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Abstract

This study focuses on optimizing the renewable energy company's stock portfolio using the Markowitz model, which aims to
balance risk and return for proper investment decision making. With the increasing demand for clean energy, portfolio optimization
in the renewable energy sector is important for investors. This research takes into account historical stock performance and applies
the Mean-Variance Optimization framework to minimize risk while maximizing return. This portfolio consists of selected
renewable energy companies, and the analysis runs from September 2021 to August 2024. This study aims to analyze the allocation
of investment portfolios in renewable energy company stocks in Indonesia. Based on the analysis results, the investment portfolio
is allocated to five main stocks, namely BUMI.JK with an investment value of IDR 17,075,844 (17.08%), INDY.JK of IDR
5,825,852 (5.83%), KEEN.JK of IDR 33,766,798 (33.77%), RAJA.JK of IDR 43,084,876 (43.08%), and WIKA.JK of IDR 246,630
(0.25%). These results indicate that most of the funds are invested in RAJA.JK and KEEN.JK stocks, which contribute more than
75% of the total investment portfolio.

Keywords: Renewable energy, stock portfolio, markowitz model, risk-return, portfolio optimization

1. Introduction

Investment is an activity that aims to allocate funds or assets to various instruments in order to gain profits in the
future (Longo et al., 2023). In recent decades, investment in the renewable energy sector has become increasingly
attractive to investors (Majid, 2020). Increasing awareness of climate change and changes in government policies (Olabi
and Abdelkareem, 2022) in various countries to reduce carbon emissions have driven the growth of the renewable energy
sector, such as solar, wind, hydro, and bioenergy (Owusu et al., 2016; Osman et al., 2023). Therefore, it is important for
investors to optimize their portfolios in this sector to maximize profits and minimize risks (Ivanova and Dospatliev,
2017).

One of the most common approaches used in portfolio optimization is the Markowitz Model (Zhang et al., 2018;
Miskolczi, 2016), also known as Mean-Variance Optimization (Mba et al., 2022). This model was introduced by Harry
Markowitz in 1952 and is the basis of modern portfolio theory (Verdiyanto, 2020; Radovi¢ et al., 2018). The Markowitz
model is used to achieve portfolio diversification (Lee et al., 2016), which is combining various assets into a portfolio
to reduce risk without sacrificing expected returns (Zhang, 2022). In the context of renewable energy investment, the
Markowitz model can be used to identify the optimal combination of renewable energy company stocks based on the
level of risk and expected return (Odeh et al., 2018; Fauzi et al., 2019).

Amid the increasing demand for clean energy (Aktar, 2021), companies operating in the renewable energy sector
face stock price fluctuations that are often caused by regulatory changes (Alotaibi et al., 2020), technological
innovations, and fossil fuel prices. Investors often only focus on returns without considering the associated risks
(Pandey, 2012). Markowitz's approach in developing portfolios is that investors must evaluate their portfolio based on
their expected return and the risk (Putri, 2018), so that investment decisions become more rational and measurable
(Binu, 2024).

The development of renewable energy is also supported by changes in government policies in many countries (Majid,
2020) Policies that benefit renewable energy shareholders in Indonesia include government support for the development
of new and renewable energy, as well as incentives for investment in the clean energy sector. Incentives for investment
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in the clean energy sector and regulations that encourage the use of renewable energy in the national energy mix can
increase demand and share value (Pambudi et al., 2023).

The government is seeking to increase investment in the clean energy sector and create a clear framework to support
renewable energy development, which could contribute to increasing demand and share value in the sector (Supriyanto,
2024). The implementation of the Markowitz model in renewable energy portfolio optimization allows investors to
understand the optimal diversification between different renewable energy subsectors (Bai et al., 2019; Neto et al.,
2017). Although the Markowitz model offers a systematic approach to managing risk and return (T6th, 2016), there are
several challenges in applying it to renewable energy portfolios. One of them is the higher surface compared to
traditional sectors such as fossil fuels or the financial sector (Olabi et al., 2023).

This study focuses on optimizing the stock portfolio of renewable energy companies for investment decision making
using the Markowitz model. This study aims to demonstrate how the Markowitz model can be effectively applied in this
context. This study will not only explore the formation of an optimal portfolio that balances risk and return, but will
also provide practical insights for investors in making more informed investment decisions in the renewable energy
sector.

2. Methodology
2.1. Research Object

The research object consists of stocks listed on the stock exchange that focus on the renewable energy sector,
including companies engaged in solar power, wind power, hydroelectricity, and bioenergy (Rahman, 2022;
Strielkowski, 2021). Through historical performance analysis and return projections, this study will explore the
relationship between risk and return of various stocks in the renewable energy sector (Saculsan and Kanamura, 2019).

2.2. Population and Sample

The population and sample in this study take closing price data from Yahoo Finance which focuses on the renewable
energy sector and (Kyritsis and Serletis, 2019) has sufficient historical data to be analyzed between the period of
September 1, 2021 to August 30, 2024. This sample will consist of 5 carefully selected companies that are considered
representative, ensuring the analysis covers various subsectors within renewable energy.

Table 1: List of renewable energy stock issuers

No Stock code Nama Emiten

1 BUMILJK PT Bumi Resources Tbk

2 INDY.JK PT Indika Energy Tbk

3 KEEN.JK PT Kencana Energi Lestari Tbk
4 RAJAJK PT Rukun Raharja Tbk

5 WIKA.JK PT Wijaya Karya (Persero) Tbk

2.3. Markowitz Model Calculation Theory

The Markowitz Model calculation theory, developed by Harry Markowitz in 1952 (Mangram, 2013; Baste et al.,
2002), is the foundation of modern portfolio theory and focuses on managing risk and return in investments. This model
introduced the concept of diversification as a strategy to reduce portfolio risk (Lekovi¢, 2021). Investors can achieve
an optimal portfolio by combining different assets, where the risk associated with an individual investment is offset by
the performance of other assets in the same portfolio (Rachmat and Nugroho, 2013). Calculation of the optimal portfolio
in the Markowitz model can be done in several stages:

1. Calculating daily returns for each stock (Islam and Sultana, 2015):

R — Py — Pt q

=5
Piy_1

where

R;¢ : daily return for stock i at time t

P;: : the closing price of stock i at time t

P;¢+—4 :the closing price of stock i at time t — 1

2. Calculating average return (MU) for each stock
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T
1
M = FZ R
t=1

where
Wi : average stock return i
T : number of time periods (number of days)

3. Calculating standard deviation (Sigma) for each stock

1 T
g = T;(Ri,t_lii)z

where
0; : standard deviation of stock returnsi

4. Calculating the covariance between two stocks

T
1
Cov(Re Ry) == > (Rie=he) (Rye=;)
t=1

where
Ry, R; : return from shares i and j
i and p; : average stock return i and j

5. Calculating portfolio variance

N N

o2 = lz wia} +22W-W-COU(R-R-)

e i 0 iWj iy
i=1

i=1 j#i
where
ag : variance of the portfolio
w; : weight of stock i in the portfolio
N : number of stocks in a portfolio

6. Calculating the Ratio (Sharpe Ratio)

Ratio = -2 i
Oj
where
Up : average portfolio return
¢ : risk-free rate of return (expected return)
0; : portfolio standard deviation

3. Results and Discussion

3.1. Closing stock price movements

526

In this study, to display the results of the closing stock price, visualization will be used using Python with Google

Collabs tools (Dwivedi et al., 2022), the results are as in Figure 1 below:
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Figure 1: Closing price of five stocks
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below 75, but experienced a dramatic surge in mid-2022, peaking around 200 and the price experienced a gradual
decline and fluctuating between 75 and 125. INDY.JK showed a more consistent increase. From an initial level of
around 1000, the price rose gradually to a peak of around 2750 in mid-2023. After that, there was a correction and the
price fluctuated in the range of 1500 to 2000, The KEEN.JK chart shows extreme volatility. The price was initially low,
then experienced several sharp spikes, with the highest peak reaching around 950 in early 2023. After that, the price
fluctuated significantly between 600 and 800, indicating a high level of risk and potential return.

ADRO.JK showed the most stable and consistent increase. From an initial level of around 1000, the price continued
to rise to a peak of around 3500 in late 2023. After that, the price was relatively stable with a slight decline, illustrating
solid growth and relative stability. WIKA.JK shows a consistent downward trend throughout the period. From a high
of around 1600 at the beginning of the period, the price continued to decline until it reached around 600 at the end of

the period.

3.2. Daily stock returns
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Figure 2 shows Daily stock returns using the Google Collabs visualization tool. INDY.JK and KEEN.JK appear to
have some of the most extreme spikes, with daily moves reaching over 2000% on several occasions. BUMIJK and

RAJA.JK show more moderate but still substantial volatility, while WIKA.JK has had some isolated sharp spikes.

3.3. Variance and covariance

Table 2:Variance and covariance

BUMLJK INDY.JK KEEN.JK RAJAJK WIKA.JK
BUMLJK 0.001464  0.000498  0.000130  0.000156  0.000202
INDY.JK  0.000498  0.000958  0.000072  0.000218  0.000141
KEEN.JK 0.000130  0.000072  0.000864  0.000047  0.000125
RAJAJK  0.000156  0.000218  0.000047  0.001526  0.000015
WIKAJK 0.000202 0.000141  0.000125  0.000015  0.001613

Based on Table 2 Variance and Covariance, between stocks shows the correlation and volatility relationship of each
stock. The largest variance was recorded in RAJA.JK stock with a value of 0.001526, which reflects a higher level of
price fluctuation compared to other stocks. Meanwhile, the stocks with the smallest variance are KEEN.JK and
WIKA.JK, with values of 0.000864 and 0.001613, respectively. The covariance between INDY.JK and RAJA.JK stocks
shows a closer relationship with a value of 0.000218, while the lowest correlation is between RAJA.JK and WIKA.JK
(0.000015), indicating a very weak price relationship.

3.4. Investment allocation

Tabel 3: Investment allocation

Stock Investment value (Rp) Percentage (%)
BUMILJK 17.075.844 17,08%
INDY.JK 5.825.852 5,83%
KEEN.JK 33.766.798 33,77%
RAJA.JK 43.084.876 43,08%
WIKA.JK 246.630 0,25%
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The investment allocation in Table 3 is optimal in the portfolio. RAJA.JK shares received the largest allocation,
which is 43.08% of the total investment of Rp100,000,000. This may be related to its high variability. Meanwhile,
WIKA.JK shares only received an allocation of 0.25%, indicating that this stock has a less significant risk or return
compared to the others.

3.5. Optimal portfolio

Table 4: Optimal portfolio
u Variance (%) Ratio

0.00146 0.000497 4.17

The optimal portfolio consisting of these stocks produces an expected return (u) of 0.00146 with a variance of
0.000497, giving a risk-return ratio of 4.17. This ratio indicates that this portfolio has a relatively good return profile
for its risk level.

3.6. Sharpe ratio and risk ratio

Table 5:Sharpe ratio and risk ratio
Sharpe Ratio Daily Returns Daily risk

4,17 0,0021 0,0005

The Sharpe Ratio is 4.17, indicating that this portfolio has good returns relative to the risk taken. Daily returns of
0.0021 and daily risk of 0.0005 indicate stable daily performance. This high Sharpe Ratio reflects the efficiency of
investment in maximizing returns against market volatility.

4. Conclussion

The investment allocation of the analyzed stocks provides an overview of the portfolio distribution that tends to be
concentrated in two main stocks, namely RAJA.JK with an allocation of 43.08% and KEEN.JK with 33.77%. The two
stocks collectively absorb more than 75% of the total investment funds, indicating high confidence in the prospects of
the companies concerned. Meanwhile, BUMI.JK (17.08%) and INDY.JK (5.83%) stocks also received quite significant
allocations, although in smaller portions. In contrast, WIKA.JK only received an allocation of 0.25%, indicating that
these stocks are considered to have a higher risk or lower potential return.
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