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The Future of Lighting is About the 
Convergence of Technologies & Services

Amara’s law: “We tend to 
overestimate the effect of a 
technology in the short run 
and underestimate the effect 
in the long run” –
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Roy Amara 1925

New market leaders, rapid innovation through fusion, unexpected convergent consequences



Convergent Technologies
Experiencing Exponential Growth

Computing
(Quantum)

IoT / Smart & 
Connected  

(includes networking & 
sensors)

Artificial 
Intelligence / 

Machine Learning
3D Printing

Robotics/Drones
XR 

(Augmented, Virtual, 
Mixed, Parallel Realities)

Materials Science 
Synthetic Biology

(design/discovery of 
new materials through 

fusion)



STAGES OF DIGITAL TECHNOLOGIES 

• The 6 D’s 
Hallmarks of Exponential Growth

• Digitalization
• Deception/Hype Cycle
• Disruption
• Demonetization
• Dematerialization
• Democratization



Industry Shifts



In addition, the United Nations 
identified three mega-trends 
related to globalization: shifts 
in production and labor 
markets, rapid advances in 
technology, and climate 
change.  Aug 11, 2021 
https://publications.jrc.ec.europa.e
u/repository/bitstream/JRC122760
/status_of_led_lighting_world_mar
ket_2020_final_rev_2.pdf

Lighting Industry Changes -
Globalization

Industry organizations are working on the globalization of 
standards

Luminaire manufacturers  remain  primarily regional

Components are more internationally marketed but safety 
and other regional requirements may necessitate regional 
modifications

Information is digital and available internationally with simple 
online translation if the site does not offer it as an option

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC122760/status_of_led_lighting_world_market_2020_final_rev_2.pdf


https://www.lightingeurope.org/about-
us/members-and-partners

https://georgebuildings.com/top-10-lighting-
companies-in-china/
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Luminaire 
Manufacturers 
Are Regional

Local exhibitors such as Abensal, Cinmar, Creation Gulf, Elettrico Lighting, Ledvance, Lumentek, and Zeta Lumen, are rubbing 
shoulders with top international brands including ACB Iluminacion, Centrsvet, Korner, Ledvance, Perdix, Luz Negra, and Intiled, 
with all eager to re-establish business links in a Middle East lighting fixtures market estimated to be worth US$5.1 billion in 2022.

https://www.wam.ae/en/details/1395302974684



Operational Carbon 
• 28% of global carbon emissions are from building operations

(Lighting and HVAC are included) 

Embodied Carbon
Embodied carbon is the carbon dioxide (CO₂) emissions from materials and 
construction processes through the whole lifecycle of a building or other 
infrastructure.

The total of all greenhouse gas (GHG) emissions from mining, 
harvesting, processing, manufacturing, transportation and 
installation of building materials
Post construction updates to building efficiency do not reduce 
embodied carbon

ASHRAE Building   
Decarbonization Task Force 
• Formed last spring with 

15 people, now over 120
• Nine working groups 

including one writing 
their position document

Lighting Industry Changes –
Carbon Metrics

India accounts for 8% of 
carbon emissions but 
estimates suggest it will  be 
15-20% soon



When the enigmatic, possibly nonexistent Satoshi Nakamoto minted the world’s first cryptocurrency in 
2009, the plan was to create a decentralized payments platform that would revolutionize the way we 
buy and sell everything.

If Bitcoin were a country, it would rank in the top 30 worldwide for energy use. That’s roughly enough 
electricity to power countries with populations in the tens of millions, with an environmental burden of 
an estimated 34 megatons of carbon emissions or more, according to Digiconomist’s Bitcoin Energy 
Consumption Index.

“In the case of Bitcoin, this is done by having many different competitors all conduct a 
race to see how quickly they can package the transactions and solve a small 
mathematical problem,” says Paul Brody, Global Blockchain Leader at EY. The fastest 
computer not only certifies the transaction, but it also gets a small reward for its 
trouble in the form of a Bitcoin payment.
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https://www.forbes.com/advisor/investing/bitcoins-energy-usage-explained/



Lighting Industry Changes -
Renewables

President Biden promised to… 
• Double offshore wind, increase research and innovation, 

and invest 400 billion dollars on clean energy by 2030
• reduce carbon footprint of U.S. Building Stock by 50% by 

2035
• Net-Zero U.S. emissions and 100% clean energy economy 

by 2050 

One cent per KWH projected by Ray Kurzweil for 2024 from 
solar & wind generation

ASHRAE, IEEE, IECC have renewable workgroups 

Renewables will 
change the 
energy sector. 

Electrification will 
gain momentum 
as a renewable 
grid emerges.





Reasons for 
Acceptance
1. Combination of features (15)
2. Color tunable  (9)
3. Highest output (9)
4. Highest efficacy  (8)
5. Smallest (6)



Welcome to Progress!

New Submitters
• Healthcare

• Instituto

• Kyocera

• LightStanza

• NAILD

• nanolambert

• NULITE

• Scout

• University of Oxford

• UPSPRINGPR

• VISO



New 
Members of 
the Lighting 
Community



https://www.verizon.com/business/products/internet-of-
things/connected-smart-cities-communities/intelligent-

lighting/#

https://www.business.att.com/learn/top-voices/smart-
lighting-solutions-are-foundation-for-smart-

infrastructure.html

Telecom / 
Lighting 
Companies
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Trane & Honeywell – HVAC  /Lighting Companies
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LED History—our expertise for 45 years
Sharp has decades of experience in LED technology, 
ranging from component development to complete 
luminaires
Sharp benefits from a wealth of experience at each stage 
along the whole LED value chain, ranging from individual 
components to entire luminaires. As a pioneer of LED 
technology, Sharp innovated a number of industry firsts 
since beginning large-scale production in 1972. 20

https://www.sharp-cee.com/cps/rde/xchg/scee/hs.xsl/-/html/led-lighting.htm

Sharp & LG– Electronics/Lighting Companies
156 Trillion KRW =
132+ Billion USD



If Samsung is This Ambitious,                     
What Will They Do With Lighting?
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200+ Billion USD Annual Sales



Google, Amazon & Apple
Internet /Lighting Companies
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https://assistant.google.com/smart-home/devices/lighting-plugs/

https://www.sidewalklabs.com

https://www.theverge.com/2021/4/16/22387252/project-chip-will-finally-ship-later-this-year

Project Connected Home over IP (CHIP), the awkwardly-named-but-
interesting smart home partnership between Apple, Amazon, Google, and 
over 170 other companies that’s supposed to make everything more 
compatible should finally start showing some results later this year.



Recent Lighting 
Reports
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https://www.aia.org/resources/10046-architecture-billings-index-abi

The Architecture Billings Index is an 
economic indicator for 
nonresidential construction 
activity, with a lead time of 
approximately 9–12 months.

Investment groups like Wells Fargo, 
media outlets, firms of all sizes, 
and business leaders rely on this 
leading monthly economic 
indicator to assess business 
conditions and predict and track 
the market.



2018 Lighting =  5.6% of Total Energy / 15% of Total Electricity Consumed  
(2020 DOE Report)

• https://www.energy.gov/sites/default/files/2020/09/f78/ssl-led-adoption-aug2020.pdf



Light Source Efficacy 
From 2000 to 2030



LiFi / Optical Wireless Communication Report
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 “large-scale 
implementations are 
anticipated over the next 
2-3 years”

 “more strategic 
partnerships among LiFi 
providers, IoT network 
and communication 
providers, and LED 
providers are expected in 
the next 2-3 years”

 “Li-Fi is expected to 
appropriately 
complement existing Wi-
Fi, 6 and 5G 
communication networks 
for both indoor and 
outdoor applications”



Industry 
News



Lighting is a significant 
new IEEE initiative.



27https://www.technologyreview.com/2021/09/15/1035785/why-facebook-ray-ban-stories-metaverse/

Facebook released its new $299 “Ray-Ban Stories” glasses. Wearers 
can use them to record and share images and short videos, listen to 
music, and take calls. The people who buy these glasses will soon be out 
in public and private spaces, photographing and recording the rest of us, 
and using Facebook’s new “View” app to sort and upload that content.

https://www.ray-ban.com/usa/discover-ray-ban-stories/clp
https://www.reuters.com/technology/facebook-unveils-its-first-smart-glasses-2021-09-09/


3D Printing 
Disrupts 10T 
Industry

• 3D printed light sources
• 3D printed components
• Printed & Flexible Electronic 

Systems
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Autonomous Vehicles Now
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Existing Lighting Requirements Must Be Reevaluated 

In ‘AI 2041’ Kai-Fu Lee projects augmented roads with integrated sensors  for drifting, danger ahead, car with blown tire tells others to 
stay away, and  a car can offer financial incentive for other cars to get out of the way,.  Cities may have two layers with one for pedestrians,   
6G with AI will be effective by 2030, human driving will be outlawed and people who love driving will do what horse lovers do today.



Robots, Drones & Lighting
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How do we light for robots?  

Streetlighting poles are now digital 
hubs charging vehicles and drones, 
powering sensors, wi-fi, audio, 
video, etc.



Will Flying Cars Change 
Lighting Requirements? 

31https://www.bbc.com/news/technology-57651843

A prototype flying car has completed a 35-minute flight between 
international airports in Nitra and Bratislava, Slovakia.

The hybrid car-aircraft, AirCar, is equipped with a BMW engine and runs on 
regular petrol-pump fuel.

Its creator, Prof Stefan Klein, said it could fly about 1,000km (600 miles), at a 
height of 8,200ft (2,500m), and had clocked up 40 hours in the air so far.
It takes two minutes and 15 seconds to transform from car into aircraft.

https://www.thisismoney.co.uk/money/cars/article-
9736893/Hyundai-boss-says-flying-cars-future.html

Questions:

 How many, how 
soon (niche or like
cars?)

 Autonomous or 
human pilots?

 FAA helipad 
lighting 
requirements for  
buildings?



Nanobionics

Living Lasers

Reconfigurable 
Intelligent Sources

Coming Soon



Plant Nanobionics – Emerging Field

33https://newatlas.com/science/glow-in-the-dark-plants-mit/

“A decent chunk of energy usage goes towards 
lighting, so scientists at MIT are developing a 
new kind of passive lighting – glow-in-the-dark 
plants. In the latest experiment, the team has 
made them glow much brighter than the first 
generation plants, without harming their 
health.”



Scientists have created a new way to 
monitor subtle drug interactions between 
bacteria and antibiotics. 

By using a common office inkjet printer, 
researchers from NTU Singapore and 
China developed a disposable living laser 
on chip by encapsulating living bacteria 
inside. 

Strong laser emissions generated from 
bacteria inside the droplet will be 
dramatically enhanced during drug 
interactions. 

This breakthrough could enable more 
sensitive and high-throughput testing 
using micro-nano laser technology in the 
near future.

https://phys.org/news/2021-03-disposable-laser-chip-drug-screening.html

Disposable Living Lasers 
From Common Inkjet 

Printers



RIS Mitigates Line-of-Sight Blockage with LiFi

35
https://arxiv.org/abs/2104.02390



MIT EmTech
September 
2021

Consider a future where we attend conferences virtually through our well-
defined avatars.  We move through the space and mingle having group 
and individual (and hopefully private) conversations (already a part of 
Spatial platform).  
Imagine that our Artificial Intelligence (AI) defaults to ANSI Standards for 
lighting (with user overrides). 
Robotaxis will change lighting roadway requirements and parking areas 
will be repurposed.  
XR/Mixed realities will enable further visual enhancements including the 
ability to zoom in and correct vision to at least 20/20. Initially this will be 
with smart glasses, then contact lenses and ultimately implants.  
Augmented vison will enable live streams of information both passive and 
active overlayed on the world we are seeing around us.  Breaking news, 
facial linkage to social media showing info on people in front of us, and 
whatever we program as alerts will stream into view (like CNN across the 
bottom of screens) as we simultaneously engage with the world around 
us.  
Brain-computer interfaces will allow thought activated controls of the 
feeds as well as gaming and for controlling devices such as lighting, HVAC 
and more.  
In the past decade systems and hardware have transformed Machine 
Learning.  Now it is time for ML to transform systems and hardware
The 3 M’s-anything that Moves, is Manufactured or needs Maintenance 
will be done by robots 
“It is not about efficiency anymore, it is about electrification”

36



Our Next Lighting Decade
Complexity will force more 
specialization System Integrators will be needed

Lighting designers will be learning 
and specifying products from non-
traditional lighting manufacturers

Large companies are moving into 
lighting by integrating it into their 
smart lighting control systems 
initially partnering with traditional 
lighting manufacturers

Energy efficiency workers will 
transition to renewable energy

Lighting will further miniaturize and 
integrate into the electrical 
infrastructure of our buildings 
morphing with other trades

Light’s impact on life will transform 
our buildings and horticulture

Quantum computers will yield 
unprecedented acceleration of 
technologies.

Unexpected Convergent 
Consequences



”It is not the strongest of the species (companies) 
that survives, nor the most intelligent, but the 

one most responsive to change”                          
– Charles Darwin



Mark Lien LC, HBDP, CLMC, CLEP, LEED AP
Illuminating Engineering Society

mlien@ies.org
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