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Introduction
2020 GRANT SUBMISSION

As other industries in Construction & Design lead the charge in developing 
sustainable materials and processes, the lighting industry still has work to do. 

At 25-80% more efficient than traditional lighting sources, 
LED lighting created a seismic shift in sustainable design. 
However, data on embodied energy, carbon impact, and 
waste stream is extremely limited. As a result, light fixture 
life cycle data and waste reduction processes are typically 
not required to meet building sustainability standards, code 
or policy. 

As research shows, the embodied emissions of LED light 
fixtures have a significant impact on the overall carbon 
emissions of a building. A key challenge is the sourcing 
and production of typical light fixture components. Many 
standard elements, from LED chips to typical heatsinks, 
are comprised of finite resources. Additionally, material 
extraction is extremely energy intensive, and is often 

sourced in politically and economically unstable countries. Due to the unique nature of the materials, it can be challenging 
to recycle or re-use components, resulting in significant landfill waste.  

It’s time to close the finite resource loop. Light on Waste’s goal is to lead the industry in creating the framework for a 
modular, up-cycled, and zero-waste LED light fixture.

THE TEAM

Initial Concept 
2020 GRANT SUBMISSION

We strive to eliminate landfill waste 
and minimize our carbon footprint 
in all aspects of our lives. Our team 
cares deeply about the impact of our 
actions, from the products we specify 
to what we purchase and bring into 
our homes.  

As designers, we want the industry we support to reflect 
both our individual missions and the mission of PAE and 
Luma. As we looked at the carbon impacts of lighting 
manufacturing, a seed was planted: how can our collective 
decisions create a positive impact on our planet?

By developing a product with interchangeable, sustainably 
sourced components, we will create a new framework for 
resilient luminaires.   

As stewards 
of the planet, 
it is our 
responsibility 
to create a 
better future 
for all.  

Demanding 
accountability  
for the sustainable 
life cycle of 
luminaires.
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Key Components 
A c ombinat ion  o f  lo ca l  p o l icy, 
construction regulations, and building 
susta inabi l i ty  standards (LEED, 
WELL, Living Building Certification 
[LBC]) provide guidelines for how a 

building can meet sustainability 
targets. Life Cycle Analysis 

(LCA)  and Envi ronmental 
Product Declarations (EPD) 
function as a starting point 
to increase the transparency 
and overall understanding of 

building material processes 
and products. As sustainability 

requirements have increased 
for other materials such as carpet 
and flooring, lighting and electronics 

receive allowances on certain 
components and have fewer 

r e q u i r e m e n t s  t o  m e e t 
sustainability criteria. With 
a precedent set for other 
materials, green building 
standards and codes can be 

re-evaluated to incorporate 
lighting and begin to address the 

missing pieces.  

As technology in material science 
improves, the opportunities 

f o r  n ew  a n d  a l t e r n a t i v e 
luminaire materials increases. 
Developments in sustainable 
sourcing, biomaterials, and 
material reuse all contribute 

to new opportunities to reduce 
the embodied emissions of 

light fixtures. Components that 
are typical in LED lighting, such as 

heat sinks and optical lenses, can 
be re-evaluated with an eye toward 
sustainability.  

With a long-estimated lifespan and 
specific material requirements, the 

approach to LED and electronic 
carbon neutrality requires a more 
nuanced approach. Hazardous material 
restrictions, such as Restriction of 
Hazardous Substances (RoHS), lead 
the path in European construction 
guidelines, and can be applied globally 
for a more holistic approach. Modular 
systems, which allow for components 
to be interchanged as needed, allows 
for less waste and more flexibility for 
future building modifications. Recycling, 
reuse, and lighting-as-a-service (LaaS) 
are another way to address electronic 
waste and minimize the use of finite 
resources. 

Shipping and packaging become 
equally as important when addressing 
the full life cycle of a luminaire. As 
shipping materials and transport are 
unavoidable, a sustainable approach 
requi res  a  re imagin ing of  how 
processes are defined, evaluated, and 
prioritized. Consumer power is shifting 
towards online commerce, which 
has resulted in an overall increase 
in shipping throughout the globe.9 
Due to this, the time is right to shift 
the paradigm and push forward new 
technologies. Alternative packaging 
materials, localized material production, 
and energy efficient transportation all 
contribute to reducing the overall carbon 
impact of a light fixture. 
 
Lastly, the end-of-life treatment is 
essential to the overall carbon impact 
of a fixture. Both the function and ease 
of recyclability and reuse needs to be 
evaluated and established. Systems 
should be put in place to encourage 
the continued use of the product or 
materials. 

Why Now?
THE STATE OF SUSTAINABLE BUILDING

Buildings construction is one of the heaviest 
consumers of natural resources and a high 
producer of carbon emissions. 

In 2020, more than 11,000 scientists came together to declare a state of climate 
emergency due to troubling climate trends and a surge of natural disasters.1 
Globally, CO2 and methane levels are higher than they have been in 3.6 million 
years.2 The fundamental root of the climate crisis has been attributed to the 
increasing overexploitation of the earth and its resources.3 With that data in mind, 
the need to decarbonize the construction industry becomes apparent and urgent. 

Buildings have traditionally been one of the heaviest consumers of natural 
resources and producers of carbon emissions worldwide. Building construction 
and operation have been shown to account for 39% of CO2 emissions and 36% 
of final energy use consumption.4 In 2018, building-related construction generated 
600 million tons of demolition debris.5 

Globally, one billion square 
feet of buildings are 
demolished and replaced 
with new construction each 
year.

The construction & design industry is at a turning point in the transition to 
sustainable, low-impact building materials and processes. Sustainable building 
is becoming more commonplace, with the majority of new global construction 
anticipated to be green by the end of 2028. Circularity, carbon neutrality, and 
human-centered design are moving from the periphery of priorities to the forefront 
of design process and policy. 

Light on Waste looks at the current state of the lighting industry by addressing 
five key components: policy and building standards, product materials, electronic 
components, shipping and packaging, and end-of-life treatment. This research 
will provide a framework to re-evaluate typical processes and move towards a 
decarbonized industry.
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Key Factors

RECYCLING/ 
DISPOSAL

MATERIALS

MANUFACTURING 
OPERATIONS

PACKAGING

GLOBALIZATION 
AND PROXIMITY 

WORKER SAFETY

Challenges  
and Setbacks
 
From design to production, construction 
to demolition, these limitations have 
prevented the lighting industry from 
establishing more sustainable practices: 
• Global and local policy exclusions 
• Minimal requirements in sustainable building standards 

and guidelines
• Increased financial impacts on manufacturers and 

contractors 
• Lack of material production and life cycle transparency 
• Industry acceptance of construction demolition and waste

Next Steps
 
The following key points are essential to 
create a sustainable framework:
• Encourage economic incentives 
• Establish a precedent for alternative approaches 
• Focus on circularity as an essential design element 
• Educate on the impact of the building industry on the 

environment
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Terms and Definitions
GLOSSARY 

Circularity: An economic and industrial system based 
on the reusability of products and raw materials and the 
recovery of natural resources.10  

Closed Loop: An automatic control system in which 
an operation, process, or mechanism is regulated by 
feedback.11  

Cradle-to-Cradle: Cradle-to-cradle design is a 
biomimetic approach to the design of products and 
systems that models human industry on nature's 
processes, where materials are viewed as nutrients 
circulating in healthy, safe metabolisms.12  

Cradle to Grave: Extending throughout one’s life, from 
birth to death.13 

CRI: Color Rendering Index is the measurement of light 
in relation to how it affects the appearance of color.14 

Declare: A product transparency disclosure that 
identifies where a product comes from, what it's made 
of, and where it goes at the end of its life.15 

Holistic Regeneration: A process-oriented concept 
that uses whole systems thinking to create resilient and 

equitable systems that integrate the needs 
of society with the integrity of nature.16 

Human Centered Design: A framework that integrates 
a set of practices to understand users—their needs, 
constraints, contexts, behaviors, and wants.17 

IALD (International Association of Lighting 
Designers): An internationally recognized organization 
dedicated to supporting a network of 1,500 independent 
lighting design professionals and which strives to set the 
global standard for lighting design.18 

IES (Illuminating Engineers Society): A lighting 
industry organization that seeks to improve the lighted 
environment by bringing together those with lighting 
knowledge and by translating that knowledge into 
actions that benefit the public.19

LAAS (Lighting as a Service): A method of delivering 
a lighting retrofit project without upfront capital 
expenses.20   

LEED: (Leadership in Energy and Environmental 
Design): A green building rating system that provides 
a framework for healthy, highly efficient, and cost-

saving green buildings. LEED certification is a globally 
recognized symbol of sustainability achievement and 
leadership.21 

Living Building Challenge: An international 
sustainable building certification program created 
in 2006 by the non-profit International Living Future 
Institute.23

Life Cycle Assessment (LCA): A technique to assess 
environmental impacts associated with all the stages of 
a product’s life.22  

NEC (National Electrical Code): The benchmark for 
safe electrical design, installation, and inspection to 
protect people and property from electrical hazards.23 

NEMA (National Electrical Manufacturers 
Association): A Standards Developing Organization 
made up of business leaders, electrical experts, 
engineers, scientists, and technicians.24 

Red List: The Red List represents the “worst in 
class” materials, chemicals, and elements known to 
pose serious risks to human health and the greater 
ecosystem.25 

PCA (Paris Climate Agreement): International treaty 
on climate change that aims to keep global warming 
below 2 degrees Celsius.26 

RoHS (Restriction of Hazardous Substances): 
EU rules restricting the use of hazardous substances 
in electrical and electronic equipment to protect the 
environment and public health.27 

UL (Underwriters' Laboratories): A global safety 
science leader that provides the expertise, insights, and 
services necessary to solve critical business challenges, 
such as safety, security, and sustainability goals.28  

WELL: A performance-based system for measuring, 
certifying, and monitoring features of the built 
environment that impact human health and wellbeing, 
through air, water, nourishment, light, fitness, comfort, 
and mind.29

LIVING BUILDING CHALLENGE: 

An international 
sustainable building 
certification program 
created in 2006 by the 
non-profit International 
Living Future Institute
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Sustainability  
Standards, Codes and Policy
WHAT DOES SUSTAINABLE LIGHTING LOOK LIKE?

This approach links both the qualitative 
performance and the environmental impacts 
to create a sustainable lighting design; you 
can’t have one without the other. But how are 
these metrics measured as part of a holistic 
design approach?

Certifications  
and Standards
There  is  an  increas ing numb er  o f 
sustainability certifications and standards 
that can be used as a platform for inspiration 
and guidance. The three most recognizable 
sustainable building certifications are LEED, 
WELL, and the Living Building Challenge. 
At the forefront of the industry, these 
organizations have quantified ways in which 
buildings can be more sustainable.  

E a c h  c e r t i f i c a t i o n 
focuses on a different 
aspect of sustainable 
design. LEED explores 
environmental impact, 
with a strong focus on 
operational emissions.31 

W E L L  e n c o u r a g e s 
h u m a n  c e n t e r e d 
design and includes 
q u a l i f i c a t i o n s  t h a t 
center on the health and 
physiological well-being 
of occupants.32 LEED 
and WELL both include 
lighting performance 

guidelines, such as glare control, color 
rendering index (CRI), and lighting controls. 
The Living Building Challenge prioritizes 
net-positive, holistic regeneration, and 
includes specific building material life cycle 
requirements.33 Each of these building 
standards require reduced energy load 
and encourages innovative design to meet 
challenging efficiency goals.   

In addition to building certifications, there 
are also product specific certifications and 
product transparency documentation that 
can be obtained by manufacturers. Declare, 
an extension of the Living Building Challenge, 
aims for transparency and requires Red List 
free products. Manufacturers must document 
any material that comprises 0.01% of the 
weight of a fixture, which is a more stringent 
requirement than even Material Safety Data 

IES AND IALD DEFINE SUSTAINABLE LIGHTING DESIGN 
AS: 
 

“Meeting the 
qualitative needs 
of the visual 
environment with the 
least impact on the 
natural environment.” 

sheets.34 A lesser-known product standard, Cradle to Cradle, 
pioneered the concept of circularity, and focuses on documenting 
the full life cycle of a product.35  A Health Product Declaration 
(HPD) documents all product material that makes up at least 
0.1% of the product. An HPD is purely informational and does not 
require any criteria to be met. It functions similarly to a nutritional 
label on food – it shows all material ingredients in order to be fully 
transparent in sourcing and content. 

In addition to certifications, standards are another voluntary 
metric in which manufacturers or organizations can create more 
sustainable products and processes.  The International Standards 
Organization, or ISO, has developed the ISO 14000 family of 
standards that provide criteria for environmental management in 
businesses and organizations. This framework helps businesses 
develop a holistic system of operations that put a commitment 
to sustainable processes at the forefront. In order to meet 
the standard, a business needs to provide an environmental 
policy, outline environmental risks and opportunities, evaluate 
environmental impacts of their processes, determine future 
objectives and execution, document operational procedures, 
and more.36 Awareness and interest in these standards is growing 
globally -  there are currently more than 300,000 certifications to 
ISO 14001 in 171 countries.37

There are currently 
more than 300,000 
certifications to ISO 
14001 in 171 countries.
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Declare
Product Transparency 

• Ingredient disclosure

WELL
Human Experience 

• Daylight simulation
• Light exposure
• Providing appropriate 

illuminances on work planes
• Circadian lighting design
• Visual balance/ uniformity ratios 

and color temperature
• Flicker

Cradle  
to Cradle

Circular Economy 

• Sustainable products
• Material health and reuse
• Water stewardship
• Social fairness
• Renewable energy and carbon 

management

Living 
Building 

Challenge
Regenerative Buildings 

• Responsible materials
• Red List/VOC's
• Responsible sourcing/Declare label - 

life cycle of product
• Living economy sourcing
• Net positive wasteLEED

Environmental Impact 

• Energy consumption
• Energy efficiency
• Atmosphere/light pollution
• Light reflection
• Finish materiality

Figure 1.
SUSTAINABILITY CERTIFICATION COMPARISON

Though each program incorporates unique and effective 
sustainability measures, no single building or product 
certification encompasses the full sustainable impact of 
producing a light fixture. For example, the Declare label 
includes Red List allowances due to limitations in the 
material economy, such as certain elements that are 
required for LED diodes.38 Additionally, the certifications 
are often cost and time intensive, which is one of the key 
detractors from program participation.63 An increasing 
number of owners and clients are choosing to design to 
meet sustainable criteria such as LEED, but not pursuing 
formal certification to avoid the additional cost. Similarly, 
some manufacturers will provide a “manufacturers letter” 
detailing their materials and processes as an alternative to 
pursing a product certification, such as an HPD or Declare 
label.39

Lighting performance • Levels of certification
• Daylighting design strategy

• Levels of certification
• Responsible materials

Healthy interior environments 
and performance

Energy and carbon reduction

The more complex the 
product or process, the 
more challenging it is to 
meet the criteria. 

“This field is a 
co-opetition, we 
are all playing in 
the same field.” 
- Richard Garrett | ILFI 
International Living Future Institute
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Policies and Code
Regional, national, and international policies are 
extremely effective at realigning processes to achieve 
more sustainable goals. Unlike building or product 
standards, in which participation is elective, policies 
are typically mandated by elected governing bodies. 
Standards are often used as a starting point to establish 
policies or code requirements, as they provide clear 
guideliness from an established, external organization. 

Sustainably focused policies require a governing body 
that is committed to environmental action. A well known 
policy in the United States is the Energy Independence 
and Security Act of 2007, which required a 25% greater 
efficiency in typical lamps. Additional regulation that 
expanded the existing law was established in 2017, 
which effectively eliminated the use of incandescent 
lamps for household or commercial use, as they are 
innately high energy consumers. However, in 2019, these 
new regulations were overturned by the Department of 
Energy under the Trump administration. This change 
shows how a nation's policies can easily change due to 
a shift in administration goals. 

With a new administration, the United States is 
again realigning policy to address climate change 
and re-evaluate energy use as a nation. The Biden 
administration has introduced the “Build Back Better” 
infrastructure initative, which focuses on building a 
modern, sustainable infrastructure and an equitable 
clean energy future. Key carbon reduction initiatives 
include achieving a carbon pollution-free power sector 
by 2035, making dramatic investments in energy 
efficiency in buildings, and promoting environmental 
justice and equitable economy opportunity.40 Building 
specific goals include completing 4 million energy 
efficient retrofits and building 1.5 million new affordable 
homes.  

In addition to national policy, global initiatives bring 
climate issues to greater awareness and encourage 
holistic change to existing systems. The Paris 
Agreement is a landmark in the multilateral climate 
change process because, for the first time, a binding 
agreement brings all nations into a common cause to 
undertake ambitious efforts to combat climate change 

and adapt to its effects. With the Paris Agreement, 
countries established an enhanced transparency 
framework (ETF). Under ETF, starting in 2024, countries 
will report transparently on actions taken and progress 
made in climate change mitigation, adaptation 
measures and support provided or received. It also 
provides for international procedures for the review of 
the submitted reports.41 Shifting to a circular economy is 
essential to achieving Paris Agreement goals.42 

Policies are a starting point for change, and can be 
viewed as a principal of action and a guidepost for 
decision making. Building code requirements take 
that a step further, and are mandated for construction 
approval.  An example of an effective, sustainable 
focused building code is California’s Title 24, which 
is designed to minimize energy consumption in both 
new construction and existing buildings.43 The energy 
code is more stringent than the International Building 
Code, and is viewed as one of the most sustinable in the 
United States. The code is updated every three years, 
which results in further energy savings and a continuous 

improvement process. Each update is significant – the 
change between 2016 and 2019 codes are estimated 
to reduce residential energy use by about 53%, and 
reduce greenhouse gas emissions by 700,000 metric 
tons over three years.44 For lighting specifically, the 2019 
code reduced the allowed lighting power density by 29-
37% over the 2016 code.45 

In addition to strict lighting power density, Title 24 
includes specific component and material limitations 
and energy saving control requirements.46 This energy 
efficient code provides a foundation for other states, 
businesses, or building owners to see that code can 
make a significant impact on overall building emissions.   

With a greater global understanding of the human 
impact on our climate crisis, further policies and code 
will be developed and implemented to help combat the 
challenge at hand. It is necessary to educate and bring 
attention to current omissions in the building industry to 
ensure that future policies have a greater impact.

" The circular economy plays a  
definitive role here. It must expand 
if we are to reduce emissions 
across sectors as it is an essential 
component to achieving climate 
neutrality."
 - Patricia Espinosa 
UN Climate Change Executive Secretary
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Where do Lighting 
Manufactures Fall 
on the Sustainability 
Spectrum?
How do lighting manufactures navigate the best path towards 
sustainable lighting? The Light on Waste team conducted a survey and 
a series of interviews to see where manufacturers fell on the sustainable 
spectrum. The survey includes questions on the internal practices 
of sustainability within the business’ employees and facilities, the 
sustainable impact of their products, and their goals looking forward. With 
hopes of learning more about current and future practices, this survey 
examines the value of sustainability across a range of manufacturers. 

In reviewing the data, manufacturers are making strides to meet the 
rising demand for sustainable products and practices. There is still work 
to be done, with about 70% of manufacturers surveyed still in the early 
development phase of sustainable production.

24 | pae-engineers.com | lumald.com 25

IT’S IN THE WORKS 

IT ALREADY EXISTS

NO PLANS
20%

Do you have plans to create  
a Red List free fixture?

48%

32%

46% Recycling

6% Jobs 6% Training

6% Paperless

12% 
Transportation

20% Dishware

How does 
your company 

encourage 
sustainability 

practices of its 
employees?

If any, what sustainability practices 
does your company incorporate in 
its energy usage and manufacturing 
processes? i.e. solar panels, grey 
water filtration, etc.

21% Energy Harvesting

12% Daylight Harvesting

12% Solar Power

30% Recycling

9% Local Sourcing

9% Products

6% None
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Housing and Hardware
THE NUTS AND BOLTS

Many of these elements come from finite 
material sources, require energy-intensive 
extraction or mining, and have limited 
recycling options. As the pace of construction 
continues to grow, the selection and sourcing 
of materials has an increasing impact on the 
embodied carbon emissions of a fixture. 

Key challenges to both designers and 
manufacturers include a lack of viable 
alternative materials, high cost impacts 
of sustainably sourcing, and minimal 
transparency throughout the supply chain. 

This report will look at a few frequently used 
housing materials to evaluate their current 
processes and potential possibilities. 

Aluminum
Aluminum can be used for the housing 
frame, reflector, LED heat sink, hardware and 
more. On a typical linear fixture with extruded 
aluminum housing, aluminum makes up 54% 
of the fixture weight.46 It is a preferred material 
due to its light weight, thermal conductivity, 
ref lectance, and eff icient fabrication 
processes. 

Aluminum manufacturing, smelting, 
and refinement is harmful to the 
environment. It is an extremely 
energy-intensive process and 
emits significant quantities of CO2 
and perfluorocarbon (PFC) gases.12,16  
As a result, the aluminum industry 
alone is responsible for around 
1% of global greenhouse gas 
emissions.17,13 Each ton of aluminum 
recycled avoids nine tons of CO2 

equivalent emissions.47 

A  pr imary  component  of  a luminum 
processing is bauxite, an aluminum-
rich ore that covers 8% of the earth's 
surface.  Bauxite mining results in negative 
environmental and social consequences, 
such as the contamination of water and local 
ecosystems, the destruction of land, and 
the displacement of local communities.47  
Bauxite exploitation poses severe and 
ongoing threats to communities in West 
Africa, Jamaica, Australia, India, and Brazil, 
among others. Since the 1980's, bauxite and 
alumina projects have been opposed by local 
communities that are affected by mining.48   

Though the excavation and processing of 
aluminum is tough on humanity and the 
environment, it can be recycled continually 
without losing its characteristic properties. 
Recycling aluminum saves about 90% of the 
energy it takes to make virgin aluminum.49  

If recycling rates improve, this percentage 
increases.50 To lower the carbon impact, it 
is necessary to utilize recycled aluminum in 
fixture design and encourage building owners, 
contractors, and manufacturers to develop 
clear recycling processes.

Conventional
Fixture Components

Hardware

Electronics

Housing

CANOPY | Aluminum

CABLES/HARDWARE | Stainless Steel

DRIVER | Circuit Board and 
Polycarbonate Housing 

POWER CORD | Copper and PVC

LED BOARD and HEAT SINK | Compound 
Semi-Conductor, Copper, Silicone, Aluminum

FIXTURE BODY | Aluminum and Powdercoat

LENS | Polycarbonate Acrylic

GASKET | Silicone

Luminaire housing encloses 
and protects the light source. 
It typically includes a frame, 
lens, hardware, mounting 
canopy, cables, heat sink, 
adhesive, and applied surface 
finishes.

50%  
 
OF STAINLESS STEEL IS PRODUCED 
FROM RAW MATERIALS 
 
21% ends up in the 
landfill after use. 
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Steel Sheet Metal 
Steel sheet metal is used for rigid, durable components, such as 
reflectors, brackets, and hardware. Manufacturing sheet metal is an 
energy-intensive process that accounts for more global emissions 
than all road freight. In fact, steel manufacturing is the largest industrial 
consumer of coal.51 

The process and machinery to create steel requires the use and 
exposure to a range of toxic chemicals such as silica dust, carbon 
monoxide, binder materials, and more. These chemicals pose a risk to 
both the environment and human health.52 In 2014, the industry dumped 
3 million pounds of chemicals into Pennsylvania waterways permitted by 
state and federal regulators.53 In addition to polluting fresh water, metal 
fabrication relies on water usage to cool, process, wash, and dilute the 
material. 

As a result, 75,000 gallons of water is 
used for each ton of steel produced. 
Additionally, sheet metal manufacturing 
produces significant non-degradable 
waste byproduct called slag, which can 
be harmful to the environment when not 
treated properly.

Thankfully, there are established processes to recycle steel and reuse 
its byproducts. Similar to aluminum, recycled steel of any grade can be 
repurposed without downcycling.55 In the United States, 84.4% of slag 
is repurposed in the form of aggregate for civil and agriculture projects.56 
Slag is also shown to be beneficial to marine environment regeneration 
due to its high porosity, alkalinity and large surface area.57

Manufacturing can be re-evaluated to use fewer resources. There is 
opportunity for sustainable metalworking fluid systems by extending their 
use life or using gas-based minimum quantity lubrication (MQL) which 
reduces the use of large amounts of water by replacing them with air and 
vegetable oils.58 Looking at the bigger picture, there is a significant effort 
to make steel production net-zero. Solutions include utilizing carbon 
capture and direct iron electrolysis; and replacing coal with hydrogen.59 
Though the effort has momentum, policy and infrastructure is needed to 
keep moving forward towards carbon neutral production. 

“The production 
of 1 kg of PMMA 
(polymethyl 
methacrylate) 
requires 
approximately 2 kg 
of oil and releases 
5.5 kg of CO2 into 
the ecosystem. ”
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Coating and Finishing
Powder coating is the most used finish on metal 
components of a fixture. There are two types of powder 
coating: electrostatic (PES) and fluidized bed (PVC). 
PES is a multistep process that includes pre-treatment, 
polyester powder spray, and oven curing. Sustainable 
process options include infrared ovens and reverse 
osmosis. PVC submerges the metal in a bath of 
polyvinylchloride (PVC) powder. Studies show that the 
PES process is twice as high in environmental impact 
over PVC. As the more sustainable option, PVC could 
go one step further and use a more environmentally 
friendly product like polyethylene, which does not 
contain phthalates. Powdercoating can be less harmful 
than other painting processes - neither PES nor PVC 
powdercoating contain VOCs.60 

Fixture Lens
The lens is the component that shields the LED diodes 
and light fixture from direct view. Acrylic plastics are 
often used as a lens for LED lighting fixtures, due 
to their diffusion capabilities and directional optical 
properties. Acrylic is a tough, transparent material with 
resistance to ultraviolet radiation and weathering. In lens 
manufacturing, virgin acrylic is most frequently used due 
to its high level of optical clarity.  

Acrylic manufacturing is highly toxic 
and requires attentive storage and 
disposal practices. The process 
produces toxic fumes, generates 
rainwater acidification due to 
pollutants released, and can result 
in explosion if not handled properly. 
Recent legislation requires that 
acrylic production be carried out in 
closed environments to mitigate the 
spread of toxic fumes and neutralize 
before discharging into atmosphere.

Acrylics are not easy to recycle and they contribute 
to fossil fuel depletion.63 It should be noted that while 
acrylic is BPA free, polycarbonates, unless listed, are 
not.64 

Due to it being a cost-effective, durable option with 
unique material properties, it can be difficult to find 
acrylic alternatives. Multiple manufacturers make 100% 
recycled acrylic sheets,65 but manufacturers often find 
that recycled acrylic in lensing can “impact output 
characteristics” and “impede fixture efficiency.”88 An 
alternate material can be found in cellulose plastics. 
They are made of a unique polymer from a renewable 
resource – softwood trees or cotton linters, not fossil 
fuels. Cellulose plastics can also biodegrade in soil and 
seawater, making it a very intriguing product for future 
use in lighting fixtures.66

Summary
Though the environmental impacts of the components 
listed above are significant, there are sustainable 
options and alternate approaches for all the housing 
components of a fixture. Light on Waste aims to push 
the industry in the direction of using 100% recycled 
aluminum, carbon neutral steel, and recycled or 
biodegradable lenses. This context helps generate 
design criteria for all designers, with the goal of 
furthering understanding the global impact of lighting 
specifications and having tools to better our planet.

68%

"Committed to annual 
goals of 95% landfill 

diversion, -3% in absolute 
energy reduction and 
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Electronics
HARNESSING THE ENERGY 

The advent of LED lighting created 
a huge shift in the design and 
manufacturing of luminaires. Over 
the last 10 years, LED market share 
has shifted from 1% to 46% of 
total global sales, growing to an 
anticipated 87% in 2030.

This is a huge accomplishment in terms of operational energy 
efficiency. However, LED sources and power supplies are 
manufactured with finite material sources, typically include 
environmentally harmful components, and are challenging to 
recycle or reuse. Additionally, there is inconsistent or unavailable 
data on the embodied emissions of the sourcing, manufacturing, 
and shipping of LED components. This makes the overall 
environmental impact difficult to quantify, document, or regulate. 

Mineral and Metals
There are no clear alternatives to the mined minerals required 
to build diodes, semi-conductors, and electronic housing. LED 
production requires a combination of gallium, arsenic, indium, 
phosphorous, aluminum, copper, lead, zinc, rare-earth elements, 
and more.68 These materials are chemically combined to 
create unique compounds that can be used to refine the color 
temperature, wavelength, performance, and quality of an LED 
light source. For example, aluminum can be added to the gallium 
arsenic compound Gas to create a red light output, and indium 
can be added to increase lifespan, lumen output, and efficiency.69 
As technology develops, the chemical make-up of LEDs and other 
electronics change, further complicating documentation and 
supply of the material makeup of a light source.  

These minerals and metals are produced globally, either through 
mining or as a byproduct of material processes. The supply chain 
is extensive – starting at the mine, it moves through traders, 
exporters, smelters, refiners, and alloy producers before reaching 
component manufacturers.70

As an example, this section will look at gallium, a required 
component of LEDs and semiconductors that is generated 
by processing mined materials. There is no domestic gallium 
production in the United States, and more than half of the imports 
come from China.71 Due to the complexity of the supply chain and 
import process, it is challenging to create clear regulation on how the 
material is produced, recycled or disposed. Additionally, it requires a 
potentially unstable dependency on international trade.  

When gallium is combined with other metals to create high 
performance alloys, it requires specific technology to separate the 
compound back to its original components. As a result, less than 
1% of discarded gallium products are recycled and reused.72 As the 
globe increases its dependence on gallium, new technologies are 
needed to effectively recycle and reuse this finite material source. 

Gallium represents just a small portion of the material required to 
create an LED and its components - these same challenges affect 
all parts of the LED supply chain. When recycling or reusing is not 
possible, it is essential to encourage healthy, sustainable sourcing. 
The Responsible Minerals Initiative has developed standards 
for smelters to limit their social and environmental impacts and 
provides third party assessments to help monitor the supply chain.73 
This initiative focuses on conflict minerals, including tin, tungsten, 
tantalum, and gold, which are often mined in areas of armed conflict, 
forced labor, and human rights abuses. Recently, the EU passed a 
regulation that requires responsible sourcing of imported conflict 
minerals, with the goal of putting an “end to the exploitation and 
abuse of local communities.”74 These initiatives are just a starting 
point - they lay the groundwork to help balance and improve the 
sustainable and social impact of a complex industry. 

Due to a lack of available information, manufacturers are not required 
to document the life cycle of their lighting components to meet most 
sustainability program requirements. Though LED lighting and power 
supplies are produced primarily in Asia and shipped worldwide, there 
is not a global standard that mandates sourcing, manufacturing, and 
shipping transparency.
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2. RARE EARTH MINERALS AND METALS
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INDIUM, MANGANESE, PHOSPHATE ROCK, SELENIUM
MINED IN CHINA 

3. BAUXITE
MINED IN AUSTRALIA

4. GLASS: SODA ASH
MINED IN KENYA

5. IRON ORE
MINED IN SWEDEN

6. COPPER WIRE
MINED IN CHILE

7. PVC COATING
ETHELYNE FROM OIL
MINED IN USA

8. SILICA
MINED IN USA
MN, WI, IL, IN, IA, FL

9. LED HEATSINK MATERIAL
PROCESSED IN CHINA

10. LED SEMICONDUCTOR MATERIAL
PROCESSED IN TAIWAN

11. WIRES
PROCESSED IN JAPAN

12. FIXTURE MANUFACTURING
COMPONENTS COMBINED
AND MANUFACTURED IN US

13. JOB SITE
EXAMPLE IN US
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CO2 Emissions 
by the Transport 

Sector
Automobiles | 40%

Trucks | 34%
Aviation | 11%

Marine | 11%
Railways | 4%
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Hazardous and  
Red List Materials
Some minerals and materials in LED lighting, such as 
lead and mercury, are hazardous or harmful to human 
health. Compliance requirements, such as the EU 
based Restriction of Hazardous Substances (RoHS),  
limit the use of hazardous materials in electronics.75 

Though this is not required in products outside of the 
EU, other governing bodies or manufacturers can apply 
the standards to improve overall product safety.  

More in-depth sustainable product programs, such 
as the Living Building Challenge Declare label, require 
strict transparency of lighting materials, and limit toxic 
or hazardous materials for Red List approval. A key 
example of a frequently used Red List material is PVC 
(polyvinylchloride), which coats wires as an insulator and 
is found in most electronic products. It is a known human 
carcinogen, and releases toxins during manufacturing 
and disposal.76 There are some halogen-free alternatives 
available, but they are more expensive, challenging to 
source, and have limited industry interest.77

When the use of hazardous or Red List materials 
is unavoidable, manufacturers can limit their use 
through strategic products and spatial lighting design. 
For example, an efficient optical lens can minimize 
the number of LEDs and components, and strategic 
LED board placement can shorten the wiring within a 
fixture. Thoughtful housing design techniques, such 
as increased air flow for thermal management, can 
increase the lifespan of electronics. In building design, 
Power Over Ethernet (PoE) allows for the lighting power 
and communications network to be distributed over the 
same wires, limiting the number of wires and power 
supplies needed.78 Wireless systems offer control 
communication through radio waves and eliminate 
all hardwiring except for the central processor to the 
building electrical system. 

More than 10 billion LED units have been sold globally 
to date.67 Additionally, the Global Lighting Challenge, 
which was introduced at the Paris 2015 Climate 
Change Conference, aims to deploy 10 billion more LED 
replacement lamps by 2030.79 These statistics are often 
lauded in relation to operational energy savings, but what 
is the embodied emission impact?  

Larger manufacturers have the resources to introduce 
sustainable manufacturing and sourcing processes. 
However, the overall market pressure does not exist 
to encourage smaller manufacturers to spend their 
resources transitioning to sustainable production. 
A more universal approach addresses the full life 
cycle, with a focus on recycling or reuse at end of life. 
Examples of growing initiatives include LaaS (Lighting 
as a Service), manufacturer recycling or upcycling 
programs, and government-based recycling policies.80

LaaS treats lighting as a subscription service, with 
the owner paying a recurring service fee rather than 
purchasing lights as part of their initial construction 
investment.81 Maintenance, upkeep, and end of life 
treatment is typically included in the service, and the 
fixtures are monitored and updated to meet consistent 
efficiency energy usage goals.82 As a result, both the 
embodied and operational emissions can be reduced 
using this service-based system. 

Sustainably minded manufacturers design their fixtures 
to be easily recyclable and make it as easy as possible 
to do so. Modular based design allows for components 
to be separated and sent to designated recycling 
facilities. For example, the aluminum heatsink can 
detach from the LEDs, and the lens can separate from 

the silicone gasket. Committed manufacturers, such 
as Goldeneye, will accept shipments of old fixtures to 
recycle main components.83 In the European Union (EU), 
Signify has partnered with Collection and Recycling 
Service Organizations (CRSOs) to facilitate the recycle 
and reuse of lamps – through their treatment process, 
more than 80% of extracted materials can be re-used.84

This process was instigated to meet the requirements of 
WEEE (Waste of Electrical and Electronic Equipment), an 
EU based policy that mandates the treatment, recovery, 
and recycling of electronic components.85 This shows 
that sustainably focused policy can result in a direct 
response from manufacturers and designers and grow 
the capabilities of the lighting industry.  

Summary
There are no clear market alternatives to LEDs and their 
required electronic or material components. To create 
a low waste, circular approach to lighting production, a 
policy-centered framework needs to be developed to 
encourage healthy, transparent production and holistic 
recycling and reuse processes.  

Due to a lack of 
available information, 
manufacturers are not 
required to document 
the life cycle of their 
lighting components to 
meet most sustainability 
program requirements.

Do you have a recycling or  
buy-back program for lighting  
or material components?

No Yes
80%  

 OR MORE OF  
EXTRACTED MATERIALS  

CAN BE RE-USED.
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Shipping  
& Packaging
THE FULL PACKAGE

A sustainable lighting industry cannot 
focus exclusively on the fixture alone. 
It transcends beyond, taking into 
consideration each segment of a 
product’s life, from how it gets to its 
destination to the condition in which it 
arrives.

Light on Waste views shipping and packaging as an extension of 
a fixture, and considers materiality, transportation efficiency, and 
emissions.  Currently, there are no universal sustainable shipping 
standards - shipping companies and ports approach the issue of 
environmentally friendly shipping in different ways86. 

This variation in outlook can be an issue for retailers who are 
looking to streamline their processes in a monetarily conscious 
way.  As consumer understanding grows, the shipping industry is 
no longer able to justify excessive packaging for the sake of speed 
and profit. 

82.2 million tons of 
packaging waste was 
created in 201862

.
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Only 9% of plastic is 
recycled properly.69

What makes a package? 
The EPA defines containers and packaging as, 
“products that are assumed to be discarded 
the same year the product they contained are 
purchased.”87 83% of surveyed manufacturers 
are making the effort to source packaging locally.88 
This habit keeps business in the local economy 
and lowers emissions. While these efforts are 
important to manufacturers, 82.2 million tons of 
packaging waste was still generated in 2018. 62 

The most used shipping material, plastic, is an 
inexpensive and lightweight human innovation 
that comes at a hefty environmental price.  With 
over 9.2 billion tons of plastic being produced, 
only 9% has been recycled properly.69 This 
neglectful habit has created an immense need 
for counteractive solutions, with many companies 
rushing to deliver alternative solutions. Current 
shipping standards all have similar eco-friendly 
alternatives. Packing peanuts and air pillows have 
substitutes that utilize cornstarch from agricultural 

waste. Cardboard boxes are being revitalized to 
avoid environmentally harmful inks and adhesives 
while being simultaneously sourced from certified 
and sustainably managed forests.86 Mushroom 
packaging, a non-fuel-based filler and biomaterial, 
takes biodegradable materiality a step further. 73% 
of surveyed manufacturers expressed concern 
regarding inconvenience, cost or durability when 
asked about the implementation of sustainable 
packing products.37 On the contrary, studies show 
that mycelium-based packaging is almost identical 
in form, function, and cost to plastic, with the 
added ability to decompose. Similarly, seaweed-
based products, such as kelp bioplastics, have the 
added feature of absorbing CO286. 

While identifying areas in the supply chain 
where environmentally harmful products can 
be reduced, reused, or eliminated is essential, 
the gap ultimately lies in demand. Modifying 
industry awareness as a whole and aiding change 
management is fundamental to the positive 
longevity of the lighting industry.

of surveyed 
manufacturers 
expressed concern 
regarding inconvenience, 
cost or durability 
when asked about the 
implementation of 
sustainable packing 
products.88

73%
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Thinking  
Outside the Box
The international system of goods movement 
is integral to life in the 21st century. With the 
rapid growth of e-commerce and almost 
instantaneous delivery options, it creates 
immense issues in terms of carbon emissions 
and infiltrates consumer mindsets into thinking 
instant is a necessity. Boat shipments equate 
to four percent of all human-caused carbon 
emissions, and a large ship emits approximately 
four ounces of CO2 to transport two tons of 
cargo in just one mile89. Surprisingly, this is one 
of the most efficient methods of conventional 
transport. Ships emit half as much carbon as a 
train, one-fifth of a truck or one-fifteenth of an 
airplane to complete the same task. Moving 
in the direction of cleaner fuels is a large task 
but shifting the conversation to addressing 
“last-mile” issues has a vast range of possible 
solutions90. Last-mile delivery accounts for 53% 
of the total cost of shipping and as its name 
suggests, refers to the final steps in the delivery 
process. This phase of delivery is the most 
time-consuming, high effort, and costly part 
of the process. With innovative technologies, 
consumer education, and industry collaboration, 
large steps can be made towards greener 
industry standards.91

Data and Analytics
Keeping data at the forefront will allow for real-
time insight into industry preferences and 
purchasing patterns to innovate and optimize 
inventory.67 Optimizing delivery routes to the final 
jobsite through delivery management software 
provides the most efficient routes and ensures 

a lower carbon footprint. Additionally, innovative 
packaging techniques reduce material use, 
transportation costs and jobsite recycling—all 
while protecting the products themselves. 

Unique Asset Use
Implementing sustainable transportation 
alternatives such as hybrid or all electric vehicle 
fleets and centralized delivery boxes are all 
ways to reduce delivery emissions. Taking this 
concept a step further, rethinking asset use 
companywide is an impactful mindset shift. 
Consider repurposing or sharing vehicle fleets 
and infrastructure while investing in green 
technology and evolving regulations that support 
these approaches. 

Incentive-Based 
Change 
Developing “choice architecture” or incentive-
based changes that aid client budgets 
encourages consumers to choose the more 
sustainable solution. Consumer education 
regarding shipment consolidation options, like 
“bulk pack”, encourages the sustainable delivery 
conversation from a project’s infancy. 67

Summary
It would be an understatement to say that 
environmental concerns are influencing an 
urgent need for sustainable solutions. Whether 
shipped by land, air or sea, carbon emissions 
and waste accumulation are an unfortunate 
byproduct of the lighting industry. With no 
existing universal shipping or packaging 
standards, the final step from manufacturing line 
to jobsite is often overlooked and undervalued. 
Extending the sustainability conversation past 
a fixture’s green performance factors to include 
package materiality and transportation efficiency 
will help close the industry gap. Solutions 
surrounding biomaterial, asset sharing, and client 
education can and should find their rightful and 
critical place in the lighting industry.  

Last-mile delivery  
accounts for 53%  
of the total cost of  
shipping.38

Boat shipments 
equate to four 
percent of all 
human-caused 
carbon emissions 
and a large ship 
emits approximately 
four ounces of CO2 
to transport two 
tons of cargo in just 
one mile.89
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Conclusion 
EVER EVOLVING

The latest IPCC report, released August 2021, explains 
that without immediate action in reducing carbon and 
greenhouse gas emissions the chances of continued 
unreversible damage to our planet is inevitable.92 “This 
report is a reality check” says IPPC Co-Chair Valerie 
Masson-Delmotte. Human activity is responsible 
for about 1.1C of warming from 1850-1900. Building 
construction and operation has traditionally been one 
of the heaviest consumers of natural resources and 
producers of carbon emissions worldwide.

Light on Waste 
developed to shed 
light on industry 
shortcomings, explore 
new design and 
production methods, 
and to lead the 
creation of an industry 
framework for a more 
sustainable trade. 

This research honed in on industry gaps by breaking 
down all elements that go into the design and production 
of a light fixture. Each part of the process, from external 
sustainability guidelines to well-established production 
and material requirements, comes with its own set of 

clear challenges. In digging deeper, we can find examples 
and opportunities for potential solutions.  Each existing 
sustainability program incorporates their own unique 
and effective sustainability measures, but no single 
certification encompasses the full sustainable impact of 
a light fixture. Additionally, while policy exists, enaction 
and participation is dependent on local government 
or a voluntary merit system.  Housing and hardware 
challenges include a lack of viable alternative materials, 
the cost impacts of sustainable sourcing, and minimal 
transparency throughout the supply chain.  Similarly, 
LED sources and power supplies are manufactured 
with finite mineral and metal sources, environmentally 
harmful materials, and inconsistent or unavailable life 
cycle information. Lasty, with no existing universal 
shipping or packaging standards, the final step from 
manufacturing line to jobsite is often overlooked. While 
solutions surrounding biomaterial, asset sharing and 
client education exist to offset those numbers, they 
rely on full industry priority and participation to make a 
meaningful impact. 

Light on Waste originated with the idea that as stewards 
of the planet, it is our responsibility to create a better 
future for all. The intended result was to create a tangible 
light fixture with interchangeable, sustainably sourced 
components. Through our expansive research and 
analysis of collected data, Light on Waste recognized its 
original outcome could be more impactful by refocusing 
efforts on the bigger picture. With that realization, the 
goal shifted focus from creating a single, sustainable 
product to developing an industry-wide design framework. 
Light on Waste’s enlightened goal is to create a more 
sustainable day-to-day design process while also 
pushing for policy upgrade and holistic industry change. 
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