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Abstract

PT XYZ increases its contribution to reducing carbon dioxide (CO-) emissions through the installation and
operation of a Green Hydrogen Plant (GHP) supported by Solar Photovoltaic (PV) and Renewable Energy
Certificates (REC). The primary focus of this study is on the integration of renewable technologies,
economic impacts, and contributions to carbon emission reductions, all of which support the clean energy
transition and the achievement of Net Zero Emission goals. The research methods include Levelized Cost
of Energy (LCOE) and Levelized Cost of Hydrogen (LCOH) analysis, along with an evaluation of carbon
emission reductions based on the GHG Protocol. The results show that the implementation of this strategy
leads to a 1.53% improvement in internal energy consumption efficiency and a decrease in average internal
energy consumption to 2.68% in 2024, compared to the baseline of 3.5%. From an environmental
perspective, carbon emission reductions reach 2,282.28 tons CO:e per year. Economically, the LCOE and
LCOH analyses demonstrate the cost feasibility and operational efficiency of integrating this green
technology. The conclusion of this study confirms that the integration of renewable energy through Solar
PV and REC with Green Hydrogen Plant (GHP) has a positive impact on energy efficiency, carbon emission
reduction, and the transition towards the company's Net Zero Emission target by 2030.

Keywords: Green Hydrogen Plant, Net Zero Emission, Renewable Energy Certificate, Solar
Photovoltaic, Techno-Economics.

The transformation of the global energy system is becoming increasingly urgent due to the
serious challenges caused by climate change triggered by increasing greenhouse gas (GHG)
emissions, especially carbon dioxide (CO2) (Yoro & Daramola, 2020). The energy sector, as the
main contributor to GHG emissions, is the main focus in efforts to mitigate global warming. The
increasing concentration of GHG has triggered various significant environmental, social, and
economic impacts, so that an energy transition strategy is needed towards a cleaner and more
sustainable system (Jaiswal et al., 2022).
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Figure 1. Graph of global energy-related CO2 emissions (1900-2023)
Source: International Energy Agency Publications, 2024

According to data from the International Energy Agency (IEA), carbon dioxide emissions
from the energy sector peaked at 37.4 gigatons in 2023, underscoring the urgency to reduce
dependence on fossil fuels and accelerate the adoption of renewable energy technologies. One
promising solution is Green Hydrogen, which is produced using renewable energy sources like
Solar Photovoltaic (PV) and supported by Renewable Energy Certificates (RECs). This technology
offers substantial potential for reducing carbon emissions while increasing energy efficiency, thus
becoming a pivotal component of the transition to a sustainable energy system. Research by Ostadi
et al. (2020) reveals that the integration of renewable energy in the electrolysis process
significantly reduces carbon emissions, making it a primary solution in climate change mitigation
efforts. Furthermore, Huang et al. (2023) emphasize that combining green hydrogen technology
with renewable energy sources can enhance overall energy efficiency, contributing to a reduction
in both energy consumption and the carbon emissions associated with the energy system.

Annual CO, emissions

Data source: Global Carbon Budget (2023

Figure 2. Graph of carbon dioxide (CO2) emissions in Southeast Asia 1900 — 2022
Source: Global Carbon Budget, 2023

141



American Journal of Economic and Management Business
Vol. 4 No. 2 February 2025

In Southeast Asia, countries such as Indonesia face high emissions due to their reliance on
fossil fuels, a situation further exacerbated by rapid industrialization and urbanization (Kurniawan
& Managi, 2018). Within this context, PT. XYZ, a major energy provider in Indonesia, has
committed to integrating renewable energy into its operations through the implementation of a
Green Hydrogen Plant (GHP), supported by Solar PV and REC. This initiative aligns with global
efforts to achieve Net Zero Emission targets and represents a critical step toward promoting energy
sustainability in the region.

The novelty of this research lies in its focus on the integration of Solar PV and REC
technologies with Green Hydrogen Plant (GHP), particularly within the Southeast Asian energy
landscape (Njoh, 2021). By evaluating the technical, economic, and environmental impacts of this
integration, the study aims to address a critical gap in the literature regarding the feasibility of
green hydrogen in the region. The research emphasizes a comprehensive techno-economic analysis
through Levelized Cost of Energy (LCOE), Levelized Cost of Hydrogen (LCOH), and potential
emission reductions, providing a unique contribution to understanding how these technologies can
be operationalized in the context of energy transition goals.

The primary purpose of this study is to assess the integration of Solar PV and REC
technologies with GHP to evaluate its technical feasibility and operational efficiency (Martinez et
al., 2021). This research aims to provide valuable insights into the economic and environmental
impacts of implementing green hydrogen technology, focusing on how it can contribute to the
reduction of carbon emissions and enhance energy efficiency. The study offers practical
recommendations for implementing green hydrogen-based technologies within the energy
industry, especially in Southeast Asia, supporting the transition to a more sustainable energy
system and aiding in the achievement of Net Zero Emission targets.

This study uses a case study approach to evaluate the implementation of Green Hydrogen
Plant (GHP) supported by Solar Photovoltaic (PV) and Renewable Energy Certificates (REC) at
PT. XYZ. This study focuses on the analysis of techno-economic aspects, environmental impacts,
and technology integration to support energy efficiency and carbon emission reduction (Al Lagtah
etal., 2019). PT. XYZ was chosen as the object of research because of its role as one of the leading
energy providers in Indonesia that is committed to the transition towards a sustainable energy
system. This study utilizes primary and secondary data to support the analysis. The types of data
used include:

1) Energy Consumption Data: Average internal energy consumption of PT. XYZ from 2023 to
2024, with an efficiency baseline of 3.5%.

Table 1. Internal Electrical Energy Consumption (2014-2024)
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Tahun Total Electr. Energy Internal Electr. Energy Consumption
Production

MWh MWh %
2014 8,050,753.98 307,249.26 3.82
2015 8,236,484.86 273,692.90 3.32
2016 7,504,750.95 288,705.64 3.85
2017 7,034,449.89 254,859.33 3.62
2018 7,606,257.09 267,469.26 3.52
2019 7,583,407.11 271,406.38 3.58
2020 5,550,218.94 189,999.44 3.42
2021 7,454,621.86 194,996.69 2.62
2022 6,956,433.93 141,815.28 2.04
2023 7,286,999.22 209,635.14 2.88
2024 - - -

Source: (Internal PT.XYZ, 2024)
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Figure 3. Graph of Internal Electrical Energy Consumption (2014-2024)
Source: (Internal PT.XYZ, 2024)

2) Carbon Emission Data: Annual carbon emission reduction data based on GHP and Solar PV
utilization, measured before and after GHP implementation in tonsCOxze..
3) Techno-Economic Data
LCOE and LCOH analysis to assess cost feasibility.
a) Levelized Cost of Energy (LCOE): Measures the average cost of energy production from
Solar PV.
b) Levelized Cost of Hydrogen (LCOH): Calculates the cost of green hydrogen production from
GHP.
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4) Renewable Energy Source Data: Technical specifications of Solar PV and RECs that support
GHP operations.

This study also considers the validity and reliability of the data by comparing the results of
the analysis with previous literature and using a standard calculation approach in assessing LCOE
and LCOH (Khouya, 2020). The main limitation of this study is that it relies on internal data from
PT. XYZ, so its application may differ outside the context of this company. However, this study
provides a framework that can be replicated by other energy companies or organizations with
specific adjustments.

Evaluation Method
Energy Efficiency Evaluation of Technology Integration

The percentage of internal electricity consumption to total gross production is calculated

using the formula:

ernal Cons ion (MW
Internal Consumption Percentage(%:) (Intwn il Consumption (M 1}) = 100

Gross Power (MWh)

Then, the amount of GHP contribution is calculated based on the portion of electrical energy
used by GHP against the total internal electrical energy usage of the company. The formula used
is:

. : Energy Used by GHP
GHP Contribution(%) = ( Dergy _secC o3 ) x 100

Total Internal Energy Consumption

Economic Impact Analysis
This study employs Levelized Cost of Energy (LCOE) and Levelized Cost of Hydrogen
(LCOR) to assess the cost efficiency of the integration of renewable energy technologies in the
Green Hydrogen Plant (GHP) (Choe et al., 2024).
a) LCOE Evaluation
These metrics are widely recognized in evaluating the costs of energy production from
renewable sources. According to Sinaga et al. (2019), LCOE is a critical metric for determining
the average cost of producing electricity over the lifetime of a project. In this study, LCOE is used
to evaluate the total cost of energy production from Solar Photovoltaic (PV) and Renewable
Energy Certificates (REC) during the project period. This cost is calculated using the following
formula:
LCOE of Solar PV
LCOE = E;‘;' ] ]f?is;muntc-d Annual Costs
3., Discounted Annual Energy
LCOE of Renewable Energy Certificate (REC)

Total Electricity Consumption Costs (USD)

LCOE (USD/MWh) =
( i ) Total Annual Energy (MWh)
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b) LCOH Evaluation

Similar to LCOE, LCOH is used to assess the cost efficiency of producing green hydrogen
from renewable energy sources. According to Yang et al. (2018), LCOH is a key metric to
determine the average cost of producing hydrogen over the lifetime of the production system. In
this study, LCOH is calculated by considering the capital expenditure (CAPEX), operational
expenditure (OPEX), and the energy consumption for hydrogen production from Solar PV and
REC. This calculation helps determine the economic viability of using green hydrogen in large-
scale energy production while considering factors such as energy consumption, investment, and
maintenance costs (Maria Villarreal Vives et al., 2023). The formula for LCOH is as follows:
LCOH calculation uses the formula used in the following calculatlons

CAPEX — Y fl

(17T n

ZT Y,
n=1 (14+rjn

LCOH =

where :
CAPEX is the initial investment,
VR is the residual value of fixed assets,
An is the operating costs in year n,
En is the energy consumption costs in year n,
CR is the electrolyzer replacement cost,
Yn is the hydrogen production volume in year n,
T is the project life cycle,
r is the discount rate, generally used as the reference rate of return.
Env1ronmental Impact Analysis

To assess the environmental impact of integrating renewable energy into the Green
Hydrogen Plant (GHP), this study uses the Greenhouse Gas (GHG) Protocol, specifically Scope 2
emissions, to measure carbon emission reductions. The GHG Protocol Scope 2 Guidance,
developed by the World Resources Institute (WRI) and the World Business Council for Sustainable
Development (WBCSD), provides a framework for measuring emissions from electricity
consumption. This helps evaluate the role of renewable energy in reducing carbon emissions and
combating climate change.

The environmental impact is calculated by measuring the reduction in carbon dioxide (CO2)
emissions due to the shift from fossil fuels to renewable energy sources (Razmjoo et al., 2021).
This is key to understanding the GHP's contribution to mitigating climate change and moving

SR moe o o

towards a sustainable energy system. The carbon reduction is based on the energy used by the GHP
and the proportion of renewable energy it consumes.
Emissions from Electrical Energy Consumption (Scope 2 Emissions)
To quantify the carbon emissions reduction from electricity consumption, the following
formula can be applied:
Es;=CxEF
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where :
a. ES2 is Scope 2 emissions (tons CO2e).
b. C is the electricity consumption replaced by Solar PV (MWh).
c. EF is the electricity grid emission factor (CO2e per MWh).
Emissions from Use of Renewable Energy Certificates (RECs)
Additionally, for market-based emissions using Renewable Energy Certificates (RECs), the
following formula is used to calculate market-based Scope 2 emissions:

Ewmg,s2 = Cumpi X ( EFypi- EFres)
where:
a. EMB,S2 is the market-based Scope 2 emissions.
b. CMBI is the energy consumption supplied by energy with market-based instruments (e.g.
RECs).

c. EFMBI is the emission factor of energy with market-based instruments (usually zero for RECs).
d. EFres is the residual grid emission factor (without energy claimed by RECs).
Emission Factors

The following table presents the emission factors used in this study for calculating the carbon
emissions reductions associated with the integration of renewable energy technologies into the
Green Hydrogen Plant (GHP) (Kwon & Koo, 2024). These emission factors are based on the
regulations and guidelines provided by the Indonesian Ministry of Energy and Mineral Resources
(ESDM) and the Directorate General of Electricity (Dirjen Ketenagalistrikan), which outline the
official emission factors for various energy sources used in the electricity system.

Table 2. Emission Factors of the Electricity System in 2019

Emission Factor (ton COATWh)
~ Total OAl BAI
{ Grid Name ) Pawer CM Ex-Post CM Ex-Ante

Province Plants ton OM=0.5 | OM=075 | OM=0.5 | OM=075
COMWh | BAM=0.5 | BAM=0.25 | BA=05 | BAM=0.25

{ Jamali )

Banten, DKI Jakarta, West Java, 302 | 0.80 | 0.54 0.87 .84 0.87 0.83
Central Java, Yogyakarta East Java

Source: https://gatrik.esdm.go.id

Notes:

a. Column 3 is OM, which is the Operating Margin.

b. Column 4 is BM, which is the Build Margin.

c. Columns 5 and 7 are Emission Factor values for mitigating greenhouse gas emissions (GHG)
for all activities, excluding wind and solar power plants (PLTB and PLTS).

d. Columns 6 and 8 are Emission Factor values for mitigating GHG emissions specifically for
wind and solar power plant activities (PLTB and PLTS).
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These emission factors are critical for determining the environmental impact of the Green
Hydrogen Plant (GHP) in terms of carbon dioxide (CO:) emissions. The factors reflect the energy
mix of the grid, where fossil fuel-based sources like coal and natural gas have higher emission
factors compared to renewable sources such as solar and wind, which are virtually emissions-free.
In this study, the following emission factors are used to calculate the reduction in Scope 2
emissions from the consumption of renewable energy:

1) Grid Emission Factor (EF): This represents the emission factor of the grid electricity that is
replaced by renewable energy sources such as Solar PV. The EF for the grid is typically provided
by national or regional authorities based on the energy mix used for electricity generation in a
specific area.

2) Renewable Energy Certificates (REC) Emission Factor (EFMBI): The emission factor for
electricity supplied through market-based instruments such as RECs is typically zero since
renewable energy sources do not produce direct emissions. The value of this factor is set to zero
for clean energy supplied through RECs, which is a key advantage in using such mechanisms
to reduce carbon footprints.

3) Residual Grid Emission Factor (EFres): This is the emission factor for electricity that remains
in the grid after subtracting the amount of electricity generated from renewable sources. It
accounts for the emissions associated with fossil fuel-based energy that is still being consumed
in the grid. The EFres is used in the market-based emissions calculation when RECs are used.

The use of these emission factors allows for the accurate calculation of Scope 2 emissions
reductions when renewable energy sources replace conventional grid electricity. By utilizing
renewable energy through technologies like Solar PV and RECs, significant reductions in carbon
emissions can be achieved, contributing to sustainability goals and climate change mitigation.

RESULT AND DISCUSSION
Energy Efficiency Evaluation of Technology Integration
As outlined in the Research Method section, this study evaluates the efficiency of integrating
Green Hydrogen Plant (GHP) with Solar Photovoltaic (PV) and Renewable Energy Certificates
(REC) (Magni et al., 2024). The primary focus of this evaluation is to assess the contribution of
GHP to improving internal energy consumption efficiency at PT. XYZ by replacing some of the
energy traditionally supplied from the grid with renewable energy sources.

Table 3. Total production with internal energy consumption

Year 2023 Year 2024
Int 1 P Int 1
Month Gross Power n erna. Gross Power n erna.
(MWh) Consumption (MWh) Consumption
MWh % MWh %

Januari 584,394.00 17,740.00 3.04 668,168.00 20,381.00  3.05

Februari 484,977.00 16,097.00  3.32 446,465.86 12,465.74  2.79
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Year 2023 Year 2024
Month Grf;;\;‘;l;ver Cofllgfll;ll;ilion G"(”;;\zz')"e" Cofll;t;;ll;lion
MWh % MWh Y%

Maret 602,261.00 11,461.00 1.90 698,825.00 15,588.00  2.23
April 493,482.00 16,253.00  3.29 579,865.00 14,860.00  2.56
Mei 609,825.00 16,875.00  2.77 500,000.00 10,000.00  2.00
Juni 624,058.00 19,000.00  3.04 567,600.00 17,873.00  3.15
Juli 613,316.00 21,474.00  3.50 704,792.00 18,053.00  2.56
Agustus 277,428.00 6,674.00 2.41 713,487.00 18,849.00  2.64
September 663,365.00 17,825.00  2.69 738,440.00 18,244.00  2.47
Oktober 686,648.00 19,848.00  2.89 771,682.00 22,447.00 291
November 635,146.00 17,957.00  2.83 648,505.00 19,663.00  3.03

Desember 606,447.00 17,625.00  2.91 666,666.00 - -
Total 6,881,347.00 198,829.00 2.89 7,037,829.86  188,423.74  2.68

Source: (Researcher Processed Results, 2024)

The data presented in Table 2 shows the comparison between the gross power production
and internal energy consumption for the years 2023 and 2024. The results highlight a reduction in
internal energy consumption from 2.89% in 2023 to 2.68% in 2024, indicating an improvement in
energy efficiency following the integration of renewable energy sources through GHP.

Next, Based on the data above:
a. Energy used by GHP = 2,880 MWh
b. Total Internal Energy Consumption in 2024 = 188,423.74 MWh

2,880

sHP Contribution(% 188.423.74
C ontribution(%) (188, 423.74

) % 100% = 1.53%

Table 4. Results of internal energy efficiency calculations

Evaluation Result

2.89% (2023) decreased to 2.68% (2024)

Solar PV & REC Contribution 1.53% towards internal energy efficiency
Company Baseline 3.5% (2024)
Source: (Researcher Processed Results, 2024)
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As shown in Table 3, GHP's contribution to internal energy efficiency is quantified as 1.53%,
which represents the share of energy supplied by Solar PV and REC compared to the total internal
energy consumption. This highlights that renewable energy has successfully replaced a portion of
the electricity previously drawn from the grid.
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Figure 4. Graph of Energy Efficiency Evaluation from Technology Integration (2023-2024)
Source: (Researcher Processed Results, 2024)

These findings demonstrate that GHP, supported by Solar PV and REC, has contributed to a
reduction in energy consumption from conventional sources, improving the company's energy
efficiency and supporting its transition toward more sustainable energy practices.

Economic Impact Analysis

As outlined in the Research Method section, Levelized Cost of Energy (LCOE) and
Levelized Cost of Hydrogen (LCOH) are used to evaluate the cost efficiency of integrating Solar
Photovoltaic (PV) and Renewable Energy Certificates (REC) into the Green Hydrogen Plant
(GHP). LCOE measures the average cost of energy production from renewable sources, while
LCOH calculates the cost of green hydrogen production, factoring in investment, operational, and
energy consumption costs (Al-Mahmodi et al., 2025). These metrics are crucial for assessing the
economic viability of the GHP and comparing it to traditional fossil-based energy production.

The results of the evaluation are presented in the following tables, which provide detailed
information on energy production, internal energy consumption, and the contributions of
renewable energy sources (Solar PV and REC) to the overall energy efficiency.
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LCOE Evaluation
Table 5. Solar PV Investment Costs
Component Value Description
Initial Investment Total cost of the Solar PV project, including
2 D
(CAPEX) 390276 US EPC
tional
Qpera ional & 1.951,38 Annual budget for operational and
Maintenance Costs USD/year maintenance costs
(OPEX) Y
Annual Energy 640 MWh Total energy produced by the PV system
Production (E) each year
Discount Rate (1) 5% per year Discount rate for calculating the present
value of costs and energy
. r The project lifetime reflecting the economic
P t Lifet 25
roject Lifetime (n) years life of the Solar PV system
Source: (Researcher Processed Results, 2024)
Table 6. Results of Solar PV LCOE Calculation
Total
Total Solar PV Cost ofa LIS Syptizn 1217
(USD) ] USD/MWh  USD/kWh  IDR/kWh
(MWh)
390.276 640 44,26 0,0443 686
Source: (Researcher Processed Results, 2024)
Table 7. REC Purchase Costs
Component Value Description
REC Cost Rp. 35.000 / MWh Price before tax
Total Annual 5 077 MWh Total renewable energy delivered
Energy annually
REC Price Rp. 80.701.450 Price after tax
Electricity Price Rp. 2.880 Price of electricity per MWh
Total Electricity .
Rp.5.981.760 A 1E P
Energy Price p.5.981.7 nnual Energy x Price
86.683.210 in IDR
Total REC Price ;
5.592,44 i USD

(1 USD = 15.500 IDR)
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Source: (Researcher Processed Results, 2024)

Table 8. REC Investment Costs

Total REC Cost  1°tal Energy LCOLREC
(MWh) USD/MWh USD/kWh IDR/KWh
(USD)
5.592,44 2.077 2,69 0,00269 41,695

Source: (Researcher Processed Results, 2024)

- 100

1400} LCOE (IDR/kWh) LCOE (USD/MWh)
1200 1122.50 1127.00 -80
= 1000}
% - 60
"9‘ 800 s 727.73
& 600 - 40
O
-
400
-20
200+
41.69
9 N 5 ~ N Q 0
Q Q Q S B
& & S S &
N * N v 2
< 2 < S 2
3 oS 5§ 3 &
© < © xS
& N N S e
) @ N 2 2
] & N Ny X
& <& A9 Q P
O <
) \° &0
%0 Q\’

Figure 5. Comparison of Levelized Cost of Energy (LCOE) for PT. XYZ Green Hydrogen
Plant with national benchmarks
Source: (Researcher Processed Results, 2024)

Based on the evaluation above, the Total LCOE of the GHP project is 46.95 USD/MWh
(727.73 IDR/kWh). This figure is lower than the average cost of fossil-based electricity generation
in Indonesia, which is between 905-1349 IDR/kWh (58.4-87 USD/MWh). The following table
provides a comparison of the LCOE costs between this project and national and global standards:

Table 9. Results of Total LCOE Evaluation of PT.XYZ GHP Project

S LCOE LCOE
(IDR/kWh) (USD/MWh)
Solar PV 686 4426
REC 41,69 2,69
Total ( REC Project) 727,73 46,95
Solar PV (National, 2019) 845-1400 60-100
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Catesor LCOE LCOE
gory (IDR/kWh) (USD/MWh)
Coal Power Plant (National) 905-1349 58,4-87

Source: (Researcher Processed Results, 2024)

From the calculation results, the Total LCOE shows the average cost required to produce 1
unit of energy (kWh or MWh) by combining the cost of energy production by Solar PV and
procurement of Renewable Energy Certificates (REC). The Total LCOE is 46.95 USD/MWh (or

727.73 IDR/kWh) this represents the overall cost that includes elements of sustainability and
compliance with renewable energy standards.
LCOH Evaluation

Table 10. Main Data of Green Hydrogen Plant Project

Component Value Discription
Investment Cost or 2.012.085,79 Total investment cost or asset value,
Asset Value (CAPEX) USD minus depreciation
Operational & Total operational and maintenance
Maintenance Costs 17.388,805 USD
(OPEX) costs for the year

LCOE Cost/MWh 46,95 USD/MWh Price of renewable electricity energy
per 1 MWh

Total Annual Energy 2.803 MWhJyear Total rene\yable elef:tricity energy
Consumption consumption required for GHP
A 1 Hyd .
lilgjluctiznrz)lijn 51 Tons/year Total hydrogen gas production per year

Source: (Researcher Processed Results, 2024)

With additional assumptions used in the calculation:
a. Discount Rate (r) = 5% per year
b. Project Life (n) = 25 years

Table 11. Comparison of LCOH GHP PT.XYZ
Category LCOH (USD/kg H2)

Latest LCOH evaluation result, based
HP Project PT.XYZ 2 ’
G rojee 57 on Solar PV and REC.
. Hydrogen production cost based on
I 202 -1 :
ndonesia (2020) 6,0-10,0 (average: 8,00) Solar PV in Indonesia
) Projected green hydrogen cost in the
4,0-6,2 (average: 5,10) ASEAN region

Description

ASEAN Projection
(2030)
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Global Target (2050)

2,0-3,4 (average: 2,70) Global hydrogen cost efficiency target

Source: (Researcher Processed Results, 2024)

Comparison of LCOH: GHP Project vs Indonesia, ASEAN, and Global

8.0 USD/kg H2

(=)

5.72 USD/kg H2

LCOH (USD/kg H2)
£ )

w

GHP
Category

5.1 USD/kg H2

2.7 USD/kg H2

Indonesia 2020 (Avg) ASEAN 2030 (Avg)

Global 2050 (Avg)

Figure 6. Comparison of Levelized Cost of Hydrogen (LCOH) for PT. XYZ Green
Hydrogen Plant with national and global benchmarks
Source: (Researcher Processed Results, 2024)

These results show that the average cost to produce one kilogram of hydrogen in the Green
Hydrogen Plant is 5.72 USD/Kg or 88,669.92 IDR/Kg. This LCOH value provides an overview of
the cost efficiency in hydrogen production using renewable energy sources from Solar PV and
REC and is competitive when compared to fossil fuel-based hydrogen technology.

Environmental Impact

The environmental impact analysis focuses on the carbon dioxide (CO:) emission reductions
resulting from the integration of renewable energy sources, such as Solar Photovoltaic (PV) and
Renewable Energy Certificates (REC), into the Green Hydrogen Plant (GHP). The tables below

present the results of the evaluation.

Table 12 Green Hydrogen Plant Evaluation Results

Evaluation Aspect Unit Data/Information
Energy from Solar PV MWh/year 640
Energy from REC MWh/year 2.077
Total Renewable Energy Usage MWh/year 2.717
Emission Reduction from Solar PV ton COze 537,6
Emission Reduction from Solar ton COse 1.744.68

REC
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Total Emission Reduction ton CO:e/year 2.282,28

Source: (Researcher Processed Results, 2024)

Table 12 shows the total renewable energy usage and the associated emission reductions.
The GHP utilizes 2,717 MWh of renewable energy annually, with 537.6 tons CO:e reduced from
Solar PV and 1,744.68 tons CO:ze reduced from REC, resulting in a total reduction of 2,282.28
tons COze per year.

Table 13. Results of Emission Reduction Calculations

Emission Energy Emission Factor  Baseline Actual Emission
Source Consumption (ton CO:e per Emissions Emissions Reduction
(MWh) MWh) (ton COz¢) (ton COz¢) (ton CO:e)
Solar PV 640 0.84 537,6 0 537,6
REC 2077 0.84 1.744,68 0 1.744,68
Total 2717 - 2.282,28 0 2.282,28

Source: (Researcher Processed Results, 2024)

Table 13 provides further details on the emission reduction calculations, showing that both
Solar PV and REC have zero actual carbon emissions. The energy consumption from these sources
has led to significant reductions in baseline CO: emissions, as outlined in the table.

Green Hydrogen Plant Evaluation: Emission Reduction and Energy Contribution

2717.00 MWh/year
2282.28 ton COze
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640,00 MWh/year
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Energy (MWh/year) === Emission Reduction (ton CO:e)

Figure 7. Graph of Carbon Emission Reductions from Solar PV and REC Integration in
GHP
Source: (Researcher Processed Results, 2024)
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From the evaluation results presented, it can be seen that all energy consumption from Solar
PV and Renewable Energy Certificates (REC) produces zero actual carbon emissions. Solar PV
contributes to a reduction in emissions of 537.6 tonsCOze, while REC contributes more, namely
1744.68 tonsCO2e. Overall, the total emission reduction achieved reached 2282.28 tonsCO:e¢.
Comparison with Previous Research:

The results of this study align with those of Huang et al. (2023), who highlighted that the
integration of renewable energy technologies with hydrogen production can significantly improve
energy efficiency by approximately 2-3%. Our findings support this assertion, showing a
measurable increase in energy efficiency as a result of integrating Solar Photovoltaic (PV) and
Renewable Energy Certificates (REC) into the Green Hydrogen Plant (GHP) system. Additionally,
this study corroborates the findings of Urs et al. (2023), who emphasized the substantial potential
of green hydrogen in reducing carbon emissions, particularly in the industrial sector. By
incorporating these renewable energy sources into hydrogen production, the present study
similarly demonstrates significant carbon emission reductions, further supporting the role of green
hydrogen as a key technology in climate change mitigation.

CONCLUSION

This study evaluates the techno-economic and operational aspects of the integration of green
technologies, namely Solar Photovoltaic (PV), Renewable Energy Certificates (REC), and Green
Hydrogen Plant (GHP) at PT. XYZ. The results of the study indicate that the integration of Solar
PV and REC has successfully increased the efficiency of internal energy consumption by 1.53%,
with a decrease in energy consumption from 2.89% in 2023 to 2.68% in 2024, compared to the
baseline of 3.5%. In terms of economy, the Levelized Cost of Energy (LCOE) generated from
Solar PV and REC is recorded at 46.95 USD/MWh (727.73 IDR/kWh), while the Levelized Cost
of Hydrogen (LCOH) for green hydrogen production at GHP is 5.72 USD/Kg (88,669.92 IDR/Kg),
which shows better cost efficiency compared to fossil fuel-based technologies. On the
environmental side, the implementation of this technology has succeeded in reducing carbon
emissions by 2,282.28 tons of CO:¢ per year, supporting the achievement of the Net Zero Emission
target in 2030 while contributing to global climate change mitigation.

This study recommends the use of Solar PV and REC technology as renewable energy that
is feasible to be applied to replace fossil fuels, not only in GHP equipment but also in other
equipment that requires large amounts of energy in the industrial sector. This step can accelerate
the transition to more environmentally friendly energy without sacrificing operational reliability.
In addition, further research is needed to improve the efficiency of electrolysis technology in the
production of green hydrogen, as well as to study the potential application of green hydrogen in
other sectors such as transportation, manufacturing, and petrochemicals to support a clean and
sustainable energy transition globally.
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