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ABSTRACT: This paper examines the performance dynamics of renewable and non-renewable energy portfolios by analyzing 
the relationship between volatility and returns. Using a dataset of daily closing prices from 2021 to 2024, covering eight stocks 
each in the renewable energy and non-renewable energy sectors, and the NASDAQ Composite Market Index, the study identifies 
a distinct risk-return trade-off among all benchmark portfolios. The findings show that the non-renewable energy portfolio 
exhibits higher returns but also increased volatility, highlighting that greater risk is associated with greater returns. In contrast, the 
renewable energy portfolio demonstrates the highest average volatility while producing relatively low returns, suggesting it may 
not be an efficient investment choice. However, the diversified composite energy portfolio successfully generated higher returns 
than the market while offering lower risk in terms of volatility. The paper concludes that investors in the energy sector must 
navigate different risk preferences: those seeking higher returns may be drawn to non-renewable energy, while those prioritizing 
stability in an evolving energy market may prefer to diversify their portfolios with some renewable energy stocks. These insights 
offer valuable information for portfolio construction and risk management strategies.  
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�   Introduction
In recent years, the renewable energy sector has grown in 

popularity and size within the world of investment, driven by 
increasing awareness of climate change and the transition to 
sustainable energy production. However, investors must navi-
gate the unique complexities of risk-return relationships when 
investing in this field. This study aims to analyse the volatility 
and return of five distinct portfolios, composed of renewable 
energy, non-renewable energy, the market index, a composite 
energy portfolio, and a combined portfolio.

A consensus in the existing literature states that risk and 
return form a direct, positive correlation. An investment 
with higher risks generally requires higher returns for it to be 
considered reasonable and efficient.1 This fundamental rela-
tionship underpins modern portfolio theory, as introduced by 
Markowitz.2

Risk in the context of investment is defined as the potential 
for the actual returns to differ from expected returns.3 This di-
vergence typically involves the possibility of losing some or all 
of the original investment, while also referring to the variabil-
ity of returns around the expected outcome. Although risk is 
difficult to quantify, it can be assessed using several indicators.

Firstly, the uncertainty of returns is captured by volatility, 
which measures stock price fluctuations over time. Higher 
volatility typically indicates greater risk. Standard deviation 
provides a similar measure of dispersion, indicating the extent 
to which returns deviate from their mean. This addresses the 
fundamental characteristics of risk.

Risk can be further categorized into systematic and unsys-
tematic risk. Systematic risk, also known as market risk, arises 
from broader economic variables such as recessions, inflation, 
and changes in interest rates. This cannot be mitigated effec-

tively through diversification as its impact radiates throughout 
the entire market, though in varying degrees. Unsystematic 
risk, on the other hand, is company or industry-specific and 
can be reduced through diversification.4

This study provides a comprehensive analysis of the volatility 
and returns of renewable and non-renewable energy compa-
nies against a market index. We have also built a composite 
energy portfolio and a customized combined portfolio to as-
sess the role of diversification. Using statistical techniques such 
as t-tests, scatter plots, and regression analysis, this research 
contributes to the growing literature on energy sector integra-
tion and portfolio optimization. These insights are particularly 
relevant for investors seeking energy-focused diversification 
strategies.5

Under the current political climate, renewable energy sourc-
es are expected to gradually replace fossil fuels. However, recent 
geopolitical conflicts have injected uncertainty into global 
energy markets. The economic sanctions and destruction of 
infrastructure during the war in Ukraine have disrupted global 
energy supply chains, especially between Russia and Europe. 
Consequently, the growing demand for energy independence 
reinforced short-term reliance on traditional fossil fuels while 
uncovering renewable energy’s costly and unreliable nature, 
as well as their lack of technological maturity.6 Integrated oil 
and gas companies had benefited from increased energy pric-
es, leading to significant revenue growth. Investor sentiments, 
therefore, shifted towards traditional energy stocks, whose 
stability is represented by strong cash flows, regular dividend 
payments, and share buybacks.7

This paper reassesses the relationship between renewable 
and non-renewable energy investments using a recent dataset. 
It examines whether one investment strategy outperforms the 
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other given the current geopolitical landscape. The study’s key 
contributions include an empirical analysis of volatility and re-
turns in renewable and non-renewable energy sectors, offering 
investors guidance on balancing risk and optimizing returns.

This paper proceeds as follows: Section 2 provides back-
ground information on the existing literature, Section 3 
highlights the empirical findings, and Section 4 concludes the 
paper.

�   Literature Review
The global energy market has undergone substantial changes 

during the past several years, with the increasing participation 
of renewable energy in addition to conventional fossil fuels. 
This shift has introduced new dynamics in energy markets and 
investment portfolios that require greater insight into market 
integration, portfolio optimization, and risk management 
strategies.8

Recent studies have proved that renewable energy and 
conventional energy markets are highly connected. Zhang et 
al.9 emphasize that renewable energy equities demonstrate a 
significant correlation with the returns of fossil energy under 
extreme market conditions, yet this relationship diminishes 
under normal market conditions. Xia et al.10 also confirm the 
results by exhibiting asymmetric and significant impacts of en-
ergy price volatility on the return of renewable energy firms, 
particularly in European markets.

Such a relationship differs by various market conditions. Li 
et al.11 discovered a positive correlation between the renewable 
energy and fossil energy markets in normal market conditions. 
In bear markets, however, it becomes extreme and contains 
strong asymmetrical dynamics. Jiang et al.12 built on this by 
demonstrating that renewable energy shares have a net posi-
tive effect on the fossil energy markets, particularly in the oil 
and coal markets, while the effect is also highly periodic in the 
gas market.

Market integration patterns show wider variations in geo-
graphical terms. Bianconi and Yoshino13 analysed 64 oil and 
gas companies in 24 nations, discovering that specific and 
common risk factors also pose a substantial influence on stock 
returns. Firm size and leverage were highlighted as key factors 
by the research, especially after the 2008 financial crisis.

Valadkhani14 discovered that renewable energy ETFs out-
performed fossil fuel ETFs in the US market, especially in 
risk-adjusted performance measures such as the Sortino and 
Sharpe ratios. According to the VIX index, the performance 
difference is more significant when the market uncertainty is 
greater.

The development of portfolio optimization techniques in 
energy markets is seen to reflect growing sophistication in 
methodology and approach. Kuang illustrated that although 
clean energy equities underperform overall equities, they out-
perform fossil fuel assets on a risk-adjusted return basis. The 
research also established that adding clean energy to a tradi-
tional asset enhances portfolio performance.

For the Chinese market, Bai et al.15 proposed an enhanced 
portfolio approach that surpassed classical Markowitz 

approaches under varying market conditions. This was subse-
quently confirmed by Ma et al.16

Research has increasingly focused on energy portfolio risk 
management. Ahmad17 found that crude oil serves as a bet-
ter hedge for clean energy stocks than for technology stocks, 
particularly during periods of crisis. Galvani and Plourde18 
demonstrated that while energy futures reduce portfolio risk, 
they offer no significant improvement in energy stock returns.

Wang et al.19 carried this research forward to commodity 
futures, discovering substantial gains from employing energy 
futures in portfolio diversification, especially within commod-
ity portfolios.

The impact of policy decisions on renewable energy mar-
kets has been extensively documented. Antoniuk and Leirvik20 
discovered that policy events related to climate change have 
significantly influenced market returns. According to the re-
search, policymakers must consider the reaction of the stock 
market to climate risk since investors quickly respond to cli-
mate news.

According to Masini and Menichetti,21 investors trust ma-
ture technology more than policy intervention and are greatly 
affected by external advisers and peer pressure.

The advent of renewable energy markets can be encapsulat-
ed by changing investment patterns. Nautiyal et al.22 discovered 
that energy-weighted portfolios have the most potential to 
provide the best returns in the short term, particularly in vol-
atile times such as the global financial crisis and COVID-19. 
The green equities were determined by their study to be effec-
tive in hedging and risk management.

In emerging economies, the studies report controversial evi-
dence. Artini and Sandhi23 compared SME and manufacturing 
stock portfolios in Indonesia, India, and China and reported 
higher performance in Chinese and Indian markets compared 
to the Indonesian market. The geographical disparity in per-
formance suggests the role of market-specific determinants in 
portfolio selection.

The literature has also considered the contribution of insti-
tutional drivers to the performance of energy markets. Antônio 
et al.24 recommended careful consideration of market data. The 
results are consistent with Shachmurove’s25 previous research 
on Latin American markets, which called for careful consider-
ation of risks and opportunities specific to each market.

There is recent proof of diverse methodological trends. Dai 
et al.26 applied TVP-VAR methods in the investigation of vol-
atility spillover among crude oil, gold, and Chinese new energy 
markets. Wang et al.27 applied network analysis in dynamic 
spillover comprehension in the energy stock market, whereas 
Gurrib et al.28 applied cryptocurrency analysis in energy port-
folio optimization. The contrast of research methods indicates 
an ongoing enhancement in theoretical comprehension as well 
as empirical applications.

Shrimali29 and Gargallo et al.30 are of the opinion that the 
effectiveness of market integration and portfolio optimization 
will rely on building more robust policy platforms and risk 
management instruments. This will be critical in achieving in-
vestment targets and wider sustainability objectives.
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�   Methods
The paper has used descriptive statistics, scatter plot graph-

ics, t-tests, and regression analysis.
Pairwise T-test:
The t-test aims to evaluate the null hypothesis (H0), which 

typically shows that there is no difference between the means 
of the two groups being compared. The alternative hypothesis 
(H1) implies that there is a significant difference.

H0: μ1 = μ2
H1: μ1 ≠ μ2
The test statistics for a t-test are calculated using formula31

Regression Analysis:
The model offers a practical framework for evaluating in-

vestment stability by capturing how returns respond to shifts in 
volatility. Volatility serves as a proxy for financial risk, enabling 
the examination of how different stock portfolios influence 
market uncertainty, hence chosen as the dependent variable. 
This provides insights into sector-specific drivers of volatility 
and potential volatility spillovers across markets.

Yt = β0 + β1X1t + β2X1t + … + βnXnt + εt
Where Yt is the dependent variable for observation t, which 

refers to volatility.
β0 is the constant term representing the expected value of 

the dependent variable when all independent variables are 0.
β1 to βn are coefficients for the independent variables, which 

include returns of renewables, non-renewables, the aggregate 
stock market index, composite energy portfolio, and the com-
bined portfolio.

While keeping all other variables constant, each coefficient 
shows how much the dependent variable changes when the 
corresponding variable changes by 1 unit.

εt is the error term, which represents the difference between 
the actual value and the predicted value from the model.

Volatility Calculations:
The volatility of each financial instrument is measured by 

employing the 30-day rolling standard deviation of daily re-
turns.

Portfolio Construction:
The 5 portfolios are constructed as follows:
Portfolio X represents equally weighted averages of the eight 

individual renewable stocks for both cumulative return and 
volatility.

Portfolio X = 1/8*(NEE + CWEN + HASI +NEXNY + 
BEP + FLNC + ADANIGREENNS + FSLR)

Portfolio Y represents equally weighted averages of the eight 
individual non-renewable stocks for both cumulative return 
and volatility.

Portfolio Y = 1/8*(XOM + CVX + PCCYF + SHEL + TTE 
+ COP + BP + EQNR)

Portfolio Z represents the aggregate market index taken 
directly from the NASDAQ Composite index for both cumu-
lative return and volatility.

Portfolio XY is the equally weighted combination of Portfo-
lio X and Portfolio Y.

Portfolio XY = 1/2*(Portfolio X + Portfolio Y)
Portfolio XYZ is the equally weighted combination of Port-

folios X, Y, and Z.
Portfolio XYZ = 1/3*(Portfolio X + Portfolio Y+Portfolio Z)

�   Result and Discussion 
Data:
The data has been obtained from Yahoo Finance for a se-

lected bundle of renewable energy companies (ticker symbols: 
NEE, CWEN, HASI, NEXNY, BEP, FLNC, ADANI-
GREENNS, and FSLR), non-renewable companies (ticker 
symbols: XOM, CVX, PCCYF, SHEL, TTE, BP, COP, and 
EQNR), along with the stock market index- NASDAQ Com-
posite (ticker symbol: IXIC). The data covers the daily closing 
price for the selected period from 1/11/2021 to 30/8/2024. 
Within the selected period, there were 712 observations for 
all individual assets.

Empirical Findings:

Panel a. Cumulative Return

Panel b. Volatility

Figure 1 presents the line graphics of cumulative return and 
volatility in Panel a and Panel b, respectively. In Panel a, we 
compared the cumulative return of portfolios X, Y, Z, XY, and 
XYZ. The order of average cumulative returns from best to 
worst is Y, XY, XYZ, X, and Z. Moreover, the average cumu-
lative return of Y is much higher than the rest. Portfolio X did 
outperform the market significantly during the period from 

Figure 1: The line graphs show paired comparisons of changes in cumulative 
return (Panel a) and volatility (Panel b) for benchmark portfolios throughout 
the observation period. Both variables created asymmetrical patterns among 
portfolios, particularly in terms of cumulative returns.
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Table 3 provides descriptive statistics for various volatility 
variables used in the analysis. The volatility statistics contrast 
sharply with the trends observed in cumulative returns. Port-
folio X offers the highest mean volatility, indicating the largest 
fluctuations in stock prices. With reference to our previous cu-
mulative return figures, we can infer that it experiences more 
frequent and pronounced downward price movements com-
pared to other portfolios. This signals a loss of confidence 
among investors, especially in the renewable energy sector, in 
reaction to the crises. Despite a huge divergence in returns, 
portfolios Y and Z offer similar volatilities. This finding sug-
gests that portfolio Y may be a more attractive investment, 
assuming that volatility is accepted as an accurate measure of 
risk. As expected, the diversified portfolios (XY & XYZ) have 
produced significantly lower mean volatility values compared 
to other benchmark portfolios. Additionally, the reduction in 
overall portfolio volatility in further diversification shows that 
renewable energy, non-renewable energy, and the market index 
are not perfectly correlated assets.

Table 4 provides the pairwise t-test analysis between the five 
portfolios. According to the pairwise t-test analysis, all com-
parisons are statistically significant at the 1 percentage level 
except the comparison between portfolio Y & portfolio Z. This 
suggests that the patterns in volatility among most individual 
comparisons are also statistically different. Therefore, like cu-
mulative return, volatility is another important indicator that 
distinguishes renewable energy stocks from non-renewable 
energy stocks.

June to December 2022 before it started to decline and finally 
fell below market returns. In Panel b, we compared the volatil-
ity of portfolios X, Y, Z, XY, and XYZ. The order of ascending 
average volatility is XYZ, XY, Z, Y, and X. An asymmetry is 
observed in the risk-return relationship: portfolio X ranks 
4th in cumulative return while portfolio Y ranks 1st. Howev-
er, portfolio X is more volatile than Y, suggesting unfavorable 
risk-return dynamics, thus a less efficient investment choice.

Table 1 provides descriptive statistics for various cumulative 
return variables for Portfolio X, Y, Z, XY, and XYZ. This table 
includes the number of observations, mean return, standard 
deviation, and the maximum and minimum value of return. 
Several observations can be drawn from the comparisons 
of all portfolios. Portfolio Z, representing the market index, 
produced the lowest mean cumulative return, primarily due 
to a period of significant negative returns as indicated by a 
minimum value of -0.38. Although having a slightly higher 
maximum value in return, its mean return remains marginal-
ly lower than that of portfolio X. Portfolio Y demonstrates a 
dominant performance with the highest minimum, maximum, 
and mean value. This aligns with the positive impacts experi-
enced by oil and gas companies, contrasted with the negative 
effects felt by the broader market, particularly the non-renew-
able energy sector, during the energy crisis and the Ukraine 
war. Moreover, we can see that diversification hugely decreases 
the magnitude of negative returns by more than 0.1 for both 
portfolios compared to the market itself. Positive returns are 
also mostly preserved as maximums remain closer to the mar-
ket value. The significance of diversification is evident in the 
production of a notably higher mean return compared to the 
original market average.

Table 2 provides the pairwise t-test analysis between the five 
portfolios. According to the pairwise t-test analysis, all com-
parisons are statistically significant at the 1 percentage level. 
This suggests that the patterns in cumulative return among 
all individual comparisons demonstrate statistical differences. 
Therefore, cumulative return is an important indicator that 
distinguishes renewable energy stocks from non-renewable 
energy stocks.
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Table 1: Includes the descriptive statistics of cumulative return for all 
portfolios.

Table 3: Includes the descriptive statistics of volatility for all portfolios.

Table 4: Present the Paired t-test results of volatility between the five 
benchmark portfolios.

Table 2: Presents the Paired t-test results of cumulative return between the 
five benchmark portfolios

ijhighschoolresearch.org



	 5	

Evidence from individual companies:
To further understand the relationship between risk and re-

turn and to provide more robust empirical evidence, we have 
attained additional cumulative return and volatility data from 
individual companies, as presented in Tables 6 and 7.

Risk-return dynamics in individual companies:
From the individual company figures on volatility and cu-

mulative returns, we gain detailed insights into the risk and 
return patterns within renewable and non-renewable energy 
stocks. In terms of risk, non-renewable energy stocks (XOM, 
CVX, PCCYF, SHEL, TTE, COP, BP, EQNR) generally ex-
hibit lower volatility with standard deviations of around 0.004 
to 0.005, suggesting greater price stability. On the other hand, 
renewable stocks show higher volatility individually; three 

The Relationship between risk and return:

	 Panel a: portfolio X		     Panel b: portfolio Y

	 Panel c: portfolio Z		     Panel d: portfolio XY

Panel e: portfolio XYZ

Figure 2 illustrates the relationship between volatility and 
cumulative return for portfolios X, Y, Z, XY, and XYZ. Results 
indicate a negative relationship between volatility and cumula-
tive return for all cases. A strongly negative correlation is seen 
in portfolio XYZ, whereas portfolios X, Y, Z, and XY show a 
slight negative correlation. They may not imply that higher 
volatility is associated with higher returns. The observed nega-
tive relationship can be attributed to the heightened economic 
and geopolitical uncertainty during the energy crisis and the 
Ukraine War. Risk-averse sentiments are more common in 
periods of crisis, prompting widespread selloffs across sectors. 
This behavior may increase market volatility while simultane-
ously driving down returns, thereby resulting in the temporary 
appearance of a negative risk-return dynamic. It may guide 
investors in their portfolio construction and risk management 
strategies. Understanding that increased volatility does not al-
ways lead to higher returns may discourage energy investors 
from taking more risk in hopes of greater returns.

The regression analysis in Table 5 indicates that the cu-
mulative return has a consistently negative and statistically 
significant impact on the volatility of portfolios X, Y, Z, XY, 
and XYZ, with p-values below 0.05 across all models. The 
maximum impact of return on volatility can be seen for the 
combined portfolio with the largest coefficient of -0.0384.

DOI: 10.36838/v7i8.1

Figure 1: The scatter plot graphic between volatility and return shows an 
overall negative correlation between the two variables, implying unconventional 
risk-return dynamics.

Table 5: Presents the regression analysis between volatility and returns 
among all portfolios.

Table 6: Includes the descriptive statistics for various cumulative return 
variables used in the analysis.

Table 7: Includes the descriptive statistics for various volatility variables from 
the 16 individual company stocks used in the analysis.
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companies (HASI, FLNC, ADANIGREENNS) have a stan-
dard deviation exceeding 0.01, indicating higher risk and more 
frequent price swings.

The risk-return relationship is significantly different be-
tween renewable and non-renewable energy companies. 
Non-renewable stocks in general offer higher returns with 
lower risk, reflecting consistent performance and predictable 
growth. In contrast, renewable energy stocks, despite higher 
volatility, have mostly negative returns. An anomaly is ADAN-
IGREENNS, a renewable energy stock that demonstrates 
both high volatility and high returns.

For brevity, we cannot include all graphics and pairwise 
t-tests for individual companies against the portfolios. Howev-
er, all empirical evidence is available on request.

�   Conclusion 
The paper investigates the performance of renewable and 

non-renewable energy portfolios by examining volatility and 
cumulative returns. The findings highlight that portfolio Y, 
consisting of eight non-renewable energy companies, demon-
strates a higher cumulative return compared to the renewable 
energy portfolio X and the broader market index portfolio Z. 
However, the higher return comes with increased volatility, 
indicating greater risk associated with non-renewable energy 
investment. In contrast, renewable energy stocks, represented 
by portfolio X, show the highest volatility despite producing 
similar returns to the market.

The results suggest that investors face distinct risk-return 
trade-offs when investing in renewable vs non-renewable 
energy sectors. Non-renewable energy stocks may appeal to 
investors seeking higher returns and are willing and able to tol-
erate higher risks. Renewable energy appears to be less efficient 
under the traditional risk-return framework. However, the per-
ception is skewed to an extent by the data period, during which 
the energy crisis disproportionately benefited oil and gas pro-
ducers. Despite this, the analysis implies that renewable energy 
investment could play a valuable role in diversifying portfolios.

However, several limitations should be acknowledged. The 
analysis is based on a relatively short time frame (2021-2024), 
which may limit the generalizability of the conclusions to 
longer-term market dynamics. Additionally, the selection of 
representative stocks is limited in both range and number, po-
tentially omitting important variations across the energy sector. 
More comprehensive research would consider renewable ener-
gy production methods beyond solar and wind power, such as 
hydroelectric, geothermal, and bioenergy.

Looking ahead, a changing geopolitical landscape will con-
tinue to play a decisive role in shaping future energy markets. 
The Ukraine war, growing tensions in the Middle East, and 
concerns over supply chain dependencies have revealed stra-
tegic vulnerabilities of fossil fuel-dominated energy systems. 
In response, many countries are accelerating the transition 
toward domestic renewable energy production to achieve en-
ergy security. Such geopolitical considerations will increasingly 
shift capital allocation to favor more diversified and resilient 
portfolios with significant portions of clean energy assets. This 

topic continues to be an intersection of energy policy, market 
volatility, and global politics, deserving of future attention in 
academic research and investment strategies.

Future research might explore the longer-term performance 
of this portfolio as the renewable energy sector matures and 
global policies shift towards greener initiatives, as well as incor-
porating ESG factors as elements of risk and performance. This 
study provides a basis for understanding how geographical, 
economic, and environmental changes impact the performance 
of energy sector stocks, guiding investors in their portfolio al-
location decisions within the energy market.
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