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Abstract:

This research provides novel results and contrsbute the existing literature by: (1)

introducing into the analysis new variables thak lthe type of renewable resource (solar,
wind) with financial performance; (2) studying pate and public firms whose main activity
is only renewable power production; (3) analyzirigrge group of emerging markets, and (4)
providing an overall comparison of the financialrfpemance of fossil fuel-based vs.

renewable energy-based power producers. We accuiigge longitudinal dataset describing
only renewable energy companies from 16 emergingkets in the period from 2000 to

2017. The study provides comprehensive results feowariety of panel regressions that
explain the return on assets (ROA) and return ariteROE). The results regarding the type
of renewable resource indicate that ROA is higheOI®9 for solar power producers. The
legal form of the company (private vs. public) does impact ROA but indicates that ROE is
lower by 0.09 for public companies. The results m@stly similar regarding the return on

equity. The results indicate that the new variablgsoduced into the investigation are
relevant in determining the financial performan€sustainable power producers.

Keywords: renewable energy; financial performanmmyer producer; panel study; emerging
markets; socially responsible investing.

Highlights:

« Different from previous studies — using data ombni clean power producers

* Adding novel variables omitted in other studiedaswind, private/public dummies

e Solar power positively impacts performance: ROEigher by 0.18 and ROA by 0.09
* Being a public vs. private clean energy produceraeses ROE by 0.09

» Sustainable power producers become more profitable fossil fuel-based ones
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List of abbreviations: ANOVA — analysis of variandeBT — earnings before taxes, FE —
fixed effects, LSDV — least squares dummy variabl&ICS — North American Industry
Classification System, NRBV - natural-resource-dagew, RE — random effects, ROA —
return on assets, ROE — return on equity, SRI +allpcesponsible investing.

1. Introduction

The importance of sustainable development in therggnsector is clearly visible in the
Renewable Energy Directive of the European Uniojy fie United Nations Framework
Convention on Climate Change, and similar trendsegulations worldwide. Such a shift
towards new sources of energy has resulted in asek interest from financial analysts,
investors, and policy-makers, as well as traditigg@aver producers who are diversifying
their revenues in line with these global trendschimlogical progress and the growing
efficiency of equipment used in the production oiver from renewable energy is one aspect
of these changes. The other equally important aspehe financial efficiency of the power
producers. In this study, the focus is orienteceamining the financial properties of “green
energy” producers and distinguishing the factorst #ignificantly influence the economic
strength of the analyzed companies.

Briefly, the purpose of this study is to answer tlodlowing research question: What
determines the financial profitability of sustaif@lpower producers in emerging markets,
considering their different legal forms and theaymwf renewable energy utilized? Our study
introduces private companies into the analysisyges on producers that specialize only in
renewable energy, and has a comprehensive sam@mearging market (EM) firms. Thus,
the study adds to and verifies the results of mevistudies and provides a comprehensive
addition to the research of such an important partoday’'s economy as the sustainable
energy sector. The topic of this study is importa@tause: (1) it responds to the challenges
and questions that arise from climate change bylyaing the relationship between
sustainability and profitability. It also indicatékat clean energy producers can achieve
satisfactory financial results; (2) it takes intmcaunt the investors’ point of view and gives
insights into profitability in the context of sollia responsible investing (SRI) in the
renewable energy sector; (3) considering policyin@kdecisions, this research provides
evidence that the sustainable energy industry, @tgg by political programs and reform, is
not only environmentally, but also economicallyi@ént’.

Researchers who are inclined more towards finamzke 3RI| studies can use the ideas
presented in this paper to develop studies thatriemewable energy with the financial and
stock market investment performance of companias fthis increasingly important sector.
This study answers important questions like: “Ddbs legal form (private or public
company) impact the financial performance of suasiale power producers?”, “Does the type
of renewable energy (solar vs. wind) impact thisiggenance?” and “What is the financial
profitability of sustainable energy producers compa to their fossil fuel-based
counterparts?”

’A detailed analysis of the impact of such reforms be found in Nepal et al. [6] and Jamasb ef7). [
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The rationale behind analyzing EMs is that theytcbute greatly to the world economy,
both in terms of Gross Domestic Product (GDP) ds agetrade and population. According to
the World Economic Outlook [2], almost 59% of thend’'s GDP, 36% of global exports,
and 86% of the world’s population come from emeggimarkets and developing economies.
Also, emerging economies are proactively increasivegshare of renewable energy in their
energy mix (e.g. Sadorsky [3], Salim and Rafiq.[4he latest study of Sharif et al. [5] shows
that EM contribute to the reduction of environméxgradation.

Although the literature on the performance of susiale energy companies is growing, there
are no publications that address this issue incthr@ext of emerging markets with both

private and public companies. Similarly, there moestudies that differentiate producers that
utilize solar or wind resources. In the existingrature, authors focus mostly on individual,
developed countries and public companies, e.g.tralis [8], Canada [9], Japan [10, 11],

Iceland [12], Spain [13], or the USA [14-17].

Some studies have analyzed groups of economieseusnwRecently, Nepal, Jamasb and
Tisdell [18] used panel data in order to analyze ttmpact of market reforms on CO2
emission for 28 developing economies. Ruggiero aetikonen [19] used panel data
regressions for 66 companies from 26 countries,obiyt a few of them are EMs. Similarly,
Gupta [20] analyzed 26 economies — most of theneldped. Albertini’s [21] meta-analysis
included 52 different studies, but the majoritytleém focus on developed countries (mostly
the US), and the period covered extends only t®201

Our research addresses the limitations of previswslies; thus, it makes a valuable
contribution to the literature. In particular, weadyze the variables that describe the type of
renewable resource used — solar vs. wind — andistmglish between private and public
companies. These aspects have so far been ignordukiliterature. Another significant
contribution is related to the focus on emergingkats and the long time series of the data.
Finally, we provide evidence that by “being greea,’sustainable power producer can be
profitable, and the study discovers the determmarftthis performance. We also provide
evidence of recent financial performance by conmgarisustainable producers with
“traditional” (fossil-fuel based) ones. Other seglinvestigate companies that are not purely
sustainable, and as our results indicate, thisropact the final conclusions.

We are motivated by the fact that the literaturdatesl to the topic of our study is scarce.
While browsing the literature of the current statehe-art of the area, we found only a few
publications that touch on this topic. This gengrsirengthens the validity of the objective of
our study — to discover the factors that impaceveble energy producers and to close the
gap in the literature. In the previous studies, c@@ identify a knowledge gap related to
important variables being omitted, such as the tfgenewable resource, or the legal form of
the company. Current studies do not distinguisiwbeeh the producers’ different energy
mixes (e.g., both renewable and fossil fuel source=d by the same company). This can
strongly impact the results. Also, other studiesufomostly on developed markets, neglecting
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the growing importance of emerging markets. Sunmuiagj this study provides novel
contributions to the existing literature in theldaling ways:

e It focuses only on a broad range of developing esoes while discovering factors
that shape the financial performance of renewatdegy-based power producers.

e The article utilizes variables not analyzed in pwag panel-data studies, i.e., solar and
wind dummy variables, which describe the sourceeokwable energy, and private
and public dummies which categorize companies thése two groups. This has a
meaningful impact on the results presented inrdssarch.

* The study covers a long period — from 2000 to 281for both private and public
companies.

» This article extends the scarce literature on SRdted to renewable energy and the
natural-resource-based view (NRBV) in the contektremewable and sustainable
energy.

* Finally, the article provides a comparison of paddility between sustainable power
producers and fossil fuel-based ones.

The study is organized in the following manner:tisectwo is devoted to the data and the
methods used. Section three outlines and discubsetheoretical background with a brief
literature review. Section four consists of theutess while a discussion with summarizing
conclusions are in section five.

2. Data and methods

The framework of this analysis involves panel deggressions with fixed and random
models. It is a standard approach when drawinglasimns from cross-sectional and time-
series data (cf. studies of a similar nature: MRdilester [22], Zhang et al. [23], Patari et al.
[24]). Below we describe the type and source ofdéia and move on to explaining details of
the panel data methodology and assumptions. Inr&iguwe present an overall framework of
the data and methods.
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m Time series:
Research question: \__/ - yearly frequency
what determines the financial N~ [-from 2000-2017
profitability of sustainable power \——/
producers in emerging markets ? Cross-section data:

L sustainable energy producers
Thomson according to NAICS —

Reuters Eikon | orth American Industry
database | |~j5ssification System)

- from emerging markets only

- public and private
v 2504 firms

Data preparation and™<
collection

Dependent variables: [Table 2]
- Earnings hefore taxes / Equity (ROE) Independent variables
- Earnings before taxes / Assets (ROA) - their expected impact and economic logic
- motivations (why these?) behind these variables
[Table 1] [Table 1]
Data / method preparation:
J7 é’ - data (Table 2): verification, missing data
elimination,
emerging market specifics (missing data
Method: unbalanced panel)
Panel data models
Statistical tests / specification and robustness:
* Period-specific vs. cross-section-specific models: Standardized Lagrange
Multiplier and ANOVA F-test
* Stationarity of the data: Levin-Liu-Chu unit-root test Methodology dilemmas:
* \White robust coeficients - random vs. fixed effect model considerations
(robust and safer: present both types)
47 - one-way vs. two-way model considerations
/ Research results: \
Tables 3-6
Figure 2

Conclusions, in short:

-the larger the company assets, the more profitable the company is

-producing power from solar resource is more profitable comparing to
wind resources,

-public companies experience lower financial efficiency (but only measured
by ROE),

-with increasing saturation of the market (higher sustainable energy share
in total market) both ROAand ROE decrease,
ert ratios decrease profitability, but onlyin the case of ROA /

Figure 1. Data and methods framework

The financial performance of the analyzed compamieghis study is measured using
variables similar to return on assets (ROA) andrrebn equity (ROE) as the most natural
and popular measures of the economic strengthrragfin other studies, e.g Hart et al. [15],
Ruggiero and Lehkonen [19], Aragon-Correa [25],rBee and Gomez-Mejia [26], Earnhart
and Lizal [27], Hamilton et al. [28]. We used eags before taxes instead of net income in
the nominator of ROA and ROE, as it eliminatesittileience of a country’s taxation system
on the companies’ performance. Nevertheless, weusé the symbols “ROE” and “ROA”
for convenience. As we analyze both public and gtevfirms (i.e., not listed on a stock
exchange, including state-owned enterprises), ottgasures of performance based on market
value (like Tobin’s g or stock returns) are notdise this study. This is because it is not
possible to produce Tobin’s g or similar marketdshsdicators for private companies. The
frequency of our data is yearly.

The independent variables used to explain the ROEQA variation are described in Table
1. There is a strong reason for most of these bigsabeing selected as regressors as they
have been used in similar types of studies. Compapg is measured by the (natural

5
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logarithm of) total assets, as in other works [29.31]. It is assumed that size will positively
affect company performance as it helps to achieam@my of scale advantages over other
companies, which is crucial in the power productisiness. The growth rate of the total
revenues describes the demand for energy and reveanagement efficiency, both of which
have a positive impact on financial performance, lgfata and Okada [10]. Capital
investments are also expected to positively aflR&IA and ROE as they increase the
production potential of the firms. The debt to &ass#io reflects the risk of the company as
higher leverage predisposes companies to a higiagrce of bankruptcy. Also, this variable is
expected to improve financial profitability — taginmore risk should increase the expected
return.

The renewable energy share in the market incorpstleast three pieces of information: (1)
how effectively a given country supports sustaiaahlvestments (e.g., via subsidies, feed-in
tariffs, or special government programs), (2) htov sustainable power market is growing,
and (3) what the potential level of competitiontie industry is. The first two aspects are
positive for a firm’s financial performance, buh@her level of competition has the opposite
effect; therefore, it is hard to predict the coméint sign. Two of the last three regressors
presented in Table 1 take the form of dummy vaesihat categorize the firms into groups of
solar-based or wind-based power producers.

It is hard to predicex-ante precisely the impact that the type of renewablagneased will
have on firm performance. However, based on a tguéslication of the International Energy
Agency [32], we suspect that in most OECD counttiles levelized cost of energy, used to
compare different technologies of electric powerdoiction, is lower for onshore wind plants
than for photovoltaic plants. The last dummy vaeathivides the companies into public and
private ones (i.e., not listed on a stock exchaagd,including state-owned enterprises). The
literature on using this factor as a financial perfance descriptor is scarce. Although some
studies indicate that public companies performebetian private ones, e.g., for the textile
industry in Poland Gajdka and Schabek [33], otligclas suggest the opposite, Allee et al.
[34] or provide mixed results, Coles et al. [35¢ &t al. [36].

Expected sign of

Variable symbol Description the coefficient
ROA (EBT/A) Dependent variable, earnings beforetadivided by total assets N/A
ROE (EBT/E) Dependent variable, earnings beforesakvided by equity N/A

CAPINV Natural logarithm of capital expendituresided by total revenue +
DA Total debt divided by total assets +
GROWTH Rate of growth of total revenue in a giveay +

Electricity production from renewable sources, agdaig
hydroelectric (% of total) in a given year for tbeuntry of a

RESHARE . . +/-
given company. D(RESHARE,2) means the second difife of
the RESHARE variable. Renewable energy market patina.
TA Size of the company measured as a natural loganofttotal N

assets
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Dummy variable equal to 1 if the business desanptif the
SOLAR company includes words like “solar” or “photovottabut does +/-
not include words like “wind,” “hydro” or “tidal,’0 otherwise.
Dummy variable equal to 1 if the business desanptif the
WIND company includes words like “wind” but does notligte words +/-
like “solar,” “photovoltaic,” “hydro” or “tidal,” Ootherwise.

Dummy variable equal to 1 if the company is listeda stock

PUBLIC exchange, 0 otherwise.

+/-

Table 1. Variables used in the study.

Notes: all variables are acquired from Thomson &wsuEikon database, by selecting companies that are
classified under the 2017 North American IndustigsSification System (NAICS) code of 221119 “Other
Electric Power Generation” (NAICS defines selectednpanies as “facilities [which] convert other farrof
energy, such as solar, wind, or tidal power, inézteical energy”).

The Thomson Reuters Eikon database, from where mibghe information about the
companies was acquired, is the main source of fdatéhis study. The Eikon database is
widely used in many fields and has earned a repuatat being a reliable source of data. The
databases of the IMF and World Bank were used tteegalata on electricity production from
renewable sources, excluding hydroelectric. Workmigh data for EMs needs special
attention as, in many instances, the researchdrtriirgl it impossible to use them due to an
incomplete time or cross-sectional series. In #tigly, longitudinal data regression (panel
data regression) is used as the primary researtfodhas it is most suited and is commonly
used for this type of data, cf. Baltagi [37]. Imparfectly balanced panel (i.e., all 18 yearly
observations available across times for all 250dhdianalyzed), we would have received a
total of 45072 cross-sectional observations. Unfaately, because of missing data, it was
possible to use only a fraction of the whole popoia (298 firms regarding ROA and 282
regarding ROE from 16 emerging markets). In Tabl@& maximum number of observations
available in the source database with the correipgmumber of cross-sections (firms) is
presented for each of the variables.

ROA | ROE | CAPINV] DA | GROWTH| RESHARE TA SOLAR WIND mLIC
No.of 1,108 | 987 | 514 1,023 1,595 37,736 237D 45072  25/0%5,072
observations
No.ofcross- | 50 | gy | 54 191 | 513 2,494 554 2504 2504 2,504
sections (firms)

Table 2. The number of analyzed sustainable eneaggd power producers (cross-sections)

and the total number of observations for each tbeia

Notes: the number of observations is equal to theimum of the product of the number of cross-sestio
(firms) and the number of periods (18 years). Beeawt all of the data are available in the daebas work
with an unbalanced panel.

The selection of companies for the study is basadtte North American Industry
Classification System (NAICS), available in Thomd$euters Eikon. The data were acquired
for all available companies classified under th82BIAICS code of 221119, “Other Electric
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Power Generation>For the comparison of fossil fuel-based power poetls, data under
code 221112, “Fossil Fuel Electric Power Generatiare used.A similar way of selecting
firms for a sample was used in the study of P&#tml. [24], where the authors applied
Standard Industrial Classification codes in ordegxtract energy producers.

We gathered data about 21 emerging market coumtrtmst for five of them (Chile,
Colombia, Mexico, South Korea, and Taiwan) we weoé able to acquire necessary data.
Therefore, we excluded them from our sample. Wecsedl this countries because of their
growing importance in the world economy. The coestin our sample are characterized by
relatively higher GDP growth compared to develogednomies. However, it comes at a
price of higher risk and volatility, such as witbrency and the financial markets, but also
foreign direct investments. Although GDP growthhigher, the levels of GDP per capita,
financialization, and total wealth are much lowesmpared to developed countries.
Nevertheless, EM economies are starting to playmgortant role in the global economy
because of population growth and their internaéptél to grow.

To give some perspective of recent trends in thetose we also present a more
straightforward, yet still useful comparison of bdypes of producers, “traditional” (fossil
fuel-based) and sustainable. The sample of foesitdased producers for this comparison
contains available data on 316 companies (119 pabld 197 not listed on the stock market).
A comparison of the financial performance of fogsél and renewable energy-based electric
power producers can be made by analyzing Tablesl 3 a

The unbalanced panel data and the size of thezethgconomies brings one more important
issue — companies from countries might have a lnigiare in the whole structure of the data.
Indeed, this is true for the acquired data, butas unavoidable. Most of the observations (in
the case of ROE, as an example) come from the &igggonomies: Brazil (36%), China
(19%), India (12%) and Thailand (10%). For soméhef countries, parts of the data were not
available at all, so we had to exclude those olagemns from our sample. Therefore, from all
of the acquired data, only a fraction can be ueeaksess the impact of the selected variables
on financial performance. This is the biggest latidn of this study. The sample under
analysis is characterized by an almost equal nurobarbservations of listed (51%) and
private companies, although some of the data aade only for public companies. Finally,
the series of ROA and ROE were adjusted by remothnge observations that take values
above 0.50 (148 observations for ROE and 36 for R@Aorder to avoid bias in the results.

® The NAICS definition: “industry comprises estahlisents primarily engaged in operating electric powe
generation facilities (except hydroelectric, fodsil, nuclear). These facilities convert othemisrof energy,
such as solar, wind, or tidal power, into electrex@ergy. The electric energy produced in thesabéishments is
provided to electric power transmission system® @lectric power distribution systems”.

* The NAICS definition: “industry comprises estahlisents primarily engaged in operating fossil fuelpred
electric power generation facilities. These faet use fossil fuels, such as coal, oil, or gasjnbernal
combustion or combustion turbine conventional stgmotess to produce electric energy. The electrargy
produced in these establishments is provided totredepower transmission systems or to electric grow
distribution systems”.

® Brazil, China, Colombia, the Czech Republic, Huggindia, Indonesia, Malaysia, Mexico, PakistaerP the
Philippines, Poland, Qatar, Russia, South AfricaytB Korea, Taiwan, Thailand, and Turkey.
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From Table 2, we can also see that the variabledpital investments (CAPINV) limits most
of our sample — it has an impact on the total nunatb@bservations used in the regressions
described in equation (1) below.

Because of the missing data, it is only possibleide unbalanced panel regressions in this
study. The panel regression is the standard ecamienbechnique used to draw conclusions
from longitudinal observations, and was alreadydusesimilar studies. Fixed effects (FE)
and random effects (RE) estimations are very ofiessented together in order to prove
robustness and to compare the results of the @ssmader different assumptions. In this
study, following the same approach as in Ruggi@ laehkonen [19], both FE and RE are
utilized. For RE, the pooled estimated generalieadt squares (EGLS) method is used. For
FE, the pooled least squares method (least sqdanesy variable — LSDV) is used.

The general (two-way) model of our panel regressian be expressed as in the following
equation (cf. Baltagi [36]):

Yie = ap + Z;;L:l BiXyit + Vit 6 + &t (1)

where:a, — the constant tern®, — the coefficient related to tHeth explanatory variable,
Xkir — thek-th explanatory variable;, — individual-specific error term (effect), not deylent
on time,d; — the time-specific error term (effect), not deghemt on cross-sections, agd— is
the error term, denoting the rest of the disturbar8ubscripti denotes the individual
company (cross-section), and subsdrgtiands for time.

In theory, we could allow the error termsor §; to vary across firms or periods, respectively.
However, is not possible in our sample to allowva-tvay error term model (i.e., with both
they; andd; terms in the estimated equation) due to the unbath data or singularities in
the estimated matrixes if such a specification ppliad. Therefore, we will conduct the
analysis using only; or onlyé; in (1), i.e., a one-way model. This leads us ®dhestion —
do we apply a structure of the model that includesod-specific or cross-section-specific
error terms? To help select the proper structurehef model (period-specific vs. cross-
section-specific), we used the Breusch-Pagan, Haaruth Standardized Lagrange Multiplier
tests, (c.f. Baltagj37], Moulton and Randolph [38]) for the RE modahd the ANOVA F-
test and Chi-square test for the FE model.

The second issue is to decide what type of modapfy to account for the error termy or
6;). If we assume that the error term can vary rangdne. it is a random variable) and is
independent of regressory(,) then the random effect model (RE) is more appatgr If
the error term is assumed to be a fixed parametepassibly correlated witlXf, ;;), then the
FE would be a better choice, c.f. Baltagi [37]. Hwer, the FE models suffer from losing
degrees of freedom when estimated with the LSDVhowtAdditionally, the LSDV prevents
us from including any variables in the model tha¢ &ime invariant, c.f. Baltagi [37].
Therefore, it is not possible to estimate the FElehavith the proposed dummy variables,
which are naturally time invariant in our samplaltBgi [37] and Green and Tukey [39]
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suggest that if the research focuses on a popnlaeog., if the sample exhausts the
population, or if the analyzed sample is inter@giim itself for the researcher in such a way
that for a particular analysis it can be seen pspilation) then the FE model is appropriate.
On the other hand, when we analyze a small sampteeopopulation and want to infer
conclusions about the whole population, the RE risdeppropriate. In this study, by nature,
we analyze only a small part of the total populatimostly because complete data are not
available. In order to provide robustness of thaults and to show how the assumptions of
each model influence the results, both the FE a@adnRdels are applied and presented in this
study. This is because we are more interested endihection of the influence of the
independent variables on financial performance tharexact value of the coefficient.

Because our data have the structure of an unbalapaeel where the number of cross-
sections (from 45 to 90, depending on the spetifiofis higher than the number of time-
series observations (maximum 18 years) we appled ganel data model as the most
appropriate model (c.f. [18]-[20], [22]-[24], [27]Recently, Gupta [20] used different
specifications but received relatively similar iésdrom all of them. For unbalanced data,
nonlinear models require rigorous assumptions, ettt unbalanced data, unobserved
heterogeneity cannot be totally eliminated. Addiity, missing observations prevent us
from using these models. In the case of the dagal us our study, we deal with missing
observations (unbalanced panel). This is, howewsgvoidable when studying emerging
markets. Besides the comparisons related to fixedrandom data models and one-way and
two-ways models mentioned earlier, we applied &mlthl, different methods of estimating
the covariance structure. The methods that we eghphre: the seemingly unrelated
regressions (SUR) cross-section, and SUR- peribus.difference between these methods is
that the SUR cross-section allows for conditioratelation between corresponding (in time)
residuals for a cross-section, but assumes thatrgbieluals in different periods are not
correlated. Meanwhile, SUR-periods allows for det@arelation between residuals for the
same cross-section, but does not allow correlabetween different cross-sections. These
methods did not provide different results than ¢hpsesented by the White (cross-section)
method. The advantage of the White standard ereshadl is that it provides robust results
that are not significantly different from other speations. The main difference between the
White method and the SUR method is that the rel8dar@ replaced by moment estimators
for the unconditional variances in SUR. In practize did not observe relevant differences in
the results yielded by these methods. For brewtyhave not provided the results from the
other specification, but they can be supplied quest.

We could not apply multiple time series regressitwesause the number of dependent
variables is relatively high compared to the lengtindividual time-series (maximum of ten

observations) and this would impair the level o# tegree of freedom in the regressions.
Also, the cross-sectional regressions would suffem many missing observations and
provide biased results. The same applies to dynamdaels: firstly, we are more interested in
a static framework; secondly, it is not possibleapply these models to all of the presented
specifications, because for some variables onlyalrservation of the cross-section can exist.
This is natural for data describing emerging marketfor example, a given company can
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have an observation in a given year; then theaeheak for the next year, and then there are
data for subsequent periods. In such a case, wd noticalculate the differences between the
observations, nor could we apply the dynamic modéierefore, we use a panel data model
(fixed and random) as in similar studies. Advansagieusing this method include (cf. Baltagi
[37]: control for heterogeneity, provide more infative data, panel data give more degrees
of freedom and less collinearity, panel regressamesbetter to analyse adjustment processes,
they are better suited for testing more complicéelsavioural models.

We applied the Hausman test to verify the spediboaof our equations. With non-rejection
(p-value equal to 0.40 for ROA, and 0.33 for ROgressions), we assume that the RE model
(in which the regressors are assumed to be exogeabthe random individual effects)
performs better as our main specification. Nevédedg for robustness, we also provide the
FE model results. Later on, we will see that theults are mostly similar for both the FE and
RE models. All the variables in the study weredédbr stationarity by the Levin-Lin-Chu
test (c.f. Levin et al. [40]) and the presence ohd root was found for one variable, namely
the share of electricity production from renewablergy (RESHARE). Second difference
was applied, and subsequently, RESHARE becamessayi.

3. Theoretical background

Before approaching the topic of our study, we catelth a very thorough literature research.
We were surprised that there are only a few rela@gers; thus, closing the gap in the
literature was one of the motivations to conducd gtudy. We are not aware of other papers
that would cover the same range, i.e. firm-leveladiom 16 emerging markets, or that
introduce dummy variables like private/public comiea or solar/wind type of energy for
firms that produce power only from renewable sosirce

The theoretical foundations of the studies relatethe financial performance of sustainable,
environmentally-friendly entities are presentedwo different strands: The natural-resource-
based view and socially responsible investing. NRBY implies that sustainable companies
can gain an advantage over non-green companiesghangerformance of sustainable firms
has been the subject of several studies. Howekeset studies usually concern developed
economies and are not always energy-sector focutadt.and Ahuja [15] used a sample of
500 U.S. firms to check if a reduction in pollutiproduced by these companies impacts their
financial performance. They concluded that, usyalig marginal benefit from any reduction
in pollution is lower than the marginal cost. Ndheless, the biggest polluters can gain by
reducing their pollution trace. King and Lenox [X8]alyzed U.S. companies and concluded
that it is generally worth “being green”, but thelationship between performance and
sustainability is not obvious and depends on filaracteristics.

Gupta [20] analyzed alternative energy companies,nostly from developed economies.
Panel regressions were used to describe the esatass of alternative energy firms, but only
publicly traded ones. The results indicate thatwgng prices of oil and technology stocks
positively impact alternative energy stock returmsagon-Correa [25] discussed the
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relationship between business strategy and appesaolthe natural environment in a sample
of 105 Spanish firms. A proactive approach in twnf of corrective and preventive measures
was identified, with the conclusion that compamedias an impact on the amount of training
related to the environment. Ernhart and Lizal [2i8ed panel data of emerging-market
companies from the Czech Republic for the perio€l618998. They concluded that better
pollution control neither improves nor underminesahcial success. Most of these studies
focused on the financial performance of firms regay their decisions on sustainability. By

contrast, our study focuses on the financial perforce of emerging markets firms that
produce power (only) from renewable resources. Tmsinguishes our analysis and adds
value to the current literature.

The SRI literature suggests that market particgardn invest in socially responsible
instruments, not only for financial reasons bubatsoral ones. Such investments can also
bring abnormal returns, c.f. Brzeszagki et al. [41], who found that self-regulated
companies in Poland are neither penalized nor dedafor belonging to SRI index. The SRI
literature often focuses on the performance of alycresponsible companies (in a broad
sense, not only environmentally), especially pubhes. This is because it is much easier to
use the market value to compare companies andemaben given explicitly, as indicated by
Bohl et al. [42]. As such, diversified market inglicare used in these kinds of studies, with
little attention paid to specific sectors, like pawroduction. Our study differs in this matter
as we include private companies in our analysis.

Additionally, the SRI literature on emerging maskes much less developed than that related
to advanced economies. A great number of SRI studisal with developed markets, but as
they provide insight into SRIs and evaluate SRfgrarance, none of them directly relates to
the financial performance of clean power producgremerging markets. Nakao et al. [11]
investigated almost 300 firms listed in Japan. Thesults indicate that ROA, earnings per
share, and Tobin’s q are positively influenced biyrra’s environmental performance when
measured by scores from the Nikkei Environmentahdgement Survey. Hamilton et al. [28]
analyzed the performance of 17 U.S.-based sodiefigonsible mutual funds and concluded
that the characteristics of these funds are noaegrby the market, i.e., investors do not lose
or gain by investing in them. Lean et al. [43] isttgated the performance of U.S and
European SRI funds. Between 2001 and 2011, thes#s fautperformed the index, but the
authors did not find strong evidence for the péesise of these rates of returns. Auer [44]
generally confirms Hamilton et al.’s [28] resulésuer’s findings also suggest that because of
a loss of diversification, positive screens (addB8Rjl to a portfolio) can destroy a portfolio’s
value. Although Brzeszcagki and Mcintosh [45] found that British SRI stocgerform
better than general stock indices, their resultewet statistically significant in the analyzed
period of 2000-2010.

The topic of SRI has a much longer history in th&.Uwith Moskowitz [46] introducing
considerations about these kinds of investmenitisarearly 1970s. The trend later appeared in
Western Europe, as reported by Scholtens [47], wbenmark became one of the first
countries to have a bank totally dedicated to S®Riinrgs and loans. With the growing
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popularity of SRI, these kinds of investments appeared in the mutual funds part of the
capital market. Statman [48] analyzed these fursiisguthe Domini Social Index, and found
that they do not perform worse than the averageS®hmutual fund. Syed [49] presented
very similar conclusions, but regarding UK and Fefestocks. Yu et al. [50] analyzed a large
group of firms across 47 developed and emerging@oes. Their results indicate that for
companies exercising environmental, social, andegwance (ESG) transparency, financial
performance measured by Tobin’s g increases. Thétseof a recent study by Brzeszagli

et al. [51], which focused on companies represgntire energy and resources sectors,
indicate that SRI indices, especially from the Altgive Energy and Gas sector, are among
the best performers, with annual rates of returnakdo 9.44%. However, 16 of the 19
countries in that study are developed economiessd&hresults underline the need to
investigate the performance of renewable energypse@specially from emerging markets.

Studies that focus specifically on SRI in emergmgrkets are relatively scarce, although
their number has started to grow. In recent ydarsgxample, there have been some studies
related to emerging markets. Adamska et al. [5@iceted that post-communist countries are
far behind developed economies in the creationRiffénds, suggesting that weaker financial
development can be the cause of such dispropoBireszczyski et al. [53] indicated that
SRI stocks are relatively less risky (measuredhieyiteta parameter) and perform surprisingly
well on the Polish stock market. Using the Poliglergy market as an example, Janik [54]
described the challenges that coal-dependent edea@ncounter. Janik and Bartkowiak [55]
compared the SRI indices in Poland and AustriayTdumcluded that the process of selecting
companies to be a member of the index is differerthese markets and it impacts the risk-
return properties of portfolios.

Erragragui et al. [56] analyzed the ethical aspettSRI in developed economies and three
emerging markets (Brazil, India, and South AfricBhey concluded that investing in ethical
indices can yield abnormal returns, especiallynres of a market downturn. Sonnenberg and
Hamann [57] reported on the development of SRIant® Africa, concluding that that there
is an improvement in the scope and depth of coeedgustainability reports provided by
South African companies. They also concluded timdy a few reports include quantitative
data and third-party verification. Mandelli et fd8] provided a review of sustainable energy
in African countries. They indicate that a lack ajordination with other challenges in
African economies and the fragmentation of poli@es the most important problems in the
development of sustainable energy in Africa.

Chelawat and Trivedi [59] studied the impact of SRileening on investment performance in
India. They concluded that SRI-screened stock plard bring higher returns compared to
benchmark, but their study does not consider sizarioe-to-book value factors. Sudha [60]
also analyzed the Indian stock market and presetmedlusions similar to Chelawat and
Trivedi’'s. However, she underlined that there ignametry in the volatility of SRI indices.
Also analyzing SRI in India, Tripathi and Bhandfsil] concluded that investors are not
penalized for investing in ethical or socially reapible assets. These findings are similar to
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results of many studies from developed market. &ain, these studies do not focus on the
energy sector.

He et al. [62] investigated 141 Chinese renewabkrgy companies and the indirect effects
of bank credit on this sector. They indicated tlemewable energy firms lower the amount of
loans when there is an increase in their greemndiaa development. Chang et al. [63]
analyzed a cross-section of 35 publicly trade Gdeneompanies from renewable industry
between 2010-2017. They investigate total investnediiciency, pure technical efficiency
and scale efficiency. They conclude that suppothéindustry (like tax rebates or subsidies)
have positive and significant impact on all thrgaes of efficiency measured.

Marti-Ballester [64] asked if renewable energy nalifuinds help to switch to a low-carbon
economy. The results suggest that these mutualsfyreld similar returns to the market
benchmark but underperform when a specialized beadhis used. Additionally, size and
SRI certification do not affect their excess returtbarloza et al. [65] investigated the
financial performance of Spanish photovoltaic egemroducers. They concluded that
although the sector of renewable (solar-base) gnprgducers was profitable, after the
financial crisis of 2008, the cost of debt was kagh to allow it to develop, especially with
tightening financing conditions. Therefore, inveshts in new photovoltaic plans
significantly decreased in Spain.

Shimbar and Ebrahimi [66] assed political riskhe tontext of evaluating renewable energy
investments using a case study of Iran’s developganomy. They introduced a modification

to the classical risk evaluation model and condutthait the altered version, which included
political risk factors, may yield different (andgtive) results compared to classical methods.

Publications that utilized panel data from morentlteme EM and that draw conclusions
regarding renewable energy and financial perforraame scarce. By conducting our research
for a specific sector (electric power producershjol is important in the context of recent
environmental challenges, we fill this gap in ther&ture. To the best of our knowledge, this
is the first study that uses longitudinal data twe tprofitability of sustainable energy
producers for both private and public companieglgolrom emerging markets and with
dummy variables representing solar and wind regsurc

The literature that relates to financial performaand involves company-level panel data on
producers from different EM countries is even lessmon. A few examples of panel studies
that relate to our topic are mentioned below. Inm study, we use the well-established
methodology of panel regression, as in other studigy., Nepal, Jamasb and Tisdell [18],
who applied it when analyzing the impact of ecormmaforms on CO2 emissions. They
discovered that the main forces that helped toaediO2 emission come from the economic
ellciencies that result from market reforms. Receri@lyggiero and Lehkonen [19] applied
panel data linear regression to measure the ingfagsing sustainable energy by 66 large
electric companies. Their main results indicatet tha increase in renewable energy
penetration has a negative impact on financialgoerdnce (FP), an increase in debt ratio
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decreases FP, and size has a positive influené®oklVe have validated and confirmed these
results, but we introduced new important varialtheg had not been investigated previously.
This allowed us to deepen and extend Ruggiero ah#tdnen’s findings.

We utilized similar control variables, but our sgudiffers significantly from the latest
literature in several important aspects. Firstlg, &0 not analyze companies from advanced
markets — we study only emerging market compariiks.total number of companies in our
dataset is 2504, although the majority of them hangsing data. Nevertheless, we utilized
between 45 and 90 firms (depending on the regnesgecification) in our regressions, which
Is a large number, relative to other studies. Seigothe most recent studies did not consider
private companies. This inclusion is particulamgportant, as non-stock exchange-quoted
firms may have different properties than public grend this significantly impact the results.
The third important distinction is that previousdies focused on firms that do not specialize
solely in the production of green energy but thaghthproduce it as part of their (energy) mix
of renewable and fossil resources (e.g., a trasiticoal-fueled company that also produces
some of its energy from a renewable source).

Therefore, previous results (e.g., the negativeachmf debt ratio or renewable energy
production on financial performance, as reportecRinggiero and Lehkonen [19]) could be
the effect of these firms not specializing. Alsb,mplies that they can use resources in
activities in which they do not have advantageg.(eknow-how or experienced human
capital). Companies can do this because of reguisiihat penalize for production only from

fossil-fuels or that are directly enforced by leghligations, for example. Alternatively, there

may be government incentives to produce a certamouat of energy from renewable

resources.

In our study, we selected companies that are filkedsas “other electric power generation.”
Acknowledging that some companies may also usal fiegds as part of their business, we
believe that the North American Industry Classiima System is a valid source of
information. It clearly distinguishes between typdsproducer and is used by US federal
statistical agencies. This leads us to an intergsjuestion for future research: what would
the relationship between renewable energy productial financial performance look like if
it were tested for companies that specialized ¢atymostly) in clean energy production?
Unfortunately, due to data limitations, we were abte to directly investigate this, but it
leaves room for future research. Our results vaidRuggiero and Lehkonen’s [19] outcomes
related to the relationship between selected inudg@ variables but for a larger number of
renewable energy producers from emerging market&llf, our study incorporates new
variables that introduce new information: the lefgain and the type of resource used (solar
vs. wind).

Other recent examples where a panel regressionapplsed include the works of Marti-
Ballester [22], Zhang et al. [23], and Patéri et[a#l]. Marti-Ballester [22] applied a panel
data model for a large sample of multinational cames and investigated if implementing
sustainable energy systems has an impact on falaperformance. They found that using
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renewable energy systems does not statisticallya@inphe financial performance of the
analyzed companies. Of course, our study diffessnfiMarti-Ballester [22], as we analyze
power producers (the supply side) as opposed tsurners (the demand side).

Zhang et al. [23] provided insights into the ralaghip between renewable energy producers
in China, their political connections, and the sdies they receive from the government. In
their panel data models, they describe ROA for wamil solar energy producers using
dummy variables to represent managers’ politicainections, government subsidies, and
control variables like capital intensity and themortion of the largest shareholders in total
shares. They concluded that subsidies have a y®atid significant impact on financial
performance, but the political connection impaird hese results apply to the whole group of
companies, both wind and solar, but surprisindigytare not significant if only solar-based
companies are analyzed.

As in our study, Patari et al. [24] utilized pamigta in their research. They concluded that
corporate social responsibility (CSR) influences tharket capitalization of energy-sector
companies, but changes in CSR concerns have aedielapact on ROA. However, they used
a small sample (14 firms) of public companies amdribt focus on emerging markets. Also,
they tested the effects of overall CSR on finangarformance, whereas we assess
companies’ financial characteristics (like debt @sdets) together with their legal form and
type of energy used. While they studied energyesdoins (most of which are “traditional,”
fossil fuel-based companies from advanced econgmigsstudy only renewable companies
from emerging markets..

Brzeszczyiski et al. [51] analyzed the stock market perforogarof publicly-quoted
companies from the energy and resource sectorsatkatlassified as socially responsible
investments (SRI). They found that changes in tieeof crude oil have a stronger impact
on the performance of oil-related stocks compaocedan-oil related stocks. This result may
suggest that non-oil-based energy companies cae s&r a hedge (protection) against the
inflation of oil prices. This underlines even mane importance of studying the performance
of sustainable companies. They emphasized that #tedy refers mostly to developed
economies, and there is a need for similar resear@merging markets.

4, Reaults

Before moving to the panel data model, we briefynpare the data for last five years
between fossil fuel (“traditional”) power produceasd renewable energy-based producers,
which can shed some light on the current statdh@fenergy industry in emerging markets.
For both types of producers, we notice that listethpanies were more efficient than private
ones. However, this difference is getting smallethwiime, and in some years, private
companies performed better than public ones. Theestf listed entities in the total revenues
for renewable energy-based producers is much sni{alléhe whole period: 48%) and has
declined over time, while for “traditional” produsg it is stable and at a high level of 93%.
This, combined with the rapid increase in the numbé private companies in the
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“renewables” segment of the market, shows how dyndhe renewable energy part of the
market is compared to “traditional” producers.

Generally, we observed that during the period 22087, traditional producers performed
better. However, with time, there was a strong dreamong the renewable producers to
increase productivity: EBT/E (earnings before tée@sity) grew from 2% to 15% while for
fossil fuel-based producers, the EBT/E decreasea 4% in 2013 to 9% in 2017. Such a
change might have been caused by the increasedertfy of the equipment used in
renewable production and the higher cost of CO2ssiom rights borne by traditional
producers. It is important to remember that theagaktsented in Tables 3 and 4 show the
characteristics of the whole industrye., aggregated indicators. For example, EBREE)

for 2015 (“renewable” public and private power prodrs) is calculated as the sum of
earnings before taxes of all 137 companies divibgdhe sum of the equity for all these
firms, while in the panel regressions, our depehd@miables are the individual ratios of
EBT/E (ROE) and EBT/A (ROA). Figure 2 provides aedi comparison between fossil fuel
and renewable energy producers in terms of ROEthaddevelopment of the number of
companies in the market. It allows us to see gfetlie recent drastic improvement in
financial performance despite growing competitiomoag sustainable power producers.

| 2013] 2014] 201§ 201p 2017 2013-2017
Renewable - public & private
ROE (EBT/E) 2% | 11% 8%| 11% 15% 10%
EBT/S 2% | 9% | 7%| 10% 12% 8%
S/IA 0.31| 0.29] 0.29 0.28 0.37 0.31
AJE 3.27| 4.25| 394 392 35b 3.76
PUBLIC 57% | 54%| 50% 47% 37% 48%
Renewable - public
ROE (EBT/E) 11%| 139 9% 12% 13% 12%
EBT/S 9% | 12%| 8%| 13% 16% 12%
S/A 0.33| 0.29| 0.27 0.2% 0.2b 0.28
AJE 3.60| 3.77] 3.75 356 3.31 3.58
Renewable - private
ROE (EBT/E) -6%| 9%| 7%| 10% 18% 7%
EBT/S 1% | 6% | 5%| 7%| 9% 5%
S/IA 0.29| 0.29| 0.31 0.30 0.51 0.34
AJE 2.95| 5.01| 4.17 439 3.90 3.99

Table 3. Performance of renewable energy-basettielpower producers, 2013-2017.
Notes: the row titled “public” presents the shafdatal sector revenues assigned to listed compaf8T —
earnings before taxes, E — equity, S — sales, gseta.

The main trends in both Tables 3 and 4 show areass in profitability for sustainable
producers and a decrease for fossil fuel-based diesis driven by all three financial ratios
presented in Tables 3 and 4. Renewable producgrsrierce an increase in gross profit
margin (EBT/S) from 2% to 12%. Meanwhile, non-sirstble producers recorded a decrease

® Therefore, they are not comparable with the resafithe panel regressions.
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582 from 11% to 8%. Renewable producers were abledease asset turnover (S/A) from 0.31
583 to 0.37 and increase leverage (A/E). All of thessifive changes go along with increased
584  competition, measured by the total numbers of cangsa Overall, as shown in Figure 2, the
585 financial performance of sustainable producersihasased in recent years, in contrast to
586 traditional power producers. In the next part, wal wWiscover the main variables that
587 determine this performance.

588
| 2013| 2014] 201§ 201p 2017 2013-2017
Fossil - public & private
ROE (EBT/E) | 14%| 149 13% 8% 9% 12%
EBT/S 11%| 11%| 1294 8% 89 10%
SIA 0.39| 0.37| 034 033 0.35 0.36
AJE 3.15| 3.27| 3.16 3.20 3.1B 3.19
PUBLIC 94% | 93%| 9294 94% 93% 93%
Fossil - public
ROE (EBT/E) | 15%| 149 14% 89 9% 12%
EBT/S 12%| 12%| 13% 7% 89 11%
SIA 0.39| 0.35/ 0.33 032 0.3¢ 0.35
AJE 3.18| 3.35| 3.26 3.27 3.24 3.26
Fossil - private
ROE (EBT/E) 0% | 5%| 3% 11% 89 6%
EBT/S 0% | 3%| 3%| 12% 8% 5%
SIA 0.50| 0.69] 0.61 0.38 0.4B3 0.51
AJE 2.69| 2.01] 199 242 2.34 2.28

589 Table 4. Performance of fossil fuel energy-basedtet power producers, 2013-2017.

590 Notes: the row titled “public” presents the shafdatal sector revenues assigned to listed compaf8T —
591 earnings before taxes, E — equity, S — sales, gseta.
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Notes: columns (right axis) indicate the numbecafhpanies by each type of producer; lines (lefs)agresent
the return on equity.

The formal panel regression models provide morglmsinto the factors that shape the
financial efficiency of individual renewable eldactrpower producers. Using standardized
Lagrange multiplier tests for RE, we rejected thél hypothesis that there are no cross-
sectional effects. However, we were unable to tgeximilar hypothesis regarding the period
effects. The F-test and Chi-square test for FE ywwed similar results. Therefore, the time-
specific error termd;) was removed from the general model presentedjuateon (1). The
cross-sectional RE and FE model estimations for RO& ROA are presented in Tables 5
and 6.

The outcomes of our analysis, presented in Tablaadb6, are in line with the results of a
recent study by Ruggiero and Lehkonen [19], whichswconducted using a similar
methodology, but mostly for developed countrieswieer, there are significant differences,
notably the impact of debt on performance. The tiebissets ratio with a negative coefficient
indicates that, in the short term, taking on moebtddecreases performance. Interestingly,
this does not apply to ROE, indicating that higlisbt does not necessarily impair
performance in the eyes of the (equity) ownersllibut one of the model specifications, the
size of the company (measured by total assets}iyagiinfluences performance (for both
ROE and ROA), which implies that being a larger pany in the electric power industry
helps to achieve better financial results. Onehef most interesting results not reported in
other studies shows that firms that mainly prodeleetric power using solar energy are more
efficient than the rest of the analyzed companies.

1 2 3 4
RE RE RE FE
Coefficient p-val |Coefficienf p-val |Coefficient p-val | Coefficient| p-val
CAPINV 0.00 0.83 - - 0.00 0.97 0.00 0.85
DA -0.06 0.26 -0.02 0.39 -0.03 0.44 -0.08 0.18
GROWTH 0.00 0.40 0.00 0.71 0.00 0.4B 0.00 0{23
D(RESHARE,?2) -0.01* | 0.0 -0.01* 0.02 -0.02*4 0.04 .02 0.19
TA 0.02** 1 0.01 | 0.01*** | 0.00 0.02** 0.01 0.04** 0.6
TIME -0.01*** | 0.00 | -0.01** | 0.00 | -0.007***| 0.00 -0.01*** | 0.00
SOLAR 0.18* | 0.03 0.14 0.10 - - - -
WIND 0.04 0.11 0.02 0.32
PUBLIC - - -0.09** | 0.00 - - -
Const. -0.30* | 0.05 -0.01 0.88 -0.17| 0.18 -0.52 0{12
No. of obs. 299 373 299 299
No. of cross-sections 45 82 45 45

Table 5. Estimations of panel regression coeffisidor ROE

Notes: *** ** * . estimates statistically signifant at 0.01, 0.05 and 0.10 p-value levels. RE RBdmean
random effects and fixed effectsgspectively. Robustness: White robust coefficiaars presented, standard
coefficients are available upon request, but thé@y mbt change significantly from those presentetie T
specifications presented in Tables 5 and 6 reptesgnparable random and fixed models (columns 343nth
columns 1 and 2, we present only the random modelsa fixed effect model cannot be created for time
invariant variables (our dummies). Because of th&a @omposition (capital investment data are abvklanly

for public companies), we ran regressions withedéht specifications, as presented in columns 122a@blumn

1 represents only public companies (as in columran@ 4), whereas the results in column 2 reveal the
significant factors for a wider available set ofqanies (and observations): public and private.
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Wind energy-based producers do not seem to gaitti@ul efficiency, although when we
consider the public companies dummy, the “solarhthy is no longer significant (p-value
slightly above 0.10). Lower efficiency is observied listed firms, as the coefficient of the
“public” dummy remains negative for ROE. As theseiables have not yet been tested in the
literature, they add an important contribution e field. However, at the same time, we
could not compare the sign of the estimated parnsetith the results of other studies. The
second difference of the share of electricity patdun marked as D(RESHARE,?2),
significantly influences the ROE and ROA. In botises, the coefficient is negative, which
would suggest that the more saturated the matketowver the financial performance of the
analyzed firmsgeteris paribus. In the next part, we will discuss the resultgieater detail.
Briefly summarizing main points derived from Tabteand 6, we notice that:

» the greater the company’s assets, the more prigitie company is confirming
results of previous studies,

» producing solar energy is more profitable compaoedind energy,

* public companies experience lower financial efficig (but only measured by ROE),

» with increasing saturation of the market (a high#stainable energy share in the total
market), both ROA and ROE decrease,

» debt ratios decrease profitability, but only in tase of ROA.

1 2 3 4
RE RE RE FE
Coefficient{ p-val | Coefficient| p-vall Coefficient p-val Coefficientp-val
CAPINV 0.00 0.99 - - 0.001 0.90 0.00 0.87
DA -0.11** | 0.00 -0.01 0.84| -0.10** | 0.00 -0.14**| 0.00
GROWTH 0.00 0.26 -0.001* 0.09 -0.001 0.16 0.00 0|34
D(RESHARE,?2) -0.01* 0.03 -0.01** | 0.00 -0.01***| 0.0Q -0.01** 0.02
TA 0.01*** 0.00 0.00 0.56 0.01* 0.03 0.02* 0.05
TIME 0.00 0.18 0.00 0.24 0.00 0.31 0.00 0.15
SOLAR 0.09*** 0.01 0.04 0.35 - - - -
WIND 0.03 0.24 0.00 0.95 - - - -
PUBLIC - - -0.03 0.17 - - - -
Const. -0.15* 0.05 0.11* 0.04 -0.08 0.27 -0.29 0.11
No. of obs. 325 412 325 325
No. of cross-sections 45 90 45 45

Table 6. Estimations of panel regression coeffisidor ROA

Notes: *** ** * . estimates statistically signifant at 0.01, 0.05 and 0.10 p-value levels. RE Rdmean
random effects and fixed effectsgspectively. Robustness: White robust coefficiearts presented, standard
coefficients are available upon request, but thé@y mbt change significantly from those presentetie T
specifications presented in Tables 5 and 6 reptesgnparable random and fixed models (columns 343nth
columns 1 and 2, we present only the random moedealsa fixed effect model cannot be created for time
invariant variables (our dummies). Because of tha @omposition (capital investment data are abklanly

for public companies), we ran regressions withedéht specifications, as presented in columns 12a@blumn

1 represents only public companies (as in columran@ 4), whereas the results in column 2 reveal the
significant factors for a wider available set ofqanies (and observations): public and private.

5. Discussion and conclusions
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In this research, we found variables describingithencial performance of sustainable power
producers from emerging markets (EM). This studgsadovel results to the current state of
the art because: (1) our results include new ingportvariables (solar- or wind-based

producers), (2) we avoid the limitations of prewaiudies in which the analyzed companies
produced a mix of fossil fuel and clean energy potsl — this impacts robustness of the
results; (3) we analyzed both public and privateganies, and (4) we studied important and
growing economies from emerging markets (EM) oviemg period (2000-2017).

We applied a set of panel data regressions in aodielentify relevant variables. This method

is used in most previous studies and matches thgtilminal character of the data. We

introduced fixed and random effects, and in oradeprovide further robustness, we used a
battery of statistical tests in our models. Théiahiresults of the study are listed below. The
last three conclusions deserve broader discussiuich follows later.

* Generally, in recent years, renewable energy prducave improved their financial
performance compared to fossil fuel producers @ ahl

* Return on equity (ROE) and return on assets (RO8)pasitively impacted by the
size of the company. This confirms previous finding

e Using solar energy generally increases ROE by GriBROA by 0.09. By contrast,
wind-based power production does not have a stailst significant effect on
performance.

e The share of electric energy from renewable soult®s a negative impact on
financial performance (ROA and ROE decrease by)0.01

* Public companies seem to have lower ROE (by 0#)ROA is not affected by the
legal status.

e The level of debt (which could be a measure of)iisipacts ROA but not ROE.

In contrast to other studies, we focused exclugieel EM and only on sustainable energy
producers. Moreover, we introduced novel variablesexplored previously, i.e., the type of
renewable resource used to produce energy (solawwsl) and the legal form of the
companies (private vs. public). For this reasomn, canclusions can also be extended to
private companies. This approach and our resutlicate that different sets of variables can
play an important role in explaining financial pmrhance, depending on how we measure
this performance.

In the case of ROA (earnings before taxes/totaktagsthe debt to asset ratio significantly
decreases short-term performance, whereas, in #se ®©f ROE (earnings before
taxes/equity), such an effect does not exist. @Qrerpretation can lead to the conclusion that
because performance increases when companiessadresr assets (total assets significantly
and positively impact both ROE and ROA), firms ably take on more debt to finance new
assets, leading to higher interest expenses dawgeaarnings. These decreased earnings, in
relation to higher total assets, cause a lower R&®, but they do not have a great impact on
ROE as equity did not increase (it might even deszan the case of an accounting loss).
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Why is such a mechanism visible in the case ofweide energy producers? Sustainable
power production demands technologically advancgdipenent, which usually becomes

obsolete much faster than in traditional sectorsis Tcan explain why, in Ruggiero and

Lehkonen’s [19] study, both ROA and ROE decreas¢hasdebt to asset ratio increases.
Firstly, the firms in their study do not represamily renewable producers, so the firms’

equipment is more probably “technology-resistamt” the sense that there is a mix of
renewable and traditional (fossil-fuel) assets thate a different economic life expectancy
(depreciation). Secondly, if the analyzed compaaiesquoted on the stock market (public
companies), it allows them to finance assets byeaming equity in a relatively faster and

easier way. If such assets start to become obsamhetgenerate less profit, it is also visible in
ROE, as lower profits are now divided by higherigqu

This study provides comprehensive results thatedifrom other investigations, and it
contributes to the literature because we also dsgéa from private companies. These results
should attract more attention for future researckhe area of the profitability of renewable
energy producers, especially including private canmgs in the analyzed sample; thus, we
encourage other authors to develop this topidsti eaises interesting possibilities for future
studies in this area, e.g., what would the relatiom be like between renewable energy
production and financial performance if it weretéglsfor companies that specialized only (or
mostly) in clean energy production? Ruggiero antlkbo@en’s results [19] suggest that this
relationship is negative, but it should take into@nt the companies’ specialization. Perhaps
researching companies that produce energy whicltharacterized by, e.g., an 80%
(renewable) and 20% (fossil-fuel) mix would bringmpletely different results than firms
with, e.g., a 20% (renewable) / 80% (fossil-fudtysture.

The conclusions drawn from the results presentee halicate that the most important
“standard” factors that shape the short-term firgngerformance (measured by both ROA
and ROE) of renewable electric power producers feonerging markets are the size (total
assets), debt, and market penetration. New vasatilat significantly impact financial
performance include dummies representing the typerewable energy used (solar/wind)
and the legal form (public, listed companies). Battalyzed variables (ROA and ROE) are
described by a slightly different set of explangtoariables. In the case of both ROA and
ROE, the “renewables” penetration of the market dasgnificant and negative coefficient.
This is partially expected and natural — as memiibpreviously, market saturation contains at
least three pieces of information: (1) how efficigngovernments support sustainable
investments (the effect is generally long-term ausitive), (2) how fast clean energy
production is growing (an ambiguous effect on peniance), and what seems to be the most
important, (3) what the level of competition isthe market.

Our results indicate that greater competition hagegative impact on short-term financial
performance. This is an important conclusion in tatext of political decisions when it
comes to supporting new companies entering thevaole energy market. The last important
conclusion from the study indicates that althougbtanable electric power producers (as a
whole sector) experienced lower financial efficignio the 2013-2017 period, recent years
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have brought a significant increase in financiatlicators for renewable energy-based
producers and a decrease for producers using fioedd. This outcome is in line with the
results of a recent study by Brzesztsi et al. [51] that examined the performance of SR
companies that represent energy sectors in dewklepenomies. The growing number of
firms in the sustainable part of the electric powector (from 89 in 2013 to 281 in 2017)
suggests that it is becoming more and more prdéitai deliver electric power in a cleaner
and more sustainable way.

Naturally, our study has certain limitations, inrtgaular, unbalanced panel data with the
dominance of larger economies (Brazil and China) ameneral lack of available data. This
is especially visible when emerging markets aresihigject of analysis. Nevertheless, these
obstacles are hard to avoid. We focused on shar{performance and leave long-term-based
studies for future research as data become moikalblea Measuring the direct impact of the
production of (only) renewable power vs. the pdgsitigher marginal cost of sourcing
renewable energy, especially via non-centralizedividual systems, is another challenging
research topic where sustainability and the firginperformance of the system can be
investigated.
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commercial, or not-for-profit sectors.
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