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1.1 Lighting impact on Energy and Environment

S=r ~12% global electricity use (2025) _ 30 billion lighting sources
- (p.32 of LED Professional, Jan/Feb 2026) *. " installed globally

- > 65% global lighting market

~2% of world’s primary energy _ turnover from LED

resources used

$133 billion annual revenue

1,150 million tons of CO, ° of the lighting industry

5% of annual global CO, :
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https://www.led-professional.com/downloads/lpr113_full_17171.pdf

1.2 Options for LED Energy Savings

E = P X T

Lighting sources with higher
efficacy (Im/W) reduce the
power and save energy

Efficacy

Energy savings by variation ~ Energy savings from reduced operating

in brightness (lumen output) ~ hours by use of daylight and occupancy
by dimming control sensors and other types of control e.g.

building management

Smart Lighting
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1.3 Smart Lighting Benefits and Energy Saving

i

Smart Sustainability in
Lighting and Controls SSLC

Can produce the right lighting level at all times, when and
where it is needed => well-being and energy savings

Right lighting level means adaption of the quantity and quality
of light to the tasks performed

Ensure health by mimicing the rhythm of daylight = control of
the colour temperature during the day

Can limits light pollution on the biotope

The smart lighting communication protocols can be used to
offer additional services e.g. safety, music, Wifi boosting,
navigation in museum/supermarket with activation of visual and
aural information, HVAC, ...

But it is still the end-user who controls/decides
whether the lighting systems are used smart !!!
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1.4 Energy Savings: Global Growing Efficacy

Efficacy [Im/W]
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1.5 Energy Saving: Growing Efficacy in EU

Yearly Average Luminous Efficacy for LED GLS type Lamps @

Based on the EPREL Database [2025] including 41,912 LED GLS non-connected lamps and 1,845 connected lamps.
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2.1 Smart Lighting is gaining traction around the worid

Smart Lighting Market Size & Forecast (US$ billions) Smart Lighting penetration in smart homes (2020)
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2.2 Market Trends

* High Investments — higher expectations

 Barriers: Price, complexity, not open systems, lack of
interoperability, lack of standardization, not consistency, ...

* Progress: Falling prices, plug and play and simplification,
communication between protocols e.g. zigbee and Bluetooth,
gateways between DALI (wired) and wireless protocols

« DayRhythm systems at hospitals — potentially offices

« Smart Lighting Development e.g. for road lighting: contact
to each fixture, see need for maintenance, optimation b
use of sensors, camera inclusion supporting the police and
parking options, management in zones adapted to traffic
Intensity and visual conditions, communication points
supporting security, activities, need for help, ...
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2.3 Smart Lighting can also be added to existing lighting

© o @y
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Wireless smart lighting control equipment also includes standby power consumption

Smart Sustainability in
Lighting and Controls SSLC

International Lighting Seminar « 8 May 2026 9




3.1 IEA SSLC Smart Lighting Test Method

.

Colour Quality

AN

Standby Power Efficacy
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3.2 Test Methods with ref. to IEC/CIE standards

 The SSLC platform outlines an interim test method for laboratories to conduct
benchmark testing, and potentially for future compliance or enforcement testing. The
method was developed with reference to the following international test standards:

e CIE S025/E:2015 Test Method for LED Lamps, LED Luminaires and LED
Modules

e |EC 63103 Ed. 1.0 en:2020 Lighting equipment - non-active mode power
measurement including standby mode (P., ), networked Standby mode

sb
(P,.et), Off mode and no-load mode !

« “Standby power” is the power consumed when not emitting light and waiting for a non-
networked control signal (e.g. from an integrated sensor) to start light emission.

* “Network standby power” is the power consumed by a connected light source when
it's not emitting light and waiting for a control network signal to start light emission.

» Besides the SSLC method is also provided includes optional additional steps and/or
practical notes for the person conducting the test.
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4.1 Standby Power

Colour Quality

Standby Power Efficacy
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4.2 Estimated wasted global standby consumption

Global Network

Standby Energy 300
(TWh p.a.)

Similar to the yearly
electricity
consumption in UK.

. .

2077 Tk
2029
2030
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4.3 Standby power in EU and USA

* In 2019, California did set the smart
EU EPREL Database California Energy Commision lamp standby power maximum to 0.2W.
Smart lamp Standby power Smart Lamp Standby power . - : :
Registrations by 2025 Registrations 2025 (1024) Ca“f?mla now haS, 1024 models in the
CEC'’s product registry below 0.2W
100% mumm 505w 1 100%
90% ,'I 90% @ * 81% of smart lamps in the USA Energy
80% @ ! 80% Star database have standby <0.2W
. ;o Heaanw In 2019, EU did set the standb
, * In : id set the standby power
60% ] 60%
” 02108W limit to 0.5W.
50% ; 50%
40% /I 40% « In 2025, EPREL database shows 80%
30% /! 30% 0.11-0.15W of smart lamps use MORE than 0.2W
20% § 041.020W 20%  For a 6W smart lamp, 0.5W standby
10% . 0.01-0.10 W 10% 0.06-0.10 W and operating 2hr/day, standby is 48%
o —Jd oo 0% 0.01-0.05 W of total energy use

- It will provide huge energy savings if EU in the ESPR regulation lower the
Lighing and Gonrls SSLG maximum standby power from 0.5 to 0.2W (used in California since 2019).




4.4 Huge Standby Saving Potential

i

IEEE Wake-Up Radio

Prolong the battery life of Internet of Things devices
with this low-power, high-performance solution.

How it Works

A low power radio
receiver (Wake-Up Radio)
is added to a device. This is the only
thing that stays “awake” all the time,
and it uses very little battery power.

The low power radio
“listens” for a special signal
that says that information is

being sent to the device.

The radio “wakes up” the main Wi-Fi®
radio so that data exchange can begin.

Smart Sustainability in
Lighting and Controls SSLC

Originally, developed for connected
devices on battery.

All primary LED driver components are
shut down except a small highly
efficient monitoring circuit

This low power radio with watchdog
timer is waking briefly (milliseconds) for
monitoring network wake-up commands
Wake up 2 millisec. out of every 100
millisecond might reduce the average
standby power from 0.5W to 0.01W.
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4.5 Standby Consumption Share of the total

i

Smart Sustainability in

Usage 1 hour/day Usage 2 hours/day

ON | Standby | ON | Standby | Standby | Total | ON | Standby | Standby | Total

Lamp | (W) | (W) | (kWh) | (kWh) | (%) | (kWh) | (kWWh) | (kWh) | (%) | (k\Wh)
0.50 4,20 79% | 5,3 4,02 65% | 6,2

360 Im 0.20 1,68 61% | 2,8 1,61 42% | 3,8
3IW 3.0 0.10 110 0,84 43% | 1,9 219 0,80 27% | 3,0
0.01 0,08 7% 1,2 0,08 4% 2.3

0.50 4720 63% | 6,6 4,02 45% | 89

806 Im 0.20 1,68 41% | 41 1,61 25% | 6,5
6.7 W 0.7 0.10 'S 0,34 26% | 3,3 489 0,80 14% | 5,7
0.01 0,08 3% 2.5 0,08 2% 5,0

The standby power has to be lowered to around 0.01 W before

the standby consumption is insignificant.

Lighting and Controls SSLC

International Lighting Seminar « 8 May 2026




5.1 IEA SSLC Smart Lighting Measurements

L

Colour Quality

AN

Efficacy

<
Standby Power

Flicker
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5.2 Luminous Efficacy when Dimming

Efficacy
120% .whe.n
Efficacy 100% B —ili— Dlmmmg
relativeto - g e DOMESTIC
the efficacy & light sources
without ‘_E 60%
dimming N .

100% 75% 50% 25%

Dimming Level

G1 G2 G3 G4 - - G5

G4 and G5 (24% of the products): Little or no energy savings by dimming.
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5.3 Luminous flux for 5 white Colours

i
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Product 7-10: Lumen output much lower than claimed for some
CCT’s.
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5.4 Luminous Efficacy for 5 white Colours

Efficacy

» when
changing
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5.5 Stroboscopic Visibility Measure when Dimming

i
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Flicker
when
’ Dimming
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13 light sources
|
LED smart luminaires
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Dimming level v
1
Solid lines: Average for five CCTs
Dashed lines: Max + Min for five CCTs,;
0
20% 40% 60% 80% 100%
Dimming level
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5.6 Misleading Lighting Design?

Lighting Designers might assume:

* Energy consumption is linear with dimming light output
BUT might be disappointed

* Luminous flux and consumption is constant when
changing CCT BUT might be disappointed

' Does this smart lighting  The flicker measures might be constant when dimming
‘ U\l product provide “good lighting” BUT m|ght be disappointed

in my case?

There is a Need for improved Regulation
and Standardisation
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6.1 Smart Energy Savings and Standby

|| e
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6.2 Signify Whitepaper (2024) - Smart Energy Savings

1.6 mill connected E27 9W 806Im Hue lamps sold in EU

 Recordings of on time (time stamps) and dimming settings send to the Hue Cloud with user consent.

3 types: white (2700K) with dim, white ambiance (2200-6500K) with dim and white color ambiance with dim.

 Brightness and power data recorded for a smaller sample and used to make a mathematical model of the
power curve as function of the brightness for each lamp type and lighting setting - each CCT for white
ambiance, and any color within the color gamut chromaticity area for the white color ambiance. Assumed 0.5W

Standby. Power as a function of brightness for White Ambience Lamp
for a selected set of correlated color temperature

The higher power for 4000K is
supposed to be caused by this

~_ color spectrum is produced by a
oo« Mix of light from two LED’s
== (2700K and 6500K). AL k

A reference group of 80.000 “non-connected” E27 9W 806Im Hue lamps sold in EU:

« the lamp is reporting to the bridge (gateway) in the “on” state when controlled by the mains voltage switch — the
customer has set-up using the bridge but is not using the app for control.

» An average on time is calculated for this reference group for each period.

Smart Sustainability in
Lighting and Controls SSLC
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6.3 Signify Study — Results for 1 week in August

For 7 days in January, the consumption was around the same for connected and non-
connected lamps

Lamp type Smartness | Mean hours Mean on- Energy
of use per state power | Savings (%)
For 7 days in day (h) (W)
August were Connected Dimmable 2.53 5.37 33
Found: Connected Dim, CCT 3.08 4.14 37
Connected Dim, RGB 3.48 4.67 28
Non-connected 4.09 9.0

Connected Hue lamps 9W 806lm - Energy Consumption in August

mOn % m Standby %6 m Energy Savings %
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6.4 Smart Energy Savings and Standby

Based on the August data is calculated the influence of reducing the standby power for the
connected lamp type 2700 K with dimming and efficacy 90 Im/W.

Connected Hue dimmable lamps 9W 806lm
Consumption in August with different standby Power

0% 10% 20% 30% 40% 90% 60% 70% 80% 90% 100%

mOn% mStandby% ® Energy Savings %
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7. Next Frontiers in Smart Lighting Policy

* Lower limits for standby power e.g. 0.2 W and a future goal of 0.01 W
 Possible to switch non-lighting features on/off or use wake-up technique.
 Efficacy dimming limits — South Korea has @ 20% dimming = 80 Im/W

* Request high performance when changing CCT.

* There should be flicker limits for dimming.

* Open systems, less complexity, plug and play, interoperability + consistency.

* Monitor usage patterns and energy savings.

i

Smart Sustainability in
Lighting and Controls SSLC . i . .
International Lighting Seminar ¢« 8 May 2026




i

Thank you

Any questions / comments?

Smart Sustainability in
Lighting and Controls SSLC

Casper Kofod, ck@energypiano.dk, +45 40459876

https://ssl.iea-4e.orq/
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