rate of IC in 2017 and 2018 is invested capital. 

The reclassification of wasting cash largely contributed to the sharp increase in IC for the last two years, 

indicating that Vestas has not been using its assets as efficiently as before in 2017 and 2018. 

It is worth mentioning the substantial decline of invested capital (IC) up until 2016, which contributed 

to the turnover rate of IC sharp increase. IC decreased from 1,793m EUR in 2013 to 585m in 2016. The 

observed decline can mainly be attributed to Vestas’ efforts of becoming a more scalable and asset light 

company, while optimizing its manufactural footprint (Vestas, 2018). In 2014, Vestas has outsourced 

the offshore business area to the joint venture with Mitsubishi Heavy Industries Ltd, which contributed 

to the decrease in operating assets through the sale of some assets to the joint venture. Invested capital 

was abnormally low in 2016, due to a significant increase in prepayments from customers. This level is 

assessed as artificially low and not sustainable.  

Cash and cash equivalents saw a 5-fold incrase from 2013 to 2017 to more than 3,6bn EUR. This increase 

is assumed to be due to upcoming investments, as discussed in the cash holdings and negative NIBD 

section. 2018 saw a decrease in cash holdings to 2,9bn EUR due to higher investments in PPE and 

intangible assets through the acquisition of Utopus Insights, Inc, a leading energy analystics and digital 

solutions company. Future investments are expected to increase in the following years as explained in 

the Forecast section.  
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More importantly, Vestas has significantly improved NWC efficiency through its “Operational 

excellence” strategy, where the company aimed at improving the cash conversion cycle through lower 

inventories, lower lead times in production and construction to lower work in progress, increased 

prepayments from customers, and better payables management. The company has focused extensively 

on cash conversion cycle (CCC) optimization initiatives from 2013 onwards, and the CCC development 

can be observed in Figure 13. The calculation is based on average opening and closing balance of the 

balance sheet accounts. It can be observed that CCC decreased from 107 in FY13 to 51 in FY18, reaching 

its lowest point at 43 in FY16. The improvement in CCC is due to days payable outstanding (DPO) sharp 

improvements. DPO went from 65 days in FY13 to 109 days in FY18, while days sales outstanding 

remained stable throughout the historical period and days inventory outstanding had an offsetting 

development effect.  

Figure 13: cash conversion cycle development 

 

Although not as impactuful on ROIC as turnover rate of IC, profit margin also saw an increasing trend 

throughout 2013-2016, but decreased again in 2017 and 2018. Even if revenue was higher in 2018, gross 

profit margin decreased from 19,7% (2017) to 16,1% (2018), due to higher production costs both in 

Power Solutions and Service business areas. The reduction in EBIT margin was mainly driven by 

competitive pressure in the market, arising from the introuction of auctions and reduced prices (Vestas, 

2018).   
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In conclusion, 2018 was a challenging year for Vestas, but general positive developments show that the 

company is operating more efficiently and profitably than in the early years of the historical period. 

However, several components of the value drivers, such as turnover of invested capital and ROIC have 

been judged artificially high at the 2016 level, so the decrease to 2018 levels is seen more as a 

normalization, rather than a sign of inefficiency.  

 

3.5 Forecast 

On the basis of the strategic analysis and the financial analysis of Vestas’ historical performance, it is 

now possible to formulate a forecast. A growth analysis approach has been used to identify historical 

performance and estimate future developments. The explicit forecast period covers five years from 2019 

until 2023, and the terminal period has been set to FY24. As it has been mentioned in the strategic 

analysis, Vestas is strongly exposed to political and economic factors. Therefore, after five years, 

political and economic uncertainty will significantly decrease the reliability of the revenue forecast. In 

the sections below, forecasted numbers for revenue by geography, NOPAT margin before special items, 

turnover rate of invested capital, and capital expenditures are presented.  

3.5.1 Sales growth 

After reviewing several market reports1, the GWEC report’s forecast was judged as the most likely 

outcome of total new installations. The forecast is aligned with the expectations of extensive growth 

rates in the Asia Pacific region and more conservative estimates in EMEA markets. Due to lack of data, 

it is not possible to forecast separately the Services business segment across markets. In accordance with 

GWEC, an approximate price reduction of 3% per MW is expected due to technological advances and 

increasing competition. This price decrease is incorporated in the forecast across all markets. Vestas’ 

2019 sales estimates are well covered by the 2018 order backlog, therefore the revenue forecast for 2019 

has been forecasted in line with management expectations. Based on the GWEC estimated total installed 

MW, Vestas’ revenue was derived from forecasted market share in each geography. 

                                                           
1 GWEC, IEA, World Energy Outlook 
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EMEA 

Competition in the European market is intensifying due to growing Chinese market partecipants and 

ongoing industry consolidation, driven by pressure on prices established by new tender systems. This 

supports conservative expectations of growth rates in the European market. The onshore market has 

almost reached full capacity in this segment, and unlike highly perishable goods such as consumer goods, 

wind turbines have a longer life-cycle of approximately 20 years, which means that there will mainly be 

competition on the replacement of existing turbines as the longer asset useful life doesn’t allow to 

maintain production growth at the current rates. In conclusion, Vestas is not expected to maintain its 

onshore market share in the future, but most of the decline is expected to be offset by the offshore market 

share increase due to Vestas’ intension to expand with its leading R&D capabilities. Overall, the offshore 

market is expected to grow at a moderate rate towards 2020 (Vestas, 2017). This gives room for more 

aggressive growth rates, where Vestas’ leading position and high market share will allow the company 

to capture topline growth.  

Americas 

Over the historical period, the Americas has been Vestas’ fastest growing segment. The main political 

concern about the development of this segment revolved around the PTC Act, expected to expire at the 

end of 2019. As oulined in the PEST analysis (see Section 3.3.1), the wind power industry development 

has been highly dependant on the PTC. Therefore, strong growth is expected in 2019, but there is 

incertainty over the future development of the PTC scheme and there is not enough information to assess 

the most likely political outcome. Even if Vestas is not expecting a major impact, a decline in the market 

is expected from 2021 onwards, which has been taken into account in the forecast. Therefore, a base 

case will be applied on the forecast by adjusting the GWEC market size forecast. Furthermore, the cost 

of power has been estimated to increase up to 10%, due to tariffs imposed in 2018 on metal imports from 

Europe and Chinese imports (American Wind Energy Association).  

Asia/Pacific 

Vestas is the largest foreign manufacturer in China, which is the world’s fastest growing market. The 

largest contributors to Vestas’ order intake in 2018 was Australia, along with India and China. The long 
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term outlook of this segment is very promising, according to the International Energy Agency (IEA), 

which expects the growth level of electricity demand to be higher than in any other world region (Vestas, 

2016). The Indian government has set ambitious targets on turbines installations, and Vestas has opened 

a blade factory in 2017 to support a stronger presence in the Indian market. However, political 

uncertainty remains a concern for short term market performance. This uncertainty is incorporated in the 

GWEC forecast with a stable growth rate until 2021 and growing at a CAGR of 4% after that. Overall, 

Vestas is positioned for an increasing market share in the segment due to its strategic focus and 

competitive advantage. Therefore, market share projection is increasing in the forecast period. 

Summary 

Below, a table presenting the revenue by geography forecast. At the terminal period FY24, only the 

aggregated revenue from all geographies has been assessed. Complete calculations and forecasted market 

share by geography can be found in Appendix 5. 

Table 7: Revenue by geography forecast 

 FY19E FY20E FY21E FY22E FY23E FY24T 

EMEA 4,498 4,364 4,305 4,404 4,505  

Americas 4,402 4,270 4,142 4,017 4,142  

Asia/Pacific 1,800 2,103 2,280 2,782 2,892  

Total revenue 10,700 10,736 10,727 11,203 11,539 11,770 

 

3.5.2. Profit margin growth 

The profit margin forecast is based on NOPAT margin before special items. Special items are non 

recurring in nature, so it is hard to form an opinion about their forecast. Furthermore, they are left out 

from the forecast due to their very low impact on margin, as special items have made up 0% to 1% of 

revenue historically. The historical development of profit margin before special items has followed up 

upward trend until 2016, and started to deteriorate in 2017 and 2018 due to lower revenue in 2017, and 

higher production costs in 2018.  
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Figure 14: historical development of NOPAT margin before special items 

 

 

Management expects to hit a profit margin before special items of 8-10% in 2019 (Vestas, 2018). The 

reason for such a wide estimated range is due to execution risk, as a large amount of deliveries could be 

pushed to 2020 caused by adverse weather constraints and scarcity in the supply chain. In 2019, the 

average selling price is expected to further decrease, while keeping costs under control, putting margins 

slightly under pressure. Hence, an increase in profit margin from current levels is assessed as unlikely. 

The forecasted profit margin is around 8%, which is at the lower end of management range estimation.  

After 2019, profit margin is forecasted to stay on a stable trend of around 8%. Sales are growing, but 

gross margin is expected to decrease due to a decrease in average selling price. Profit margin before 

special items is not forecasted to decrease dramatically due to scale in operating expenses, which are not 

estimated to grow at the same rates as revenue.    

3.5.2 Turnover rate of invested capital 

As discussed in the historical performance section, turnover rate of invested capital has increased until 

2016 to artificially high levels, and decreased in 2017 and 2018. The decrease is attributed to a 

normalization of invested capital levels. However, as argued in the cash section (see Section 3.4.1), a 

large portion of cash and cash equivalents is reclassified in working capital, meaning that Vestas failed 

at effectively exploiting this asset. Invested capital is expected to grow due in order to sustain the 

expected revenue growth, but also due to Vestas’ intention to preserve its market leader position and the 

required intensive capital expenditures and R&D to bring new technology to the market. However, 
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revenue is not expected to grow at historical growth rate. Therefore, Invested Capital is expected to grow 

at higher rates than sales. The combined effect of the expectations about invested capital and revenue 

developments is a deterioration of turnover rate of invested capital to about 2 at terminal period. 

Considering that Vestas operates in an asset heavy industry, a turnover rate of invested capital of 2 is still 

moderately high.  

Table 8: Forecast of turnover of invested capital 

mEUR (as of Dec 31st) FY19E FY20E FY21E FY22E FY23E FY24T 

Revenue      10,700           10,736           10,727             11,203           11,539             11,770      

Invested Capital        3,183             3,475             3,808               4,402             5,078               5,885      

Turnover rate of IC          3.36               3.09               2.82                 2.54               2.27                 2.00      

 

3.5.3 Capital expenditures 

As already outlined in Section 3.3, the wind turbine manufacturing is a capital heavy industry. As no 

capex schedule is found in the annual reports and management has refrained from giving specifics about 

FCFF expectations, it was necessary to employ a method for forecasting Vestas’ capital expenditures, 

due to the large impact capex has on FCFF estimations. Therefore, this section presents capex historicals 

and forecast in further details.  

As the forecast is projecting top line and NOPAT growth in the budget period, it is necessary to relate 

this growth to total reinvestments made into the business to sustain the forecasted growth (Damodaran, 

2002). In order to understand how much capital Vestas is reinvesting in the business, the reinvestment 

rate is calculated according to the fomula below.  

𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 =  
𝑐𝑎𝑝𝑒𝑥 − 𝐷&𝐴 +  ∆ 𝑛𝑜𝑛 𝑐𝑎𝑠ℎ 𝑊𝐶

𝐸𝐵𝐼𝑇 (1 − 𝑡)
 

Usually, the reinvestment rate is calculated by using the most recent financial statement, however, this 

is a good indication of future reinvestment needs if the firm is mature and stable. Vestas’ historical 

reinvestment rate have been varying a lot over the historical period. Furthermore, Vestas’ growth 

mindset and the cyclical nature of the industry indicate that an average reinvestment rate over time might 
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be a better indication of the future. Table 9 presents Vestas’ historical reinvestment rates and historical 

capex.  

Table 9: Vestas’ historical reinvestment rate  

(mEUR) FY13 FY14 FY15 FY16 FY17 FY18 Average 

Reinvestment 86.6% 34.0% 59.4% 48.7% 24.0% 8.4% 43.5% 

Capex    262         278         423         572         491         672         450      

 

From the table, it emerges that Vestas has high reinvestment needs, The biggest component of the 

reinvestment rate and FCFF is capex. Thus, FCFF forecast is highly sensible to capex forecast. The 

capex forecasting method is outlined below.  

It is possible to split capex into maintenance capex, and expansion capex. Maintenance capex is the 

capital that needs to be spent to maintain the business and current growth, for example to repurchase 

fixed assets such as machinery. On the other hand, expansion capex in the capital spent by the firm aimed 

at growing the business. In order to reflect maintenance capex, D&A has been chosen as a proxy, because 

it roughly represents the amount of capital that would need to be reinvested in the business in order to 

maintain current assets as their value depreciates over time. On the other hand, expansion capex reflects 

top line growth, and it was grown with the same growth % as sales development. At terminal period, 

total capex converges to the forecasted D&A in FY24 and it is assumed that capex equals to D&A for 

simplicity. Since the key assumption at terminal period is that the firm is in a steady state, if capex is 

much larger than depreciation, it means that the company will be growing its asset base to infinity. On 

the other hand, if capex is much smaller than depreciation, it is implied that the company’s assets are 

decreasing to infinity. Both of these assumptions lead to the wrong estimated capex at terminal value, 

yielding a severe overestimation or underestimation of terminal period FCFF.  

2019 total capex forecast was based on management expectations in 2018 Annual Report. Figure 15 

below presents the historical and forecasted capex, split by maintenance and expansion.  
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Figure 15: Capex historical and forecast split by maintenance and growth 

 

 

3.6 Cost of capital 

After the formulation of the forecast, the cost of capital needs to be estimated. As already mentioned in 

the theoretical framework, in order to WACC, the capital structure, the beta, the return on equity, and 

the cost of debt need to be estimated to ensure that FCF is discounted at the appropriate rate.  

3.6.1. Capital structure 

Vestas, at 31st December 2018, has a market capitalization of 101.2 DKKbn, with 205.7 million shares. 

By looking at the financial statements, it can be observed that Vestas is not heavily leveraged. Indeed, 

long term financial debt amounted to only 498 DKKm in FY18. The low amount of financial liabilities, 

and large cash holdings cause NIBD to be negative from 2014 to 2018 in the balance sheet reformulation. 

Table 10 shows financial assets and liabilities and total NIBD for the historical period.  

Table 10: Total NIBD 

 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Total financial assets 775 2,096 2,888 3,828 1,835 1,554 

Total financial liabilities 1,044 1,055 989 1,223 1,157 1,238 

NIBD 269 -      1,041 -      1,899 -        2,605 -         678 -          316 
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Given the results of the balance sheet reformulation shown in the table, this thesis will set net debt equal 

to zero. Large cash holdings show that if all debt was due tomorrow, Vestas would be able to repay its 

obligations. Therefore, the capital structure employed in the cost of capital calculation is shown in Figure 

16. 

 

Figure 16: Vestas capital structure 

 

Source of financing Weights 

Equity 100% 

Debt 0% 

 

As a consequence, the equity cost of capital will be equal to the WACC. 

3.6.2 Risk free rate and market risk premium 

The 10 year German government bond was assessed as being unsuitable for Vestas’ valuation purposes. 

The interest rate at December 31st 2018, according to Thomson One, is 0.24%. This is assessed as being 

unusually low. Instead, as a risk free measure, the 10 years EURIBOR swap rate at 31st of December 

2018 was used. The swap rate is considered a risk free proxy because it allows to lock in known cash 

flows.  

𝑟𝑓 = 0.962% 

The the Damodaran market risk premium of 5.60% for Western Europe was used as in unput in the 

CAPM formula discussed in the Theoretical framework Section 2.1.3. 

 

3.6.3 Beta 

The Danish C20 Index does not provide a clear picture of Vestas’ exposure to market risk and its risk 

profile for investors. Furthermore, Vestas reporting currency is EUR, indicating that the company has a 
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broader range of shareholders. Indeed, in the beta calculation, the MSCI (Morgan Stanley Capital 

International) World Index is used as a proxy of the market portfolio since the largest investors in Vestas 

are large financial institutions such as Vanguard, Blackrock, Norges Bank, and JP Morgan who invest 

globally (Damodaran, 2000). While using the local market index might be a good indicator of risk for 

the local investor, it is not a good proxy for risk for the international investor (Damodaran, 2000). 

Furthermore, according to Koller et al (2010), local market indexes are often heavily weighted towards 

certain industries and only a few companies. This will result in a biased beta which measures the 

company’s sensitivity towards a particular industry rather than its sensitivity to the market. Indeed, the 

Danish C20 Index is heavily weighted towards the pharmaceutical and healthcare industry. The 

composition of the C20 index can be found in Appendix 13.  

For the purpose of this thesis, a regression on 8 years of historical weekly data has been performed for 

the beta calculation. The regression resulted in:  

 

𝛽 = 1.0702 

 

Even though weekly returns are less stable than monthly data, Vestas’ stock is highly liquid, minimizing 

empirical problems resulting from using weekly returns. The regression result is assessed as in line with 

Damodaran’s beta sector estimates in Europe in 2018, where the average beta across all applicable 

sectors for Vestas is above 1 as shown in the table below.  

 

Table 11: Damodaran beta by industry sector in Europe (2018) 

 

 

 

 

 

Sector Unlevered Levered 

Electrical equipment 1.23 1.33 

Diversified 1.05 1.35 

Machinery 1.03 1.07 

Average 1.11 1.25 
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Given Vestas’ large cash holdings, discussed in Section 3.4.1, it has been assessed appropriate to 

calculate a cah-adjusted beta. The regression beta of a company is a measure of risk of all its assets, 

including cash. As cash is riskless, a regression beta for a company with substantial cash holding will be 

biased downwards (Damodaran, 2002). 

According to Damodaran, the formula for the cash adjusted beta:  

 

𝐶𝑎𝑠ℎ 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑏𝑒𝑡𝑎 =
𝑢𝑛𝑙𝑒𝑣𝑒𝑟𝑒𝑑 𝑏𝑒𝑡𝑎

1 −
𝑐𝑎𝑠ℎ

𝑓𝑖𝑟𝑚 𝑣𝑎𝑙𝑢𝑒

 

 

𝐹𝑖𝑟𝑚 𝑣𝑎𝑙𝑢𝑒 = 𝐸𝑞𝑢𝑖𝑡𝑦 𝑚𝑎𝑟𝑘𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 + 𝑑𝑒𝑏𝑡 𝑚𝑎𝑟𝑘𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 

 

As outlined in the capital structure section (See section 3.6.1), Vestas is assumed to be an unlevered 

company. Therefore, in order to treat capital structure with consistency across the model, the regression 

beta is equal to the unlevered beta, and the firm value is equal to the market capitalization of the 

company. It is worth noting that only the wasting cash portion of cash and cash equivalents calculated 

in Section 3.4.2 will be taken in consideration for the calculation of the cash adjusted beta. 

𝐶𝑎𝑠ℎ 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑏𝑒𝑡𝑎 =   1.276 

Full calculations of cash adjusted beta can be found in Appendix 14. 

 3.6.4 Equity cost of capital  

As outlined in section 2.1.3, the application of the CAPM yields the equity cost of capital, which in 

Vestas case is equal to the WACC due to the unlevered capital structure.  

𝑟𝐸 = 𝑟𝑊𝐴𝐶𝐶 = 𝑟𝑓 + 𝛽 ∗ 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 

𝑟𝐸 = 𝑟𝑊𝐴𝐶𝐶 = 0.962% + 1.276 ∗ 5.60% = 8.108% 
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3.7 Deterministic DCF 

3.7.1 DCF results 

It is now possible to estimate Vestas enterprise value, based on the forecast estimations and WACC 

calculations that have been discussed in the sections above (See sections 3.5 and 3.6). At terminal period, 

it has been assumed that Vestas will grow at the same pace as the economy. Thus, the terminal growth 

rate has been set at 2%, which is the historical inflation rate. The ouput of the DCF is presented in figure 

17, while the full calculations can be found in Appendix 10.  

 

Figure 17: EV and share price calculation 

 

Sum PV (FCFF)        2,732      

TV      17,425      

PV (TV)      11,800      

EV      14,532      

  

The output of the model, Vestas’ EV, is achieved by using most likely values as inputs in the model. 

Thus, the resulting outcome of the model is the most likely value of EV. In order to derive the price per 

share, the excess cash of 316m EUR, which was discussed in Section 3.4.1, is added on top of EV. As 

excess cash can be distributed to shareholders as dividends, equity value will be higher than EV. Figure 

17 shows the bridge between EV and total equity value.  

Figure 18: Equity value bridge (in EURm) 
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By dividing the total equity value by the number of outstanding shares, the price per share is obtained.  

 

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑠ℎ𝑎𝑟𝑒 =  
𝑇𝑜𝑡 𝑒𝑞𝑢𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒

# 𝑠ℎ𝑎𝑟𝑒𝑠 𝑜𝑢𝑡𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔
= 72.2 𝐸𝑈𝑅 

 

3.7.2 Sensitivity analysis 

Sensitivity analysis is conducted before Monte Carlo simulations in order to determine which variables 

are affecting enterprise value the most. These variables are key to the valuation model and need to be 

probability distributions, while less important variables can be kept fixed at the forecasted point estimate 

(Savvides, 2004).  

Due to the large impact that the terminal value input variables have in valuations, a sensitivity analysis 

is performed with respect to changes in WACC and terminal growth rate. Terminal value growth ranges 

from 1.5% to 3%, while WACC ranges from 7% to 9%. In Figure 19, it is possible to observe that 

relatively small changes in the two input variables translate in large movements in the share price, 

meaning that Vestas share price is greatly sensitive to growth rate and cost of capital.  

 

Figure 19: sensitivity analysis (wacc & g) of Vestas’ stock price as of 31/12/2018  

 

  WACC 

                  7.00% 7.25% 7.50% 7.75% 8.00% 8.25% 8.50% 8.75% 9.00% 

g 

1.50% 82.29 78.54 75.10 71.94 69.03 66.34 63.84 61.52 59.35 

1.75% 85.48 81.42 77.71 74.32 71.20 68.32 65.66 63.19 60.90 

2.00% 88.99 84.58 80.56 76.90 73.55 70.46 67.62 64.99 62.56 

2.25% 92.88 88.05 83.68 79.72 76.10 72.79 69.74 66.93 64.33 

2.50% 97.19 91.89 87.11 82.80 78.88 75.31 72.03 69.03 66.25 

2.75% 102.02 96.15 90.91 86.19 81.93 78.06 74.53 71.29 68.32 

3.00% 107.44 100.92 95.12 89.94 85.29 81.07 77.25 73.76 70.56 
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The highest stock value is 107.44 EUR, when cost of capital is low and growth is high, while the lowest 

stock value is 59.35 EUR when cost of capital is high and growth is low.  

A second sensitivity analysis is performed with respect to NOPAT margin (before special items) and 

turnover rate of invested capital at terminal period (FY24). Turnover rate of IC is set within the range 1-

3, while the NOPAT margin is set to take on values between 6% and 9%.  

 

Figure 20: Sensitivity analysis (NOPAT margin & turnover rate of invested capital) of Vestas stock price 
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6.0% 37.60 42.36 47.12 51.88 56.64 61.39 66.15 70.91 75.67 

6.5% 39.19 44.34 49.50 54.65 59.81 64.96 70.12 75.27 80.42 

7.0% 40.78 46.33 51.88 57.43 62.98 68.53 74.08 79.63 85.18 

7.5% 42.36 48.31 54.26 60.20 66.15 72.10 78.05 83.99 89.94 

8.0% 43.95 50.29 56.64 62.98 69.32 75.67 82.01 88.35 94.70 

8.5% 45.53 52.27 59.01 65.75 72.50 79.24 85.98 92.72 99.46 

9.0% 47.12 54.26 61.39 68.53 75.67 82.80 89.94 97.08 104.21 

 

As Table 20 shows, Vestas stock price is also very sensitive to both NOPAT margin and turnover rate 

of invested capital, as the share price can take up a maximum value of 104.21 EUR and a minimum 

value of 37.60 EUR.  

 

3.8 Monte Carlo simulations 

3.8.1 The Monte Carlo process 

Compared to the deterministc DCF model, the Monte Carlo analysis is based on a different process, 

which has been divided into 5 steps and illustrated in Figure 21.  
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Figure 21: Monte Carlo model work process 

 

As Figure 21 illustrates, the starting point is the set up of the basic deterministic DCF model. The 

following 4 steps include defining input variables as probability distributions, defining correlations 

among variables, defining what is the output of the model and lastly, running the actual Monte Carlo 

simulations.  

The model output is generated by using the Excel add-in software Crystal Ball. While in the DCF, input 

variables were static expected numbers, in the Monte Carlo simulation we feed the model probability 

distributions as inputs. This means that in comparison to the DCF, the output won’t be a single value, 

but a probability distribution of enterprise value and of equity value per share.  

Step 1: set up basic model 

The DCF model that was developed in Section 3.7 above is used as the starting point of the Monte Carlo 

analysis.  

Step 2: Define input probabilities 

The inputs that have been assigned a probability distributions are inputs that have a greater impact on 

the valuation outcome. Inputs that have a smaller impact on the valuation outcome have been kept 

constant, according to the forecast developed in Section 3.5 above. The sensitivity analysis conducted 

in Section 3.7.2, showed that Vestas’ share price is really sensitive to cost of capital, terminal growth, 

turnover rate of invested capital, and NOPAT margin assumptions. Furthermore, it has been observed 

that revenue growth, capital expenditures, and development costs have a great impact on free cash flow. 

Therefore, they have been modeled with the Monte Carlo simulation framework. Input probability 

distributions are a total of 6, based on historical data from Annual Reports from 2006 until 2018. Section 

3.8.2 discusses in details the chosen types of distributions and their parameters, such as minimum, 
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DCF model
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maximum, mean, and standard deviation. Crystal Ball will pick randomly from each distribution, while 

meeting the imposed constraints. Depending on the type of probability distribution chosen, some values 

are more likely to be picked then others.  

As discussed in Section 2.1.9, the number of probability distributions is limited because a greater number 

of probability distributions in a random simulation increases the likelihood of generating inconsistent 

scenarios. 

Step 3 – Defining correlations 

Revenue and gross margin are the chosen correlated variables. Historically, Vestas’ revenues and gross 

margin have been highly correlated. For simplicity, it is assumed that correlations between variables 

remain stable over the forecast period.  

Step 4 – Define model output  

The chosen outputs for the simulation analysis are enterprise value (EV) and equity value per share, as 

in the case of the deterministic DCF model (see Section 3.7). Choosing the same outputs as the basic 

model is fundamental to make a comparison between the traditional deterministic DCF model and the 

simulated DCF. Each iteration performed in the simulation will pick a random number according to the 

assigned distribution and store the outcome of each simulation.  

Step 5 – Run simulations 

This thesis employs 10,000 simulation runs to perform the Monte Carlo analysis. A sufficiently high 

number of iterations must be chosen in order to avoid the risk of having biased results due to small 

sample.  

 

3.8.2 Probability inputs 

Monte Carlo input probability distributions have been estimated based on historical data and 

expectations that arise from the strategic analysis and forecast (see Section 3.3 and 3.5). Probability 
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distributions have been assigned only to value drivers in the EV calculation, while other variables have 

been kept fixed based on the explicit forecast developed in Section 3.5. The probability distribution was 

picked by fitting historical data from 2006 to 2018 into a distribution, and assigning minimum, 

maximum, mean, and standard deviation values when required based on expectations about future 

developments or historical data. The histograms for historical reported data can be found in Appendix 

12. Input variables that have a great impact on the outcome of the valuation have been assessed to be 

revenue growth, production costs (gross margin), capex, and terminal growth rate. 

Revenue growth 

Sales have a great impact on valuation outcome, but as total revenue is driven by too many factors to 

forecast at an aggregated level, revenue growth is analyzed by geography. Indeed, different probability 

distributions have been assigned to the different geographies, due to different historical developments 

and different future expectations about market growth. For example, the onshore European market is 

more mature than the Asia/Pacific market, which is expected to grow at a higher pace. Therefore, 

assigning only one probability distribution to aggregated revenue will yield unreliable results.  

Gross margin 

Production costs are the biggest component of Vestas total expenses. Table 3.8.2 below shows the 

development of production costs and opex as a % of total sales. It is quite strainghtforward to observe 

that operating expenses have been quite stable over time and they only make up to 12% of total expenses 

in 2013, deacreasing to 7% in 2019. As production costs are direct sales costs, gross margin is a great 

value driver in the valuation outcome, and it has been selected as a probability distribution input variable.  

Table 12: production costs and opex as a % of total expenses 

 

 
FY13 FY14 FY15 FY16 FY17 FY18 

Production costs % 88% 90% 91% 92% 92% 93% 

R&D % 4% 3% 3% 3% 3% 2% 

Distribution costs % 3% 2% 2% 2% 3% 2% 

Admin costs % 4% 4% 3% 3% 3% 3% 
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Capital expenditures 

Capital expenditures, as already outlined in Section 3.5.3, also play a key role in driving enterprise value. 

Given the particular attention that has been posed to capex in explicit forecasting period to build the 

deterministic DCF model due to the large impact that capex has on FCF, it comes natural to try to model 

capex with Monte Carlo.  

Terminal growth rate 

It was observed in the sensitivity analysis (see Section 3.7.2) that the EV output of the deterministic 

DCF is very sensitive to terminal growth rate. In the basic DCF model, a 2% growth rate was assumed 

for simplicity as it matched the estimated growth of the global economy. However, given the fast 

growing industry that Vestas operates in, it is possible that terminal growth is higher than 3%. A possible 

scenario to consider is one where mature and stable companies become a smaller part of the economy, 

given by disruptions in other renewables, resulting in a terminal growth rate below 2%. Given the 

uncertainty embedded in the terminal growth rate and the great impact it has on the terminal value, 

growth rate has been assessed as a probability distribution input in the Monte Carlo model.  

Summary 

The chosen probability distributions and their key parameters for input variables are found in Table 13 

below.  

 

Table 13: Input variables probability distributions  

 

Input Distribution Mean Min Max St dev 

EMEIA growth Triangular 3% 10% -5%  

Americas growth Lognormal 10%   5% 

Asia/Pacific growth Triangular 12.5% 5% 20%  

Gross margin Uniform  12% 22%  

CAPEX Uniform  4.5% 16%  

Terminal growth Uniform  1% 3%  

 



 

70 

 

3.8.3 Correlations 

The use of Monte Carlo model allows for the inclusion of correlation between variables. Two variables 

are correlated if they vary together in a systematic manner, which is the case of Vestas’ revenue and 

gross margin. If two variables are not correlated, the model picks random numbers independently from 

each distribution. On the other hand, if two variables are said to be correlated, The model simulates 

randomly one value from the first distribution, the correlated varible is then restricted in the values it 

can take on by the specified correlation. In the Monte Carlo model, gross margin will take on a value 

which is related to the simulated value of revenue.  

According to industry forecasts, the average selling price is expected to decrease, but volumes are 

forecasted to increase. This means that Vestas’ historical positive correlation of 0.9 between revenue and 

gross margin is not a good indication of future expectations. Instead, according to the forecast Section 

3.5, a negative correlation between revenue and gross margin is expected. As topline increases, prices 

decrease and margins are under pressure. Given the high historical correlation, a correlation of -0.8 was 

used in the model. 

Table 14: Monte Carlo correlated variables 

Variable Correlated with Correlation 

Gross margin EMEIA revenue growth -0,8 

Gross margin Americas revenue growth -0,8 

Gross margin Asia/Pacific revenue growth -0,8 

 

Only a revenue breakdown is provided in the annual report, and there no indication on  production costs 

by geography. Therefore, it is not possible to disaggregate gross margin by geographical market.  

 

3.8.4 Monte Carlo simulation results 

After having defined all the necessary inputs and correlations, the model runs 10,000 iterations. The 

Crystal Ball generated probability distribution outputs of EV and share price from the Monte Carlo 

simulations are presented below in Figure 22 and 23.  
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Figure 22: Crystal Ball simulated Enterprise Value  

 

Figure 23: Crystal Ball simulated equity value per share 
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Figure 24: Crystal Ball sensitivity chart of equity value per share  

 

 

The simulated EV is the output of the DCF model, but simulated with the Monte Carlo iterations. The 

equity value per share was then also set as a Crystal ball output, which is given by the 10,000 simulated 

enterprise values plus 316m EUR as excess cash, divided by the number of outstanding shares. The model 

set up for the Monte Carlo simulations can be found in Appendix 11. Figure 23 presents Crystal Ball’s 

sensitivity chart for the share price. The chart shows the percentage to which each variables contribute 

to the variance of the distribution. Assumptions for revenue growth in all three geographies and gross 

margin are the variables which contribute the greatest to the variance of the iterations.  
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4. Results and conclusion  

4.1 Discussion of results 

The results of the DCF show that Vestas EV amount to 14,532m EUR, with an equity value per share of 

72.2 EUR as of 31st of December 2018. Given that the market price for Vestas share was 65.9 EUR, it 

has been concluded that Vestas share is an attractive investment.  

From the Monte Carlo simulation statistics, it can be seen that the expected mean of the equity value per 

share 71.8 EUR is not really far from the expected share price of 72.2 EUR calculated with the 

deterministic DCF model. The same holds for the mean EV of 14,449 EURm under the Monte carlo 

Approach and the expected EV of 14,532 EURm under the static DCF. Additionally, The Monte Carlo 

simulation results provide further information about the certainty of the result. The standard deviation 

of 18.9 is a measure of the risk of variability in the results. A high standard deviation implies that there 

is high volatility in the model, and that investment risk is higher. The skewness of 0.23 represents the 

asymmetry of the data around the mean. The positive skewness suggests that the forecast values are 

skewed on the right-hand side of the distribution, which means that there is a higher likelihood of the 

outcome being higher than the mean. Therefore, it can be concluded that upside risk is slightly greater 

than downside risk in Vestas stock. The kurtosis of 2.31 indicates that the distribution is flatter than a 

normal distribution, meaning that the forecast values spread further away from the mean compared to 

the normal distribution. Further information is contained in the “certainty range”, where the model 

displays the certainty that the output lands within a specified range. Additionally, the percentiles table 

provides useful information to the decision maker. If we take the equity value per share, for example, it 

is possible to see that there is a 50% probebility that the share price is below 70.7 EUR, a 60% chance 

that the share price is below 76.3 EUR and so on. 

The above information remains completely hidden in the deterministic DCF model. It is important to 

keep in mind that the probability distribution of the forecast values is a reflection of the chosen inputs 

and correlations between variables.  

With respect to sensitivity, it is clear how new important information is conveyed by the Monte Carlo 

model. Thanks to the sensitivity chart, the decision maker is able not only to observe which of the 

variables impact the variance of the model the most, but to also look the degree to which each variable 
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contributes to the variance. This is completely hidden information in the static DCF model. Indeed, in 

the DCF there is no indication about which variables impact the model. This problem can be partially 

solved by the employment of sensitivity analysis. However, the limitations of this method are that the 

valuer has to follow a “trial and error” approach, where verious variable are tested, but it is not possible 

to see beforehand which  variables impact the model. Furthermore, even after the sensitivity analyses 

are performed, the decision maker doesn’t have an indication on the degree of sensitivity that the model 

has with respect to the different inputs. Taking Vestas into consideration, the sensitivity analysis 

performed in Section 3.7.2 indicated that changes in cost of capital yield a change in share price that can 

vary between 89 EUR and 52 EUR, all thing equal. The decision maker now knows that Vestas stock 

price is sensitive to changes in cost of capital, but he or she doesn’t have any measurement expressing 

how much the model is sensitive to cost of capital. The decision maker would be left with the following 

questions: “How sensitive is the model with respect to the inputs? Which are the variables that contribute 

the most to the variability of the share price? How much does each input contribute to the total 

variance?” All these questions are answered by the Monte Carlo approach. It is important to note that 

in order for the sensitivity chart to yield meaningful results, the most important value drivers must be 

selected as probability distributions. A poor choice of which variables to assign proabability distributions 

to will lead to biased results as the model will not take into account fixed variables in the sensitivity 

chart.  

It can be observed from the DCF calculation, that the terminal value makes up 82.2% of the total EV, 

while the explicit forecast only constitues 17.8% of the EV. This result is in line with literature, that 

claims that TV makes up approximately 80% of EV. Despite being in line with literature, these results 

show an important pitfall in valuation techniques. Analysts spend most of their time estimating the 

forecasting period, which accounts for a minority of the valuation, while terminal value assumptions are 

the drivers in the EV calculation.  

Considering the new information conveyed by the Monte Carlo simulation of Vestas stock price, it can 

still be concluded that Vestas is an attractive investment. Even if the expected mean value is above the 

market price of 65.9 EUR, there are other important factors to consider in the investment decision that 

go deeper than the “overvalued/undervalued” argument. As mentioned above, the positive skewness is 

something that is regarded as a positive sign in an investment, but the skewness for Vestas is very small 
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and varies only slightly from zero, which is the skewness for a normal distribution. Therefore, it is 

reasonable to conclude that the distribution is symmetrical, where upside and downside risk are equal. 

Furthermore, the 20% standard deviation and kurtosis reveal the uncertainty of the investment. This is 

assessed to be a result from political forces greatly impacting industry forecasts and the overall 

uncertainty regarding the sustainability of margins, given the required R&D investments, the importance 

of being at the forefront of technology and the pressure posed by competitors. Additionally, the flatness 

of the distribution indicates that outliers are more likely than in a normal distribution, decreasing the 

investor’s confidence in the investment.  

 

4.2 Conclusion 

Before conducting the valuation, it was necessary to form an opinion about future expectations for 

Vestas. From the conducted strategic analysis, it has been concluded that Vestas is critically impacted 

by political factors that are hard to quantify and predict. As the wind turbine manufacturing industry 

shifts from a growth industry to a mature phase, at least in certain markets, it is believed the Vestas has 

the competitive advantage to stay profitable in the long run. Vestas’ continuous investments in R&D and 

technological developments to roll out more complex and efficient products will protect current market 

share in Vestas key markets. However, it will be more challenging to capture market position in fast 

growing markets, such as Latin America and Asia/Pacific, as competitors have bigger market shares and 

are leading the market. Therefore, strategic challenges lay ahead for Vestas, also given by political 

circumstances, while margins are under pressure but still forecasted to sustain.  

As argued already througout this thesis, a simulation provides more than the expected value for an asset. 

The output of the DCF was merely an expected value for enterprise value and an expected value for 

share price. However, this output doesn’t give the decision maker any information about the probability 

of being correct or incorrect. With Monte Carlo simulations, the output of the model is a probability 

distribution of the EV. This reinforces a critical point embedded in the valuation, which is uncertainty. 

Uncertainty is deeply rooted in every valuation model as the intent is to predict future cash flows and 

future growth. The imprecision and the uncertainty in valuation explains why different analysts and 

decision makers may arrive at different estimates of values for the same asset. Futhermore, it can be 
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argued that a more informative model leads to a better decision because decision makers will be 

presented with a full picture of the risk of a value. Yet, by employing scenario analysis through the 

traditional DCF, the decision maker still won’t get a full picture of the risk involved in the valuation 

because only the 2 most extreme scenatios and a middle scenario will be presented.  

From the deterministic DCF model, it has been concluded that Vestas is an attractive investment. The 

conclusion doesn’t change under the employment of the Monte Carlo simulation approach. However, 

many new layers of information are provided that could change the investment decision. For example, 

really high standard deviation or negative skewness indicate risky investments which can be judged as 

too risky by some risk-averse investors. 

Valuations as point estimates give the illusion of credibility and trust. It can be argued, instead, that 

having an open attitude about uncertainty enhances the authority of the valuer. Clients and decision 

makers will benefit from the fact that the valuer is considering a range of possibilities, and that a margin 

of error is embedded in the valuation. Given the above discussion and the discussion of results from the 

application of the Monte Carlo simulation method to the Vestas Wind Systems A/S case study, it is 

believed that information about uncertainty should be conveyed to valuation users.  

 

4.3 Further research 

Several potential topics have emerged during the process of writing this thesis that could serve as a basis 

for future further research.  

The first striking emerging point is related to data. As the findings of this thesis are based on pubicly 

available data, it would be interesting to investigate if the employment of primary data provided by 

Vestas would have an impact on the deterministic DCF model and the Monte Carlo. This could give 

further insights related to the budget period, management expectations, and capex schedules. 

Management expertise could be used to estimate input probability distributions’ parameters, such as 

minimum and maximum bounds, and volatility. Management’s understanding of the business and its 

competitive environment would be useful to provide more precise valuation inputs, especially where 
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historical distributions are not a good indication of the future data distribution, leading to a more accurate 

valuation output.  

The introduction of the Monte Carlo simulation model allows to create a more informative and flexible 

valuation model to decision makers. Thus, this valuation method could be a powerful tool in dealmaking 

and M&A negotiations, where several rounds of negotiation are often involved before reaching an 

agreement. As the Monte Carlo output is probability distribution of the EV or equity value, bids could 

be associated with the “probability of overpaying” (the further away from the mean value in the upside 

area, the higher the probability of overpaying for the asset, because the probability of reaching the 

corresponding equity value is lower). For example, the opening bid could be somewhere below the 

median value of the distribution, the further away from the mean value in the downside area, the higher 

the likelihood of being underbidding for the asset, as shown in Figure 24. This leaves room to increase 

the bid in further negotiation rounds while monitoring the risk of overpaying. Furthermore, in the M&A 

bidding rounds, it is likely that initial bids will be more relaxed and based on high level information 

provided by the teaser. As more information is released by the sell-side team and target company, before 

the final bid, buyers will tighten up their assumptions and will end up with a more accurate probability 

distribution of the enterprise value to base their final bids on. In M&A deals, the information provided 

by Monte Carlo is extremely helpful in bidding as every forecast value has a % of certainty of reaching 

that value attached. Furthermore, the skewness of the distribution and kurtosis give extremely helpful 

information that could be helpful in bidding strategies and dealmaking. For example, a buyer would 

know if there is higher upside or downside risk. 

Hence, it would be interesting to investigate the impact of Monte Carlo valuation in dealmaking 

strategies and implications in negotiations.  
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Figure 24: Bidding strategies in M&A context 

 

 

In M&A deals, the information provided by Monte Carlo is extremely helpful in bidding as every 

forecast value has a % of certainty of reaching that value attached. Furthermore, the skewness of the 

distribution and kurtosis give extremely helpful information that could be helpful in bidding strategies 

and dealmaking. For example, a buyer would know if there is higher upside or downside risk. 

 

4.4 Concluding remarks 

The above discussion and conclusions are based on a single case study. The results are affected by 

subjective expetations and are therefore not directly generalizable. However, given the widely accepted 

methodology of work and valuation tools employed, it is believed that the application of the approach to 

another business valuation will deliver results that will be worthy of comparison.  
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Appendix 

1. Appendix 1 - Analytical income statement 

mEUR FY13 FY14 FY15 FY16 FY17 FY18 

Revenue       

Power Solutions     5,082          5,839          7,285          8,928          8,431          8,465      

Service        954             964          1,138          1,309          1,522          1,669      

Other          48             107               -                 -                 -                 -        

Total revenue     6,084          6,910          8,423        10,237          9,953        10,134      

Production costs (Cost of sales) -   4,911      -   5,447      -   6,611      -   7,685      -   7,576      -   8,087      

R&D -        28      -        21      -        29      -        63      -        69      -        67      

Distribution costs -      166      -      132      -      157      -      169      -      207      -      166      

Administration costs -      231      -      238      -      240      -      244      -      237      -      209      

Total core OPEX -   5,336      -   5,838      -   7,037      -   8,161      -   8,089      -   8,529      

Income/loss on investments in associates (offshore 

business)          -        -        31               34      -      101      -        40               40      

Core EBITDA        748          1,041          1,420          1,975          1,824          1,645      

Depreciation, amortization and impairments       

Depreciation & impairment losses PPE -      179      -      186      -      178      -      215      -      243      -      246      

Amortization of intangible assets -      216      -      180      -      171      -      162      -      155      -      180      

Total D&A -      395      -      366      -      349      -      377      -      398      -      426      

Core EBIT        353             675          1,071          1,598          1,426          1,219      

Tax on EBIT        451      -      169      -      278      -      400      -      357      -      304      

NOPAT before special items        804             506             793          1,198          1,070             915      

Special items       

Reversal of impairment loss on PPE          25               13               47               -                   8               -        

Other items          -                   3      -         1               -                 -                 -        

Impairment losses of PPE -        40      -        24               -        -        28      -        28      -        25      

Impairment losses of intangible assets          -                 -        -         3               -        -         3      -         7      

Staff costs -        25      -         7               -                 -                 -        -        15      

Gain from transfer of net assets to joint venture          -                 59               -                 -                 -                 -        

Impairment loss on assets held for sale -        29               -                 -                 -                 -                 -        

Loss on disposal of assets held for sale -        32               -                 -                 -                 -                 -        

Consultants/external assistance -         5               -                 -                 -                 -                 -        

Other restructuring income/(cost) -        10               -                 -                 -                 -                 -        
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Gains and losses on sold PPE            1               -                 -                 -                 -                 -        

Total special items -      115               44               43      -        28      -        23      -        47      

Tax on special items -      147      -        11      -        11                 7                 6               12      

NOPAT after special items        542             539             825          1,177          1,052             880      

Core financial items       

Interest income            4                 6               14               25               14               15      

Other financial income            1                 2               -                   2                 2                 1      

Interest costs -        85      -        35      -        19      -        26      -        15      -        22      

Provisions -      138      -      143      -      174      -      250      -      213      -      211      

Other financial costs -        39      -        27      -        14      -        15      -        14      -        16      

Net core financial income (expense) -      257      -      197      -      193      -      264      -      226      -      233      

Tax shield (expense) on core financial items -      328               49               50               66               57               58      

Core financial income (expense) after tax -      585      -      148      -      143      -      198      -      170      -      175      

Special financial items       

Foreign exchange gains           -                 -                 13               -                 20               -        

Foreign exchange losses -        16      -         4      -        43      -        48               -        -        30      

Hedging instruments gains          15               42               34               29                 9                 1      

Hedging instruments losses -        18      -        37               -                 -        -        14               -        

Net special financial items -        19                 1                 4      -        19               15      -        29      

Tax shield (expense) on special financial items after 

tax -        24      -         0      -         1                 5      -         4                 7      

Special financial income (expense) after tax -        43                 1                 3      -        14               11      -        22      

Net income after tax (before dirty surplus) -        87             392             685             965             894      683    

 

2. Appendix 2 – tax reconciliation 

  FY13 FY14 FY15 FY16 FY17 FY18 

Reported       
Profit before tax -        36             523             925          1,287         1,192            910      

Income tax -        46      -      131      -      240      -      322      -     298      -     227      

Effective tax rate -127.78% 25.05% 25.95% 25.02% 25.00% 24.95% 

       
Income tax attributable to:       
Core EBIT        451      -      169      -      278      -      400      -     357      -     304      

Special items -      147      -        11      -        11                 7               6              12      

Tax shield (or expense) on core financial items -      328               49               50               66              57         58.12      

Tax shield (or expense) on special financial 

items -        24      -         0      -         1                 5      -        4               7      

Total income tax -        49      -      131      -      240      -      322      -     298      -     227      
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3. Appendix 3 – Analytical balance sheet 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Goodwill             215                  215                  252             309              304              379      

Completed development projects             331                  274                  261             300              309              270      

Software               42                    32                    61               80                95              118      

Other intangible assets               -                      -                      20               54                49                52      

Development projects in progress             153                  137                    93               85              144              277      

Total intangible assets             741                  658                  687             828              901            1,096      

       
Land and buildings             803                  695                  763             767              704              662      

Plant and machinery             219                  211                  219             233              248              258      

Other fixtures and fittings, tools and 

equipment             151                  168                  191             221              222              268      

Plant and machinery in progress               48                    58                  106             108                73              130      

Total PPE          1,221               1,132               1,279          1,329            1,247            1,318      

       
Investments in joint ventures and 

associates                1                  188                  225             201              150              233      

Tax receivables               -                      -                    109               49                51                98      

Deferred tax             155                  170                  149             208              218              281      

Other receivables net of non current 

financial instruments               26                    31                    32               50                62                65      

Total other non current operating assets             182                  389                  515             508              481              677      

       
Non current assets held for sale             252                  103                  103               95                 -                   -        

              

Total non current operating assets          2,396               2,282               2,584          2,760            2,629            3,091      

       
Inventories          1,425               1,509               1,899          1,985            2,696            2,987      

Trade receivables             626                  598                  795          1,038            1,144              967      

Contract assets / CWIP               47                  104                    15               19                82              330      

Contract costs               -                      -                      -                 -                   -                328      

Tax receivables               57                    65                    60               25                53                88      

Other receivables net of current 

financial instruments             234                  343                  346             276              265              363      

Current assets held for sale               80                    -                      -                 -                   -                   -        

Total current operating assets          2,469               2,619               3,115          3,343            4,240            5,063      

       
Total operating assets          4,865               4,901               5,699          6,103            6,869            8,154      

       
Deferred tax               21                    17                    20               34                61              120      

Other non current liabilities net of non 

current derivatives financial instruments                2                     8                     9               11                15                50      
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Tax payables               -                      -                      44               37              166              212      

Total non current operating liabilities               23                    25                    73               82              242              382      

       
Contract liabilities          1,580               2,168               2,275          3,075            3,082            4,202      

Prepayments from customers         1,568              2,156              2,258          3,002           2,923       n.a.  

Construction contracts in progress              12                   12                   17              73              159       n.a.  

Trade payables             832                  945               1,760          1,666            2,660            2,417      

Tax payables               39                    41                  147             191              108              112      

Other current liabilities net of current 

derivatives financial instruments             355                  384                  444             504              510              444      

Total current operating liabilities          2,806               3,538               4,626          5,436            6,360            7,175      

              

Liabilities associated with current and 

non-current assets held for sale             243                    -                      -                 -                   -                   -        

       
Total operating liabilities          3,072               3,563               4,699          5,518            6,602            7,557      

              

INVESTED CAPITAL          1,793               1,338               1,000             585              267              597      

       
Other investments               -                      14                    20               26                30                35      

Other receivables (>1 years derivatives)                8                     5                     7                 5                10                14      

Financial investments/ marketable 

securities               -                      -                      -               190              196              204      

Total non current financial assets                8                    19                    27             221              236              253      

       
Other receivables (0-1 years 

derivatives)               73                    59                    96               46              106              152      

Financial investments               -                      -                      -                 11                  7              422      

Cash and cash equivalents             694               2,018               2,765          3,550            3,653            2,918      

Total current financial assets             767               2,077               2,861          3,607            3,766            3,492      

              

Total financial assets             775               2,096               2,888          3,828            4,002            3,745      

       
Provisions             200                  231                  314             457              483              491      

Financial debts             604                     3                  495             496              497              498      

Other liabilities (>1 year derivatives)                0                     2                     1               79                  4                19      

Total non current financial liabilities             804                  236                  810          1,032              984            1,008      

       
Provisions             165                  142                  124             131              148              126      

Financial debts                4                  604                    -                 -                   -                   -        

Other liabilities (0-1 year derivatives)               71                    73                    55               60                25              104      

Total current financial liabilities             240                  819                  179             191              173              230      

       
Total financial liabilities          1,044               1,055                  989          1,223            1,157            1,238      

       
NET INTEREST BEARING DEBT             269      -        1,041      -        1,899      -   2,605      -    2,845      -    2,507      
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4. Appendix 4 – Analytical balance sheet with wasting and non wasting cash reclassification 

mEUR (as of Dec 31st) FY13 FY14 FY15 FY16 FY17 FY18 

Total non current operating assets        2,396             2,282             2,584             2,760             2,629             3,091      

       
Wasting cash            2,167             2,191      

Current operating assets        2,469             2,619             3,115             3,343             4,240             5,063      

Total current operating assets        2,469             2,619             3,115             3,343             6,407             7,255      

       
Total operating assets        4,865             4,901             5,699             6,103             9,036           10,345      

       
Total operating liabilities        3,072             3,563             4,699             5,518             6,602             7,557      

       
INVESTED CAPITAL        1,793             1,338             1,000                585             2,434             2,788      

       
Total non current financial assets              8                 19                 27                221                236                253      

       
Other receivables (0-1 years 

derivatives)            73                 59                 96                 46                106                152      

Financial investments             -                    -                    -                   11                   7                422      

Non wasting cash            1,486                727      

Cash and cash equivalents           694             2,018             2,765             3,550          

Total current financial assets           767             2,077             2,861             3,607             1,599             1,300      

       
Total financial assets           775             2,096             2,888             3,828             1,835             1,554      

       
Total financial liabilities        1,044             1,055                989             1,223             1,157             1,238      

       
NET INTEREST BEARING DEBT           269      -      1,041      -      1,899      -      2,605      -        678      -        316      

 

5. Appendix 5 – Revenue forecast 

 

VESTAS REVENUE FY19E FY20E FY21E FY22E FY23E FY24T 

EMEA            4,227                 4,364                 4,305                 4,404                 4,505       
Americas            4,402                 4,270                 4,142                 4,017                 4,142       
Asia/Pacific            1,560                 2,103                 2,280                 2,782            2,892.51       
Total revenue          10,700               10,736               10,727               11,203               11,539             11,886      

% change revenue 5.59% 0.34% -0.09% 4.44% 3.00%  

 

Market share           

Asia/Pacific 6.0% 8.0% 8.0% 9.0% 9% 

Europe 27% 28% 28% 27% 27% 

Americas 32.1% 31.0% 32.0% 32.0% 32.0% 

Total 17.6% 16.6% 15.3% 14.9% 14.2% 



 

87 

 

 

GWEC           

Asia          28,800               30,100               31,200               34,500               38,149      

Europe          15,700               16,600               18,300               19,300               20,355      

Americas          15,600               17,200               19,500               20,000               22,498      

Total          60,900               64,700               70,000               75,300               81,001      

 

6. Appendix 6 – NOPAT forecast 

Overview FY19E FY20E FY21E FY22E FY23E FY24T 

Total revenue          10,700               10,736               10,727               11,203               11,539             11,770      

Production costs -         8,560      -         8,589      -         8,581      -         8,963      -     9,231.52      -   9,416.15      

Production costs (% of revenue) 80% 80% 80% 80% 80% 80% 

Gross profit            2,140                 2,147                 2,145                 2,241                 2,308               2,354      

Gross margin  20% 20% 20% 20% 20% 20% 

R&D -              89      -              89      -              89      -              93      -              96      -            98      

R&D (% of revenue) 1% 1% 1% 1% 1% 1% 

Distribution costs -            175      -            176      -            176      -            184      -            189      -      192.80      

Distribution costs (% of revenue) 2% 2% 2% 2% 2% 2% 

Admin costs -            221      -            221      -            221      -            231      -            238      -      242.74      

Admin costs (% of revenue) 2% 2% 2% 2% 2% 2% 

Total OPEX -            485      -            486      -            486      -            507      -            523      -          533      

Total OPEX (% of revenue) 5% 5% 5% 5% 5% 5% 

Direct costs + OPEX -         9,045      -         9,075      -         9,067      -         9,470      -         9,754      -   9,949.21      

Core EBITDA            1,655                 1,661                 1,660                 1,733                 1,785               1,821      

EBITDA (% of total revenue) 15% 15% 15% 15% 15% 15% 

D&A -            450      -            451      -            451      -            471      -            485      -      494.78      

D&A (% of total revenue) 4% 4% 4% 4% 4% 4% 

Core EBIT            1,206                 1,210                 1,209                 1,262                 1,300               1,326      

Tax rate 25% 25% 25% 25% 25% 25% 

Core NOPAT              904                   907                   906                   947                   975                  995      

 

7. Appendix 7 – FCFF calculation 

FCFF (mEUR) FY19E FY20E FY21E FY22E FY23E FY24T 

NOPAT          904               907               906               947               975               995      

D&A          450               451               451               471               485               495      

CAPEX -        700      -        729      -        760      -        791      -        824      -        495      

Delta NWC          114                   7      -            2                 96                 68                 70      

Free cash flow          768               637               596               722               704             1,064      
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8. Appendix 8 - CAPEX Forecast  

 

CAPEX (mEUR) FY19E FY20E FY21E FY22E FY23E FY24T 

Purchase of intangible assets             

Purchase of property plant and equipment             

Acquisition of subsidiaries, net of cash             

CAPEX* -700 -      729      -      760      -      791      -      824      -      500      

       
D&A -450 -451 -451 -471 -485 -500 

Maintenance CAPEX (D&A) -450 -451 -451 -471 -485 -500 

Expansion CAPEX -1150 -1180 -1210 -1262 -1309  

 

 

 

9. Appendix 9 – WACC calculation 

 

Beta 1.0702 

Cash Adjusted 

Beta 1.2761 

Market risk premium 5.60% 

Risk free rate 0.96% 

Cost of equity 8.108% 

  
NIBD -                         316      

NET DEBT                              -        

Market cap (DKK)        101,200,000,000      

FX rate                           7.45      

Market cap (EUR)          13,583,892,617      

Capital structure 100% 

WACC = r_e =  8.108% 
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10. Appendix 10 – DCF calculations 

  Budget TV 

Year   2019 2020 2021 2022 2023 2024 

Year (number)               1                   2                   3                   4                   5                   6      

FCFF           768               637               596               722               704             1,064      

Discount factor          0.92              0.86              0.79              0.73              0.68       

PV (FCFF)       710.34           544.81           471.65           528.88           476.53       

Sum PV (FCFF)        2,732            

TV      17,425            

PV (TV)      11,800            

EV      14,532            

        

Excess cash          316            

Equity value      14,847            

        

Number or shares (mio)        205.7           
Price per share (as of 

31/12/2018)         65.9      (EUR)      

Equity value per share         72.2      (EUR)      

        

Market pricing error         6.28            
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11. Appendix 11 – Monte Carlo input model  

Year 2018 2019 2020 2021 2022 2023 2024 

    1 2 3 4 5 6 

EMEIA (sales growth %)  3% 3% 3% 3% 3% 2% 

Americas (sales growth %)  10% 10% 10% 10% 10% 2% 

Asia/Pacific (sales growth 

%)   13% 13% 13% 13% 13% 2% 

                

EMEIA sales                4,310               4,418               4,528               4,641               4,757               4,876               4,974      

Americas sales                4,444               4,888               5,377               5,915               6,506               7,157               7,300      

Asia/Pacific sales                1,380               1,553               1,747               1,965               2,210               2,487               2,537      

Total sales              10,134             10,859             11,652             12,521             13,474             14,520             14,811      

                

Distribution costs -                 166               9,013               9,671             10,393             11,184             12,052             12,293      

Gross profit            1,846               1,981               2,129               2,291               2,468               2,518      

                

Gross margin %   17% 17% 17% 17% 17% 17% 

        
OPEX  -          461      -          486      -          486      -          507      -          523      -          538      

EBITDA           1,385               1,495               1,643               1,783               1,946               1,980      

D&A  -          428      -          451      -          451      -          471      -          485      -          500      

EBIT              956               1,043               1,192               1,312               1,461               1,480      

Tax rate              0.25                 0.25                 0.25                 0.25                 0.25                 0.25      

NOPAT               717                  782                  894                  984               1,096               1,110      

        
D&A              428                  451                  451                  471                  485                  500      

CAPEX (growth)  10% 10% 10% 10% 10% 0 

CAPEX -700 -          772      -          851      -          938      -        1,034      -        1,140      -          500      

Delta NWC                11                  110      -              2                   96                   68                   70      

Free cash flow              385                  493                  405                  517                  508               1,179      

        
Discount factor             0.92                 0.86                 0.79                 0.73                 0.68       
PV FCF              356                  422                  320                  378                  344       
Sum PV FCF                1,821            
TV              18,547            
PV (TV)              12,560            
EV              14,380      Output Crystal Ball     
        
Excess cash                   316            
Equity value              14,696            
        
Number or shares (mio)                205.7            
Price per share (as of 

31/12/2018)                  65.9            
Equity value per share                  71.4      Output Crystal Ball     
        
Market pricing error                  5.54            
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12. Appendix 12 – Histograms of value drivers 

1. EMEA REVENUE GROWTH 

Bin Frequency Interval 

-39 0 < -39 

-29 1 -39 - -30 

-19 0 -29 - -20 

-9 2 -19 - -10 

1 1 -9 - 0 

11 4 1 - 10 

21 2 11 - 20 

31 1 21 - 30 

41 0 31 - 40 

51 0 41 - 50 

61 0 51 - 60 

71 1 61 - 70 

81 0 71 – 80 

 

 

 

2. AMERICAS REVENUE GROWTH 

Bin Frequency Interval 

-39 0 < -39 

-30 1 -39 - -30 

-20 1 -30 - -21 

-10 1 -20 - -11 

0 0 -10 - -1 

10 1 0 - 9 

20 1 10 - 19 

30 3 20 - 29 

40 2 30 - 39 

50 1 40 - 49 

60 0 50 - 59 

70 1 60 - 69 

79 0  > 70 
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3. ASIA/PACIFIC REVENUE GROWTH 

Bin Frequency Interval 

-39 1 < -39 

-30 1 -39 - -29 

-20 1 -30 - -20 

-10 1 -20 - -10 

0 2 -10 - 0 

10 0 0 - 10 

20 1 10 - 20 

30 1 20 - 30 

40 2 30 - 40 

50 0 40 - 50 

60 1 50 - 60 

70 0 60 - 70 

80 0 70 - 80 

 

4. GROSS MARGIN 

Bin Frequency Interval 

0 0  < 0 

5 0 0 - 5 

10 0 5 - 10 

15 4 10 - 15 

20 4 15 - 20 

25 5 20 - 25 

30 0 25 - 30 

40 0 > 30 
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13. Appendix 13 – Composition of the OMX Copenhagen Index C20 

Company Industry 

Ambu Healthcare 

Calsberg B Brewers 

ChrHansen Holding Chemicals 

Coloplast B Healthcare Supplies 

Danske Bank Diversified Banks 

Demant Healthcare Equipment 

DSV Trucking 

FLSmidth & CO Construction And Engineering 

Genmab Biotechnology 

GN Store Nord Healthcare Equipment 

ISS Facilities Management Services 

Jyske Bank Diversified Banks 

AP Moller Maersk A Marine 

Novo Nordisk B Pharma 

Novozymes B Specialty Chemicals 

Ørsted Electricity Generation 

Pandora Apparel, Accessories 

Royal Unibrew Brewers 

Vestas Wind Systems Heavy Electrical Equipment 

Lundbeck Pharma 

 

14. Appendix 14: Cash adjusted Beta calculations 

 

 

Regression Beta =                 1.0702       
tax rate =                     0.25       
Debt =                        -         
Market value equity =           13,583,893       

   

   
Unlevered Beta =  1.070240071  
Firm Value =           13,583,893       
Wasting cash =             2,191,444      

Reported cash (BS) =            2,918,000      

  
Cash adjusted beta (wasting cash)  1.27611081  


