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Introduction 

Lighting is a key element that shapes our lives regardless of location and application whether it is inside 
a home, a public place, an architectural landmark or even within nature. As the global growth of the 
climate crisis, lighting has also grown in its significance to the energy use and environmental 
devastation. Due to this, sustainability in lighting has become a central concern for the industries of 
design, engineering, and construction and has transitioned from what had been merely a niche 
specialty to an industry priority and necessity. The present trends in the lighting industry includes the 
introduction of sustainable light, the role of the circular economy, major barriers, and possible 
opportunities for the future direction of lighting and lighting design. This article aims to focus on 
exploring these topics to gain a better understanding of what sustainability in lighting really is. 

 

The Need for Sustainable Lighting 

Lighting is responsible for approximately 15% of global electricity consumption (1) which contributes 
significantly to greenhouse gas emissions. As urbanization increases and more energy is used to power 
lights in buildings, streets, and public spaces, the environmental footprint of lighting has expanded. It 
is now clear that reducing energy use in lighting systems is crucial to mitigate climate change. 

 

Figure 1: Light Pollution Map (2) 

Sustainable lighting is more than just using energy-efficient light sources; it encompasses the entire 
lifecycle of lighting products, including design, manufacturing, installation, operation, maintenance, 
and disposal. Simply put, the life cycle of a luminaire. This is an approach that seeks to minimize 
environmental impact, reduce waste, and create healthier, more adaptable spaces. Even though 
energy saving is a key factor in sustainable lighting, it is a common misconception that energy saving 
alone constitutes sustainable lighting. Sustainable lighting is not only about energy savings but also 
about how light is used—where, when, and in what manner, while ensuring that it does not 
compromise the well-being of people or ecosystems. 
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The growing awareness of the environmental impact of lighting has led designers, manufacturers, and 
governments to shift toward more sustainable practices. A significant example of a government 
involvement in lighting is the implementation of the Decree on prevention, reduction and limitation 
of light pollution by French governing bodies in 2019 (3).  

Lighting systems and lighting designs are being rethought to focus on energy efficiency, reduction of 
waste, and better integration with natural ecosystems. Furthermore, the shift toward a circular 
economy, where products are designed to be reused, recycled, or repurposed, has become a driving 
force behind the evolution of sustainable lighting. 

 

Circular Economy and Sustainable Lighting 

One of the most significant developments in sustainable lighting is the adoption of circular economy 
principles. A circular economy aims to keep products and materials in circulation for as long as possible, 
reducing waste and pollution. In the context of lighting, this means designing products that can be 
easily repaired, upgraded, or recycled, rather than disposed of after a short lifespan.  

 

Figure 2: Circular Economy in Lighting 

The traditional linear economy model, where products are manufactured, used, and discarded leads 
to significant waste, both in terms of materials and energy. Lighting products, often contain valuable 
materials such as metals and plastics, which can be difficult to recycle. Due to this, a circular approach 
to lighting seeks to maximize the value of materials by extending the life of products and components, 
ensuring they can be reused or repurposed at the end of their life cycle. 

In the circular economy model, lighting products are designed for durability, modularity, and 
recyclability. Modular lighting systems, for example, allow individual components to be replaced or 
upgraded without discarding the entire product. This extends the product's lifespan and reduces the 
need for new raw materials. Additionally, lighting products are increasingly being made from recycled 
or recyclable materials, further reducing their environmental impact. 
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To allows designers, specifiers and engineers to make decision based on the circular economy of 
lighting, the industry is adopting TM66, a guide from the Chartered Institution of Building Services 
Engineers (CIBSE) and the Society of Light and Lighting, to promote circular economy practices (4). 
TM66 includes the Circular Economy Assessment Method (CEAM), which evaluates products based on 
design, material use, manufacturing, and ecosystem impact. Many manufacturers have already 
embraced this methodology, updating their processes to improve circularity, such as using more 
recycled materials, minimizing waste, and offering longer warranty periods. The tool also motivates 
modular designs, repairability, and reducing the carbon footprint.  

 

Energy Efficiency and Lighting Controls 

Energy efficiency is at the heart of sustainable lighting design. Advances in lighting technology, such as 
the widespread adoption of LED lighting, have significantly reduced energy consumption. LED lights 
use up to 75% less energy than traditional incandescent or fluorescent lights and has a 25 times longer 
lifespan (5). However, energy-efficient light sources are only one part of the solution. Sustainable 
lighting also involves using lighting controls to ensure that light is only used when and where it is 
needed. 

Lighting controls, such as motion sensors, timers, and dimmers, can reduce energy consumption by 
automatically adjusting lighting levels based on occupancy, daylight availability, time of day or 
application. For example, motion sensors can turn off lights in unoccupied rooms, while daylight 
sensors can adjust artificial lighting based on the amount of day light available in a space. These sensors 
or systems can help reduce energy waste and lower operational costs, contributing to sustainable 
lighting solutions. 

 

 

 

 

 

 

 

 

Despite their benefits, lighting controls come with their own environmental impacts. The 
manufacturing and installation of control systems require energy and material, and there is a cost 
associated with implementing them. However, when used effectively, lighting controls can reduce 
overall energy consumption and carbon emissions, making them a valuable tool in sustainable lighting 
design. 

Energy efficiency also involves using luminaires with better light-to-watt ratios, known as luminous 
efficacy. This is a key factor that many designers already consider when specifying products. The aim 
is to create optimal lighting scenes with minimal power consumption as a whole. As technology 
advances, products are continuously being developed to achieve even greater luminous efficacy. This 
has been a focal point for many years and will continue to evolve. 

Figure 3: Functionality of an occupancy sensor 
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Figure 4: Ambient luminescence, focal glow and play of brilliants (11) 

The Role of Design in Sustainable Lighting 

Good lighting design is not just about providing adequate illumination; it is about creating spaces that 
are comfortable, functional, and visually appealing while minimizing environmental impacts. Lighting 
designers play a very important role in ensuring that lighting systems are both energy-efficient and 
aesthetically appealing. In their work, designers consider several factors, such as light quality, colour 
temperature, visual comfort, and the interaction between artificial and natural light, to create spaces 
with optimal, well-balanced results. 

In sustainable lighting design, the quality of light is often more important than the quantity of light. 
Excessive or poorly designed lighting can lead to glare, discomfort, and energy waste. Lighting 
designers must carefully consider the needs of the space and its occupants to ensure that light is used 
effectively and efficiently. This often involves using the 3 layer of lighting which are ambient 
luminescence, focal glow and play of brilliants. This creates a balance in lighting rather than using a 
single source of illumination. This balance has been practiced over many years and has been a key 
consideration of lighting design.  

 

 

 

 

 

 

 

 

In addition to considering photometric and radiometric parameters, lighting designers have begun 
integrating broader sustainability goals into their designs, such as promoting good health and well-
being, fostering innovation and infrastructure, supporting climate action, and even addressing gender 
equality. For example, lighting designers may reject brands that do not adhere to sustainability goals 
in their manufacturing processes or factory operations. To support these efforts and enhance 
sustainability, many lighting brands have dedicated substantial resources to sustainable development. 
A notable example is the Fagerhult Group, which is actively working towards becoming a net-zero 
organization by 2045 (6). 

 

Light Pollution and Ecological Considerations 

One of the often-overlooked aspects of sustainable lighting is its impact on the environment, 
particularly in terms of light pollution. Excessive or poorly directed artificial light can have detrimental 
effects on ecosystems, disrupting the behaviour of nocturnal animals, altering plant growth, and 
obscuring the night sky (7). Reducing light pollution is a key goal of sustainable lighting, particularly in 
outdoor and urban environments. 

Designers and manufacturers are increasingly using lighting technologies that minimize light spill and 
reduces the amount of light emitted upwards into the sky. An example of this is the Dark Sky Luminaire 
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Figure 5: Five Principles for Responsible Outdoor Lighting (12) 

range produced by BEGA Lighting (8). This is particularly important in public spaces, parks, and 
residential areas, where excessive lighting can disrupt both human and animal activity. Shielded 
luminaires, for example, can focus light where it is needed while preventing unnecessary light from 
spilling into the surrounding environment. Guidance on dark sky requirements have also been 
developed by the U.S. Green Building Council (9) which eventually makes it essential for designer to 
adhere to when designing a space when certain certifications are a project goal.  

In addition to this, DarkSky and the Illuminating Engineering Society (IES) have developed the Five 
Principles for Responsible Outdoor Lighting. These guidelines aim to minimize light pollution by 
promoting the appropriate use of quality outdoor lighting, ensuring it is only used where and when 
needed while preserving both the environment and public safety. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Challenges in Implementing Sustainable Lighting 

While the benefits of sustainable lighting are clear, there are several challenges that designers, 
manufacturers, and clients face when trying to implement sustainable practices. One of the main 
challenges is without a doubt, cost. Sustainable lighting solutions, such as LED lighting and modular 
systems, often come with a higher upfront cost compared to traditional lighting options. This can be a 
barrier for clients who are focused on short-term budgets rather than long-term savings. 

However, sustainable solutions do not have to be the most expensive solutions in the market. A shift 
in mindset is needed, where renewed or repurposed products are seen as valuable as new ones. By 
embracing circular economy principles and focusing on long-term savings, clients can achieve both 
sustainability goals and cost-effectiveness.  

Another challenge is the lack of standardized regulations and certification systems for sustainable 
lighting. While frameworks such as BREEAM and LEED provide guidance on sustainability, there is still 
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Figure 6: Dark Sky Park Bulbjerg (13) 

a need for more comprehensive regulations that specifically address the lifecycle impact of lighting 
products. This includes requirements for embodied carbon, material usage, and end-of-life disposal. 
Clearer regulations would help drive the industry toward more sustainable practices and ensure that 
lighting products meet minimum sustainability standards. An example of these regulatory 
implementations is the European Union's RoHS Directive(10), which bans fluorescent lamps. Even 
though the transition from fluorescent lamps to LEDs will be significantly more expensive, the long-
term benefits are far more advantageous. With these implementations and regulations, sustainable 
lighting becomes a more achievable reality. 

 

The Future of Sustainable Lighting 

The future of sustainable lighting is closely tied to the development of new technologies and design 
approaches that prioritize energy efficiency, durability, and circularity. Innovations such as smart 
lighting systems, wireless controls, and renewable energy integration are expected to play a major role 
in reducing the environmental impact of lighting. Additionally, advances in material science and 
manufacturing techniques will also enable the production of lighting products that are far more 
recyclable, repairable, and energy-efficient. 

Furthermore, as climate change continues to drive global action, the lighting industry will need to 
adapt to stricter regulations and higher sustainability standards. Governments, businesses, and 
consumers must all work together to make meaningful sustainability advancements achievable. 

In conclusion, sustainable lighting is an essential component of the global effort to reduce energy 
consumption, mitigate climate change, and create healthier environments. By adopting circular 
economy principles, improving energy efficiency, and reducing light pollution, the lighting industry can 
make significant impact towards a more sustainable future. However, achieving these goals will require 
collaboration among designers, manufacturers, clients, and regulators, as well as a commitment to 
rethinking traditional approaches to lighting design. As we move forward, sustainable lighting will not 
only illuminate our spaces but also play a crucial role in illuminating a path toward a more sustainable 
world. 
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