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1. INTRODUCTION

Energy is one of the most important concepts in human life. The concept of energy is not only
limited to the resources used, but also involves energy consumption, energy efficiency, and energy
sustainability. In the context of household energy consumption, there is a shift from the use of
traditional energy to modern energy as economic status improves (Nazer & Handra, 2016). In this
modern era, the need for energy continues to increase along with population growth and industrial
development. However, inefficient utilisation of energy resources can cause significant economic
losses and environmental damage. Therefore, the application of environmental engineering is
crucial to improve energy transfer efficiency. Environmental engineering encompasses various
methods and technologies that aim to reduce negative impacts on the environment while
maximising the use of energy resources.
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The concept of energy is also closely related to national energy security. Improving energy
security through the use of renewable energy and energy efficiency is an important focus for local
governments in building national resilience (Yandri et al., 2018). Thus, the concept of energy is not
only individual or local, but also has a wider impact on the national level. Energy and the
environment have a close and complex relationship. Energy and the environment have a close and
complex relationship. Energy utilisation, especially from conventional sources such as fossil fuels,
has a significant impact on the environment. One important aspect of environmental engineering is
the management of renewable energy resources. Renewable energies such as solar, wind, and
water have great potential to provide clean and sustainable energy. However, a major challenge in
their use is how to optimise the transfer of energy from the source to the end user. The
development of technologies such as high-efficiency solar panels, wind turbines, and micro-hydro
systems are the main focus of this endeavour.

Energy has a very close relationship with the environment. Energy consumption and
energy transformation processes can have a significant impact on the environment. Conventional
energy use based on fossil fuels, such as petroleum and coal, causes greenhouse gas emissions
and air pollution that damage the environment (Arba & Thamrin, 2022). The environmental impacts
of economic and social activities, especially those related to energy, are difficult to address due to
their broad scope (Lolo et al.,, 2021). the relationship between energy and the environment is
crucial to understand. Efforts to switch to renewable energy, improve energy efficiency and reduce
fossil-based energy consumption are important steps in maintaining environmental sustainability for
future generations. In addition, energy transfer efficiency can also be improved through upgrading
energy infrastructure. Modernising the power grid by adopting smart grids enables more efficient
energy management and reduction of energy losses during distribution. Smart grids use digital
technology to control the flow of electricity more precisely and in real-time, reducing energy
wastage that often occurs in traditional systems.

This research has the main objective of finding and analysing environmental techniques
that are effective in improving energy transfer efficiency. This includes technologies and practices
in various sectors such as renewable energy, energy infrastructure, waste management, and
building efficiency. in addition to evaluating the effectiveness of these techniques in reducing
energy consumption and their impact on the environment. This involves analysing economic
returns, emissions reductions, and other environmental benefits. A previous study suggests that
there are solutions that can help reduce these negative impacts, namely by switching to renewable
energy sources. Renewable energy, such as solar, wind and geothermal energy, has a lower
environmental impact than conventional energy (Qazi et al.,, 2019). The adoption of renewable
energy can also help reduce greenhouse gas emissions and reduce dependence on fossil fuels (Lu
et al., 2020).

Utilising environmental energy to improve energy transfer efficiency is also an effective
technique. Research shows that evaporation rates above a certain limit can be achieved by
collecting energy directly from the environment through careful structural design (Li et al., 2018).
Therefore, through the application of environmental techniques such as quantum energy transport,
catalyst electronic environment modulation, and environmental energy utilisation, energy transfer
efficiency can be significantly improved to support sustainability and energy efficiency.

A sound concept of environmental engineering in support of energy efficiency should be
based on a holistic and integrative approach that includes various aspects of technology, policy,
and practice. Firstly, the application of environmentally friendly and efficient advanced technologies
is essential. This includes the development and use of renewable energy sources such as solar,
wind and biomass, which not only reduce dependence on fossil fuels but also minimise greenhouse
gas emissions. In addition, improved energy efficiency can be achieved through technological
innovations such as smart grids, which enable real-time and more efficient management of energy
distribution, as well as the use of energy-efficient appliances in the household and industrial
sectors (Wu et al.,, 2023). These technologies not only reduce energy consumption but also
optimise the use of existing energy resources (Uchiyama et al., 2018).

This research is expected to make significant contributions both theoretically and
practically in the field of environmental engineering. Theoretically, this research can enrich the
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scientific literature by identifying new mechanisms and models to improve energy transfer
efficiency through technological innovation and environmental engineering approaches. The
discovery and development of these theoretical concepts can form the basis for further studies in
the same field. Practically, the results of this research can be applied directly in industry to improve
energy efficiency, reduce operational costs, and minimise environmental impacts. The
implementation of practical solutions from this research can also help in the development of green
and sustainable technologies, support more efficient energy policies, and improve overall energy
system performance. Thus, this research not only provides academic benefits but also has a
positive impact on industrial practice and environmental policy.

Second, strong government policy and regulatory support is a key component in the
concept of good environmental engineering. Policies that encourage research and development of
clean energy technologies, incentives for renewable energy use, and strict energy efficiency
standards for buildings, vehicles, and appliances should be implemented (Ulinata & Fisabilillah,
2021). In addition, public education and awareness about the importance of energy efficiency and
environmental engineering should be increased through public education programmes and
campaigns. Collaboration between the public and private sectors is also essential to create
innovative and practical solutions that can be widely adopted. With this integrated approach,
environmental engineering concepts can effectively support the improvement of energy efficiency
and contribution to environmental sustainability.

2. RESEARCH METHOD

The research method using literature study involves collecting, analysing, and synthesising
information from various existing sources, such as books, journal articles, technical reports, and
other publications relevant to the research topic. The first step in this method is to identify and
formulate a specific and relevant research question. Then, the researcher conducts a literature
search through academic databases and digital libraries using appropriate keywords. The sources
found are then selected based on their relevance, authenticity and quality. This process involved a
critical evaluation of each source to ensure that the information used was valid and reliable. The
selected information is then classified based on themes or subtopics relevant to the research
objectives.

After collecting and organising the information, the next step is to analyse and synthesise
the findings from the various sources. The researcher looks for patterns, trends and relationships
between concepts discussed in the literature. This analysis allows researchers to identify
knowledge gaps and areas that require further research. The results of this analysis are then
compiled in a structured report, including an introduction, literature review, methodology, results
and discussion. The report also presents conclusions supported by evidence from the literature and
provides relevant practical or policy recommendations. Thus, the literature study method allows
researchers to gain comprehensive and in-depth insights into the research topic without having to
conduct experiments or direct field data collection.

In addition to qualitative analysis, this research method using literature review is also
combined with involving the use of mathematical formulas and models to evaluate energy transfer
efficiency. For example, to calculate energy efficiency (i), we can use the basic formula of
efficiency:

Eour_uur

n= x 100%

El'r!;:lur

Where (E,,:p.:) is the energy produced or used effectively, and (E;,,;) is the total energy
put into the system. Research can also utilise other specific formulae, such as the second law of
thermodynamics relating to entropy and Carnot efficiency for thermal engines, viz:

_ Teoia
Nearnot = 1 - T.
kot
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Where (T.;s) and (T} are the cold and hot reservoir temperatures in Kelvin units,
respectively. By applying these formulae, researchers can perform in-depth calculations and
compare the efficiency of various environmental techniques discussed in the literature. The results
of these calculations can be used to identify the most efficient and potential techniques in
improving energy transfer efficiency, providing a solid basis for practical and policy
recommendations based on quantitative data.

3. RESULTS AND DISCUSSIONS
Energy's Relationship to the Environment

Energy has a very close relationship with the environment, especially in the context of its
impact on pollution and environmental sustainability. Various studies have highlighted the
relationship between energy and the environment from different perspectives. Clean energy
substitution for polluting fossil fuels has been the focus of efforts to reduce the negative impact of
energy on the environment (Chen et al., 2019). China, for example, has implemented a clean
energy replacement policy to address the problem of carbon emissions and environmental
pollution. Energy use also impacts economic growth, but often also causes serious environmental
problems (Luo et al., 2019). Therefore, it is important to find a balance between energy-driven
economic growth and environmental protection. Moreover, renewable energy technologies and
energy efficiency also play an important role in reducing the negative environmental impact of
energy (Hercegova et al., 2021). The utilisation of environmentally friendly technologies can help
reduce emissions and improve environmental quality. In this context, it is important to consider
environmental sustainability in the development of energy policies, such as increasing the supply of
renewable energy and adjusting product manufacturing structures towards green products (Arnaut
& Dada, 2023). These measures can help achieve the goals of reduced fossil fuel consumption and
sustainable growth.

ENEergy source

energy

energy use :
processing

residential and
commercial
sector

mitigation and
adaptation
efforts

transport sector

Figure 1. Schematic Flowchart of Energy to Environment Relationship

a) Energy Sources: a) Fossil Fuels: Includes oil, coal, and natural gas. These energy sources
are most commonly used but have significant environmental impacts. b) Renewable Energy:
Energy sources such as solar, wind, hydro, biomass, and geothermal that are more
environmentally friendly and sustainable.

b) Energy Processing: a) Extraction and Production: The process of taking fuel from nature and
producing it into a usable form. b) Transport and Distribution: The delivery of energy from the
place of production to the place of consumption, including electricity grids and fuel transport.
c) Energy Conversion: Transforming energy into usable forms, such as electricity for
households and industries, and fuel for vehicles.

c) Energy Use: a) Industrial Sector: Uses energy for the production of goods and services. b)
Transport Sector: Uses fuel for land, sea and air vehicles. c) Residential and Commercial
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Sector: Uses energy for heating, cooling, lighting, and electronics in homes and commercial
buildings.

d) Environmental Impacts: a) Greenhouse Gas Emissions: Includes CO2, CH4, and N20 that
contribute to climate change. b) Air Pollution: Includes SOx, NOx, and fine particulates that
adversely affect human health and the environment. c) Land and Water Degradation:
Environmental damage due to resource extraction and industrial waste. d) Biodiversity Loss:
Reduction in the number of species due to habitat destruction and pollution. e) Global
Warming and Climate Change: Resulting from increased greenhouse gas emissions.

e) Mitigation and Adaptation Measures: a) Renewable Energy Development: Replacing fossil
fuels with cleaner energy sources. b) Increased Energy Efficiency: Reducing energy
consumption with more efficient technologies. ¢) Waste Management: Treating waste to
reduce environmental impact. d) Energy Conservation: Reducing energy consumption
through changes in behaviour and practices. e) Environmental Policy and Regulation:
Supporting the use of clean energy and regulating emissions and pollution.

This scheme helps to understand how different aspects of energy production and
consumption affect the environment and how mitigation efforts can help reduce these negative
impacts.Clean energy is a very important concept in the effort to reduce environmental emissions
and pollution. It involves using more efficient and environmentally friendly energy sources, such as
renewable energy, to reduce dependence on fossil fuels that pollute the environment (Asri, 2017).
The use of clean energy can help reduce greenhouse gas emissions and air pollutants, which
contribute to climate change and public health issues (Igbal & Ruhaeni, 2022). One way to support
the use of clean energy is to utilise renewable energy, such as solar, wind and biomass energy
(Wati et al., 2023). The utilisation of renewable energy can help reduce carbon emissions and
reduce negative impacts on the environment (Taufiqurrohman & Yusuf, 2022). Thus, the concept of
clean energy can not only support the reduction of emissions and environmental pollution, but also
play an important role in maintaining environmental sustainability and public health. Through the
development and application of clean energy technologies, it is expected to create a cleaner and
healthier environment for future generations.

Environmental engineering analysis of renewable energy

Environmental engineering analysis of renewable energy involves evaluating how
environmental technologies and practices can improve the efficiency and sustainability of
renewable energy sources. Renewable energy, such as solar, wind, hydro, biomass and
geothermal, has great potential to provide clean energy that reduces greenhouse gas emissions
and other negative environmental impacts. Advanced environmental techniques, such as
photovoltaic (PV) technology for solar power, efficient wind turbines, and biomass waste
management systems, can significantly improve energy conversion efficiency and reduce waste.
Environmental engineering analysis of renewable energy is an important approach in
understanding the environmental impacts and potential of renewable energy sources. Several
studies have highlighted crucial aspects related to this. One aspect that needs to be considered in
the environmental engineering analysis of renewable energy is the existence of technical barriers,
such as the intermittent nature of renewable energy output, which makes it difficult for renewable
energy sources to fully replace the dominant role of fossil fuels (Sugiawan & Managi, 2016).
Therefore, further research is needed to overcome these technical barriers so that renewable
energy can be utilised more effectively.

Environmental techniques applied to renewable energy systems also include land and
resource use optimisation. For example, placing solar panels in locations with optimal sunlight, or
building wind farms in areas with consistent and high wind speeds, can increase energy output. In
addition, technologies such as smart grids enable more efficient integration of various renewable
energy sources into the power grid, reducing energy losses during transmission and distribution.
The utilisation of energy storage technologies, such as lithium-ion batteries and thermal energy
storage, also plays an important role in ensuring the stable and reliable availability of renewable
energy. In addition, environmental engineering analysis can also involve research on the effects of
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renewable energy consumption on economic growth. Some studies show that renewable energy
consumption has a positive impact on economic growth, which indicates the importance of paying
attention to economic aspects in renewable energy development (Nurdin & Fuady, 2021).tang
relationship between renewable energy consumption and economic growth. Several studies have
shown that renewable energy consumption has a positive impact on economic growth (Adedoyin et
al., 2021). This suggests that the use of renewable energy not only supports environmental
sustainability, but can also make a positive contribution to economic growth. One of the main
implications of environmental engineering analysis of renewable energy is the ability to reduce
negative impacts on the environment, such as carbon emissions and air pollution. Research shows
that the use of renewable energy can consistently reduce carbon dioxide (CO2) emissions (Asongu
et al., 2019). This suggests that the development of renewable energy can help in reducing carbon
footprint and supporting climate change mitigation efforts.

Furthermore, environmental engineering also includes managing the environmental
impacts of the renewable energy infrastructure itself. For example, in the construction and
operation of wind farms, attention to wildlife habitats and local ecosystems is essential to minimise
disturbance. environmental engineering analysis can also involve research into the relationship
between renewable energy consumption and its effects on the environment. Several studies
highlight that advanced environmental technologies can contribute to limiting emissions of
environmental pollutants, making it important to continue developing environmentally friendly
technologies in the use of renewable energy (Bashir et al., 2022). The use of environmentally
friendly materials in the manufacture of solar panels and wind turbines, as well as the recycling of
components at the end of their useful life, is another aspect of implementing good environmental
engineering. Overall, the environmental engineering analysis of renewable energy emphasises the
importance of an integrated approach that not only focuses on energy efficiency but also considers
the overall environmental impact, ensuring that the transition to clean energy proceeds in a
sustainable and responsible manner.

Effectiveness in enhancing energy transfer

Effectiveness in enhancing energy transfer involves efforts to maximise the conversion of
energy from one form to another with minimum losses. In this context, energy transfer includes
processes such as the conversion of heat energy into electricity in power plants, or the absorption
of solar energy by solar panels. efficiency in improving energy transfer can also be studied in the
context of applying supporting technology, such as the use of video tutorial media to improve family
knowledge and attitudes in caring for mentally ill patients (Al Husaeni et al., 2024). The utilisation of
technology in energy transfer, both in the context of renewable energy and in education and
healthcare, can improve the efficiency of the energy transfer process and overall energy use. One
way to measure the effectiveness of energy transfer is to use the efficiency formula (7}, which is
defined as the ratio of useful output energy (E ¢y ) 10 total input energy (E;yqy. - The formula is:

E....
n= ——— x 100%

El'r!pur

High efficiency means more energy is successfully transferred and utilised for the desired
purpose, while low efficiency indicates significant energy losses in the transfer process. To better
understand and improve the effectiveness of energy transfer, the theory of thermodynamics comes
in handy. The first law of thermodynamics, or the law of conservation of energy, states that energy
cannot be created or destroyed, it can only be changed in form. However, in any energy conversion
process, some energy will be lost as heat, in accordance with the second law of thermodynamics
which states that the entropy of a closed system will always increase. This indicates that no energy
conversion process is completely efficient as there is always energy loss. Therefore, to improve the
effectiveness of energy transfer, it is important to minimise the entropy generated during the
conversion process.

To improve the effectiveness of energy transfer, it is important to minimise the entropy
generated during the conversion process. This concept is particularly relevant in the context of
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renewable energy applications. In the development of green energy storage technologies, as
discussed by (Aiman, 2016), the contact surface area influenced by the particle size of the
lignocellulosic biomass affects the effectiveness of the process. By understanding and optimising
factors such as these, the energy conversion process can be carried out more efficiently. The
application of advanced technologies is one way to improve the effectiveness of energy transfer.
For example, the use of gas and steam turbines in a combined cycle in power plants can increase
thermal efficiency to around 60%, much higher than conventional power plants. This technology
works by using the exhaust heat from the gas turbine to generate steam which then drives the
steam turbine, thus maximising the use of input energy. Likewise, in photovoltaic (PV) systems,
improvements in semiconductor materials and solar cell design can increase the efficiency of
converting sunlight into electricity.

Besides technology, efficient energy management also plays an important role in improving
energy transfer. The implementation of energy management systems (EMS) in industries and
commercial buildings can help monitor, control and optimise energy use. EMS can identify areas
where energy is wasted and implement measures to reduce such wastage, such as optimising the
use of electrical equipment and improving the thermal insulation of buildings. The use of sensors
and automated controls can also improve operational efficiency by ensuring that energy is used
only when and where it is needed.

Finally, supportive government policies and regulations are also critical to improving the
effectiveness of energy transfer. Policies that encourage research and development of clean
energy technologies, incentives for the use of renewable energy, and strict energy efficiency
standards for appliances and buildings can help drive energy efficiency improvements. For
example, subsidy programmes for solar panels or wind turbines can increase the adoption of these
technologies, while regulations that set limits on energy emissions can encourage industries to look
for new, more efficient ways to use energy. The combination of advanced technology, good energy
management, and supportive policies can significantly improve the effectiveness of energy transfer
and contribute to environmental sustainability.

4. CONCLUSION

The conclusion from analysing the relationship between environmental technologies and energy
transfers is that replacing fossil fuels with clean energy is a crucial step in reducing negative
environmental impacts. Clean energy, which includes renewable energy such as solar, wind, hydro,
biomass and geothermal, has great potential to reduce greenhouse gas emissions and improve
environmental quality. The utilisation of green technologies, such as photovoltaic technology for
solar power and efficient wind turbines, plays an important role in improving energy conversion
efficiency and reducing waste. This analysis confirms that an integrated and sustainable approach
to energy policy development, including increasing renewable energy supply and adjusting
manufacturing structures towards green products, is essential to ensure that the transition to clean
energy can reduce pollution and promote environmental sustainability. This research have several
limitations, including limited scope to the specific types of energy technologies or systems studied,
as well as limitations in generalising the findings to other operational conditions or scales. In
addition, the methodology used may face challenges in accurately measuring and validating energy
efficiency improvements. External factors such as climate change, environmental regulations, and
new technological developments may also affect the results of this study. For future research, it is
recommended to expand the scope of the study to different types of technologies and operational
scales, use more comprehensive and multidisciplinary methods, and consider external change
dynamics. In addition, collaboration with industry for practical trials and real case studies will help
validate and implement the findings more effectively.

In addition, effectiveness in improving energy transfer is a key aspect in efforts to reduce
energy losses during the conversion process. Using thermodynamic theory, particularly the first
and second laws, helps in understanding the limitations and opportunities for improving energy
efficiency. Energy conversion processes, such as converting heat energy into electricity in power
plants or the absorption of solar energy by solar panels, must be optimised to minimise the entropy
generated and maximise efficiency. Advanced technologies and efficient energy management can
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help achieve this goal, thereby reducing energy wastage and emissions. In conclusion, the
combination of advanced technologies, supportive policies, and effective energy management is
the key to improving energy transfer efficiency and achieving greater environmental sustainability.
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