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ABSTRACT

This research project focuses on the improvement of air conditioning system efficiency in buildings, which is
crucial for maintaining indoor environments. However, these systems often consume more than half of a
building’s energy in extreme climates. This leads to energy costs. Increased greenhouse gas emissions. To tackle
this challenge within the context of growing energy demands and sustainability concerns the study examines
solutions to enhance air conditioning efficiency. The main research question explores economic approaches to
boost energy efficiency. It suggests that factors such as equipment selection, system operation, maintenance
practices and building design can collectively contribute to efficiency. The study dives into aspects including
equipment selection, design considerations, system operation and maintenance practices while emphasizing
the role of climate conditions building types and occupancy patterns in decision-making processes.
Additionally, it underscores the importance of sizing of equipment, appropriate technology choices and optimal
layout designs. The study acknowledges the influence of building design by examining elements such as
insulation quality, shading techniques, and integration with air conditioning systems. Furthermore, Along
explores solutions along with their economic implications and potential benefits in terms of reducing energy
consumption, alleviating strain on power grids and decreasing emissions to contribute towards sustainability
goals and climate change mitigation efforts. The findings are supported by four case studies conducted in Brazil
and India, which showcase the practicality and advantages of implementing these measures.

Keywords: Variable Refrigerant Flow (VRF) Systems, Energy Recovery Ventilators (Ervs), Free Cooling
Methods, Lifecycle Costs, Return On Investment, Greenhouse Gas Emissions.

I. INTRODUCTION

Air conditioning systems in buildings are a contributor to energy consumption, sometimes accounting for over
50% of a buildings energy use especially in areas with extreme climates. This lack of efficiency has impacts on
both the economy and the environment. It leads to energy costs for building owner’s strains power grids and
contributes to greenhouse gas emissions. In a sense this paper highlights the importance of tackling this issue
as global energy demands continue to rise. It emphasizes the role of air conditioning efficiency in building
practices and its potential to reduce carbon footprints and overall resource consumption. By doing it
contributes towards achieving sustainability goals and mitigating climate change.

1. Background Information on Efficiency of Air Conditioning Systems in Buildings

The effective management of energy resources in the constructed environment has become extremely
important due to the growing demand for energy and increased environmental consciousness. One crucial
aspect of this effort is optimizing air conditioning systems, which often contribute significantly to a building’s
energy usage. As indoor climate control becomes more prevalent in commercial and industrial buildings the
efficiency of these systems plays a role in reducing energy consumption and mitigating the environmental
impact of the construction industry. Understanding how air conditioning efficiency works has thus become
both a necessity and an ethical responsibility.

2. Purpose of the Project

The aim of this project is to investigate and shed light on the technical and economic solutions that aim to
improve the effectiveness of air conditioning systems in buildings. Considering the need to tackle energy
related issues today our main goal is to provide a guide for professionals, stakeholders, and policymakers in the
construction industry. Through offering insights into strategies for optimizing air conditioning systems we
strive to contribute towards the development of sustainable and energy efficient built environments.
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3. Research Question and Hypothesis

The focus of this investigation is to explore ways to make air conditioning systems in buildings efficient. We
believe that by analyzing factors such as equipment selection, system operation and maintenance building
design and specific technical solutions we can improve energy efficiency. Our hypothesis is that implementing
these solutions will not reduce energy consumption but also contribute to the sustainability of the building
industry. Through real world case studies, economic evaluations, and an examination of the benefits, this
research aims to support our hypothesis.

II. LITERATURE REVIEW

In today’s world, where energy consumption’s environmental concerns are crucial, it is of utmost importance to
enhance the efficiency of air conditioning systems in buildings. This article presents an overview of techniques
that can be employed to achieve this goal. It delves into topics such as equipment selection, system functioning,
building design considerations and specific technological solutions while also analyzing their implications. By
addressing these aspects, the report provides a resource for individuals and organizations involved in
promoting sustainability and energy efficiency within the building sector.

1. Equipment Selection and Design:

o C(limate, type of building, and occupancy patterns are important considerations when choosing equipment.

Fig 1. Office structure under examination
e For equipment design, proper sizing, technology selection, and system layout are essential.
The study thoroughly examines how to optimize air conditioning systems by considering factors such as
equipment selection and design. It highlights the significance of considering occupancy patterns, building type
and environment when choosing the equipment. For instance, the study shows that air conditioning
requirements in an area differ significantly from those in a temperate region necessitating specifications for the
equipment. The authors also stress the importance of sizing the equipment selecting technology and designing
an efficient system architecture. Properly sizing the equipment ensures that the cooling or heating needs of a
building are met without wasting energy. Additionally incorporating control systems or energy efficient
compressors can greatly improve system efficiency. The layout of the system is emphasized as crucial for
distributing conditioned air throughout the building minimizing energy losses and maintaining occupant
comfort. This includes determining locations for vents, ducts, and equipment placement.
2. System Operation and Maintenance:
e System components need to be cleaned and maintained on a regular basis for optimum performance.
e Energy management systems as a tool for efficient energy use.

=

(a) (b)

Fig 2. A single-stage R22 refrigeration system using vapor compression. (a) Chiller (b) Cooling towers
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Regular maintenance and cleaning are crucial for air conditioning systems in buildings to work efficiently in the
run. It's important to replace filters, clean coils and lubricate moving parts to ensure performance. The paper
also emphasizes the significance of maintenance schedules that can detect and fix issues before they cause
inefficiencies or breakdowns. Additionally, the implementation of systems for managing energy is discussed to
further improve system efficiency. These systems adjust energy consumption based on demand making real
time adjustments to meet the needs of the building. By monitoring and controlling system parameters, energy
management systems contribute to operation resulting in energy and cost savings.

3. Building Design and Construction:

e Natural ventilation, insulation, and shading are examples of energy-efficient features that can lower energy
consumption.

o Forincreased efficiency, air conditioning systems should be integrated into the overall building design.

Fig 3.

Pivotal role of architectural and construction choices in optimizing energy efficiency within the built
environment. The paper details energy-efficient features such as insulation, shading mechanisms, and natural
ventilation as integral components that significantly reduce the energy demand placed on air conditioning
systems. For instance, it explains that well-insulated buildings reduce heat transfer, making it easier for air
conditioning systems to maintain desired temperatures. The section also underscores the importance of natural
shading elements, such as deciduous trees or overhangs, in reducing solar heat gain, thus lessening the cooling
load. Furthermore, the integration of air conditioning systems with the overall building design is emphasized.

4. Technical Solutions:

Thorough examination of the advantages and uses of Variable Refrigerant Flow (VRF) systems.

The implementation of Energy Recovery Ventilators (ERVs) to recover moisture and heat content.

Analysis of ambient air free cooling methods.

Innovative techniques for enhancing the effectiveness of air conditioning systems are explored in this analysis.
It delves into Variable Refrigerant Flow (VRF) systems examining their advantages and diverse range of
applications. The suggestion is made to utilize VRF systems as a solution to provide both heating and cooling,
enabling energy climate control that caters to the needs of different areas within a structure. Additionally, the
study introduces Energy Recovery Ventilators (ERVs) as an advancement in technology. ERVs aim to reduce the
reliance on cooling or heating by transferring heat and moisture from air to fresh incoming air. This ingenious
solution does not reduce energy consumption. Also enhances overall comfort levels. Furthermore, the
subsection investigates cooling methods that utilize air for building cooling purposes. It thoroughly examines
these methods. Provides real world examples of their implementation. These techniques prove beneficial in
increasing energy efficiency within air conditioning systems by leveraging the environment to offset cooling
requirements. Considering all aspects, the technological approaches discussed in this section offer a means of
improving air conditioning efficiency. The study underscores the potential for energy savings and
environmentally friendly building operations through an exploration of VRF systems, ERVs and free cooling
methods. These innovative solutions assist the construction sector in embracing a friendly approach to air
conditioning thereby reducing energy consumption as well.
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5. Economic Considerations:

o Acknowledgment of potential higher upfront costs for energy-efficient systems.

¢ Emphasis on the long-term energy savings that can outweigh initial investments.
e The need to consider lifecycle costs and return on investment in decision-making.

The financial implications of installing energy air conditioning systems in buildings should be considered. While
opting for these systems may involve costs it's important to recognize that this initial investment is a strategic
decision aimed at achieving long-term energy savings and overall cost effectiveness. The paper highlights the
need to thoroughly evaluate the viability by considering the lifecycle costs of energy systems. Building owners
and operators can make decisions by considering the cost of ownership, which includes not only the initial
purchase and installation expenses but also factors in operational, maintenance and replacement costs. By
emphasizing lifecycle costs the long-term benefits of energy savings are weighed against the investment.
Ultimately, it's crucial to factor in return on investment (ROI) when making decisions. The text underscores
that although energy efficient systems may have costs these investments can lead to significant energy savings
over their lifespan ultimately resulting in a positive return on investment. This method of dealing with
influences assists stakeholders and professionals, in the construction sector, in making choices that align with
their goals while also contributing to the broader aim of enhancing energy efficiency in the building industry.

6. Impact and Benefits:
e Analyzing the possible advantages and effects of putting technical and financial fixes into practice.
e strives to lessen the building industry's environmental impact and cut down on energy use.

In the section that focuses on analyzing the effects and advantages the study thoroughly evaluates the benefits
and ranging consequences of implementing the proposed technical and financial solutions aimed at enhancing
air conditioning system efficiency, in the building industry. The main goal is to reduce energy consumption
while also addressing the impact associated with energy building operations. The research underlines that
adopting these solutions can significantly lower energy usage resulting in cost savings for building owners and
operators. Additionally, it highlights how this reduction in energy consumption alleviates strain on the power
grid ultimately improving energy security and reliability. Moreover, this section emphasizes that these
solutions have implications. By reducing energy usage, they have the potential to decrease greenhouse gas
emissions and contribute to reducing the carbon footprint of buildings. This aligns with efforts to combat
climate change and promote sustainability. The impact and benefits section emphasizes how combined
technical and economic strategies could potentially transform energy efficiency practices within the building
sector leading to a cost-effective approach, to building operations while yielding advantages for both the
environment and economy.

III. CASE STUDIES

1. TITLE: Technical and economical evaluation of the photovoltaic system in Brazilian public buildings:
A case study for peak and off-peak hours

Objective: The main goal of this study is to determine if it is feasible and economically viable to install power
systems in buildings across Brazil. The study aims to assess how well these systems perform during periods of
low energy demand considering factors like patterns of energy usage, the intensity of sunlight and the cost
effectiveness. The ultimate objective is to provide recommendations on whether photovoltaic systems should
be adopted and expanded within the infrastructure of Brazil.

Hypothesis: The study aims to evaluate the technical and economic feasibility of using photovoltaic systems in
the Brazilian public building 'the Federal University of Itajuba’. The authors analyse the viability of the PV
system and its potential benefits for the electricity grid, as well as the impact of the SELIC rate on the system's
viability.

e Technical Hypothesis: Based on our hypothesis we believe that the photovoltaic systems installed in
buildings in Brazil have the potential to generate a significant amount of electricity needed for these buildings.
Moreover, we expect these systems to be particularly efficient in maximizing energy production during peak
hours due to exposure and well-designed systems.
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e Economic Hypothesis: The economic theory suggests that in the run the financial advantages of energy
expenses achieved by installing photovoltaic systems will surpass the initial costs of implementation. Moreover,
this is anticipated to be more appealing, due to government incentives or rebates thereby making the adoption
of solar energy in public buildings financially advantageous.

CORE ASPECTS OF THE CASE STUDY

The adoption of photovoltaic (PV) systems in the sector is currently quite low despite significant investment in
their promotion. This indicates that there are obstacles preventing use of energy solutions in government
institutions possibly due to regulatory, financial or awareness related challenges. A study was conducted at
Itajuba Federal University, in Minas Gerais, Brazil to assess the feasibility of installing PV panels to partially
meet the energy needs of a professor’s office building. Such studies are crucial to determine whether PV
systems can be practically implemented in contexts.

e Three Different Scenarios: The study aimed to assess the practicality of using PV systems in three situations.
These situations could involve variations, in system size, design and operational strategies. By examining
scenarios, we can gain an understanding of the potential challenges and opportunities that come with adopting
PV technology. One aspect of the study likely focused on determining whether PV systems are suitable, for
buildings of sizes and different tariff structures. It is important to understand how PV systems interact with
energy requirements and cost structures of institutions to ensure implementation.

e Impact of the SELIC Rate: Analysing the impact of the SELIC rate on the viability of PV systems is quite
important. The SELIC rate, which serves as Brazil's interest rate, has an influence on the financial aspects of PV
projects. When the rate is lower investments in energy become economically appealing, potentially
encouraging their adoption.

e Advantages for the Electricity Grid: The study explored the benefits that PV systems bring to the electricity
grid. These advantages include reducing strain on the grid during peak daytime demand, improving energy
supply reliability, avoiding charges associated with peak demand and minimizing energy losses during
distribution. These benefits related to grid operation underscore how PV systems positively impact energy
infrastructure and contribute to sustainability.

e Recommendation for Policy Change: The author proposes that implementing policy changes could foster
distributed generation within Brazil's public sector. Such changes may involve offering incentives streamlining
permitting processes or introducing mandates to promote energy technologies like PV systems. Adjusting
policies often plays a role in overcoming obstacles and encouraging sustainable energy practices, in public
sectors.

Micro PV system dimensioning

PVSys™ simulation needs input for the inclination and azimuthal orientation of the panels after the location of
the PV modules is defined. Following the simulation, a report with the following technical specifications was
produced:

1. Array Yield(Y,) - is the nominal power [kWh/kWp/day] and represents the matrix efficiency. Equation is
used to calculate this energy. This energy is calculated according to equation.

Y, =5t (1)
Pmax,STC

2. Reference system Yield(Y,) -defines the resources of solar radiation, location and orientation of the panel.

It's numerically equal to the energy that reaches the panel in [kWh/m2 /day].
= H

Y =& )

(C¢) = The Load factor is a factor used to relate annual energy production and the maximum

Capacity Factor
Load Factor

amount of energy a PV system would generate if it operated at rated power 24 hours a day throughout the year.

Cf — 5 Eacout (3)
max,STC(8760)
4. Capture loss(L.) = energy loss in the PV system conversion, calculated by equation.
Le=Y:=Ya (4)

5. System loss (Ls) = loss due to direct/alternate current conversion, given by equation.
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Ls =Yy — Y (5)
6. Performance Ratio (PR) = defined as the energy that is produced compared with the energy that would be
produced in STC conditions for the same global Irradiation PR is a dimensionless parameter

PR =4 (6)

Yr
2. TITLE: Technical, economical, and environmental Scenario based modeling of the building equipped
with Ground Source Heat Pump (GSHP) and Solar System

Objective: To propose a different strategy for lowering the use of fossil fuels in residential buildings by
investigating the possibilities of renewable energy sources, especially solar energy and ground source heat
pump (GSHP) technology. The goal of the study is to move toward "zero energy buildings." Three scenarios—a
reference building, a building with a GSHP system, and a scenario combining GSHP with solar collectors and
Building Integrated Photovoltaics (BIPV)—are evaluated in comparison.

Hypothesis: Integration of a Ground Source Heat Pump (GSHP) system in buildings has the potential to greatly
reduce energy consumption when compared to energy systems. This hypothesis suggests that by utilizing
technology there could be a decrease, in the amount of energy used.

e GSHP and BIPV Combination Enhances Energy Efficiency: It's conceivable that the study hypothesized that a
combination of GSHP technology with Building Integrated Photovoltaics (BIPV) and solar collectors would
further enhance energy efficiency, resulting in even lower energy consumption and potentially surplus energy
generation.

e Economic Benefits of Renewable Integration: The research might have hypothesized that the financial
feasibility of renewable energy integration (GSHP and BIPV) in residential buildings would lead to a positive
Net Present Value (NPV) and a shorter Return on Investment (ROI) period compared to conventional systems.

e Environmental Impact Reduction: The study may have proposed that the integration of renewable energy
technologies, especially the combination of GSHP and solar systems, would lead to a notable reduction in
carbon dioxide emissions, aligning with environmental sustainability goals.

CORE ASPECTS OF THE CASE STUDY

The need for a comfort standard is highlighted in this research paper specifically focusing on India's
commercial building sector. The aim of this standard is to prioritize energy efficiency, cultural relevance and
customization according to the climate conditions in India. Gather data for this study information about
occupant comfort, thermal performance and energy consumption will be collected from types of buildings
across different climate zones in India. Based on the collected data a preliminary standard will be developed to
ensure comfort in India's building sector. This guideline will prioritize occupant comfort while minimizing
energy usage. The proposed standard puts emphasis on promoting energy and low carbon methods of
achieving comfort. By doing so it aims to reduce greenhouse gas emissions and alleviate strain on the country's
electricity infrastructure. It is important to acknowledge that the success of implementing this standard relies
heavily on the willingness of the building sector to adopt and incorporate it. This highlights the significance of
industry engagement and cooperation. The study will cover types of office environments including offices
situated in high-quality air-conditioned buildings (Grade A). It will also include public buildings that usually
offer flexibility in controlling environmental comfort levels.

e Validation of Adaptive Relationship: The research intends to validate the adaptive relationship between
subjective thermal comfort and outdoor climatic conditions in India's three most populous climate zones. This
validation is crucial for tailoring comfort standards to local conditions.

e Comfort-Energy Index: The study aims to create a comfort-energy index to enable logical comparisons
between commercial building types, including air-conditioned, mixed-mode, and naturally ventilated
structures. This index is expected to help in evaluating and benchmarking energy efficiency and comfort across
different building categories.

3. TITLE: Air Conditioning, Comfort and Energy in India’s Commercial Building Sector

Objective: An approach that promotes thermal comfort in buildings while simultaneously reducing energy
usage. The authors acknowledge that indoor temperature ranges are influenced by weather conditions and
propose a comfort standard for India based on outdoor temperature. To gain insights into building design,
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layout, equipment loads, and environmental control systems a questionnaire and on-site visits were conducted.
To achieve this objective, they develop a methodology that ensures comfort in commercial buildings while
minimizing energy consumption to establish a comfort standard based on temperature conditions in India
along, with incorporating energy-efficient systems.

Methodology: The authors established an adaptive comfort standard for India using weather data and a
temperature model. The temperature model calculates the thermal comfort ranges based on the average
temperature outside. Surveys on workplace needs, design, image, noise, lighting, temperature, air movement,
and occupant comfort were carried out by the writers. They contrasted the building input with global standards
and best practices. and established Indian benchmarks. They also performed walk-through energy audits and
installed digital metering to monitor the energy used for HVAC functions only.

Key Findings: The main discoveries from this study indicate that air conditioning is in demand in buildings
across India making it the largest consumer of energy, among all commercial building activities. If left
unregulated the use of air conditioning will further strain the country’s electricity infrastructure and exacerbate
peak demand issues. Moreover, unless appropriate measures are taken air conditioning will negatively impact
India’s energy security. Contribute significantly to its CO2 emissions.

Implication for Theory and Practice: It presents a methodology that focuses on achieving comfort in
buildings in India while also minimizing energy usage. The paper emphasizes the necessity of energy systems to
address the demand for air conditioning in such buildings. Additionally, it proposes the establishment of
benchmarks to India considering factors like occupant comfort, temperature, air movement, lighting, noise
levels, productivity, design aspects, image considerations and workplace requirements. This will enable
comparisons and targeted interventions on a building, by building basis. The authors suggest implementing
retrofit measures exploring energy sources and utilizing energy storage systems as effective strategies to
reduce both overall energy consumption and peak demand challenges.

Outcome: To wrap it up, Challenges that arise from the expansion of buildings in India. The authors propose a
methodology to ensure temperatures within these buildings while also minimizing energy usage. The paper
emphasizes the importance of energy systems, standards for occupant comfort, benchmarking and
interventions to address the demand for air conditioning and reduce peak demand issues. The findings have
implications, for both theory and practice, suggesting retrofitting measures exploring energy sources and
utilizing thermal energy storage systems as effective ways to decrease energy consumption and enhance energy
security.

4. TITLE: Technical and Economic Assessment of Medium Sized Solar-Assisted Air-Conditioning in
Brazil

Objective: The purpose of this research is to examine the practicality and feasibility of implementing solar
assisted air conditioning systems in buildings, in Brazil. The study aims to evaluate the economic aspects of
using this technology with the goal of providing insights for both academic understanding and real-world
applications. The investigation will focus on assessing the energy efficiency and cost effectiveness of solar
assisted air conditioning as exploring factors that could facilitate its implementation, such as adjusting indoor
temperatures to align with Brazilian thermal comfort standards and optimizing building insulation. Although
the paper does not explicitly state a hypothesis, its primary objective is to assess the viability of solar assisted
air conditioning systems, within Brazil's energy and environmental considerations.

Methodology: To conduct the research, the author employed a case study approach, focusing on an auditorium
located in Guaratinguetd, Sdo Paulo. The dynamic thermal building simulation program, Helios-PC, was utilized
to model the auditorium. This program allowed the author to simulate different scenarios and evaluate the
cooling load reduction potential by adjusting indoor temperatures and implementing building insulation. The
simulation data and results formed the basis for the technical and economic assessments of solar-assisted air-
conditioning.

Key Findings: The research paper presents discoveries about solar assisted air conditioning systems. It
highlights the fact that in Brazil, where the climate's tropical, a significant amount of electricity is consumed for
cooling buildings. This creates conditions for using thermal collectors in air conditioning systems. The study
shows that solar cooling has the potential to greatly reduce the need for cooling in buildings. By adjusting
temperatures to meet comfort standards and incorporating building insulation we can further decrease the

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[2567]



TRJ ETS

e-ISSN: 2582-5208
International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:05/Issue:10/October-2023 Impact Factor- 7.868 WWWw.irjmets.com

cooling load. Additionally, the research paper explores the evaluation of solar assisted air conditioning systems
emphasizing the importance of considering investment costs, operational expenses and potential energy
savings when assessing their viability. This analysis provides insights into the cost effectiveness and financial
feasibility of implementing cooling systems in Brazil.

Implication for Theory and Practice: The results of this study have implications for both theory and practice
in solar assisted air conditioning. From a perspective this research contributes to our understanding of cooling
systems in Brazil. It builds upon existing knowledge by providing insights into how we can reduce cooling loads
and save energy. In terms of implications this research paper emphasizes that implementing sized solar
assisted air conditioning systems in Brazil is feasible. The results suggest that solar based cooling systems can
effectively reduce the amount of electricity used for cooling leading to energy savings and supporting practices.
Outcome: In summary, the research paper titled "An Assessment of Solar-Assisted Air Conditioning, in Brazil;
Technical and Economic Perspectives” examines the feasibility of using solar-assisted air conditioning systems
in Brazil. By conducting a case study and utilizing the Helios PC simulation program the study evaluates both
the economic aspects of cooling. The results indicate that by adjusting temperatures and improving building
insulation significant reductions in cooling loads can be achieved. This research paper offers insights for both
practical purposes enhancing our understanding of solar-assisted air conditioning specifically within the
Brazilian context. The findings underscore the viability of employing cooling systems while emphasizing their
potential for energy savings. These findings hold implications for implementing sized solar-assisted air
conditioning systems in Brazil thereby promoting sustainability and energy efficiency in our built environment.
Future research could explore scaling up these cooling systems. Assess their integration into larger buildings
across various climatic regions, within Brazil.

IV.  CONCLUSION

The review paper offers insights into the challenges and opportunities involved in improving the energy
efficiency of air conditioning systems in buildings. Considering growing concerns about climate change and the
increasing need for comfort, it is crucial to adopt strategies in building design and operation. The papers
included in this document emphasize the significance of taking an integrated approach that considers factors
such as equipment selection, system operation and maintenance building design and alternative energy
sources. There is a demand for research and development in building practices. While the solutions presented
in these papers show promise there is still room for improvement when it comes to scalability and
implementation. It remains essential to explore approaches and technologies that can enhance energy
efficiency while promoting sustainability, throughout the building industry. The building sector significantly
impacts energy consumption and greenhouse gas emissions. By adopting practices and measures we can
minimize the impact of buildings and ensure a better future for generations to come. Additionally, these papers
highlight the importance of policymakers and industry leaders taking steps to promote building techniques.
Governments can play a role by encouraging the use of eco technologies through implementing regulations and
standards that prioritize energy efficiency and environmental sustainability. Similarly, industry leaders can
contribute by investing in research and development as embracing sustainable practices within their
organizations. Governments and industry leaders can work together to speed up the transition towards
implementing practices, which will significantly contribute to the fight against climate change.

V. REFERENCES
[1] EIA. International Energy Outlook 2017 Overview. vol. [E02017. 2017.
doi:www.eia.gov/forecasts/ieo/pdf/0484(2016).pdf.
[2] EPE. Balango energético nacional 2017. 2017. d0i:620.9:553.04(81).

[3] Raza MQ, Nadarajah M, Ekanayake C. On recent advances in PV output power forecast. Sol Energy
2016;136:125-44. doi:10.1016/j.solener.2016.06.073.

[4] British Petroleum. BP Statistical Review of World Energy 2017. 2017.

doi:http://www.bp.com/content/dam/bp/en/corporate/pdf/energyeconomics/statistical-review-
2017 /bp-statistical-review-of-world-energy-2017- full-report.pdf.

[5] International Renewable Energy Agency (IRENA). Renewable power generation costs in 2017. Abu
www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[2568]


http://www.bp.com/content/dam/bp/en/corporate/pdf/energy

TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:05/Issue:10/October-2023 Impact Factor- 7.868 WWWw.irjmets.com

Dhabi: 2018. doi:10.1007 /SpringerReference_7300.

[6] Hussain A, Arif SM, Aslam M. Emerging renewable and sustainable energy technologies: State of the art.
Renew Sustain Energy Rev 2017;71:12-28. d0i:10.1016/j.rser.2016.12.033

[7] Gupta A, Kumar A, Kumar D. Optimized scheduling of hydropower with increase in solar and wind
installations. Energy 2019;183:716-32. d0i:10.1016/j.energy.2019.06.112.

[8] Arens, E., HumphreysM., de Dear, R, Zhang, H. (2010), Are ‘Class A’ Temperature Requirements
Realistic or Desirable? Building and Environment Volume 45, Issue 1, January 2010, pp 4-10

[9] ASHRAE (1992). Standard 55 - Thermal Environmental Conditions for Human Occupancy Atlanta,
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc

[10] ASHRAE (2004). ANSI/ASHRAE Standard 55R - Thermal Environmental Conditions for Human
Occupancy. Atlanta, American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc

[11] BEE, Bureau of Energy Efficiency (2007) Energy Conservation Building Code for India. Bureau of
Energy Efficiency, New Delhi.

[12] E. Fuentes, L. Arce, and ]. Salom, "A review of domestic hot water consumption profiles for application
in systems and buildings energy performance analysis," Renewable and Sustainable Energy Reviews,
vol. 81, pp. 1530-1547, 2018.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[2569]



