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Lighting in context of decarbonization and energy efficiency

DIEXSZEIT

.Ki'mstliches Licht auf der Erde

— Increase in lighting intensity worldwide by 2% each year e

— Electricity for lighting accounts for 5% of the global greenhouse gas emissions
and 15 % the electrical energy consumption?

— More and more directly taxed CO, emissions, higher competition for electricity

— Widening the rating perspective of lighting solutions to a more holistic view of
its impact on CO, emissions deemed necessary, encompassing:

Waste
Washing
— the whole life cycle (the “lighting value chain”), i
Thermal comfort i}

— embodied energy for electric and daylighting technology,

Textiles

— regional energy market aspects,

Personal travel

Communications

— interaction with other building trades etc. Lightiag

Industrial equipment Commuting

Freight a
= Construction

Greenhouse gas emissions by service - 50.6Gt CO2e total

LUNEP Report, Accelerating the Global Adoption of ENERGY-EFFICIENT LIGHTING, 2017

2 https://public.tableau.com/app/profile/rosamund.pearce/viz/Greenhousegasemissionsbyservice/Dashboard1 %
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Lighting value chain

Product Stage

Electric lighting

— LED transition on lamp level is generally performed, highly optimized, highly industrialized...

— Different on luminaire level. Potentials for decreasing the embodied energy:

— a) Modular luminaire architectures: exchangeable optics, programmable lumen outputs, smart use of
3D printed parts, recyclable components

— b) Direct integration into building components and architecture
— c) new task lighting concepts

! I

Allocati f heat ,

Sinks ing New task lighting
pﬁ: concepts

Luminaire = = Deglaring
Architectures icrooptics
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Lighting value chain

Product Stage

Color Rendition [-] _ -.'“.
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Lighting value chain

Planning /Design

Architectural and design constraints

— Architectural and design constraints ask for answers like offering good (day-) light supply in dense urban
environments - interior and exterior i. e. understanding facades as well from its outside impacts on urban
factors.

— “Competition” for optimal functionality of limited building envelope area: daylight vs. active solar vs.
facade greening, difficulties to meet the requirements as in EN 17037 or workplace regulations.

User Expectations

— Of big importance here is a further alignment with user expectations: Integrative lighting including visual
and non-visual effects is driving innovation in lighting technology. But it comes along with a risk of energy
rebounds: more delivered lumens and lower luminous efficacies, if not properly integrated with daylight as
shown in IEA Task 61.

— Daylight mimicking is a more and more discussed approach, i. e. relying in certain situations rather on
electric than on natural light and come along solar gains.
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Empowering by digitalization

Product Stage Planning /Design End of Life Stage

Digital Twin

Lighting.Controls

Self.commissioning (10T)
Predictive.Maintenance-(10T)

Photometry, Facade (IEA SHC Tasks)
Direct-DESIGN. BACS Integration

Partly solved

Photometry, Sky model (IEA SHC Task 61)

Daylighting & energy rating tools (IEA SHC) Tasks)

IEA Contributions
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Lighting Carbon footprint

Scenarios, strategies, roadmaps...

Product, Planning,

Construction

Solution 1

€0, electricity (gr) per kWh
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Eigure 1: Production of CO2 to gensrate 1 KWh of icity in the Eurapsan Union

Product, Planning,

Construction

Solution x
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CO, eq. Kg per solution

+ Link to other trades...
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Objective IEA SHC Task 70 / EBC Annex 90 “Low Carbon, high comfort integrated lighting”

The overall objective of the activity is to identify and support implementing the
potentials of lighting (electric, facade: daylighting & passive solar) in the
decarbonisation on a global perspective, while aligning the new integrative
understanding of humans’ light needs with digitized lighting on a building and a
building related urban scale.

Product Stage Planning /Design Construction End of Life Stage

Digital Twin

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting” 50 NG PROGRA



Structure

Subtask A

Luo Tao, China
J. de Boer, Germany
(V. Ferreira, Spain)

Low Carbon Lighting and
Passive Solar: Scenarios,
Strategies, Roadmaps

IEA SHC Task 70 / EBC Annex 90
Low Carbon, High Comfort Integrated Lighting

Task Manager: J. de Boer, Germany
Project duration: 1/2023-6/2026

Joint Work

Subtask B

B. Matusiak, Norway
M. Sarey Khanie, UK, DK

Subtask C

D. Geisler-Moroder, Austria
Eleanor Lee, USA

Digitized lighting solutions
Visual and Non-Visual User

Desi
e (Technology & Design Tools

/ Process)

Joint Work

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting”

Subtask D

Niko Gentile, Sweden
Natalia Giraldo Vasquez,
DK

Application and Case
Studies

www.iea-shc.org
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Who is behind the activity?

e W’-‘""’

50 participants from 15 countries 34 on5|te, others online

M EPESEY WEd AF 2 BE

B z \ &
5th Meeting: 25th March — 28th March 2025, Unlver5|ty of Innsbruck, Austria
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Structure
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Status quo LCA in lighting: Overview on data, methods, regulations

Survey in 15 countries

LEVEL AND KIND OF LCA USE

None
Mandatory 13%
20%

Only established
27%

Partially mandatory
40%

DATABASES AND RATING TOOLS PROVIDED FOR FREE (BY
AUTHORITIES)

mYES mNO

America
Austria
Belgium
Brazil
China
Denmark
Germany
Japan
Poland
Sweden
Tarkiye

Greece

Italy
Norway
South Africa

Literature survey: Det. review of 59 papers

Fghingsystem

Review concept @
Part 1: Analysis focussing on the LCA methods applied for lighting systems o
production
Key aspects to be considered in LCA analysis of lighting systems? oy N
g Daylight vs. Artificial Environmental
. e LCA methods — — - -
if factocs 7 ———
s 8
5
© Scientific databs ifale (]
- Scientific datebases Current methods and 3
~ Project reports b2 Day- and Artificial lighting & LCA. b g
" - Case siudies state of results witgew -
i ‘ i

— Daylight vs. Artificial
LCA methods = lighting systems =

o
i)
o

(4]

Environmental
factors
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Life Cycle Assessment

in Lighting —
International Survey
and Status quo of
Scientific Literatur

L)

L N R

Envirenmental impact categories

WindowiShading/Baylighting Components

IEA SHC TASK 70 | EBC Annex 90: LOW CARBON, HIGH COMFORT
INTEGRATED LIGHTING

Technology Collaboration Programme
by 18Q
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Component Perspective: Luminaire EPDs in European Union
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3 Instituto Universitario de Arquitectura y Ciencias de La Construccion, University of Seville, 41004 Sevilla, Spain

} - . Figure 2. Average GWP score of lighting systems for EU-27 countries, and the variation of relative
4 Fraunhofer Institute of Building Physics, 70569 Stuttgart, Germany

contributions of embodied and operational impacts. The declared functional unit (FU) is assumed
* Authors to whom corre spond ence should be addressed. to be a light providing 1000 lumens over 35,000 h. Black stars present the absolute values of GWP
(kg CO7 e/FU), red boxplots present relative operational impacts (%) and blue boxplots the relative
embodied impacts (%).

Buildings 2025, 15(8), 1279; https://doi.org/10.3390/buildings15081279

200
Submission received: 7 March 2025 / Revised: 9 April 2025 / Accepted: 11 April 2025/ Constant carbon intensity
Published: 14 April 2025 180 Declining carbon intensity
(This article belongs to the Special Issue Lighting in Buildings—2nd Edition) 160
y = 7471.3x 1018
140 R?=0.9431
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Figure 3. Relation between luminous efficacy and the environmental impacts of lighting in Denmark.

Lined black circles represent the average values for each group, and the interval bars indicate the 7
variations between the minimal and maximal values.
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Component perspective: Simplification approaches

Designer Energy-efficiency

building assessment

Algorithms / Methods

‘ Publication Summer 2026

€Ssment f,
Generic energy product dayhghtmg ol "ggt'ng and
ent

LCA /EPDs / ... Generic life cycle product

Databages _ data
— Time-variant

— High complexity
— Different formats Simple Models

— Vari tifi
chr'y —  Cost-effective EPDs (GWP100)
for SMEs

—  Continously, automatically
updated

Industry
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Component Perspective: GWP100 ratmg for flxtures

1. Conventional mass-prodiicad himinairae =

AnaIyS|S Of pUb“Shed EPE GWP100 Comparison of fixture types T

art from 4 bigger Europeal 1

20

praft

T

2. Fixtures for new lighting

GWP100 [kgCO2eq/1000Im]
= =
o w o [%,]
4@

—
&
&

provide general lighting frc @
light engines attached totl .« & & &

3. Retrofit / relighting
a) Replacement
b) Retrofit

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting”
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Component Perspective: GWP100 rating for fixtures

— Estimation of GWP100

250

g

[kgCO2eq/unit]

Different Fits of GWP100 (A,C) for 31 Luminaires (best fit R?=0,76)

100
— From 5 material groups -
0
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Luminaire [-]
o actual amm\LL_Pred_Bounded_Nolntercept ALL_Pred_Bounded_WithIntercept
{ B = ALL_Pred_ASfixed_Nolntercept — ===ALL_Pred_ASfixed_Withintercept
— What'sneeded,isa S| = oraft
Material(group)
Steel Aluminium Plastic Elektronics Packaging
(PCBs)
kgCO2eq/Kg kgCO2eq/Kg kgCO2Zeq/Kg kgCO2eq/Kg kgCO2eq/Kg
Datafit 2,2 15,3 2,0 25,0 2,0
Min
04-2,2 6-8 Europe 1,5-2,5 -
Literature P 15-25 0.5-1.0
6 -8 (stainless) 16-18 World 5-7 (PMMA) {(cardboard)

Table 5: Assumptions for CO2 equivalent factors Kcozx from multidimensional regression compared with literature

values

Special focus on SME

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting”
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Component Perspective: GWP100 rating for facades

Al - A3: glazing panes, scaled to 1 mm glazing (St Gobain) IGUs: Embodied Energy as function of Daylight Supply
"r’” FD,5,SNA (Daylight Autonomy)
BO,0
3,00 ° \
!
250 (V) - S0 Triple glazing, _.'ll Tripie glazing
= 0 13 sunprotection
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Lo 2 200 /’
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o 10,0
0,00
Flatglas Planiclear Body Timed glass  Extraclear glass  Magnetron coated  FlatglassOrae  Magnetron Coated 00
(here 2 mm) Parsol Diamant Planiclear or Flat glass Orae 0 01 0,2 03 0,4 05 06 0,7 08
Diamant
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Sunshading: Embodied Energy as function of glare control

performance
70 Sun protection fabric,
= ©— VRSA, Sector EPD, [
£ 60 Min
= L]
@
8 so0
k)
° X 40 Roller shutter plastic, IVRSA, Sector EPD
s Sun protection slats metal, IVRSA, Sector EPD
£
5 30 Sun protection fabric, IVRSA, Sector EPD, Min
8}
220 Sun protection fabric, IVRSA, Sector EPD, Max
2
i=3
=1
£
pri}

2

Figure 25: Examples for sector EPDs Glare Control Performance GCP [-]

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting” www.iea-shc.org SOLAR HEATING & COOLING PROGRAMME

INTERNATIONAL ENERGY AGENCY



System perspective: Link with energy rating procedures / early design stages

Exemplary office space

Electric Lighting only. GWP_em: only lighting gear; Electric Lighting only. GWP_total: Differences to base
GWP_operational: electricity for lighting, scenario A case
8% - 32 o
8 g Electric Lighting _ 3 8 Electric Lighting 0%
Taskilluminance 300 lx _ Taskilluminance 300 lx .
E =
o o
m cvvs KT ; B
Deglaring Optics (15% worse) _ Deglaring Optics (15% worse) .
Refurbished Fixtures _ Refurbished Fixtures l
5: B8
— O Daylight, occupancy dependent _ - Q Daylight, occupancy dependent .
8w 2 S
9238 Sek
£ % Sweden (2023: 0,041 keCO2/KWh) - E % Sweden (2023: 0,041 keCO2/KWH)
0 10 20 30 40 50 60 70 80 90 -100%80%6-60%-40%-20% 0% 20% 40% 60% 80%100%
[kgCO2eq/m?] Difference relative to base case [%]
OGWP100emb B GWP100 oper Scenario A, Decarbonisation by 2045 B GWP100 Scenario A, Decarbonisation by 2045

i 26
Draft, publication summer 20
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Structure

Subtask A

Luo Tao, China
J. de Boer, Germany
(V. Ferreira, Spain)

Low Carbon Lighting and
Passive Solar: Scenarios,
Strategies, Roadmaps

IEA SHC Task 70 / EBC Annex 90
Low Carbon, High Comfort Integrated Lighting

Task Manager: J. de Boer, Germany

Project duration:

Joint Work

Subtask B

B. Matusiak, Norway
M. Sarey Khanie, UK, DK

Subtask C

D. Geisler-Moroder, Austria
Eleanor Lee, USA

Digitized lighting solutions
Visual and Non-Visual User

Desi
e (Technology & Design Tools

/ Process)

Joint Work

IEA SHC Task 70 / EBC Annex 90 “Low Carbon, High Comfort Integrated Lighting”

Subtask D

Niko Gentile, Sweden
Natalia Giraldo Vasquez,
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Application and Case
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www.iea-shc.org

%
SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



2024 HIGHLIGHTS

KEY RESULTS IN 2024
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Follow us: https://task70.iea- shc org/

Task 70 | Low Carbon, High Comfort Integrated Lighting
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