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[bookmark: _Toc44805][bookmark: _GoBack]Abstract. This research paper examines the role of research in the design and manufacturing of sustainable indoor lighting systems. The paper begins by discussing the importance of sustainable lighting, and then goes on to describe the various research techniques that can be used to improve the design and manufacturing of sustainable lighting systems. The paper then presents the results of a survey of engineers and designers working in the field of sustainable lighting and discusses the implications of these results for future research. The paper concludes by arguing that research is essential for the development of sustainable indoor lighting systems and that more research is needed in this area.
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Introduction
In an era marked by increasing awareness of environmental sustainability, the domain of indoor lighting systems is undergoing a profound transformation. The quest for energy efficiency, reduced carbon footprints, and enhanced human well-being has ignited a surge in research and innovative design approaches. Recent studies underscore the pivotal role of design and research in shaping sustainability of indoor lighting systems.

This introductory note serves as a gateway to a comprehensive exploration of the latest findings and insights into how design principles and research advancements impact the sustainability of indoor lighting. Drawing from contemporary research and referencing the most current literature, we aim to uncover the multifaceted effects of these elements on energy conservation, visual comfort, and the broader ecological footprint.

As we delve into this topic, it becomes evident that the fusion of design ingenuity and research-driven solutions holds the key to achieving sustainable, aesthetically pleasing, and technologically advanced indoor lighting systems. Such systems not only reduce energy consumption but also foster environments that promote human health, well-being, and productivity, reflecting a harmonious synergy between ecological responsibility and innovative design.

Sustainable indoor lighting is a critical issue in the 21st century. As the world's population continues to grow, so does the demand for energy. Lighting accounts for a significant portion of this energy use, and traditional lighting methods are often inefficient and wasteful. Sustainable indoor lighting systems can help to reduce energy consumption and improve the environmental impact of lighting.

Globally, we face a growing energy crisis, and sustainable indoor lighting systems are becoming increasingly crucial. However, there are several issues that must be addressed before complete sustainable systems can be developed. There is room for improvement in the area of design or technology that reduces energy consumption without relying on natural sunlight, a lack of innovative light sources that consume less energy, and a lack of research on the impact of various design and research methods on the sustainability of indoor lighting systems. Sustainable indoor lighting has enormous promise since it has the potential to save a considerable amount of energy, improve the quality of life for people who work and live in buildings, boost productivity, reduce stress, and improve overall health.

1. Literature Review
[bookmark: _Ref467509391]This literature review will identify various research approaches used in the field of energy-efficient indoor lighting design. It will use case studies to compare the results of these studies to the outcome of the product. It will look into new and innovative research methodologies that can help with the creation of creative designs.

The literature review will begin with a brief introduction to the field of energy-efficient lighting. It will then go over the various research approaches used in this field, such as case studies, surveys, and experiments. The findings of these studies will also be discussed, as well as how they have contributed to the development of energy-efficient lighting. Finally, the review will go over the upcoming challenges and opportunities in the field of energy-efficient lighting.

As it is mentioned by Ezema, 2022, energy efficiency is avoiding energy consumption by carrying out the same targeted activity using less power; by doing so, the energy demand will decrease as time goes by (Shapiro, 2020). The ultimate goal is to reduce greenhouse gas, but also the amount of money spent on energy consumption will go down. Besides that, this reduction will contribute to the wellness of the environment and aid in less input into global warming. Normally, in this context, renewable energy is used. Of course, different types of construction used lead to different outcomes. Energy efficient plans are required to be manifested to achieve the desired outcome. As expected, it is a very large financial investment as this particular project requires more than just materials; it asks for disciplines like monitoring and mentoring, tracking, diagnostics, reporting, and verification of performance.

According to Liu & Ning, 2019, 40% of the world's energy consumption comes from buildings. The two factors that take into account this issue are lighting systems and thermal systems. There is sufficient research and development done on improving thermal system energy consumption, but not nearly as enough for lighting systems (Shapiro, 2020). Of the stages required to successfully build a building, the design stage is the most important and sensitive in the sense of controlling energy conservation (Dortans, et al. 2020). The design stage studies 70% of the environmental impact that could be done by the building. There are several routes a designer can take to tackle energy conservation from the early stages. It is important to understand that scientific, detailed, and comprehensive research should be done for any design project to produce a well-rounded and sustainable design.

Research and design come hand in hand. As seen by Kıyak, et al. 2017, Daylight is known to be the best solution for artificial light units for indoor environments. By depending on daylight, Zain-Ahmed et al discovered that 10% of energy consumption is reduced. To implement this information in the design, the envelope design is the most basic way to go. Krati conducted a study to analyze the reduction of energy by daylighting. The study included a model that has four outlines: glaze types, building geometry, spaces the windows take, and finally, geographic locations. The results came out to show that the glazing type and the window area are the most effective aspects to control in design to conserve energy.

Continuing on that study, another was done to see the effectiveness of window sizing. That study’s purpose was to find the sweet spot between having an energy-conserving window and visual comfort for the users (Long, 2004). In theory, there are ideal design factors, but reality states that it is difficult to determine the perimeter value of each factor; this leaves the parties involved with the trial and error approach. The researchers involved to help the design stage, tried every perimeter value to reach the ideal performance. This resulted in acceptable values for small-scale buildings, but when the buildings get larger, it is harder to afford computation. The next stage is when designers use simulations to get the closest estimation of their design to reality. This means the designers get accurate calculations in a short amount of time. As stated in the following analysis, considering interior lighting does not imply that exterior design can be overlooked (Miri, 2007). Using sunlight is more sustainable, but it is not a simple matter of only implementing a window in the design. It is important to understand that 55% of solar radiation is translated into the spectrum; this means that energy needs to be tamed using cooling systems. The natural light that is reflected inside the building comes from both direct and indirect sunlight. It is dependent on the design of the exterior that determines the angle of reflection. As stated by Butko, 2011 discusses how natural light is innately preferred by humans, which is more reason designers and architects should gravitate towards that approach. The paper argues that humans are beings that appreciate visual beauty to the extent that it affects mood. It is reported that temperature and lighting complaints pile up more than auditory complaints; this indicates that light systems are depended on for human comfort.

Besides natural lighting, Gnana et al., 2021 study smart lighting technologies. Over the past few decades, mechanisms have been developed to design cost-effective lighting systems that will not disturb the user (Long, 2004). One of the designs includes a closed-loop LED system that has a multivariable, self-turning controller that illuminates the room based on the user's preference. It sources energy by harvesting outside light.

Liu et al., 2019 examine the use of a design approach and a comprehensive plan for residential building retrofitting in China. It builds a system information modeling database of residential buildings in Northeast China and abstracts a design prototype. The Matrix approach arranges and revises the retrofit design strategies while relying on the design prototype, using BIM EnergyPlus integrated technology (Kıyak, et al. 2017). The results of this study broaden and enhance the function and journalistic integrity of architectural design in the renovation of residential structures.

Gunawan, et al., 2021 demonstrate the use of IoT technology to improve the efficiency of energy usage. An IoT Solar Lamp is a system that uses solar energy as an alternative green energy source to reduce PLN AC power line use. It contains two solid-state relays that select electrical supply from the AC power line or the battery. The NodeMCU-ESP8266 is internet-connected, and the system can run for around 3 hours on a 12 Volt-18Ah battery.

Bochnia, A, et al., 2022 study the most important details of the phrases light, design, approach, and context. Lucas, et al. 2014 evaluate the different techniques used to research the biological, visual, and atmospheric effects of light, the integration, flexibility, and validity of the integrative lighting design. The comparison of results is utilized to identify and investigate correlations, discrepancies, or inconsistencies (Hansen, et al, 2022). This is done in two elderly Danish homes in Copenhagen and Aarhus.

Su, et al., 2021 created a way for incorporating eco-design tools/methods into the product development process to lessen the environmental impact of lighting goods. The integrated approach considers six types of approaches, such as module design, and 30 tools, such as life cycle assessment software packages (Pugh, 1991). To assure the product's eco-features, a product specification with eco-constraints is established for implementation at each design step. The method was used in the creation of an LED table lamp, which was then compared to a benchmark LED lamp in terms of environmental life cycle effect and lighting performance (Richter, et al, 2019). The results of the comparative evaluation conducted by Su, et al., 2021 show that the LED lamp built using this approach outperforms the benchmark lamp significantly.

Abdo, et al., 2021 present a thorough evaluation of performance optimization studies of building heating, cooling, and lighting energy systems during the design stages. Previous research efforts have addressed a wide range of early-stage design optimization difficulties, such as orientation and multi-objective building function-related conflicts, according to the review results (Hansen & Mullins 2014). Several research challenges, such as analyses of design envelope materials, proper energy-efficient design form, and other passive characteristics, such as solar photovoltaic systems, remain unresolved (Nguyen). Future research should concentrate on improving existing optimization methods and incorporating sensitivity and uncertainty studies into the performance optimization framework.

To summarize, it is critical to understand that any design project requires scientific, thoroughly detailed, and extensive research to generate a well-rounded and sustainable design. Zain-Ahmed et al discovered that daylighting reduces 10% of energy usage, and Krati did a study to investigate the energy reduction by daylighting. The glazing type and window area are the most effective parts of the design to control to save energy. A study was carried out to examine the efficacy of window sizing to identify the balance between energy-saving windows and visual comfort for users. Every perimeter value was explored by the researchers.
[bookmark: _Toc44808]Problem Statement
The main focus of this research is the innovation in product design research methodology and design implementation in energy-efficient products. Sustainable indoor lighting systems are exponentially gaining importance as the world faces a growing energy crisis. However, there are still a number of challenges that need to be addressed in order to develop truly sustainable indoor lighting systems.
One of the biggest challenges is the lack of design or technology that reduces energy consumption without resorting to natural sunlight. While natural sunlight is a renewable resource, it is not always available, and it can be difficult to design buildings that take full advantage of natural light. The second challenge is the lack of innovative light sources that consume less energy. While there have been some advances in LED technology, there is still room for improvement. LED lights are more efficient than traditional incandescent lights, but they still consume a significant amount of energy. Another obstacle to overcome is the lack of research on the impact of different designs and research methods on the sustainability of indoor lighting systems. This makes it difficult to develop effective design and research methods that can be used to create truly sustainable indoor lighting systems.
The problem of the lack of sustainable indoor lighting is significant because it has the potential to save a significant amount of energy. The United States alone consumes over 100 billion kilowatt-hours of electricity on lighting each year. If even a small percentage of this energy could be saved, it would have a major impact on the environment. In addition to saving energy, sustainable indoor lighting can also improve the quality of life for people who work and live in buildings. Natural light has been shown to improve productivity, reduce stress, and improve overall health. Sustainable indoor lighting systems can help to ensure that people have access to natural light, even in buildings that are not well-suited for it.
[bookmark: _Toc44811]Hypothesis
· Scientific research is not directed toward product design processes and manufacturing, which may hinder the outcome.
· Product design processes can be improved with the use of test results containing 
[bookmark: _Toc44812]Methodology
The methodology selected for this research paper is data collection through surveys done on Google Forms; it targets the audience employed in the field and is concerned with their experience working with other fields and product development.

The paper opted for a survey approach as it is the quickest way to collect a large amount of data in a dedicated area in a short time. The use of quantitative methods will help result in the contextualization of the real-world workforce. This paper aims to study the incorporation of research results in final product outcomes especially in the development of indoor lighting systems; that is because designing an indoor lighting system means there are various fields involved with research in this product development. Engineers, architects, designers, and researchers may be involved in the process of developing such a design. To be able to gather all information needed from the professionals in this field in a limited timeframe successfully, the safest data collection method is through surveys (Draugalis, et al. 2008). The use of surveys is cost-effective-friendlily and targets a large sample size. The questionnaire is designed with two parts: Demographics and Related Questions.

Demographics
It is important for a researcher to fully understand which people the survey is reaching (Phillips, 2017). It will aid in understanding the different characteristics available in a certain group of people. Gaining a better understanding of the target audience will help result in higher quality, useful paper. This can also aid in future marketing efforts made if the product gets developed; the designers involved will know who to release the product to when they are directly asking the interested group. It is just as important to note that race, gender, education level, age, experience level, and sometimes income when asking for demographics. That way, the researchers can identify sources of bias and develop a correct analysis of how relevant the representation of their sample is to the literature review (Draugalis, et al. 2008). Analysis of demographic data can heavily influence the result of the product. When a sample is identified in the research, it can help promote writing future research with a similar goal but a different sample. Why? To study the different outcomes and compare the results to see how inclusive the results are.
Research Questions
It is best to gather the exact information needed for the literature review without boring the respondent (Phillips, 2017). The survey asks direct questions that will be clear for the reader and easier to assess as researchers. This means the survey did not include open-ended questions or multiple selection choices; it is straightforward.
In the data presentation section, the questions are made clear along with the percentages gathered. Every question asked was carefully crafted based on the information gathered in the literature review and the hypothesis made. The objectives and aims of the study were as well kept in mind.

Various reasonings back up the decision made to have Google Forms being the data collection tool. The first is familiarity, it is common among researchers to opt for using this tool, therefore working with a team member would not be an issue. Google Forms are easy to use and adapt to as it is user-friendly. One special trait about it is that the software is customizable; it is easy to design a survey that is aesthetically appealing to draw in more respondents and well navigated to allow it to be more organized and clear

The results are placed in charts and graphs, and the users can easily take them into Google Sheets to do further analysis. The need for manual data entry is minimal. The program also works in real-time as it automatically updates the data and results when someone responds. There is no process needed to update the data collected. The forms can be shared through a link that will reach a wide scope of audiences around the world. It is easily shared on all social media platforms and emails. This leads back to the point that collecting a large amount of data in a short time is made easier through surveys. The final reason for choosing google forms is the fact it is completely free and has no ads. It is professional, dependable cost-effective.
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Fig 1. Demographics a.
It was essential to understand the location our research was focusing on. This is because of the different cultures, weather conditions, and laws implemented in Architecture and Design. 

Knowing the age of the respondents will allow researchers to get a general idea of how experienced the individual is in terms of real-life work.

To validate the information gathered in the previous question, this one directly asks how much experience they have in the working field. This information will help the researchers understand the quality and realism of the information gathered.
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Fig 2. Demographics b.
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Fig 3. Technology to reduce energy consumption

There was a clear distinction between Engineers at 41.6% and Designers at 43.6%. Research showed that the engineers and designers had enough knowledge about researching when it comes to providing solutions. In terms of Architects, we received 11.9%. This ratio makes sense as the people who design the lighting systems are engineers and designers, and the ones designing the buildings that include these lighting systems are architects and engineers.

It helped to contextualize the audience’s answer to another question in the survey. Later on in the survey, they are presented with options of different types of research and are asked which they believe will help optimize the design for sustainable indoor lighting systems most. One of the options given for this question is “Research about new technologies.”

IoT technology is the most well-known form of technology with 24.8% of respondents selecting it in addition to 23.8% selecting All of the above. LCA calculators are a close second at 22.8%, closely followed by BIM EnergyPlus at 21.8%. They are the least familiar with Multivariable Self Controller systems with only 5% familiarity.

It is understandable that the respondents are most familiar with IoT technology. The Internet of Things (IoT) is a network of physical objects that have software, sensors, and different types of technologies. This network aims to communicate and share data across different devices and systems using the internet.

[image: ][image: ][image: ]Putting IoT technologies into effect will result in more efficient resource use, cheaper utility costs, enhanced automation, a smaller carbon footprint, and improved equipment monitoring and maintenance. Energy-saving IoT solutions help everyone, whether they are responsible for the management of energy operations or average customers.


Fi4 4. Research help to optimize design

Relating to the research question, the two following questions were also asked to understand how the research contributed to the final design. One from an indirect approach and the other from an opinion point of view.

The top answer was Research about new technologies with 25.7% responses. The second highest vote was for Analyzing experiments (both failed and successful ones) coming in at 24.8%. Research about energy consumption and Data collection about existing products were the least selected options with only 16.8% and 13.9% votes respectively.

From this, we can derive that new technologies are the future of sustainability. It is crucial to look too futuristic concepts to broaden the horizon of the framework for architects, designers, and engineers. Using new technologies will create a new standard starting point for any project which will help us progress further into the future.

Analyzing experiments will provide adequate information that can guide the project team through their work, especially in the initial stages. Looking at successful projects or specific ideas that were implemented correctly acts as an example of what can potentially be produced. Additionally, success stories can be used as a source of motivation for the team. Contrastingly, considering past failed experiments are seen as learning experiences of what to avoid and possibly be cautious of during the work process.

As designers and architects naturally lean towards the aesthetic principles and values of a design, manufacturing faults can be accidental. However, over half of the respondents proved that number of data and real-life projects are considered fundamentally in the development of a design. This also proves the reliability of a design, meaning it can be implemented as soon as possible rather than it being just a concept; this adds to the progression and development of every field.

With that being said, it is unfortunate that 38.6% of the respondents agreed that even if they do research about it, they overlook the research when it comes to the design stage. This shows that some professionals may produce concept designs more than current-time production designs. This is not necessarily a negative thing as concept designs still contribute to the future of design innovation.

Since the research question is interested in investigating the effect of research, it is important to know what type of research the respondents believe will help optimize the project the most.

This question collected a balanced range of answers indicating that the research stage normally includes a bit of everything. The highest one is Research about new technologies with a sum of 25.7% with a difference of only 0.9% next to the second highest being Analyzing Experiments (both failed and successful ones). This shows that papers normally include conceptual designs to help in the innovation process but to add more realism and understanding of the manufacturing process, it is just as important to properly study failed and successful experiments done for designs similar to the coming lighting system. Coming in the third-ranking, physically testing ideas gathered 18.8% of the respondents' choice. This shows that some designers are more precise as they want to test their theories and ideas themselves to make sure every step of the process is shaped to their desire. As great of an approach this can be, it is agreed that it is very time-consuming and may not be suitable for big organizations due to deadline restrictions.

Research about energy consumption collected a total of 16.8% which can be considered low. This most likely means that the individuals working on the project probably are fully experienced and have a resourceful amount of knowledge about energy consumption. Finally, Data collection about existing products compiled 13.9% of the replies. Researching the market is important and is probably marked as a vital element in the paper; the low responses do not mean that it is irrelevant or does not happen. It only means that there are more valuable factors that are meant to be researched along with market research. The market research can not stand alone when it comes to huge projects. According to the survey, roughly 28% of respondents are unfamiliar with some common/basic designs or technologies that reduce energy consumption that were listed.
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Fig 5. Design Technology use to reduce energy consumption

This is a very valid question as it is directly related to our research question. We are intending to study the correlation between research and the final outcome.

This as well is a direct question related to the literature review. All the choices were derived from technologies we found in our research. We needed to know how many of our respondents are aware of these energy-saving products.
[bookmark: _Toc44816]Conclusions
The problem statement mentioned earlier in the paper of sustainable indoor lighting is a significant one, but it is one that can be solved through research and innovation. This study will contribute to the body of knowledge on sustainable indoor lighting by identifying the different design and research methods that can be used to improve the sustainability of indoor lighting systems. The findings of the study will be used to develop more sustainable indoor lighting systems, which will save energy and improve the quality of life for people who work and live in buildings.
The literature review discussed various research approaches used in the field of energy-efficient lighting for close-premises design. It focused on the effectiveness of using daylight in designs, the importance of exterior design, the use of smart lighting technologies, and the incorporation of eco-design tools/methods to minimize environmental impact. It also highlighted the importance of conducting thorough research during the design stage, as this stage accounts for 70% of the environmental impact of a building. The research showed that there is often a missing link between the research phase and the application of the design phase. Future research should focus on improving optimization methods and incorporating sensitivity and uncertainty studies during the performance optimization framework. Overall, the review emphasizes the importance of considering energy efficiency during the design stage to create sustainable and well-rounded designs.
One of the objectives stated in this research paper was to identify the various research techniques used within the energy-efficient lighting for relatively small indoor spaces design industry. Survey respondents were mostly engineers and designers, with IoT technology being the most familiar. The top two types of research that respondents thought would help optimize design and manufacturing processes for sustainable indoor lighting systems were research about new technologies, analyzing experiments, and physically testing ideas. Research about energy consumption and data collection about existing products were less popular choices. From the answers, it was easy to derive that modern technological advancements are the vision for most of the respondents. The survey results suggest that there is a need for more research on sustainable indoor lighting systems, better communication of research results, and the development of new technologies and methods.

[bookmark: _Toc44817]Limitations and Recommendations

The research paper is a valuable contribution to the field of sustainable indoor lighting, especially from a management perspective. It provides a comprehensive overview of the research on sustainable indoor lighting, identifies the need for more research in this area, and provides insights into the different research techniques that can be used to improve the design and manufacturing of sustainable indoor lighting systems. However, the paper is limited by the size and scope of the literature review, the survey, and the lack of a case study to illustrate how the research findings can be applied in practice. To ensure that the paper is up-to-date on the latest developments in the field of sustainable indoor lighting, the literature review should include more recent research, the survey should include a wider range of professionals, and the case study should illustrate how the research findings can be applied in practice.

This research has shed light on the significance of design and research in the long-term viability of indoor lighting systems. However, many questions remain unresolved in this field of study. Future research could examine the impact of various design and research methods on the sustainability of indoor lighting systems, as well as the impact of various demographic factors on the sustainability of indoor lighting systems and the impact of various environmental factors on the sustainability of indoor lighting systems. In-person interviews and site visits may also be beneficial to future researchers to acquire a better knowledge of the challenges and opportunities connected with the building and researching sustainable interior lighting systems.

In conclusion, the study's limitations included a short time frame, a small sample size, and the researchers' lack of experience. Future research should be carried out over a longer period, with a larger sample size, and by researchers with more experience in the field of study. Furthermore, future research should collect data from a broader range of demographics and use more rigorous data collection and analysis methods. These suggestions will help to ensure future research is more thorough and accurate.
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