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About this whitepaper 

The advancement of LED lighting technology has not only 

improved efficiency and light output but has also prioritized 

sustainability. Continual advancements in this field are pushed 

by the need to optimize performance while minimizing 

environmental impact. This white paper explores the benefits of 

reducing the mass in LED light fixtures through generative 

design techniques. By strategically optimizing design and 

material use, it is possible to achieve substantial gains in 

efficiency, cost-effectiveness, and environmental impact.  

In recent years, the focus on sustainable development has intensified, 

encouraging industries to rethink how products are designed, manufactured, 

and disposed of. In the field of LED lighting, this shift towards sustainability 

and cost has sparked an interest in reducing the physical mass of light fixtures 

to use fewer resources and reduce waste. ColdStream leverages generative 

design to address these challenges, enabling the creation of lighter fixtures 

without compromising their performance or durability.  

Generative design is a process that uses smart algorithms to generate design 

alternatives based on specific constraints. It allows engineers to explore 

numerous configurations that minimize material use while maximizing thermal 

and lighting efficiency. This approach leads to innovations in product design 

while aligning with the broader goals of reducing energy consumption and 

material waste associated with production and end-of-life disposal.  

The application of generative design in LED lighting is particularly beneficial 

due to the precise requirements for thermal management within these systems. 

Effective thermal management ensures longevity and performance, key factors 

in the sustainability of LED technologies. By reducing the mass of these 

fixtures, there is a direct reduction in the energy required for both 

manufacturing and operating the lights, which translates into lower carbon 

footprints and operational costs.  

This white paper explores how ColdStream has revolutionized the design 

process of LED light fixtures. It highlights case studies and empirical data 

demonstrating how mass reduction through generative design meets the 

industry standards for performance and sustainability. 
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Importance of reducing mass in LED lights 

The primary cost drivers in LED lights have shifted significantly in recent years. Historically, the 

LED components constituted a major portion of the overall expenses; however, advances similar 

to those described by Moore’s Law have reduced these costs dramatically. Currently, LED chips 

account for only about 10% of the final cost of lighting systems. As a result, the focus of cost 

optimization in the industry has redirected towards the light fixtures, which now represent the 

bulk of the expenditure. This shift stresses the first major reason for optimizing light fixtures: 

to manage and reduce costs effectively. Additionally, there is a pressing need to shorten the 

time from concept to market—a goal that traditional optimization methods meet to an extent. 

However, these conventional approaches often fall short in reducing the mass of light fixtures 

without compromising their thermal performance, highlighting the critical need for more 

innovative and effective design solutions in the industry. 

 

Fig. 1 - Example of an LED light. Image by Daniel Agrelo. 

This need for innovation ties directly into the broader agenda of advancing environmental 

sustainability within the lighting industry. As the demand for environmentally friendly and 

energy-efficient lighting solutions increases, minimizing resource consumption and waste 

becomes imperative. By reducing the physical mass of LED fixtures, manufacturers can decrease 

the use of raw materials such as aluminum, steel, and various polymers. Additionally, lighter 

fixtures result in lower carbon emissions during production and distribution, aligning with 

global efforts to combat climate change. The practical benefits of mass reduction in LED 

fixtures are also substantial, impacting operational efficiencies and costs. Lighter lighting 

solutions are easier to handle, install, and maintain, simplifying logistical operations and 

reducing labor costs. In large-scale deployments, such as in commercial buildings or municipal 

lighting projects, the decreased weight can lead to reductions in transportation and installation 

https://pixabay.com/photos/light-illumination-lights-lamp-959563/
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costs. Moreover, the adaptability of lighter fixtures to various installation environments 

enhances their application potential, broadening the settings where LED technology can be 

effectively used. Reducing the mass of these fixtures also enhances their energy efficiency—a 

pivotal factor in sustainable development.  

 

How does generative design work? 

In the conventional design cycle, engineers work directly in all the steps that lead from a design 

concept to a solution. This process starts with the conception of a model envisioned by the 

designer. The person in charge verifies the performance through modeling, simulation, post-

processing, and analysis of the chosen design. A new process iteration happens if the final 

design does not achieve a satisfactory level. This time- consuming procedure is disrupted using 

generative design techniques. Generative design uses state-of-the art algorithms to generate 

one or multiple designs, given system requirements, such as design space, objectives, and 

constraints, requiring minimal user input and interaction. The algorithm explores different 

outputs based on the set of inputs and uses the gathered information to generate new and 

possibly better solutions. The cycle repeats until viable designs that respect the given 

constraints are found [1, 2]. 

 

Fig. 2 – ColdStream screenshot of the temperatures of a wall-mounted LED light. 
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The optimization process becomes fully automated when numerical simulations evaluate the 

generated designs in the design cycle. Since the user is not required to give an initial design, 

the human influence during the full cycle is reduced to the problem setup and the final design 

evaluation. Removing human bias from the design process allows for a much more thorough 

exploration of the design space, increasing the possibility of finding a globally optimal design. 

 

Generative design using topology optimization 

In generative design, different techniques exist to gather and process information from 

subsequent design iterations. 

A popular generative design strategy uses topology optimization. For this technique, optimizing 

the material distribution within the design space results in a new design [3, 4, 5]. In broad 

terms, a portion of the parent material transforms into a new material, which defines the part’s 

geometry. Unlike traditional design methods, such as shape optimization, topological 

optimization does not require an initial design input. As a result, the design space can be 

explored more comprehensively, reducing the risk of convergence to a local optimum. The 

actual optimization process typically involves iterative steps, as illustrated in Fig. 3, which 

repeat until an optimal design is achieved. 

 

 

Fig. 3 – Design optimization loop. 
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1. Design evaluation.  

The fluid flow and the temperature distributions on a given design are evaluated by a CFD 

(Computational Fluid Dynamics) simulation. The result of this simulation is a description of the 

velocity, pressure, and temperature field of the fluid domain and the temperature field 

throughout the solid domains.  

2. Performance evaluation.  

The numerical solution obtained in (1) is used to evaluate the performance of the design 

regarding the optimization targets. If the performance meets the optimization target, the 

optimization process ends, and the design is exported. Otherwise, the optimization loop 

continues.  

3. Sensitivity analysis.  

This step involves determining how the design should change to improve the performance. This 

is achieved by assessing the sensitivity of the design performance for the material distribution. 

The adjoint approach calculates the sensitivities, given a large degree of freedom in the design 

space. This mathematical framework allows performing sensitivity analysis in a computationally 

efficient way. In this analysis, the adjoint is built following a continuous adjoint approach [6].  

4. Design update. 

The optimization algorithm proposes a new design based on the current design and the 

sensitivity analysis. This design serves as the starting point for the next optimization iteration. 

As demonstrated, the objective of generative design is not to replace design engineers but 

rather to assist them in completing their tasks more efficiently and effectively. 

 

Practical steps for setting up a generative design scenario 

By following the following steps, users can set up the generative design problem in a way that 

leverages topology optimization to arrive at an efficient, high-performance solution. A key 

element to this entire process is having a highly accurate physical model that describes the heat 

transfer from the LEDs to the air which is fully embedded in ColdStream: 
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1. Create a base geometry 

Begin by creating a CAD model of the base geometry (e.g., the cylindrical container for a 

heat sink). Clearly indicate the design space—i.e., the volume that can be modified by 

the generative design engine. 

2. Define material properties 

Set the material properties for both the solid components (e.g., a chosen copper alloy) 

and the working fluid (e.g., LN2) that will be used within the design space. 

3. Set the operating and boundary conditions 

Specify the operating conditions and boundary conditions so that the design is 

optimized for the intended application—in this case, cooling a CPU at its saturation 

point. Input factors such as heat load, ambient conditions, and flow rates as needed. 

4. Specify the manufacturing process 

Choose the manufacturing method for producing the optimized design. For instance, 

the example from the 3D Systems study uses Laser Powder Bed Fusion (PBF-LB) with 

their DMP Flex printer, ensuring that the final geometry is both manufacturable and 

cost-effective. 

5. Indicate the design targets  

Determine the design objectives and constraints. For CPU cooling, a common objective 

is minimizing temperature. Additional constraints might include weight limits or 

volumetric restrictions to meet performance and manufacturing requirements.  

Create the base geometry

Define the material properties

Set the boundary conditions

Specify the manufacturing process

Set the design targets
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Optimizing LED fixtures with generative design 

This case study provides a comparative analysis of three design approaches for an LED light 

fixture: the original design, a design developed exclusively through generative design, and a 

hybrid design that combines generative design with human expertise. The reference case is an 

off-the-shelf LED lamp that contains a LED (Lumileds Luxeon 5050) with a heat power of 2.27 

W and an efficiency of 31%. The thermal resistance is 2.4°C/W and the maximum junction 

temperature is 120°C. The thermal interface is made of graphite and has a thickness of 0.25 

mm, with an anisotropic thermal conductivity of 15 ⊥ 350 || W/mK. The product also includes 

an MCPCB, a driver, glass, lenses, and software. Lastly, for heat dissipation, a heat sink made of 

aluminum SAE 305 is attached to the LED lamp. The heat sink properties are the following: 

thermal conductivity of 113 W/mK, density of 2700 kg/m3, specific heat of 953.86 J/kgK, and 

roughness of 3.2 um. The full LED light assembly is shown in Fig. 4 and the details of the 

original back-side heat sink are displayed in Fig. 5. 

 

Fig. 4 - Reference case for the LED light 

 

Fig. 5 - Heat sink design of the reference LED light 
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Fig. 6 - Temperature (°C) along the reference case LED light 

To further compare the performance of the optimized heat sinks with the reference case, two 

parameters are considered. Given the importance of reducing mass in the LED light, as 

discussed in Section 1, the first parameter is the heat sink weight. Secondly, the laser diode’s 

junction temperature (Tj) will also be compared, as it is the determinant of long-term reliability 

and a key factor for photometry. The reference case heat sink weighs 6.143 kg and has a 

maximum junction temperature of 80°C - as demonstrated by the CFD simulation in Fig. 6

The pure generative design 

Starting from the reference case, the LED fixture underwent a series of iterations in generative 

design software for cooling components, gradually remove material at the locations where it 

contributes the least to the cooling. This approach automatically results in the exploration of 

pin and fin shapes, positions, and sizes, which would be difficult or impossible to achieve 

through manual methods alone.  

Key Enhancements from Generative Design: 

• Advanced geometries: 

The software generated a highly optimized heat sink design utilizing an advanced fin 

profile, as illustrated in Fig. 7 and Fig. 8. Clearly, the complexity of the design is well 

beyond human engineering level. 

• Thermal Performance: 

The primary goal was to eliminate design components with minimal contribution to the 

heat transfer to reduce weight, while ensuring that the remaining material effectively 
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maintained the LED temperature below a 5% increase in temperature. The generative 

design significantly outperformed manual optimization. 

o Weight Reduction: The heat sink's weight was reduced to 5.135 kg, achieving a 

16.4% reduction compared to the reference design. 

o Limited Temperature Increase: The maximum junction temperature increased by 

only 4.4%, reaching 84.4°C.

 

Fig. 7 - Final combined design optimization of LED light heat sink 

 

 

Fig. 8 – Thermal simulation of the final combined design optimization of LED light heat sink. 
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Generative design with human expertise 

The second optimization combines human experience with generative design capabailities, 

leveraging the expertise of the former with the innovation of the latter. This allows for treating 

constraints in a more flexible way by leveraging the assessment of the experienced engineer. In 

this second case, the junction temperature was allowed to increase to 8.8% (Fig. 10), well 

beyond the original 5% limit. Yet by doing this, the total weight dropped to 4.453 kg, a 

reduction of almost 30%. Despite the increase, the temperature remains well below the nominal 

junction temperature (120°C), ensuring safe and efficient operation. 

Discussion 

Generative design offers a significant added value for the thermal management of LED lighting. 

By providing a base geometry and a set of constraints, generative design helps decrease weight 

and costs through the creation of efficient heat sink designs. In addition, the combination of 

the generative design methods and human expertise in optimizing LED lighting fixtures has 

proven highly effective, as shown in the previous results. The combined approach resulted in a 

significant 27.6% decrease in the heat sink’s weight, which reduces material costs and lowers 

the environmental impact of production and transport. Even with this notable reduction in 

mass, thermal performance remained within required operational standards, ensuring that the 

LED light would continue to function reliably over time. The combined approach illustrates the 

benefits of merging traditional engineering with advanced generative design techniques which 

allows for a wider design search scope. By integrating manual expertise with generative design, 

we can enhance innovation in LED lighting solutions while supporting industry goals for 

sustainability and cost-effectiveness. This method sets a new benchmark in designing and 

manufacturing eco-friendly lighting system.  

 

Figure 10: Comparison of the weight and temperature of the reference case, the generative 

design, and the generative design combined with human expterise.
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Summary 

The exploration of pure generative design and the combination of generative design with 

human expertise has demonstrated its value in the optimization of LED lighting fixtures. These 

approaches not only achieves significant reductions in mass of 16% to 27% —resulting in cost 

savings and reduced environmental impact—but also maintains the essential thermal 

performance standards needed for durable and reliable lighting solutions. By merging 

traditional engineering expertise with the capabilities of AI-driven generative design, we 

continue to evolve into more sustainable and efficient products. Such advancements are crucial 

as the industry continues to move towards environmentally friendly technologies and seeks to 

reduce overall resource consumption in production processes. This case study highlights the 

potential of hybrid design strategies to revolutionize LED lighting design, optimizing it for the 

future. 
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About Diabatix 

Diabatix is the technology leader in generative design software for 

thermal management, with their flagship product, ColdStream, at 

the forefront of thermal design innovation. Diabatix’s mission is to 

change the way engineers approach thermal design, enabling them 

to create highly efficient cooling systems across various industries. 

With Diabatix ColdStream, companies can unlock a new era of 

thermal design, revolutionizing cooling system performance, and 

achieving unprecedented levels of efficiency and cost- effectiveness. 

Diabatix is committed to supporting their clients on their thermal 

design journey, empowering them to stay ahead in an increasingly 

competitive market. 

 

 

 

 

 

 

About Celera 

Celera Thermal is an integral part of a global network, boasting 

decades of cumulative experience in researching, developing, 

manufacturing, and marketing high-tech solutions across diverse 

industrial sectors. Numerous companies in the electro-electronic, 

automotive, medical, aerospace, and lighting industries have relied 

on our technical support and extensive know-how for their 

applications. The strategic principles guiding our organization 

revolve around a precise understanding of our clients’ needs, swift 

responses, and the delivery of products exceeding market standards 

in quality. These principles inform not only our market approach but 

also our work environment. It is through this positioning that Celera 

Fibras has garnered recognition and acclaim from a vast and 

growing array of organizations across multiple markets and 

countries. 

 

 


