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Current Landscape of Street lighting
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Advantages:

-Good efficiency (lumens per watt)

-Smaller size than LPS or fluorescent, the HPS fits into many fixture types

-Can be retrofitted into older Mercury Vapor fixtures

-Better bulb life than LPS lamps

Disadvantages:

- Worst color rendering of any lamp

- Sodium is a hazardous material which can combust when exposed to air (such as if the bulb is broken in 

the trash)

- Requires a lossy ballast (inefficient) that operates a low arc voltage of 52-100V. This reduces the actual 

efficiency of the lamp when you count the whole system together.

http://www.edisontech

center.org/SodiumLa

mps.html

Statistics:

CRI 20-30

80-140 lumens per watt

Bulb Life: 24,000 hrs

(8 yrs @ 8 hrs/night)
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Cost of Energy Forecast
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Source: 

Data: USDOE-EIA; PUCO, Office of the Federal Energy Advocate

Forecast: PUCO, Office of the Federal Energy Advocate.

https://www.eia.gov/todayinenergy/detail.php?id=32812

Projection of average end-use electricity price in the U.S. from 2014 to 2040 

(in U.S. cents per kilowatt hour)

https://www.statista.com/statistics/630136/projectio

n-of-electricity-prices-in-the-us/

Ohio Long-Term Forecast of Energy Requirements 2017-2036
A report by the staff of the Public Utilities Commission of Ohio 

May 7, 2018 

Toledo Edison Forecast
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LED Market Growing
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$70B by 2023

CAGR 12.6%

84% all 

lighting sales 

by 2030
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LED Replacement Trends
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https://www.grandviewresearch.com/industry-

analysis/industrial-commercial-led-lighting-market

LEDS exponential market penetration
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LED are actually very small
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http://www.qianshenglight.com/

html_news/The-prices-of-LED-

light-bulb-continue-to-decline-

in-2017-and-2018-13.html

https://www.greenbiz.com/blog/2014/

01/30/5-trends-watch-commercial-

lighting

E.F. Schubert, “Light Emitting Diodes”

LEDS themselves are Super 

Small
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Energy Savings w/ LEDs
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https://ees2001.wordpress.com/2012/03/11/lighting-comparison-between-hps-high-pressure-sodium-and-led-equivalent/

https://www.mcknights.com/marketplace/comparing-energy-

efficient-light-bulbs-with-old-tech-lamps/article/627627/

https://www.home

dit.com/the-

characteristics-of-

energy-efficient-

light-bulbs/

http://emmas.me/halogen-vs-led-light-bulbs/led-savings-program-

anthology-lighting-lighting-awesome-halogen-vs-led-light-bulbs-or-

bulb-comparison-chart-21-compare-incandescent-halogen-

fluorescent-and-led-light-bulbs/
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Street Lamps
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The movement to switch to LED lighting is sweeping the nation. Literally. From cities in 

California to Rhode Island, from an island off the coast of Maine to a Florida sports 

complex, and street lights in Minnesota to New Mexico! Why?

♦ Huge savings on energy costs

♦ Significant reduction in energy usage

♦ These bulbs last 4 – 5 times longer than conventional bulbs thereby reducing 

maintenance costs.

http://www.consumerenergysolutions.com/who-is-upgrading-to-led-lighting-now/
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Environmental (Carbon)
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https://www.greenmatter

s.com/home/2018/01/02

/1cHDXb/led-bulbs-

carbon-emissions-2017
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Environmental (Light Pollution)
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http://luxreview.com/article/2017/12/10-big-lighting-trends-for-2018

“Why did FortisAlberta introduce an LED 

Conversion Streetlight Option?

FortisAlberta strives to meet the needs of its 

customers and in response to customer requests, the 

conversion option was introduced. The company is 

committed to improving the energy efficiency of its 

infrastructure, while controlling costs for our 

customers. We aim to be forward thinking to 

anticipate trends to better serve our customers.”

LEDs can be focused downward, 

thereby “protecting the night sky”

Some assert otherwise
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AC versus DC
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Today our electricity is still predominantly powered by alternating 

current, but computers, LEDs, solar cells and electric vehicles all 

run on DC power. And methods are now available for converting 

direct current to higher and lower voltages. Since direct current is 

more stable, companies are finding ways of using high voltage 

direct current (HVDC) to transport electricity long distances with 

less electricity loss. https://www.energy.gov/articles/war-currents-ac-vs-dc-power

https://www.energy.gov/articles/war-currents-ac-vs-dc-power

The actual LEDs are very small part of bulb. AC-to-DC power electronics dominate.

Wasted cost on AC-to-DC conversion. Larger solid waste disposal issues.
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Marriage of LEDs with Solar Cells
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3. Solar-powered streetlights expand off-grid solutions
While it's probably difficult to justify taking existing streetlights off the grid by using solar power or 

other renewable sources, it makes all sorts of sense to consider this option for new apartment 

buildings, roadways and buildings. Manufacturers including Clear Blue and Sol Lighting are 

stepping up to oblige.

So far, Sol Lighting has deployed more than 60,000 systems in more than 60 countries — that's 

roughly 10 megawatts of capacity. One example comes from Richmond, Va., where the city saved 

more than $600,000 in installation costs for more than 20 commercial grid-tied lights in a housing 

development project. (That's about half of what it would have cost to lay the wiring for grid-tied 

alternatives.) The systems have an estimated lifespan of 30 years, and have back-up batteries that 

can keep them running for up to five nights without being recharged by the sun.

"As much as we are a solar lighting business, we are also a wireless company and this is what 

people see first," said Dibs Tailor, president and CEO of Sol Lighting.

While no one really has sized the solar outdoor lighting market, the overall commercial outdoor 

lighting market is estimated at $11 billion. "By carefully integrating cutting-edge photovoltaic, LED 

and battery storage technologies into high-quality outdoor lighting products, we have made solar 

lighting very cost-effective and even more reliable," Tailor said.

https://www.greenbiz.com/blog/2014/01/30/5-trends-watch-commercial-lighting
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First Solar (Toledo-based PV)
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First Solar to 

provide 19MW in 

PV modules for 

two projects in 

Netherlands

https://www.pv-tech.org/news/first-solar-to-provide-19mw-in-pv-modules-for-two-projects-in-netherlands
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Final Message
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Even India is 

racing to 

replace 

streetlamps 

with LEDS

Don’t be left 

behind!



15

Any Questions?
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Prof. Paul R. Berger, Ph.D.

IEEE Fellow; IEEE Distinguished Lecturer (EDS)

Ohio State University

Department of Electrical and Computer Engineering

Department of Physics

Mailing address: The Ohio State University

Department of Electrical and Computer Engineering

205 Dreese Laboratory

2015 Neil Avenue

Columbus, Ohio 43210-1272

Campus Address: 201 Caldwell Laboratory

Email: pberger@ieee.org

URL: http://www.ece.osu.edu/~berger/

mailto:pberger@ieee.org
http://www.ece.osu.edu/~berger/
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Backup Slides
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DO NOT  PRINT!
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Building Integrated Solar Cells

www.konarka.com

www.wired.com

San Francisco bus stop

OPV Curtain

Solar “Curtain Wall”



18

German Pavilion – Milan 2015 Expo

Solar Cell Trees 

Power Nighttime 

LEDS

https://www.schmidhuber.de/en/project/german-pavilion-expo-milano-2015-0

Video: 

https://www.schmidhuber.de/sites/default/files/field/video/2.2_ecotec_1806_ta_e_sp_web_630.mp4

Belectric & Merck
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Building Integrated Solar Cells

https://nextenergy.tech/

Solar  Window
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Human Eye Response
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Photometric Definitions

PDL

Photopic vision – human vision at high ambient light levels (daylight), primarily mediated

by cones (color) near center of retina when pupil is not dilated

Scotopic vision – human vision at low ambient light levels (night) primarily mediated by

rods (black/white) near periphery of retina when pupil is dilated.

Luminous Intensity – represents the light intensity perceived by the human eye from a

light source. International System of Units (SI unit) is the candela (cd) – a monochromatic

light source emitting an optical power of (1/683) Watt at 555 nm into a solid angle of 1

steradian (sr) has a luminous intensity of 1 candela (based upon one standardized candle,

i.e. a plumber’s candle).

Luminous Flux – represents the light power perceived by the human eye from a light

source. International System of Units (SI unit) is the lumen (lm) – a monochromatic light

source emitting an optical power of (1/683) Watt at 555 nm has a luminous flux of 1 lumen.

1 candela = 1 cd = 1 lumen per steradian = 1 cd/sr

Isotropically emitting light source of luminous intensity of 1 cd has a

→ luminous flux of 4π lm = 12.57 lm

Toledo-LED (Berger)  Aug. 29, 2018
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Photometric Definitions

PDL

Eye sensitivity function V(λ) – conversion between radiometric and photometric units is

provided by eye sensitivity function.

Luminance – ratio of the luminous intensity emitted in a certain direction (measured in cd) 

divided by the projected source in that direction (measured in cm^2). 

Illuminance –luminous flux incident per unit area (measured in lux). 

Figure-of-merit Explanation Unit Unit

Luminous Efficacy Luminous flux per optical unit power lm/W

Luminous Efficiency

Luminous flux per input electrical unit 

power lm/W

Luminous intensity 

Efficiency

Luminous flux per sr per input electrical 

power cd/W

Luminance Luminous flux per sr per chip unit area cd/cm^2

Power efficiency

Optical output power per unit input 

electrical unit power %

Internal quantum 

efficiency

Photons emitted in active region per unit 

electron injected %

External quantum 

efficiency

Photons emitted from LED per electron 

injected %

Extraction efficiency

Escape probability of photons emitted in 

active region %

Toledo-LED (Berger)  Aug. 29, 2018
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Photometric Fun Facts
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Color Wavelength

Ultraviolet < 390 nm

Violet 390 - 455 nm

Blue 455 - 490 nm

Cyan 490 - 515 nm

Green 515 - 570 nm

Yellow 570 - 600 nm

Amber 590 - 600 nm

Orange 600 - 625 nm

Red 625 - 720 nm

Infrared > 720 nm

Light Source

Luminous 

Efficiency

Edison's first light bulb 1.4 lm/W

Tungsten filament light bulbs 15 - 20 lm/W

Quartz halogen light bulbs 20 - 25 lm/W

Fluorescent light bulbs and 

compact bulbs 50 - 80 lm/W

Mercury vapor light bulbs 50 - 60 lm/W

Metal halide light bulbs 80 - 125 lm/W

High-pressure sodium vapor 

light bulbs 100 - 140 lm/W

Illumination 

condition Illuminance

Full moon 1 lux

Street lighting 10 lux

Home lighting 20 - 300 lux

Office desk lighting 100 - 1000 lux

Surgery lighting 10,000 lux

Direct lighting 100,000 lux
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Chromaticity
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Color Perception 

The properties of color which are inherently 

distinguishable by the human eye are hue, 

saturation, and brightness. While we know that the 

spectral colors can be one-to-one correlated with 

light wavelength, the perception of light with 

multiple wavelengths is more complicated. 

It is found that many different combinations of 

light wavelengths can produce the same 

perception of color. This can be put in perspective 

with the CIE chromaticity diagram.

The white at the central achromatic point can also 

be achieved with many different mixtures of light, 

e.g. with complementary colors. If you have two 

illuminating sources which appear to be equally 

white, they could be obtained by adding two 

distinctly different combinations of colors. This 

implies that if you used them to illuminate a 

colored object which selectively absorbs certain 

colors, that object might look very different when 

viewed with the two different "white" lights.

Source: hyperphysics.phy-astr.gsu.edu
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http://hyperphysics.phy-astr.gsu.edu/hbase/vision/cie.html#c2
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What are the CIE coordinates of the OLED?
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• Use the X, Y, Z photopic response curves (above).

• Multiply the OLED spectrum with each of the X, Y, and Z curves

• Add all the values in each column to obtain three numbers x, y, z,

respectively.

• The ( x , y ) CIE coordinates are then given by x = x / (x+y+z), y =

y / (x+y+z). Plot the ( x , y ) coordinates on the CIE plot

contained in CIE chromaticity diagram.pdf.
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Color Purity
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Downconversion via Phosphor

PDL Toledo-LED (Berger)  Aug. 29, 2018



28

Downconversion via Phosphor II
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Basic Operation
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Basic LED Operation
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Color Tuning via Bandgap
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Influence of Bandgap on I-V
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Quantum Wells
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Linewidth

PDL

Maximum intensity occurs at: E = Eg + ½ kT 

Linewidth: ΔE = 1.8 kT
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Non-Ideal Operation
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Lambertian Emission
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Shaping LEDs
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Texturing LEDs
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Current Spreading/Transparent Subs

PDL

Transparent Substrate (TS) is 1.5-3.0× higher 

external efficiency
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Reflectors
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Distributed Bragg Reflectors (DBR)

PDL Toledo-LED (Berger)  Aug. 29, 2018



42

Resonant Cavity LEDs

PDL

Very directional

Excellent for launching into plastic optical fiber 

for local area networks (LAN) “intraoffice”
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Encapsulation
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