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1. Introduction: 

The cost of capital is an important concept to investors and management alike. For 

investors, they may need the cost of capital to perform valuation. When investors try to value a 

company, they sometime employ a method of intrinsic valuation, such as the Discounted Cash 

Flow analysis (DCF). The idea of a DCF is to project the firm’s future free cash flow and 

discount it to its present value. Hence, the value of a firm is largely determined by its discount 

rate. Frequently, analysts use the weighted average cost of capital (WACC) as the discount rate, 

so knowing the correct WACC is crucial to accurately valuing a company. For management, 

knowing the WACC of their firm helps them to determine whether a certain project is worth 

investing in. As indicated in Modigliani, F., Miller, M.H. (1958), if the expected return generated 

by the project is less than the cost of financing, then carrying out the project may destroy 

shareholder value. 

In this paper, we estimate the cost of capital for energy companies in a purely empirical 

manner. According to Berkman (2015), many consider it as one of the fastest growing sectors 

judging by its contribution to employment, national income, and global economy. We separate 

the energy sector intro two groups: traditional energy and renewable energy. According to 

“Renewable 2015 Global Status Report,” the investment in renewable energy increased globally 

from $45 billion in 2004 to $270 billion in 2014, and renewable energy accounted for an 

estimated 27.7% of global power capacity in 2014. As the renewable energy companies play a 

bigger role in global energy investment and consumption, the importance of understanding their 

cost of capital grows. On the other hand, the weakness in commodity prices severely reduced 

traditional energy companies’ profitability. Lower profitability directly affects companies’ cost 

of capital because lenders will be less willing to lend. Additionally, a firm’s marginal benefit of 
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debt will be reduced to zero when the firm fails to produce positive pre-tax income. Due to these 

challenges, now it is even more important to understand the cost of capital of these traditional 

energy companies. In this paper, we estimate the cost of capital for the entire energy sector. We 

also conduct the analysis for traditional energy companies and renewable energy companies 

separately to check whether the cost of capital for these two industries differs.  

Our analyses offer an approach that is different from what most institutions and 

practitioners use. In their book Investment Banking: Valuation, Leveraged Buyouts, and Mergers 

& Acquisitions, Joshua Rosenbaum and Joshua Pearl illustrate a way to calculate the WACC that 

is widely used within the finance community. Our approach is similar to theirs in the way that we 

use the WACC, shown in equation 1, to calculate the cost of capital. To estimate WACC, we 

predict the debt-to-equity ratio (D/E), the cost of equity (COE), and measure the cost of debt 

(COD). Note that we do not identify the tax shield in our analyses, but we assume firms have 

already taken the tax shield into consideration when they make decisions on whether to take on 

more debt. That is, the cost of debt that we estimate has already taken the tax shields into account. 

Note that because !
!!!

 is simply !

(!!!!)
 and !

!!!
  is just 1− !

!!!
, we can obtain WACC with D/E, 

COE and COD.  

𝑊𝐴𝐶𝐶 = 𝐶𝑂𝐸×
𝐸

𝐷 + 𝐸 + 𝐶𝑂𝐷×
𝐷

𝐷 + 𝐸               (1) 

The main difference between our approach and the traditional approach is that we use a 

completely different method to estimate the D/E, COE, and COD. Our analyses are purely 

regression-based. That is, we let the numbers to “tell the story” rather than calculating WACC 

based on our personal opinions. The literature review section will illustrate how the traditional 

method of calculating WACC is significantly affected by bankers or managements’ subjective 

judgments. Also, our method controls for many exogenous factors that are not controlled, at least 
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not explicitly, by Rosenbaum and Pearl. Our approach will offer a more objective view on the 

cost of capital for energy companies, and it can serve as a benchmark for practitioners to check 

their results.1  

2. Literature Review: 

In the following three sections, We will explain the traditional way of calculating D/E, COE and 

COD and point out why the results are affected by subjective judgments. We will also mention 

some scholarly works that are related to this study.  

2.1 Debt-to-Equity 

According to Rosenbaum and Pearl, the finance community uses the “target capital 

structure” to determine D/E. Sometimes management gives guidance, but when there is 

insufficient guidance, bankers either use the company’s current capital structure or derive the 

company’s “target” D/E from a set of peers. Consequently, the D/E either is determined by 

management’s vision of the company or the bankers’ opinion of what firms constitute the peer 

group.  

In contrast, our approach uses a purely regression-based analysis. The do not pick and 

choose a few companies but use a large sample of companies within the energy space. Using 

regression analysis to study firms’ capital structure is hardly something new. Professor Aswath 

Damodaran conducted a regression analysis, in which he regressed the “debt ratio,” which is the 

firm’s debt over the sum of debt and equity, on pre-tax return on capital, expected revenue 

growth rate in the next two years, and EBITDA/Enterprise Value. Empirical analyses by 

Berkman, Ayberk Nuri (2015), Chen, Y., Hammes, K. (2005), and Frank, M.Z., Goyal, V.K. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 It is important to note that the debt-to-equity ratio that we estimate may not be the optimal debt-to-equity ratio, and thus, the 
WACC may not be the lowest WACC. The results of our analyses are the typical WACC in the energy sector, the traditional 
energy industry, and the renewable energy industry. To estimate the lowest WACC, we can use an alternative approach. Instead 
of estimating the debt-to-equity ratio, we can add the ratio as an independent variable to the regression for cost of equity and for 
cost of debt. After obtaining the regression of COE and COD, we can substitute them into the WACC equation and calculate the 
minimum WACC by taking the derivative of WACC against debt-to-equity.  
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(2009) also provided basis for what factors affect a firm’s leverage. Ayberk Nuri Berkman’s 

regression specifically focuses on a set of energy companies. In his paper, Berkman creates a set 

of firm-year panel data and regresses the ratio of total debt to total assets on the ratio of tangible-

fixed-assets to total assets, return on equity, current ratio, and ratio of net sales to equity. 

Compared to the regressions conducted by Berkman (2015), Chen, Hammes (2005), and Frank, 

Goyal (2009), our regression serves a different purpose. The main purpose of our regression is to 

predict the debt-to-equity ratio rather than to examine in detail the relationship between the debt-

to-equity, or other measures of firm’s capital structure, and other financial metrics. Also, our 

regression examines the global energy sector. The scope of our regression is narrower than that 

of Damodaran’s regression, which includes companies across all sectors, but broader than that of 

Berkman’s regression, which only includes 79 European companies. More importantly, the 

regression in this paper contains dummy variables that control country effect, time effect, 

industry effect, and sub-industry effect. These effects are not controlled in Damodaran or 

Berkman’s regressions.  

2.2 Cost of Equity 

For the cost of equity, Rosenbaum and Pearl calculate it with the Capital Asset Pricing 

Model (CAPM) below: 

𝑟! = 𝑟! + 𝛽!×(𝑟! − 𝑟!)     (CAPM) 

In CAPM, re is the cost of equity. Rf is the risk free rate, and people typically use the U.S. 

treasury yields as the risk free rate. Rm is the market return, and the difference between rm and rf 

is the market risk premium. Different investment banks may have different ranges for the risk 

premium. According to Rosenbaum and Pearl, the equity risk premium on Wall Street firms 

typically ranges from 4% to 8%. As a result, firms’ cost of capital will vary with different equity 



	
   6	
  

risk premium. βL is the leveraged beta. It measures the covariance between the company’s stock 

return and the market return. Often times, S&P 500 is used as a proxy for the market return. 

Bankers sometimes take the beta provided by research firms, and sometimes they derive it from a 

selected peer group, especially when they are studying private companies. When a company is 

private, bankers first find a list of public companies as peers. Then, they find the levered beta for 

each firm and “unlever” those betas according to the equation below, where βu is the  

𝛽! =
𝛽!

(1+ 𝐷𝐸 × 1− 𝜏 )
 

unlevered beta. After unlevering, they find the average or median of the unlevered betas and 

“relever” it back using the company’s target capital structure.  

𝛽! = 𝛽!×(1+
𝐷
𝐸 × 1− 𝜏 ) 

As we can see, this unlevered beta is largely determined by what constitutes the peer 

group. With different views on the equity risk premium and on the constitution of a peer group, 

the cost of equity calculated by practitioners can vary significantly. Furthermore, many scholars 

have cast doubts on the effectiveness of CAPM. Bianconi and Yoshino (2013) have already 

shown that a multi-factor model provides a better fit than CAPM for a group of Brazilian utility 

companies. Additionally, Graham and Harvey (2001) suggest that practitioners may have used 

CAPM incorrectly sometimes. Our multi-factor regression based analysis can serve as a valuable 

alternative to CAPM and a benchmark for practitioners to check their results.   

2.3 Cost of Debt 

According to Rosenbaum and Pearl, the cost of debt is calculated with the “blended yield” 

on the company’s outstanding debts. The yield on a debt instrument changes constantly with the 

debt’s price. As many industry professionals have expressed, the method of determining the cost 
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of debt is more of an “art” than science. In this paper, we seek to provide a more “scientific” 

approach to the estimation of the cost of debt. Graham, Binsbergen, and Yang (2010) propose a 

new approach to empirically estimate the cost of debt in their paper “Cost of Debt.”  In their 

analyses, they first simulate tax benefit function for each firm year using the approach of Graham 

(2000). Then they find firms’ actual debt level of a given year, represented as a single point on 

the tax benefit curve. After that, they trace out the marginal cost of debt by connecting the dots 

on different marginal benefit curves. We adopt a simplified version of their approach, and we 

will explain it in the methodology section.  

As the literature review section shows, scholars have already done empirical analyses on 

cost of financing and determinants of capital structure. They have also studied the energy sector. 

The contribution of this paper is to bring both cost of debt and cost of equity together, along with 

an empirically estimated capital structure, to produce our WACC. This paper also looks at the 

global energy sector and compares the cost of capital of traditional energy companies and that of 

renewable energy companies. We have not encountered the same kind of analyses in the current 

literatures.   

3. Data: 

We use quarterly data from 2962 energy companies across the globe from Q4 2005 to Q3 

2015. The data are downloaded from a Bloomberg Terminal. 29.76% of the observations are 

from the U.S., 15.74% from Canada, 7.5% Australia, 5.14% China, and 3.18% Russia. 

Bloomberg categorizes the companies into two industries, Traditional Energy and Renewable 

Energy. Traditional Energy is comprised of 6 sub-industries: Coal Operations, Exploration & 

Production, Integrated Oil, Midstream - Oil & Gas, Oil & Gas Services & Equipment, and 

Refining & Marketing. Renewable Energy is comprised of 3 sub-industries: Biofuel, Renewable 
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Energy Equipment, and Renewable Energy Project Development. We merged the company data 

with the market data, including the yields on the 5-year treasury, the return on S&P500, and CPI 

inflation. With 40 observations for each firm, we obtained 118,480 observations. After dropping 

duplicates and 3 firms that actually are not in the energy sector, we have 118,280 observations 

left, with 94,760 observations in the traditional energy and 23,520 in the renewable energy 

(Table 1). In the 3 sections below, we will explain the variables that we use in the analyses. A 

summary of statistics of numerical variables can be found in Table 2-4. 

3.1 Debt-to-Equity: 

For debt-to-equity, we use log_debttoequity, log_operatingroic, z_netfixedassettototasset, 

log_currentratio, indus, subindus, quarter, countryvar, and companyvar.  

log   _debttoequity = ln(
𝐷𝑒𝑏𝑡
𝐸𝑞𝑢𝑖𝑡𝑦   ×100) 

log_operatingroic = ln  (
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔  𝐼𝑛𝑐𝑜𝑚𝑒
𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑑  𝐶𝑎𝑝𝑖𝑡𝑎𝑙 ×100) 

z_netfixedassettototasset = ln  (
𝑁𝑒𝑡  𝐹𝑖𝑥𝑒𝑑  𝐴𝑠𝑠𝑒𝑡𝑠
𝑇𝑜𝑡𝑎𝑙  𝐴𝑠𝑠𝑒𝑡𝑠 ×100) 

log_currentratio = ln  (
𝐶𝑢𝑟𝑟𝑒𝑛𝑡  𝐴𝑠𝑠𝑒𝑡

𝐶𝑢𝑟𝑟𝑒𝑛𝑡  𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦×100) 

Indus is a dummy variable for industries (traditional or renewable), and subindus is the dummy 

variable for subindustries. Quarter is a dummy variable that represents quarters, and each 

countryvar is a dummy variable that designates a country. Companyvar is a dummy that 

designates companies.  

3.2 Cost of Equity: 

The cost of equity regression contains the following variables: pr_co, pr_mkt, 

l.log_book_mkt, log_totalasset, log_mktcap, z_netfixedassettototasset, and log_salesgrowth. We 
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first created an index (1-40) for each company and company-index panel data. Then we 

generated the quarterly return of each company’s stock (ret_co) and the quarterly return of 5-year 

US treasury bills (ustbill5yq). After that, we created company premium (pr_co) by subtracting 

ustbill5yq from ret_co and created market premium (pr_mkt) by subtracting ustbill5yq from 

return of S&P 500 (ret_sp500). The formulas for other variables are listed below. 

l. log_book_mkt = lag. ln  (
𝐵𝑜𝑜𝑘𝑣𝑎𝑙𝑢𝑒

𝑀𝑎𝑟𝑘𝑒𝑡  𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛×100) 

log_totalasset = ln  (Total  Assets) 

log_mktcap = ln  (Market  Capitalization) 

log_salesgrowth = ln  (
  𝑆𝑎𝑙𝑒𝑠! − 𝑆𝑎𝑙𝑒𝑠!!!

𝑆𝑎𝑙𝑒𝑠!!!
×100) 

3.3 Cost of Debt: 

For cost of debt, we use netdebt_totasset, interest_bookvalue, l.interest_bookvalue, 

l2.interest_bookvalue, log_debttoequity  log_book_mkt log_totalasset z_netfixedassettototasset. 

The regression also includes control dummy variables: subindus, country, and quarter, a set of 

interaction terms, and cluster companyvar. We have already explained many of these variables in 

previous sections. The formula for two new variables netdebt_totasset, interest_bookvalue are 

listed below. L.interest_bookvalue is the interest_bookvalue of the previous period. 

L2.interest_bookvalue is the interest_bookvalue two quarters ago. Indus2 is a dummy variable 

whose value is 1 when the observation is in the renewable industry and 0 when the observation is 

in the traditional industry. We use indus 2 to interact with all variables that are not dummy 

variables.  

interest_bookvalue = ln  (
𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡  𝐸𝑥𝑝𝑒𝑛𝑠𝑒

𝐵𝑜𝑜𝑘𝑣𝑎𝑙𝑢𝑒 ×100) 
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netdebt_totasset =
(𝑇𝑜𝑡𝑎𝑙  𝐷𝑒𝑏𝑡 − 𝐶𝑎𝑠ℎ)

𝑇𝑜𝑡𝑎𝑙  𝐴𝑠𝑠𝑒𝑡  

indus2_L_IOB = indus2  ×  l. interest_bookvalue 

indus2_IOB = indus2  ×  interest_bookvalue 

indus2_L2_IOB = indus2  ×  l2. interest_bookvalue 

indus2_Log_DE = indus2  ×  log_debttoequity 

indus2_Log_BM = indus2  ×  log_book_mkt 

indus2_Log_totasset = indus2  ×log_totalasset   

indus2_z_ftotasset = indus2  ×  z_netfixedassettototasset 

3.4 Dropping Extreme Values: 

In our analyses, we took out some extreme values before conducting regressions. The 

reason was that some outliers were not representative of the overall energy sector or of certain 

industries. We took out observations that have a debttoequity or pr_co larger than the top 1 

percentile of the renewable energy industry. We “trimmed” these two variables because they 

were the two that we tried to predict, and extreme values could have distorted our predictions. 

We picked the top 1 percentile of the renewable energy industry as the cut-off line because the 

renewable industry has a higher 99 percentile than the traditional energy industry. It is possible 

that renewable energy companies tend to have a higher debttoequity or pr_co compared to 

traditional energy companies. If we just took out the top 1% of the whole energy sector, we 

could have taken out renewable energy companies that seemed to be outliers only because they 

were mixed with traditional energy companies. In total, 809 observations were deleted. A 

summary of variables after taking out extreme values can be found in Table 5-8. 

 4. Methodology:   
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The overall strategy is to estimate D/E, COE, and COD separately and then derive the 

WACC as illustrated with equation 1. We will use the median estimation of D/E, COE, and COD 

to calculate the WACC. In the next three sections, we will present our approach. 

4.1 Debt-to-Equity: 

According to Frank and Goyal (2009), industry median leverage, asset tangibility, and 

profitability are the 3 core factors that affect the amount of leverage a firm takes on. Although 

they identify 6 core factors that affect market-based definition of leverage, the aforementioned 3 

factors are the core factors for various alternative definitions of leverage. We use firm-year panel 

data and equation 2 with fixed effect to predict the debt-to-equity ratio.  

ln𝑌!,! = 𝛼 + 𝛽! ln𝑋!,!,! + 𝛽!𝑋!,!,! +   𝛽! ln𝑋!,!,! + 𝜃!
!∈!

𝑐!,! + 𝜀!,!              (2) 

Y is the debt-to-equity ratio for firm i in quarter t. We use industry and sub-industry dummies in 

place of industry median leverage. These dummy variables are included in 𝑐!,! along with 

country and time dummies. According to Chen, Y., Hammes, K.(2005), accounting rules and 

legal environment do affect a firm’s leverage level, so the country dummy variable should be 

included to control such facts. Also, the energy sector in general, particularly traditional energy 

sector, is highly influenced by oil price. Adding time variable helps us to control the effect of 

change in oil price over time. 𝑋!,!,! is the operating return on invested capital (Operatingroic), a 

measure of profitability, and 𝑋!,!,!  is the net-fixed-assets to total assets (Netfixedassettototasset), 

a measure of assets’ tangibility. In addition, we added 𝑋!,!,!, the current ratio, as a measure of 

liquidity to the regression. Lastly, we clustered companyvar to ensure the robustness of standard 

errors and t-statistics. 

4.2 Cost of Equity:  
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According to Bianconi and Yoshino (2013), a model that includes Fama-French factors 

and other additional factors gives the best fit for a group of Brazilian utility companies. The 

model is the best in the sense that it has the lowest sum of residual under OLS. To estimate the 

cost of equity, we use a Fama-French model with Z_Netfixedassettototasset 

𝑌!,!! =   𝛼 + 𝛽!𝑋!,!,!! + 𝛽! ln𝑋!,!,!!!! + 𝛽! ln𝑋!,!,!! + 𝛽!𝑋!,!,!! + 𝜀!,!       (3) 

𝑌!,!!  is pr_co for company i in quarter t. 𝑋!,!,!!
 is the pr_mkt, and β1 measures the volatility of the 

stock price relative to the market. 𝑋!,!,!!   is the book to market ratio, a measure of the stock’s 

valuation. 𝑋!,!,!!
 is total asset, a measure of each firm’s size. 𝑋!,!,!!  is the net-fixed-assets to total 

assets. After predicting pr_co with equation 3, we added ustbill5yq to the predicted pr_co and 

subtracted inflation measured by CPI. Thus, we obtained the real return on the stocks. Then we 

annualized the real return to obtain the real cost of equity.  

4.3 Cost of Debt: 

The approach that we adopt is a simplified version of the approach that Graham, 

Binsbergen, and Yang use. Our approach uses a regression that is similar to Graham’s function 

of marginal cost. Graham’s marginal cost of debt is represented by equation 4. 

𝑀𝐶!,! = 𝛼 + 𝛽!𝑋′′′!,!,!   + 𝜃!!!!!!!!∈!!!! 𝑐′′′!,! + 𝜀!,!         (4) 

𝑋′′′!,!,!  is the interest over book value for company i at time t. 𝐶′′′  includes a set of control 

variables: a measure of collateralizable assets, the log of total assets, the book-to-market ratio, a 

measure of intangible assets, cash flow, and whether the firm pays dividends. We propose that 

the slope on the previous period’s interest over book value represents the cost of debt. We use 

the firm-year panel data and equation 5 with fixed effect. 

𝑌!,!!! =   𝛼 + 𝛽!𝑋′!,!,!!!! + 𝜃!!!
!!!∈!!!

𝑐′′!,! + 𝜀!,!                                          (5) 
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𝑌!,!!!  is the netdebt_totasset for firm i at quarter t. 𝑋′!,!,!!!!  is the interest_bookvalue of firm i at 

quarter t-1. 𝑐′′!,!  includes a set of control variables: l2.interest_bookvalue, interest_bookvalue, 

log_debttoequity  log_book_mkt log_totalasset z_netfixedassettototasset, a set of interaction 

terms, and dummy variables that control industry, sub-industry, time and country. β1 is the slope 

of l.interest_bookvalue and is the measure of the cost of debt. The idea behind this approach is 

that the interest over book measures the willingness of a company to take on debt. The company 

can borrow against its book value, and a higher interest-to-book ratio signals a stronger appetite 

for borrowing. Net debt to total assets measures the firm’s actual leverage level. β1 measures how 

much more debt a company will take on in this period, if its willingness to take on debt increases 

in the previous period. Rashid (2013) showed that macroeconomic environment has significant 

impact on a group of 102 UK energy companies. To take the macroeconomics conditions into 

account, we control for the effects of time and country in our regression. Our regression also 

includes a set of interaction terms, interactions terms with indus 2. These interaction terms allow 

us to see whether the coefficients of non-dummy variables should be different between 

traditional energy companies and renewable energy companies. For example, if indus2_L_IOB is 

statistically significant, then the coefficient of l_interest_bookvalue should be different between 

traditional energy companies and renewable energy companies.  

5 Empirical Results:  

5.1 Debt-to-Equity: 

The estimation of debt-to-equity is shown in Table 9. From left to right, the first column 

shows the estimation results for the entire energy sector, the second shows the results for the 

traditional energy industry, and the third, renewable energy industry. For convenience, we will 

refer to them as energy sector, traditionals, and renewables in the rest of this paper. As we can 
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see, the log of operating ROIC has negative coefficients across the board, and this may suggest 

that a firm with a higher profitability tends to have a lower debt-to-equity ratio. Tests by Chen, 

Y., Hammes, K.. (2005), Fama, E. F., French, K. R. (2002), and Baskin, J. (1989) confirmed the 

inverse relationship between firm’s leverage and profitability. This supports Pecking Order 

Theory, which suggests that profitability is negatively related to leverage. Myers, S. and Majluf, 

N. (1984) and Myers, S. (1984) present a model in which firms would rather use internal 

financing over issuing debt or equity, and when firms have to issue securities, they prefer debt 

over equity.2 In this model, a firm with higher profitability will have stronger internal financing 

and require less debt or equity issuance. Narayanan (1988) also proposes a model in which firms 

are encouraged to build up strong internal financing, and in which debt issuance is preferred over 

equity issuance. As for statistical significance in my results, the coefficients for energy sector 

and traditionals are significant at 0.1% level, and the coefficient for renewables is significant at 1% 

level. The coefficient of the log of current ratio is negative in all three cases and is statistically 

significant at 0.1% level in all three cases as well. This should support Pecking Order Theory, as 

Berkman (2015) mentioned, because firms with stronger liquidity have less need for external 

financing, such debt issuance. The z-score of net-fixed-assets to total assets has a positive 

coefficient in all three cases. The coefficients of energy sector and traditionals are statistically 

significant at 5% level, but the coefficient of renewables is not significant at 5% level. Chen, Y., 

Hammes, K.(2005) also finds a positive relationship between firm’s leverage and asset 

tangibility. This may support the Trade-Off Theory, a competing theory with the Pecking Order 

theory. According to Berkman (2015), firms with higher proportion of fixed assets may have a 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2 Myers, S. (1984) suggests that in Pecking Order Theory, a firm’s debt level reflects its need for external financing for a 
extended period of time. On the other hand, Frank, M.Z., Goyal, V.K. (2003) suggests that net equity issuance, rather than net 
debt, is more closely related to the firm’s need for external financing. This can be viewed as an evidence against Pecking Order 
Theory.	
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higher level of leverage because they can borrow more easily by using their fixed assets as 

collaterals. As we can see, our results have mixed implications for the two theories. In fact, 

Frank and Goyal (2005) and Graham and Harvey (2001) indicate that neither the trade-off theory 

nor the pecking order theory is well-supported by empirical evidence. Furthermore, some may 

attempt to use the predicted debt-to-equity as a measure of the firm’s tax shield. According to 

Berens, J.L., Cuny, C.J. (1995), growth in firm’s earning makes debt ratio, market value of 

firm’s debt divided by debt plus equity, a bad measure of a firm’s tax shield. It can be reasonably 

inferred that, according to Berens and Cuny, the deb-to-equity ratio in this paper may not a good 

measure of a firm’s tax shield. The debt-to-equity ratio in this paper is only intended to be a 

measure of firm’s capital structure, not tax shield. Different firms may have different tax 

situations, and we assume the managers have taken them into consideration when they make 

capital structure choices.  

Tables 10-12 summarize the predicted log_debttoequity for the energy sector, traditionals, 

and renewables. The medians of the predictions are 3.69 (energy), 3.67(traditionals), and 

3.97(renewables) respectively. These numbers are in natural log form, so the predicted D/E ratio, 

shown in Table 14, are about 40.3%, 39.1%, and 53.3% for the three cases. It seems that 

renewable energy companies typically have a higher proportion of debt compared to traditional 

energy companies. We conducted a difference in mean test between the predicted D/E of 

traditionals and that of renewables. The test showed that D/E for the two industries are different 

at 0.1% level.   

Note that there might be serial correlations among the debttoequity ratio from time to 

time. Since companies do not change their capital structures randomly, it is reasonable to assume 

that a company’s debt-to-equity ratio at period t is correlated to that of period t-1. Table 34 
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shows the result of a Wooldridge test for autocorrelation for log_debttoequity, and the test 

suggests that there indeed is autocorrelation among debttoequity. Table 35 shows the results of 

regressions that take autocorrelation into account by adding the lag term of log_debttoequity. As 

the table shows, L.log_debttoequity is significant at 0.1% level in all three cases. The newly 

predicted log_debttoequity are different from previous results, most notably in the energy sector 

and traditionals. Table 37 shows the medians of the newly predicted debt-to-equity ratios, and 

they are 50.8%, 50.3%, and 56.1% for energy sector, traditionals, and renewables respectively. 

We again conducted difference in means test for traditionals and renewables. The result shown 

by Table 36 suggests that even after taking the persistence of debt-to-equity into account, the 

debt-to-equity of traditionals and that of renewables are different at 0.1% level. We also 

conducted difference-in-means test to investigate whether the debt-to-equity ratios in each case 

should be different when persistence is taken into consideration. As Table 38-40 suggest, if we 

look at the energy sector as a whole, the difference between taking persistence into consideration 

and not taking it into consideration is not significant even at 10% level. Yet, if we look at 

traditionals and renewables individually, the difference is significant at 0.1% level.  

5.2 Cost of Equity: 

The regression for cost of equity is shown in Table 15. The coefficient on pr_mkt is about 

1.35 for energy sector companies and traditionals but is about 1.31 for renewables. This 

coefficient measures the covariance between the market return and the firm’s stock return, like 

the beta in the CAPM. The coefficient of pr_mkt is statistically significant at 0.1% level in all 

three cases. This suggests that market movement is important to explain the stock price’s 

movements. L.Log_book_mkt’s coefficient is 0.0182, 0.0169, and 0.0226 in energy sector, 

traditionals, and renewables respectively. The coefficient is statistically significant at 0.1% level 
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in all three cases. A higher book-to-market ratio suggests a lower valuation of the company. A 

positive coefficient suggests that companies with lower valuation tend to generate higher stock 

returns in the future. The coefficient of log_totalasset has a positive coefficient for energy sector 

and traditionals, but a negative coefficient for renewables. The coefficient is significant at 5% 

level for energy sectors and at 1% level for traditionals, but the coefficient is not significant at 5% 

level for renewables.3 The coefficient of z_netfixedassettototasset is significant at 0.1% level in 

the energy sector and traditionals and at the 5% level in renewables. The coefficient is negative 

in all three cases.  

Tables 16-18 show the predicted pr_co for energy sector, traditionals, and renewables. 

After adding the yield on US 5-year treasury bills to pr_co and subtracting CPI inflation, we 

obtained ret_co, the real return generated by the stock. This ret_co is our estimation of cost of 

equity. Tables 19-21 display the predicted quarterly ret_co. As shown in Table 23, the median 

estimates are 9.59%, 9.66%, and 9.55% for energy sector, traditionals, and renewables. We again 

conducted the difference-in-means test to check whether the predicted ret_co should be different 

between traditionals and renewables. According to Table 22, the test suggests that the mean of 

the two are different at 0.1% level.  

5.3 Cost of Debt: 

The estimations of cost of debt are shown in Table 24. β1, the measure of cost of debt, is 

estimated to be 0.0264, 0.0265, and 0.0320 for energy sector, traditionals, and renewables 

respectively. The coefficient is statistically significant at 5% level for energy sector and 

traditionals but is not significant at 5% level for renewables, a problem we will address later in 

this section. If we take these coefficients as our measure of cost of debt, the analysis suggests 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  Some may suggest that there seem to be a non-linear relationship between total assets and pr_co (see graph 1). We 
will explore that in the appendix. 
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that the costs of debt are around 2.64%, 2.65%, and 3.20% for energy sector, traditionals, and 

renewables. It may seem surprising that the cost of debt estimation is basically the same for 

energy sector and traditionals. Note that there are 20541 observations in the energy sector 

estimation and 18150 in traditionals estimation. That is, traditionals make up the vast majority of 

the energy sector, so it makes sense that the cost of debt estimation is the same for the two. The 

interaction term indus2_L_IOB is not significant at 5% level. This suggests that β1 of 

traditionals is not statistically different from that of renewables. In fact, all interaction terms are 

not significant at 5% level.  

We note that the coefficient of interest_bookvalue is significant at 5% level in the energy 

sector and traditionals, but it is not significant in the renewables. L2_interest_bookvalue is not 

significant in any case. Among other control terms, log_debttoequity, log_book_mkt, and 

z_netfixedassettototasset are significant at 0.1% level in all three cases, except log_book_mkt is 

significant at 5% level in renewables. The values of the coefficients also have the same sign 

among the three cases. The coefficient of log_totalassets is significant at 1% level in the energy 

sector and traditionals but is not significance in renewables. The general trend seems to be that 

coefficients of the renewable energy industry tend to have lower significance and the values that 

are different from those of traditionals and the energy sector. 

Some may be concerned about firms with 0 interest_bookvalue. Indeed, we may ask 

whether the cost of debt of these firms should be different from the ones that have non-zero 

interest_bookvalue and requires a fundamental different way to identify. To investigate this 

question, we added additional dummy variables and interaction terms. L.interest_bookvalue_d is 

a dummy variable that is 1 when l.interest_bookvalue equals 0 and is 0 otherwise. As Table 28 

shows, the mean of l.interest_bookvalue is about 0.0451, suggesting that companies with 
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L.interest_bookvalue of 0 account for about 4.51% of the observations we use in our regression. 

We added l.interest_bookvalue_d along with interaction terms to the cost of debt regression. As 

Table 29 shows, the new regression suggests that the cost of debt is 2.39%, 2.40%, and 2.56% 

for energy sector, traditionals, and renewables respectively. The results are different from the 

previous estimation. L.interest_bookvalue_d is only significant at 5% level for the entire energy 

sector but is not significant at 5% level for either industry. Besides the interaction terms with 

log_debttoequity and log_book_mkt, most interaction terms with l.interest_bookvalue_d are not 

significant at 5% level. Therefore, there is little evidence to support that the cost of debt for 

companies with 0 l.interest_bookvalue is different from that of other companies.  

Note that there might be a serial correlation among netdebt_totalasset from time to time. 

Similar to the debt-to-equity ratio, a firm’s leverage level is unlikely to change randomly. 

Wooldridge test for autocorrelation in Table 30 shows that there is serial correlation among 

netdebt_totalasset. Table 31 shows the results of the cost of debt regression with the lag of 

netdebt_totalasset as an independent variable. L. netdebt_totalasset is statistically significant at 

0.5% level for energy sectors and traditionals but is not significant at 5% level for renewbles. 

The coefficients in front of L.interest_bookvalue changed dramatically to 0.0999, 0.0936, and 

0.0321. The coefficients for energy sector and traditionals are significant at 5% level but that for 

renewables is not. For this reason, the measure of cost of debt is less precise than the measure of 

cost of equity or that of D/E.  

Now we wish to address the issue that the coefficient for l.interest_bookvalue is not 

significant at 5% level for renewables. As we have mentioned previously, the coeffcients for 

renewables, not just of l.interest_bookvalue but also of other variables, tend to have a lower 

statistical significance and tend to be different in value. Such an observation makes us wonder 
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whether the cost of debt for renewables should be identified with different factors than those we 

use for traditionals or energy sector in general. To address this problem we proposed a different 

regression. Table 33 shows the results of a regression that only included l.interest_bookvalue, 

l.netdebt_totasset, and z_netfixedassettototasset. In this regression, the coefficient of 

l.interest_bookvalue for renewables is 0.0770 and is significant at 1% level. The coeffcients for 

energy sectors and traditionals, however, are negative and not significant at 5% level. Overall, 

our cost of debt analysis suggest that the cost of debt is harder to identify than cost of equity or 

debt-to-equity, especially for renewables. Due to the low statistical significance, our estimation 

of cost of debt for renewables is less precise than that for traditionals and the energy sector.  

5.4 WACC Estimation: 

Tables 25-27 show the estimated WACC for energy sector, traditionals, and renewables. 

Each Table shows the 25, 50, and 75 percentile of the estimation. If we look at the median 

estimation, our analyses suggest that the energy sector has a WACC of 7.60%, the traditional 

energy industry has a WACC of 7.70%, and the renewable energy industry has a WACC of 

7.35 %. The lower WACC for renewable energy results from its heavier use of debt. Because the 

renewables have a higher debt level but a lower WACC, it is possible that they are using debt 

more sensibly than traditionals. The difference in WACC between the traditionals and 

renewables is only 0.35%. I want to point out two things. One is that some may say that 0.35% is 

such a small number, so the two industries basically have the same WACC. However, a 0.35% 

difference will be significant, as the principle amount gets larger. For a billion dollar transaction, 

0.35% is approximately 3.5 million, a large amount. Also, suppose a business generates a free 

cash flow of 10 million every year forever. If we value the company with a discount rate of 

7.70%, the company will be worth 129.8 million, but if we value the company with a discount 



	
   21	
  

rate of 7.35%, the company will be worth 136.1 million. The company would be worth 6 million 

or 4.6% more with the lower WACC. Secondly, the paper does not suggest that all traditional 

companies should have a WACC of 7.70% or all renewable companies should have a WACC of 

7.35%. What the paper proposes is a benchmark, the median or typical WACC for companies in 

the energy space. Companies have different characteristics, and the different conditions in the 

financial market will affect their WACC. It may be the case that none of the energy companies 

has a WACC exactly at 7.60%, 7.70%, or 7.35%. Yet, the companies’ cost of capital should 

scatter around these numbers. Having such reference points is useful in two ways. First, investors 

and companies can check their work or the WACC that a third party proposed. If an investment 

banker proposes a 6% cost of capital for a traditional energy company, the management of the 

company should pay close attention to this number and understand why the proposed WACC is 

so low. Secondly, this reference point can help investors to make quick decisions. The financial 

markets are moving at fast pace, and sometimes investors need to make decisions within a few 

hours. In such cases, investors do not have time to do a comprehensive analysis and may need to 

base their decision on a “back-of-an-envelop” type of analysis. Having a concrete reference point 

for the WACC will greatly accelerate their decision process. For example, one investor may say, 

“I know the typical WACC for renewable energy companies is about 7.35%%, but this company 

has a cash flow and a strong balance sheet, so we will assign a 7% WACC to it.”  

6. Conclusion:  

In this paper, we empirically estimate the weighted average cost of capital for energy 

companies across the globe. We use purely regression-based analyses to predict the cost of 

equity and the debt-to-equity ratio and to measure the cost of debt. We predict debt-to-equity 

ratio with a fixed effect model, controlling time, industry, sub-industry, and country effects. Our 
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analysis suggests that renewable energy companies tend to have a higher debt-to-equity ratio 

than traditional energy companies. The difference is statistically significant. We predict cost of 

equity with a version of Fama-French model plus an additional factor. The prediction suggests 

that renewable energy companies tend to have lower cost of equity, and the difference between 

the cost of equity of renewables and that of traditionals is statistically significant. We measure 

the cost of debt by estimating the coefficient of lag of interest expense over book value. The 

coefficients are statistically significant at 5% level for energy sector and traditionals but not for 

renewables. Although the WACC of traditionals does not seem to be significantly different from 

that of the renewables, as we have discussed in the previous paragraph, the difference can be 

substantial when placed into real-world examples. A summary of the results is presented below: 

 Energy  Traditionals Renewables 

Debt-to-Equity 40.25% 39.15% 53.22% 

Cost of Equity  9.59% 9.66% 9.55% 

Cost of Debt  2.64% 2.65% 3.20% 

WACC 7.60% 7.70% 7.35% 

There are several potential avenues for future research. Note that in this paper, we 

estimate WACC separately on the industry level but not on the sub-industry level. One can 

estimate WACC separately for each sub-industry. One can also estimate with different variables 

to see whether the results will be different. Furthermore, in our debt-to-equity and cost of debt 

estimation, we included time and country dummies, but we did not include interaction terms with 

these dummy variables. Yet, it will certainly be interesting to see whether adding interaction 

terms of these dummy variables will yield different results. The most meaningful part of this 

analysis, we believe, is on the cost of debt. From our analyses, we can see that the cost of debt is 
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hard to identify, especially for the renewable companies. Finding an alternative proposal, 

especially one that yields a more precise result, deserves to be further studied.  
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Appendix: 

We also tried to further explore the possible nonlinearity between pr_co and totalasset. 

We created variable inverse_totalasset, which is just 1 over total asset. Table 41 shows a 

regression that uses inverse_totalasset instead of log_totalasset. Inverse_totalasset is significant 

at 0.1% level for energy sector and traditionals but is not significant at the 5% level for 

renewables. Yet, the coefficients are -0.0000597, -0.000421, and -0.0000672 for energy sector, 

traditionals, and renewables, so they are all very close to zero. Hence, totalasset does not seem to 

affect pr_co in a meaningful way. Yet, using the inverse of totalasset makes a difference in the 

predicted cost of equity. The predicted median costs of equity for energy sectors, traditionals, 

and renewables are 9.7%, 9.7%, and 8.4% respectively. We conducted the difference-in-means 

test to check whether the predicted cost of equity from the two regressions should differ. As 

Table 43-45 show, the costs of equity for energy sector from the two regressions should not 

differ, but that for traditionals and renewables should be different at 0.01% level. It seems that 

there indeed is a non-linear relationship between pr_co and totalasset, and taking this non-

linearity into consideration leads to slightly different predictions for energy sector companies and 

traditionals, but a more significant change for renewables.  
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Table 1: 
. sum tickervar 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
   tickervar |    118,280    1480.859    854.7103          1       2961 
 
. sum indus if indus==1 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
       indus |     94,760           1           0          1          1 
 
. sum indus if indus==2 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
       indus |     23,520           2           0          2          2 

 
Table 2: Summary Statistic of the Energy Sector (Before dropping extreme values) 
    variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |     43636  105.3063         0  34.78725  850.5842  1631.229  151.7835  27480.98 
operatingr~c |     39402  8.190459 -319.4547   4.42105   63.8506  2609.061  107.2356   16210.3 
netfixedas~t |     46699  47.37648         0   47.6334   97.4998  29.92965  .2067508  6.281902 
       pr_co |     81565  .2504259 -.8343712  -.034005  2.989026  9.976665  89.26808  10229.38 
      pr_mkt |    118281  .0077437 -.3222769  .0145095  .1032391   .074576 -2.278503  10.41015 
    book_mkt |     46808  8.762131  .0112907  .6469142  49.50495  178.9617  44.98783  2363.144 
log_book_mkt |     46808 -.4574634 -4.483776 -.4355415  3.902073  1.355269  .1934929  10.91723 
  totalasset |     47789  4922.638     .0038   225.359  94403.23  24654.98   9.96736  118.1824 
   marketcap |     81320  2556.624      .005   58.5258  48470.45  16280.02  15.65373  332.9886 
 salesgrowth |     38700  3551.303 -89.88075   8.49525  1608.679  345798.3  146.9103  23954.49 
netdebt_to~t |     46703    2.2717 -.9884428  .1239887  10.97685   78.7504  72.89121  6066.348 
interest_b~e |     36746 -.0108331 -.2261153  .0037118   .242466  3.619115 -181.2877  34121.82 
currentratio |     46351  9.057051     .0007     1.319   81.7143  172.2304  57.63526  4255.784 
interestex~e |     37790  13.03822         0    .45145  211.6816  61.41505  18.43221  583.8319 
debttoequity |     43636  105.3063         0  34.78725  850.5842  1631.229  151.7835  27480.98 

 
Table 3: Summary Statistic of the Traditional Energy Industry (Before dropping extreme values) 
    variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |     38050  102.8811         0  34.15135   778.092  1728.054  146.1751  25021.24 
operatingr~c |     34560  21.72644 -254.3052   5.11575    65.234   2686.91  115.1988   16273.7 
netfixedas~t |     40206  49.98088         0  51.65455   97.6899  29.84798  .1191715   6.98228 
       pr_co |     67078  .2249379 -.8078081 -.0298018  2.680599  9.708626  96.97823  11993.51 
      pr_mkt |     94760  .0077439 -.3222769  .0187843  .1032391  .0745764 -2.278505  10.41011 
    book_mkt |     40362   7.80905  .0128601  .6489503  37.31343  180.5578  48.51801  2601.965 
log_book_mkt |     40362 -.4440049 -4.353627 -.4323991  3.619354  1.305021  .2155507  10.61667 
  totalasset |     41071   5626.12     .0076  264.4674  123600.5  26521.85   9.23824   101.711 
   marketcap |     67127  3026.294     .0079   70.5772  61097.63  17873.96  14.25041  276.1288 
 salesgrowth |     33566  1536.355  -88.1646   8.33035  1349.001  139552.9  147.9168  23632.97 
netdebt_to~t |     40217  1.801914 -.9857776  .1234577  4.561522  68.64558   81.9751  7911.551 
interest_b~e |     31826  .0081004 -.1879046  .0039282  .2149129  .6884184 -3.685279  4179.121 
currentratio |     39629  9.940161     .0023    1.3196   85.6134  186.0415  53.46626  3655.162 
interestex~e |     32574  14.72039         0    .56505  230.9703  65.89155  17.23657  509.4148 
debttoequity |     38050  102.8811         0  34.15135   778.092  1728.054  146.1751  25021.24 
currentratio |     39629  9.940161     .0023    1.3196   85.6134  186.0415  53.46626  3655.162 
log_curren~o |     39454  .2377604 -5.149898   .281186  4.458863  1.601598 -.6667124  7.875853 
interestex~e |     32574  14.72039         0    .56505  230.9703  65.89155  17.23657  509.4148 
        debt |     38045  1228.219         0  43.10892  23143.78  5104.372  10.62592  171.5765 

 
Table 4: Summary Statistic of the Renewable Energy Industry (Before dropping extreme values) 
    variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |      5586  121.8259         0   39.9532  1144.314  667.2051  29.00372  1089.126 
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operatingr~c |      4842 -88.42326 -1296.363         0   52.8043  1963.343 -59.79334  3868.812 
netfixedas~t |      6493  31.24945         0   26.3122   95.2405  24.98051   .732328  3.092224 
       pr_co |     14487  .3684411 -.9038774 -.0559086  4.496147  11.13356  63.89155  5025.275 
      pr_mkt |     23520  .0077439 -.3222769  .0187843  .1032391  .0745776 -2.278505  10.41011 
    book_mkt |      6446   14.7299  .0044727  .6278449  192.3077  168.5152  17.60649  360.6959 
log_book_mkt |      6446 -.5417349 -5.409764 -.4654621  5.259097  1.632768  .1704525  10.49939 
  totalasset |      6718  621.8457     .0001   96.1952    7166.1  1505.392  5.086659  39.65171 
   marketcap |     14193  335.2783     .0015   27.9757    5614.8  1260.881  10.16562  157.5283 
 salesgrowth |      5134     16725  -94.5736   9.99835  3231.479  879755.1  63.36196  4209.922 
netdebt_to~t |      6486  5.184645        -1  .1286934  58.91341  124.2141  47.91895  2478.796 
interest_b~e |      4920 -.1333084 -.4846797  .0024332  .4806778  9.734407 -69.55355  4866.634 
currentratio |      6722  3.850748         0    1.3148   39.4756  21.47669  20.33023  571.9365 
interestex~e |      5216  2.533029         0    .17595   43.3859  9.216529   8.95664  121.8275 
debttoequity |      5586  121.8259         0   39.9532  1144.314  667.2051  29.00372  1089.126 

 
Table 5: 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
   tickervar |    117,471    1480.239    855.0803          1       2961 
 
. sum indus if indus==1 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
       indus |     94,152           1           0          1          1 
 
. sum indus if indus==2 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
       indus |     23,319           2           0          2          2 

 
Table 6: Summary Statistic of the Energy Sector (After dropping extreme values) 
    variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |     43277  67.12091         0   34.2793  555.1246  108.9503  4.088804    26.861 
operatingr~c |     39092   9.34161 -318.0022   4.46445   63.8506   2615.93  107.2571  16167.54 
netfixedas~t |     46323  47.34452         0   47.5523   97.4662  29.90742  .2116511  6.333993 
       pr_co |     80795  .0064379 -.8361713 -.0355552   1.99161  .4795164  2.907294  19.49408 
      pr_mkt |    117472  .0076793 -.3222769  .0145095  .1032391  .0745938 -2.278986  10.40882 
    book_mkt |     46480  8.785242  .0125997  .6500471  49.26108  179.5437  44.86361  2349.081 
log_book_mkt |     46480 -.4452123 -4.374084 -.4307104  3.897134  1.337087  .2647312  11.12464 
  totalasset |     47398   4957.88     .0038   226.643  96968.88  24753.02  9.926429  117.2242 
   marketcap |     80696  2574.433      .005   59.3361  48713.15  16341.36  15.59457  330.4859 
 salesgrowth |     38422  3568.178  -89.9282   8.61035  1606.505    347045  146.3842  23782.96 
netdebt_to~t |     46314  2.135064 -.9884428  .1215644  10.85714   72.8913  76.69141  6886.357 
interest_b~e |     36447 -.0194421 -.2133395  .0036789  .1793199  3.601387 -185.6724  35080.04 
currentratio |     45976  9.110553     .0007    1.3239   81.9164  172.9258  57.40625  4221.829 
interestex~e |     37488  13.08721         0      .451     212.8  61.64137  18.37374  579.8796 
debttoequity |     43277  67.12091         0   34.2793  555.1246  108.9503  4.088804    26.861 
 

 
Table 7: Summary Statistic of the Traditional Energy Industry (After dropping extreme values)  
     variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |     37762  64.67055         0    33.644  539.0758  104.7929  4.159843  28.13681 
operatingr~c |     34304  23.03036 -253.6357   5.15865   64.9888  2693.107  115.2804  16244.36 
netfixedas~t |     39907  49.95751         0   51.5673   97.6451  29.83012  .1233225  7.034442 
       pr_co |     66507  .0080144 -.8081037 -.0313443  1.892637  .4649838  2.955113  20.32012 
      pr_mkt |     94152  .0076897 -.3222769  .0145095  .1032391  .0745833 -2.279323  10.41179 
    book_mkt |     40102  7.823576  .0141479  .6531039  36.76471  181.0911   48.3998  2588.096 
log_book_mkt |     40102  -.432586 -4.258187 -.4260191  3.604538  1.288334  .2804713  10.80789 
  totalasset |     40761  5663.571     .0075   265.622  125776.2  26618.65  9.203149    100.95 
   marketcap |     66655  3045.472      .008   71.3831   62087.2  17935.43  14.20108  274.2305 
 salesgrowth |     33341  1541.999  -88.2353    8.4179    1352.5  140020.4  147.4281  23476.24 
netdebt_to~t |     39909  1.803387  -.985869  .1209581  4.488536  68.90283  81.68546  7854.204 
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interest_b~e |     31597  .0002221 -.1818057  .0039028  .1659144  .5206677 -64.42625  8237.223 
currentratio |     39333  9.992606     .0024    1.3239   86.0332  186.7343  53.27039  3628.261 
interestex~e |     32344  14.77475         0     .5641       231  66.10652  17.18737  506.3391 
debttoequity |     37762  64.67055         0    33.644  539.0758  104.7929  4.159843  28.13681 
 

Tables 8: Summary Statistic of the Renewable Energy Industry (After dropping extreme values) 
    variable |         N      mean        p1       p50       p99        sd  skewness  kurtosis 
-------------+-------------------------------------------------------------------------------- 
debttoequity |      5515  83.89882         0   39.1429  702.4425  132.7971  3.578123  19.91866 
operatingr~c |      4788 -88.73253 -1296.363         0   52.8043  1974.193 -59.47579  3827.122 
netfixedas~t |      6416  31.09194         0   26.2055   95.2405   24.8326  .7430444   3.14441 
       pr_co |     14288 -.0009003 -.9039762 -.0586954  2.321085  .5420159  2.709952   16.3441 
      pr_mkt |     23319  .0076383 -.3222769  .0145095  .1032391  .0746394 -2.277633  10.39663 
    book_mkt |      6378  14.83177  .0050498  .6322711  192.3077  169.3793  17.52107  357.1174 
log_book_mkt |      6378 -.5246008 -5.288398  -.458437  5.259097  1.607999  .2554043  10.76477 
  totalasset |      6637  623.8963     .0001   97.0851  7172.253  1509.982  5.085595  39.58614 
   marketcap |     14041  338.3281     .0015   28.2756  5684.654  1267.302   10.1132  155.9336 
 salesgrowth |      5081  16863.76  -94.6217   10.2767  3126.336  884328.1  63.03453  4166.505 
netdebt_to~t |      6405  4.201718        -1  .1247467  55.77333  93.98573  58.12355  3877.097 
interest_b~e |      4850 -.1475509 -.4632219  .0024117   .267054  9.782613  -69.5327  4839.827 
currentratio |      6643  3.887945         0    1.3233   40.1895   21.6011  20.21351  565.3821 
interestex~e |      5144  2.476412         0    .17345    43.258  9.093785  9.160575  127.8828 
debttoequity |      5515  83.89882         0   39.1429  702.4425  132.7971  3.578123  19.91866 
 

 
Table 9: Debt to Equity Ratio 
 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             log_debtto~y    log_debtto~y    log_debtto~y    
------------------------------------------------------------ 
log_operat~c      -0.0854***      -0.0787***       -0.127*** 
                  (-5.33)         (-4.45)         (-3.65)    
 
z_netfixed~t        0.196*          0.194*          0.138    
                   (2.56)          (2.30)          (1.10)    
 
log_curren~o       -0.435***       -0.405***       -0.790*** 
                  (-8.85)         (-7.93)         (-5.83)    
 
1.indus                 0                                    
                      (.)                                    
 
2.indus                 0                                    
                      (.)                                    
                        
***control variables subindus, quarter, and countryvar are not shown*** 
 
 
_cons               3.873***        3.845***        3.925*** 
                  (44.95)         (43.08)          (9.74)    
------------------------------------------------------------ 
N                   19157           17285            1872    
R-sq                0.080           0.070           0.234    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 

	
  
Table 10: log_debttoequity prediction for whole energy sector 
 
                      Linear prediction 
------------------------------------------------------------- 
      Percentiles      Smallest 
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 1%     2.454387      -.0440089 
 5%      2.98613       .1442555 
10%     3.177453       .3837372       Obs              21,450 
25%     3.435816       .5085888       Sum of Wgt.      21,450 
 
50%     3.695298                      Mean           3.706473 
                        Largest       Std. Dev.      .4597538 
75%     3.986809       5.514567 
90%     4.278627       5.524392       Variance       .2113736 
95%     4.456846       5.544469       Skewness      -.2194633 
99%     4.852181       5.588923       Kurtosis       5.004825 

 
 
Table 11: log_debttoequity prediction for traditional energy industry 
 
                      Linear prediction 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%     2.497465       .1590364 
 5%     3.000682       .3597642 
10%     3.179234       .5569454       Obs              21,450 
25%     3.420995       .6962281       Sum of Wgt.      21,450 
 
50%     3.667471                      Mean           3.679361 
                        Largest       Std. Dev.      .4348173 
75%     3.946323       5.371274 
90%      4.22112       5.386829       Variance       .1890661 
95%     4.388867       5.404007       Skewness      -.2042066 
99%     4.759039       5.457314       Kurtosis       4.897698 
 

Table 12: log_debttoequity prediction for renewable energy industry 
 
                      Linear prediction 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%     1.917721      -2.313534 
 5%     2.806059      -2.281018 
10%     3.127571      -1.545428       Obs              21,450 
25%     3.566337      -1.538326       Sum of Wgt.      21,450 
 
50%     3.974614                      Mean           3.959309 
                        Largest       Std. Dev.      .7160125 
75%     4.369442       7.152396 
90%      4.79607       7.186187       Variance       .5126738 
95%     5.083508       7.280399       Skewness      -.4277729 
99%     5.734216       7.341451       Kurtosis       6.069688 

 
Table 13: Difference in Mean Test 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
log_de~d |  21,450    3.679361    .0029689    .4348173    3.673542     3.68518 
log_de~w |  21,450    3.959309    .0048889    .7160125    3.949727    3.968892 
---------+-------------------------------------------------------------------- 
    diff |  21,450   -.2799481    .0021914    .3209453   -.2842433   -.2756528 
------------------------------------------------------------------------------ 
     mean(diff) = mean(log_debttoequi~d - log_debttoequi~w)       t = -1.3e+02 
 Ho: mean(diff) = 0                              degrees of freedom =    21449 
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 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000 
 
 

Table 14: Debt to Equity Ratio  
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
DE_Energy_~t |    117,472    40.25756           0   40.25756   40.25756 
DE_Trad_50~t |    117,472    39.15277           0   39.15277   39.15277 
DE_Renew_5~t |    117,472    53.22955           0   53.22955   53.22955 
 

 
Table 15: Cost of Equity Estimation 
 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
                    pr_co           pr_co           pr_co    
------------------------------------------------------------ 
pr_mkt              1.346***        1.351***        1.314*** 
                  (12.81)         (12.81)         (10.41)    
 
L.log_book~t       0.0182***       0.0169***       0.0226*** 
                   (5.16)          (4.33)          (6.61)    
 
z_netfixed~t      -0.0144***      -0.0140***      -0.0203**  
                  (-5.74)         (-5.03)         (-3.18)    
 
log_totala~t     -0.00165*       -0.00219**       0.00345    
                  (-2.12)         (-3.30)          (1.18)    
 
_cons              0.0125          0.0153*        -0.0146    
                   (1.98)          (2.54)         (-0.66)    
------------------------------------------------------------ 
N                   37836           33075            4761    
R-sq                0.077           0.080           0.065    

 
Table 16: Predicted pr_co for energy sector 
 
                        Fitted values 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4444634      -.5356188 
 5%    -.1646589      -.5268323 
10%    -.1134259      -.5226472       Obs              38,030 
25%    -.0210674      -.5213521       Sum of Wgt.      38,030 
 
50%     .0222349                      Mean           .0074301 
                        Largest       Std. Dev.      .1008641 
75%     .0652811       .2240517 
90%     .1098352       .2247033       Variance       .0101736 
95%     .1287383       .2306481       Skewness      -2.105474 
99%     .1547936       .2646116       Kurtosis       9.919292 
 

Table 17: Predicted pr_co for traditional energy industry  
 
                        Fitted values 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4458313      -.5332946 
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 5%    -.1646487      -.5193663 
10%    -.1135031      -.5163736       Obs              38,030 
25%    -.0204367      -.5153678       Sum of Wgt.      38,030 
 
50%     .0225487                      Mean           .0077666 
                        Largest       Std. Dev.      .1009644 
75%     .0654407       .2246928 
90%     .1103463       .2250687       Variance       .0101938 
95%       .12881       .2303386       Skewness      -2.120726 
99%     .1547882        .255725       Kurtosis       9.994975 

 
Table 18: Predicted pr_co for renewable energy industry 
 
                        Fitted values 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4339376      -.5972819 
 5%    -.1627697      -.5782496 
10%    -.1130671      -.5667754       Obs              38,030 
25%    -.0247482      -.5527949       Sum of Wgt.      38,030 
 
50%     .0223694                      Mean           .0070044 
                        Largest       Std. Dev.      .1007635 
75%     .0661524       .2105821 
90%      .109846       .2143501       Variance       .0101533 
95%     .1298262       .2307862       Skewness      -1.989991 
99%     .1584824       .2779219       Kurtosis       9.337047 

 
 
Table 19: predicted real ret_co for energy sector  
 
                          ret_co_r1 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4157543      -.5069097 
 5%    -.1621445      -.4981232 
10%    -.1108496      -.4939381       Obs              38,030 
25%    -.0204901      -.4926429       Sum of Wgt.      38,030 
 
50%     .0231666                      Mean           .0081141 
                        Largest       Std. Dev.       .096919 
75%     .0641094       .2207418 
90%     .1068945       .2218667       Variance       .0093933 
95%     .1257299       .2267193       Skewness         -1.991 
99%     .1518021       .2567023       Kurtosis       9.185621 

 
Table 20: predicted real ret_co for traditional energy industry  
 
                         ret_co_trad 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4171222      -.5045854 
 5%    -.1619957      -.4906572 
10%    -.1105844      -.4876645       Obs              38,030 
25%    -.0197752      -.4866587       Sum of Wgt.      38,030 
 
50%     .0233279                      Mean           .0084506 
                        Largest       Std. Dev.      .0970131 
75%     .0643557       .2207313 
90%     .1072116       .2228838       Variance       .0094115 
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95%     .1259753       .2264097       Skewness      -2.006608 
99%     .1515356       .2478156       Kurtosis       9.260223 
 
 

Table 21: predicted real ret_co for renewable energy industry 
 
                       ret_co_renew 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%    -.4052285      -.5685728 
 5%    -.1599553      -.5495405 
10%    -.1099988      -.5380663       Obs              38,030 
25%    -.0243098      -.5240858       Sum of Wgt.      38,030 
 
50%     .0230702                      Mean           .0076884 
                        Largest       Std. Dev.      .0968947 
75%     .0650981       .2057232 
90%     .1070123       .2066533       Variance       .0093886 
95%     .1268287       .2337883       Skewness      -1.873842 
99%     .1550693       .2700126       Kurtosis       8.617666 
 

 
Table 22: Difference in Mean Test: 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
ret_co~d |  38,030    .0084506    .0004975    .0970131    .0074755    .0094257 
ret_co~w |  38,030    .0076884    .0004969    .0968947    .0067145    .0086622 
---------+-------------------------------------------------------------------- 
    diff |  38,030    .0007622    .0000869    .0169474    .0005919    .0009326 
------------------------------------------------------------------------------ 
     mean(diff) = mean(ret_co_trad - ret_co_renew)                t =   8.7709 
 Ho: mean(diff) = 0                              degrees of freedom =    38029 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000 
 

 
Table 23: 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
ret_co_r1~50 |    117,472    1.095937           0   1.095937   1.095937 
ret_co_tr~50 |    117,472    1.096628           0   1.096628   1.096628 
ret_co_Re~50 |    117,472    1.095523           0   1.095523   1.095523 
 
 

Table 24: Cost of Debt 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             netdebt_to~t    netdebt_to~t    netdebt_to~t    
------------------------------------------------------------ 
L.interes~ue       0.0264*         0.0265*         0.0320    
                   (2.05)          (2.06)          (0.57)    
 
interest_b~e       0.0413*         0.0418*        -0.0132    
                   (2.00)          (2.03)         (-0.56)    
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L2.intere~ue       0.0117          0.0118         0.00299    
                   (1.52)          (1.52)          (0.16)    
 
log_debtto~y       0.0940***       0.0941***        0.106*** 
                  (24.45)         (24.44)         (11.45)    
 
log_book_mkt       0.0133***       0.0136***       0.0187*   
                   (4.36)          (4.42)          (2.21)    
 
log_totala~t       0.0136**        0.0138**     -0.000364    
                   (2.86)          (2.85)         (-0.02)    
 
z_netfixed~t        0.100***        0.100***        0.115*** 
                  (11.28)         (11.28)          (4.66)    
 
indus2_l_IOB      0.00615               0               0    
                   (0.11)             (.)             (.)    
 
indus2_IOB        -0.0525               0               0    
                  (-1.68)             (.)             (.)    
 
indus2_l2_~B     -0.00730               0               0    
                  (-0.33)             (.)             (.)    
 
indus2_log~E       0.0117               0               0    
                   (1.18)             (.)             (.)    
 
indus2_log~M      0.00655               0               0    
                   (0.89)             (.)             (.)    
 
indus2_log~t      -0.0131               0               0    
                  (-0.78)             (.)             (.)    
 
indus2_z_f~t       0.0146               0               0    
                   (0.56)             (.)             (.)    
 
1.indus                 0                                    
                      (.)                                    
 
2.indus                 0                                                                      
 
***control variables subindus, quarter, and countryvar are not shown*** 
 
 
_cons              -0.285***       -0.287***       -0.292**  
                  (-9.66)         (-9.24)         (-2.94)    
------------------------------------------------------------ 
N                   20541           18150            2391    
R-sq                0.580           0.575           0.608    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 
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Tables 25: WACC for Energy Sector 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
WACC_Ener~25 |    117,472   -.0543802           0  -.0543802  -.0543802 
WACC_Ener~50 |    117,472     .075985           0    .075985    .075985 
WACC_Ener~75 |    117,472    .1926187           0   .1926187   .1926187 
 

Tables 26: WACC for Traditional Energy Industry 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
WACC_Trad_25 |    117,472   -.0525786           0  -.0525786  -.0525786 
WACC_Trad_50 |    117,472    .0769043           0   .0769043   .0769043 
WACC_Trad_75 |    117,472    .1957784           0   .1957784   .1957784 
 

Tables 27: WACC for Renewable Energy Industry 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
WACC_Rene~25 |    117,472   -.0608778           0  -.0608778  -.0608778 
WACC_Rene~50 |    117,472    .0734627           0   .0734627   .0734627 
WACC_Rene~75 |    117,472    .1744332           0   .1744332   .1744332  
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Table 28:  
                   L_interest_bookvalue_d 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%            0              0 
 5%            0              0 
10%            0              0       Obs             117,472 
25%            0              0       Sum of Wgt.     117,472 
 
50%            0                      Mean           .0451682 
                        Largest       Std. Dev.      .2076738 
75%            0              1 
90%            0              1       Variance       .0431284 
95%            0              1       Skewness        4.38027 
99%            1              1       Kurtosis       20.18677 
 
 

Table 29 Cost of Debt with L_IOB interaction terms without l.netdebt_totasset: 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             netdebt_to~t    netdebt_to~t    netdebt_to~t    
------------------------------------------------------------ 
L.interes~ue       0.0239*         0.0240*         0.0256    
                   (2.05)          (2.07)          (0.48)    
 
interest_b~e       0.0416*         0.0424*        -0.0185    
                   (2.04)          (2.08)         (-0.79)    
 
L2.intere~ue       0.0112          0.0113         0.00319    
                   (1.54)          (1.54)          (0.16)    
 
log_debtto~y       0.0956***       0.0957***        0.106*** 
                  (24.50)         (24.42)         (11.35)    
 
log_book_mkt       0.0116***       0.0121***       0.0163    
                   (4.02)          (4.20)          (1.88)    
 
log_totala~t       0.0117*         0.0120*       -0.00253    
                   (2.48)          (2.51)         (-0.15)    
 
z_netfixed~t       0.0980***       0.0982***        0.116*** 
                  (10.85)         (10.83)          (4.54)    
 
indus2_l_IOB      0.00295               0               0    
                   (0.05)             (.)             (.)    
 
indus2_IOB        -0.0558               0               0    
                  (-1.80)             (.)             (.)    
 
indus2_l2_~B     -0.00646               0               0    
                  (-0.29)             (.)             (.)    
 
indus2_log~E       0.0109               0               0    
                   (1.10)             (.)             (.)    
 
indus2_log~M      0.00657               0               0    
                   (0.90)             (.)             (.)    
 
indus2_log~t      -0.0128               0               0    
                  (-0.78)             (.)             (.)    
 
indus2_z_f~t       0.0166               0               0    
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                   (0.63)             (.)             (.)    
 
L_interest~d       0.0122          0.0223         -0.0612    
                   (0.49)          (0.86)         (-0.68)    
 
LIOBd_l_IOB             0               0               0    
                      (.)             (.)             (.)    
 
LIOBd_IOB           0.107          0.0254           0.652    
                   (0.44)          (0.10)          (0.61)    
 
LIOBd_l2_IOB        0.378           0.193           1.297    
                   (0.60)          (0.28)          (0.59)    
 
LIOBd_log_DE      -0.0248***      -0.0252**       -0.0286    
                  (-3.42)         (-3.24)         (-1.64)    
 
LIOBd_log_BM       0.0188*         0.0149          0.0356    
                   (2.36)          (1.89)          (1.43)    
 
LIOBd_log_~t      0.00488         0.00336          0.0219    
                   (1.48)          (1.01)          (1.40)    
 
LIOBd_z_ft~t       0.0152          0.0146          0.0139    
                   (1.11)          (0.95)          (0.38)    
 
***control variables indus, subindus, quarter, and countryvar are not shown*** 
 
_cons              -0.278***       -0.282***       -0.271**  
                  (-9.53)         (-9.11)         (-2.85)    
------------------------------------------------------------ 
N                   20541           18150            2391    
R-sq                0.585           0.580           0.616    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 
 

Table 30: autocorrelation test: 
 
. xtserial netdebt_totasset 
 
Wooldridge test for autocorrelation in panel data 
H0: no first-order autocorrelation 
    F(  1,    1706) =      1.110 
           Prob > F =      0.2922 
 

 
Table 31:	
  COD with L_IOB interaction terms and l.netdebt_totasset 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             netdebt_to~t    netdebt_to~t    netdebt_to~t    
------------------------------------------------------------ 
L.netdebt_~t      0.00901*        0.00825*         0.0274    
                   (2.56)          (2.51)          (0.86)    
 
L.interes~ue       0.0999*         0.0936*         0.0321    
                   (2.57)          (2.53)          (0.56)    
 
interest_b~e       0.0344*         0.0357*        -0.0161    
                   (2.00)          (2.07)         (-0.69)    
 
L2.intere~ue       0.0120          0.0120        -0.00167    
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                   (1.05)          (1.08)         (-0.09)    
 
log_debtto~y       0.0951***       0.0953***        0.104*** 
                  (24.03)         (23.97)         (10.75)    
 
log_book_mkt       0.0118***       0.0124***       0.0151    
                   (4.11)          (4.29)          (1.76)    
 
log_totala~t       0.0114*         0.0117*       -0.00348    
                   (2.45)          (2.48)         (-0.20)    
 
z_netfixed~t       0.0964***       0.0967***        0.115*** 
                  (10.82)         (10.79)          (4.56)    
 
indus2_l_IOB      -0.0684               0               0    
                  (-0.98)             (.)             (.)    
 
indus2_IOB        -0.0480               0               0    
                  (-1.65)             (.)             (.)    
 
indus2_l2_~B      -0.0108               0               0    
                  (-0.47)             (.)             (.)    
 
indus2_log~E       0.0107               0               0    
                   (1.08)             (.)             (.)    
 
indus2_log~M      0.00589               0               0    
                   (0.81)             (.)             (.)    
 
indus2_log~t      -0.0131               0               0    
                  (-0.80)             (.)             (.)    
 
indus2_z_f~t       0.0178               0               0    
                   (0.68)             (.)             (.)    
 
L_interest~d       0.0110          0.0207         -0.0547    
                   (0.44)          (0.79)         (-0.61)    
 
LIOBd_l_IOB             0               0               0    
                      (.)             (.)             (.)    
 
LIOBd_IOB           0.150          0.0671           0.651    
                   (0.63)          (0.25)          (0.61)    
 
LIOBd_l2_IOB        0.340           0.162           1.027    
                   (0.54)          (0.23)          (0.46)    
 
LIOBd_log_DE      -0.0248***      -0.0254**       -0.0263    
                  (-3.42)         (-3.25)         (-1.49)    
 
LIOBd_log_BM       0.0193*         0.0153          0.0349    
                   (2.30)          (1.83)          (1.41)    
 
LIOBd_log_~t      0.00531         0.00383          0.0204    
                   (1.62)          (1.16)          (1.29)    
 
LIOBd_z_ft~t       0.0160          0.0157          0.0124    
                   (1.16)          (1.01)          (0.33)    
 
1.indus                 0                                    
                      (.)                                    
 
2.indus                 0                                    
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                      (.)    
 
***control variables indus, subindus, quarter, and countryvar are not shown*** 
 
_cons              -0.277***       -0.281***       -0.265**  
                  (-9.57)         (-9.17)         (-2.83)    
------------------------------------------------------------ 
N                   20437           18058            2379    
R-sq                0.590           0.585           0.621    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 

 
Table 32: COD L_IOB interaction terms/ with l.netdebt_totasset/ substitute log_debttoequity 
with log_operatingroic to investigate the effect of profitability 
 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             netdebt_to~t    netdebt_to~t    netdebt_to~t    
------------------------------------------------------------ 
L.netdebt_~t       0.0132          0.0129           0.447*** 
                   (1.89)          (1.89)          (6.63)    
 
L.interes~ue        0.156           0.152          0.0129    
                   (1.70)          (1.71)          (0.35)    
 
interest_b~e       0.0995*         0.0989*        -0.0627    
                   (2.28)          (2.22)         (-0.36)    
 
L2.intere~ue       0.0416          0.0410          0.0163    
                   (1.16)          (1.16)          (0.57)    
 
log_operat~c      -0.0160***      -0.0165***     -0.00687*   
                  (-6.48)         (-6.11)         (-2.48)    
 
log_book_mkt     -0.00836        -0.00892         0.00885    
                  (-1.58)         (-1.66)          (1.79)    
 
log_totala~t       0.0606***       0.0600***       0.0143    
                   (6.59)          (6.46)          (0.99)    
 
z_netfixed~t        0.127***        0.127***       0.0395**  
                   (9.44)          (9.37)          (3.33)    
 
indus2_l_IOB      -0.0339               0               0    
                  (-0.20)             (.)             (.)    
 
indus2_IOB         -0.224               0               0    
                  (-0.85)             (.)             (.)    
 
indus2_l2_~B      0.00992               0               0    
                   (0.20)             (.)             (.)    
 
indus2_log~E        0.103***            0          0.0657*** 
                   (4.97)             (.)          (3.51)    
 
indus2_log~M       0.0200*              0               0    
                   (2.21)             (.)             (.)    
 
indus2_log~t      -0.0458*              0               0    
                  (-2.15)             (.)             (.)    
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indus2_z_f~t      -0.0695**             0               0    
                  (-2.98)             (.)             (.)    
 
L_interest~d      -0.0702         -0.0912*         0.0719    
                  (-1.63)         (-2.09)          (0.53)    
 
LIOBd_l_IOB             0               0               0    
                      (.)             (.)             (.)    
 
LIOBd_IOB          0.0663          -0.118           3.787    
                   (0.20)         (-0.39)          (0.46)    
 
LIOBd_l2_IOB       -0.761          -1.067           0.164    
                  (-0.42)         (-0.59)          (0.02)    
 
LIOBd_log_DE      0.00975          0.0201         -0.0330*   
                   (0.79)          (1.80)         (-2.03)    
 
LIOBd_log_BM       0.0247          0.0208         0.00209    
                   (1.63)          (1.40)          (0.05)    
 
LIOBd_log_~t      0.00445         0.00286         0.00368    
                   (1.03)          (0.64)          (0.18)    
 
LIOBd_z_ft~t       0.0382          0.0325           0.101    
                   (1.60)          (1.32)          (1.42)    
 
***control variables indus, subindus, quarter, and countryvar are not shown*** 
 
_cons              -0.232***       -0.224***       -0.234**  
                  (-3.95)         (-3.58)         (-2.72)    
------------------------------------------------------------ 
N                   14148           13048            1100    
R-sq                0.245           0.208           0.731    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 

 
Table 33: Cost of Debt, Renewable, Regression 
 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             netdebt_to~t    netdebt_to~t    netdebt_to~t    
------------------------------------------------------------ 
L.interes~ue       -0.306          -0.311          0.0770**  
                  (-1.03)         (-1.02)          (3.29)    
 
L.netdebt_~t        0.195           0.195           0.346**  
                   (1.34)          (1.34)          (2.60)    
 
z_netfixed~t       -5.030*         -4.993*         -4.125    
                  (-2.53)         (-2.52)         (-1.46)    
 
indus2_l_IOB        0.384               0               0    
                   (1.29)             (.)             (.)    
 
indus2_z_f~t        1.074               0               0    
                   (0.33)             (.)             (.)    
 
indus2_l_n~t        0.153               0               0    
                   (0.77)             (.)             (.)    
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***control variables indus, subindus, quarter, and countryvar are not shown*** 
 
_cons               0.566           0.933          -2.468    
                   (1.00)          (1.65)         (-1.04)    
------------------------------------------------------------ 
N                   32690           28598            4092    
R-sq                0.013           0.011           0.053    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 

 
Table 34: Debt-to-Equity autocorrelation test 
 
. xtserial log_debttoequity 
 
Wooldridge test for autocorrelation in panel data 
H0: no first-order autocorrelation 
    F(  1,    1401) =    291.497 
           Prob > F =      0.0000 

 
Table 35: Debt-to-Equity regression 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
             log_debtto~y    log_debtto~y    log_debtto~y    
------------------------------------------------------------ 
L.log_debt~y        0.717***        0.715***        0.737*** 
                  (29.11)         (27.21)         (14.05)    
 
log_operat~c      -0.0441***      -0.0451***      -0.0373*   
                  (-5.82)         (-5.42)         (-2.56)    
 
z_netfixed~t       0.0788*         0.0797*         0.0670    
                   (2.46)          (2.25)          (1.34)    
 
log_curren~o       -0.160***       -0.154***       -0.228*** 
                  (-6.13)         (-5.59)         (-3.68)    
 
1.indus                 0                                    
                      (.)                                    
 
2.indus                 0                                    
                      (.)                                    
 
***control variables indus, subindus, quarter, and countryvar are not shown*** 
  
 
_cons               1.169***        1.191***        0.891**  
                  (11.43)         (11.08)          (3.26)    
------------------------------------------------------------ 
N                   18334           16562            1772    
R-sq                0.577           0.571           0.660    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 
 

Table 36: 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
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log_~d_2 |  18,527    3.753411    .0076732    1.044425    3.738371    3.768451 
log_~w_2 |  18,527    3.858101    .0080756    1.099199    3.842272     3.87393 
---------+-------------------------------------------------------------------- 
    diff |  18,527   -.1046903    .0007771    .1057697   -.1062134   -.1031671 
------------------------------------------------------------------------------ 
     mean(diff) = mean(log_debttoeq~d_2 - log_debttoeq~w_2)       t = -1.3e+02 
 Ho: mean(diff) = 0                              degrees of freedom =    18526 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000 

 
Table 37: 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
DE_Energ~t_2 |    117,472    50.84538           0   50.84538   50.84538 
DE_Trad_~t_2 |    117,472    50.29833           0   50.29833   50.29833 
DE_Renew~t_2 |    117,472    56.06077           0   56.06077   56.06077 

 
Table 38 
. ttest log_debttoequity_hat1==log_debttoequity_hat1_2 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
log_de~1 |  18,527    3.758505    .0030507    .4152462    3.752525    3.764485 
log_~1_2 |  18,527     3.76362    .0077093    1.049345    3.748509    3.778731 
---------+-------------------------------------------------------------------- 
    diff |  18,527   -.0051155    .0068082    .9266916   -.0184602    .0082292 
------------------------------------------------------------------------------ 
     mean(diff) = mean(log_debttoequi~1 - log_debttoeq~1_2)       t =  -0.7514 
 Ho: mean(diff) = 0                              degrees of freedom =    18526 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.2262         Pr(|T| > |t|) = 0.4524          Pr(T > t) = 0.7738 

 
 
Table 39 
 
. ttest log_debttoequity_trad==log_debttoequity_trad_2  
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
log_de~d |  18,527    3.728191    .0028919    .3936212    3.722523    3.733859 
log_~d_2 |  18,527    3.753411    .0076732    1.044425    3.738371    3.768451 
---------+-------------------------------------------------------------------- 
    diff |  18,527   -.0252201    .0068051    .9262725   -.0385588   -.0118815 
------------------------------------------------------------------------------ 
     mean(diff) = mean(log_debttoequi~d - log_debttoeq~d_2)       t =  -3.7061 
 Ho: mean(diff) = 0                              degrees of freedom =    18526 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.0001         Pr(|T| > |t|) = 0.0002          Pr(T > t) = 0.9999 
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Table 40 
 
. ttest log_debttoequity_renew==log_debttoequity_renew_2 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
log_de~w |  18,527    4.044393    .0046435     .632044    4.035292    4.053495 
log_~w_2 |  18,527    3.858101    .0080756    1.099199    3.842272     3.87393 
---------+-------------------------------------------------------------------- 
    diff |  18,527    .1862919    .0069378    .9443264    .1726933    .1998906 
------------------------------------------------------------------------------ 
     mean(diff) = mean(log_debttoequi~w - log_debttoeq~w_2)       t =  26.8519 
 Ho: mean(diff) = 0                              degrees of freedom =    18526 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000 

 
Table 41: 
 
------------------------------------------------------------ 
                      (1)             (2)             (3)    
                    pr_co           pr_co           pr_co    
------------------------------------------------------------ 
pr_mkt              1.347***        1.352***        1.314*** 
                  (12.78)         (12.76)         (10.47)    
 
L.log_book~t       0.0176***       0.0165***       0.0232*** 
                   (4.82)          (4.05)          (6.45)    
 
z_netfixed~t      -0.0152***      -0.0149***      -0.0199**  
                  (-6.43)         (-5.54)         (-3.05)    
 
inverse_to~t   -0.0000597***   -0.0000421***   -0.0000672*** 
                 (-35.23)        (-11.90)        (-21.85)    
 
_cons             0.00270         0.00218         0.00378    
                   (0.52)          (0.46)          (0.22)    
------------------------------------------------------------ 
N                   37836           33075            4761    
R-sq                0.077           0.080           0.065    
------------------------------------------------------------ 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001 

 
Table 41 
 
. sum ret_co_r1_2_yr50 ret_co_trad_2_yr50 ret_co_Renew_2_yr5 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
ret~1_2_yr50 |    117,472    1.097299           0   1.097299   1.097299 
ret~d_2_yr50 |    117,472    1.097916           0   1.097916   1.097916 
ret~w_2_yr50 |    117,472    1.084185           0   1.084185   1.084185 
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Table 42 
 
. ttest ret_co_trad_2==ret_co_renew_2 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
ret_~d_2 |  38,030    .0082429    .0004972    .0969518    .0072684    .0092173 
ret_~w_2 |  38,030    .0055879    .0004973    .0969707    .0046132    .0065625 
---------+-------------------------------------------------------------------- 
    diff |  38,030     .002655    .0000462     .009019    .0025644    .0027457 
------------------------------------------------------------------------------ 
     mean(diff) = mean(ret_co_trad_2 - ret_co_renew_2)            t =  57.4083 
 Ho: mean(diff) = 0                              degrees of freedom =    38029 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000 

 
Table 43 
 
. ttest ret_co_r1_2==ret_co_r1 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
ret_~1_2 |  38,030    .0080948    .0004973    .0969754    .0071201    .0090694 
ret_co~1 |  38,030    .0081141     .000497     .096919      .00714    .0090882 
---------+-------------------------------------------------------------------- 
    diff |  38,030   -.0000193    .0000365    .0071169   -.0000909    .0000522 
------------------------------------------------------------------------------ 
     mean(diff) = mean(ret_co_r1_2 - ret_co_r1)                   t =  -0.5295 
 Ho: mean(diff) = 0                              degrees of freedom =    38029 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.2982         Pr(|T| > |t|) = 0.5965          Pr(T > t) = 0.7018 
 

Table 44 
 
. ttest ret_co_trad_2==ret_co_trad 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
ret_~d_2 |  38,030    .0082429    .0004972    .0969518    .0072684    .0092173 
ret_co~d |  38,030    .0084506    .0004975    .0970131    .0074755    .0094257 
---------+-------------------------------------------------------------------- 
    diff |  38,030   -.0002077    .0000362    .0070581   -.0002787   -.0001368 
------------------------------------------------------------------------------ 
     mean(diff) = mean(ret_co_trad_2 - ret_co_trad)               t =  -5.7391 
 Ho: mean(diff) = 0                              degrees of freedom =    38029 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.000 
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Table 45 
 
. ttest ret_co_renew_2==ret_co_renew 
 
Paired t test 
------------------------------------------------------------------------------ 
Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
---------+-------------------------------------------------------------------- 
ret_~w_2 |  38,030    .0055879    .0004973    .0969707    .0046132    .0065625 
ret_co~w |  38,030    .0076884    .0004969    .0968947    .0067145    .0086622 
---------+-------------------------------------------------------------------- 
    diff |  38,030   -.0021005    .0000544    .0106157   -.0022072   -.0019938 
------------------------------------------------------------------------------ 
     mean(diff) = mean(ret_co_renew_2 - ret_co_renew)             t = -38.5871 
 Ho: mean(diff) = 0                              degrees of freedom =    38029 
 
 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 
 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000 

 
Graph 1 
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