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Lighting in context of decarbonization and energy efficiency

Greenhouse gas emissions by service - 50.6Gt CO2e total

2

— Electricity for lighting accounts for 5% of the global o, W
greenhouse gas emissions and 15 % of the electrical energy g
consumption’ el comon

Agri-food

\ Communications

Commuting

Textiles

Personal travel

— More and more directly taxed CO, emissions, rising .
electricity prices, higher competition for electricity Industial equipment |

Freight .
= Construction

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

necessary

Carbon Footprint of “Lighting value chain”

Planning End of Life
Product Stage /Design Stage
Digital Twin
Digitilization
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Lighting value chain

Lighting value chain

Electric lighting
LED transitionon lamp level is generally performed, highly optin
Differenton inaire level. P: ials for d ingthe embog
a) M inaire architectures: exch ble optics, prog Daylighting Lig htil’lg value chain
smart use of 3D printed parts, recyclable components .
Y Embodied energy Is dominated by fagades
b) Direct integration into building comp andarch i 2 .
Same daylighting function for much less environmer

- ¢} new task lighting concepts
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Micro-optics for light redirection vs. standard soluf
New, better color rendering electrochromicglazin

eermmstnlil  Lighting value chain
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Lighting controls
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- Strongly growing use of lighting controls:
- biggerstandby lossesand
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Planning, Design Process

- Long lasting impact on the usage phase
- Numergusinefficiencies are known inlighting desigl
- Erroneousdesign processes result in over-installaty

— Trade association's estimatesare at B0% (1) of inst

. sigr g o .
all. —  Architectural and design constralnts ask for a Reneg°tlat'ng the role Of dayhghtmg
dense urban environments - interiorand exte) "Competion” for fagade

Architectural and design constraints

In the urban context

outside impacts onurban factors. area and functionality

If planned: still - "Competition” for optimal functionality of linf |

highly manual, o o aaeade gresning, difficutiesto mest l “Renegotiating” the role of daylighting
iterative User Expectations “Only LED" an option? Daylight Mimicking
process - Of big importance here is a further alignmen
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Lighting Carbon footprint

Scenarios, strategies, roadmaps...
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CO, eq. Kg per solution
+ Link to other trades...
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Empowering by digitalization

Product Stage Planning /Design M End of Life Stage

Digital Twin

Lighting.Controls
Self.commissioning-(IOT)
Predictive Maintenance-(10T)

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

Partly-solved
IEA Contributions

Photometry, Sky model (IEA SHC Task 61)

Daylighting & energy rating tools (IEA SHC)
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2 Definition Workshops, Stuttgart (4/2022), Lund (10/2022)
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47 part|C|pants from 17 countries

15 onsite, others online

49 participants from 19 countries

19 onsite, others online
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Task Definition Coordination / Management

TDP coordination team

= Task organization: Jan de Boer, Fraunhofer Institute of
Building Physics for PTJ, Germany

= Subtask development:
= Barbara Matusiak, NTNU, Norway
= Eleanor Lee, LBNL Berkeley
= David Geisler-Moroder, Bartenbach, Austria
= Niko Gentile, Lund University, Sweden
= Jan Wienold, EPFL Switzerland

= Victor Ferreira, IREC, Spain
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Draft Workplan
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Content
1. Task Description

11 Background I

1.1.1 Lighting, C02 Emissions & Energy.

1.1.2 Potentials and barriers in lowering carbon emission in lighting ...

1.1.3 Facade and Electric lighting market .

1.1.4 Relation to other IEA activities

12 ‘Why an IEA project..

13 Scope
14 Objectives...
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Objective

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
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Proposed Structure

IEA Task / Annex Proposal

Low Carbon, High Comfort Integrated Lighting

lask Organizer: J. de Boer, Germany

Subtask D

Niko Gentile, Sweden

Subtask A Subtask B

V. Ferreira, Spain B. Matusiak, Norway
J. de Boer, Germany J. Wienold, Switzerland

Subtask C

D. Geisler-Moroder,
Austria

Application and Case
Studies

Low Carbon Visual and Non-
Lighting and Passive Visual User
Solar: Scenarios, Requirements
Strategies,
Roadmaps

Digitized lighting
solutions

(Technology & Design
Tools / Process)
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Proposed Structure

IEA Task / Annex Proposal

Low Carbon, High Comfort Integrated Lighting

Subtask A

V. Ferreira, Spain
J. de Boer, Germany

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

lask Organizer: J. de Boer, Germany

Joint Work

Subtask B Subtask C

B. Matusiak, Norway D. Geisler-Moroder,
J. Wienold, Switzerland Austria

Visual and Non- Digitized lighting
Visual User solutions

Requirements (Technology & Design

Tools / Process)

Joint Work
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Subtask D

Niko Gentile, Sweden
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Subtask A:
Low Carbon Lighting and Passive Solar:
Scenarios, Strategies, Roadmaps

Coordination: Victor Ferreira, IREC, Spain with support of Jan de Boer, FHI-IBP, Germany

Objective: Based on existing first work on LCA for electric lighting (e.g. LEDs, luminaires) extend perspective
to integrated lighting solutions including daylighting, facade systems, and controls. Set up of
relevant scenarios (components, systems, local energy mixes, grid constraints, usage etc.). Evaluate
with a tailored framework bringing together LCA / energy tools. From this parametric study
develop “low carbon solution” strategies by intelligently combining new technical components
and design concepts: Identify low hanging fruits, lllustrate the impact of no/bad/good design.
Address business models in this context.

Raw
Material

A.1. Status quo: Overview on data, methods, regulations roducin wEmm) .
Components Luminaire
A.2. Catalogues of Scenarios \’ : = \

Waste

Collection Installation

and Sorting
A.3. Framework for flexibly rating different scenarios N \

ci’?;ndzocrt‘ieur: iy Use and
\ Maintenance
A.4. Design Guide, Strategies and Roadmaps Daylighting and
\ / passive solar of
Use Facades alike
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0mm EPS O0mm EPS Exist 0% 11896 342 7926 8268 214 1994 0 0 0 Envelope only 0

0
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Annual costs (€¢MImbh) for various lighting and Carbon Footprint (e.g. kgCO,eq/MImh) for various
daylighting techniques, Source: Marc Fontoynont lighting and daylighting techniques
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Subtask B: q
Visual and non-visual User Requirements ¥

Coordination: Barbara Matusiak, NTNU, Norway and Jan Wienold, EPFL, Switzerland A

Objective: Daylighting and lighting design is moving from a “photometric” or “visual” to a
“spectral” definition of lighting quality including “non-visual” effects. Focus on
understanding how lighting and daylighting schemes can address both — often
contrasting - visual and non-visual requirements in an effective, resource efficient
way, taking the built environment but also the surrounding in the big plcture by
means like intervention studies.

B.1. Improved understanding of visual discomfort for humans

B.2. View preferences/descriptors for rooms with different visual stimuli and activities

B.3. Relation between the view out of the window and urban morphology

Spectral Sensitivity Curves

B.4. New developments for non-visual aspects

A nsprache dee Fotorezept

B.5. Measurements and assessment methods of non-visual aspects e LRI [
Circadian |IIum|nat|on in offlces ‘
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Subtask C:
Digitized lighting solutions
(Technology & Design Tools / Process) il

Coordination: David Geisler-Moroder, Bartenbach, Austria with support of Eleanor Lee, LBNL, U.S.A

Objective: Evaluate and contribute to the digitization of lighting which is taking
place at the technology and the design process level in its impact on a
low carbon footprint

Technology: Review the state-of-the-art practice for digital component integration via the internet of things (10T),
as well as benefits for commissioning and maintenance of lighting installations

C.1. System concepts for digitalized lighting solutions and combined daylight and solar utilization
C.2. 10T and control systems

Design Tools / Process: Focus on the integration of lighting in the overall BIM workflow analyzing the current
status. Design software will be evaluated regarding seamless data and workflows (connecting to BMS, “Human
Lighting Interface”, etc.), parametric and automated design options to better understand carbon impacts given
temporal availability of clean energy, certification and code compliance calculations, and advanced communication
options.

C.3. BIM - continuous workflow for integrated lighting solutions and underlying data

C.4. Simulation methods for integrative lighting design and VR possibilities

.
i 3 [een ) Datahandling )
= R R&D, Production and Sales Design, Constructianand Operation L R e S simen
™ B [Hi = | S |
’ 1]+ Lol o e comen
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Subtask D:
Application and Case Studies

Coordination: Niko Gentile, Lund University, Sweden

Objective: Collect experiences from applications and case studies, with a focus on
the environmental impact of their whole life cycle. And communicate
opportunities and challenges to stakeholders wishing to build or retrofit
daylighting and lighting in the least environmentally impactful way, while
keeping the lighting quality high.

D.1. Catalogue of case studies

wr

D.2. Evaluation procedure -
D.3. Data collection and analysis " "w v{ ‘“

D.4. Lessons learned *
)

D.5. Impact of densification on visual comfort, well-being, and rescources used

CCREEE  RCREEE

D.6. Promotion of highly efficient lighting solutions for Sunbelt Regions, GN-SEC :

AnC

ECREEE SICREEE
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Milestones

2023 | 2024 | 2025 | 2026
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Joint Work

Main aspects of work integration between the 4 subtasks

Overview on subtask joint activities and possible overlaps, 8.11.2022

e of case shidies

5o htions

A Hew developrents for non-wisual
A Imipact of denstication onvisual

3 Dat eollection mid anabysis
M Fromotion of highty efficient

olutioms for sinb el regiony

-2 Buwahation Froce dure

-1 Catalo;
b Logsons learmed

B3 Relation between the view oul of

0.3 Framework for flesib by mting
iz wind owr and b

il erent. scenariog

B2 ew deve lopments for non-vinal
(2.1 Bystm concepts For digitalized

6.1 Satus quo: Owervicow on data,
B Measurements and asse ssment.
m tho ds of non-yisual aspects
ip]tin,

22 Daylight mnd solar utilization i
2 BIM - gontimons workflow For

e tho ds 1o plations

04 Desin Guide, Stmtegies md

B.1 Hew developrents for wisual

.2 Catalopues of Scenarios

A1 Ztatn: quo: Overview on data, methods,
rezulations

4.2 Catalognes of Scenarioz

A3 Framework for flexibly raring different scenarios
A4 Dazign Guide, Strategies and Poadmap:

E.1 Improved understanding of vizual discomfort for
hurnans

[E.2 View preferances/descriptors for reoms with
different visual stimuli and activities

E.2 Felation between the view out of the window and
urban

E.4 New for mon-vizual aspects

E.5 I and msthods of
non-vizual aspects

C.1 Svstem concept: for digitalized lizhting solitions
and combined daylizht and solar utilization

C.2 10T and control systams

C.2 BIM - continuous workflow for integratad lighting
ions and ing data

C.4 Simulation methods for integrative lighting deszizn

[and VE. possibilitias

D.1 Catalogue of caze smdies

D2 Evalustion Procedurs

D.3 Data collection and analvsis

D.4 Lassons leamad

D5 Impact of denzification on visual comfort

D.6 Promotion of hizhly efficient solutions for sunbelt

[regicns

Joint activities, please specify, in which Subtask the
rezultz will be documented

Interaction between activi
expecting what

Possibly overlapping activities, pleaze make
propozal to resolve

ez, pleaze specifv who iz
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Relation to ongoing or previous SHC Tasks, EBC Annexes
and other Programs

Digitization

User Aspects
IEA EBC Annex 81: Data- P
Solar Resources Driven Smart Buildings EBC-Annex 79 ,Occupant-
PVPS Task 16: Solar Centric Building Design and

. Operation” as successor of
Resource for High N

Penetration and Large
Scale Applications EBC Annex 87: “Energy and
Indoor Environmental Quality
Lighting Performance of Personalised

Environmental Control
IEA-SHC Task 21/ECBCS Annex Systems"

29 ,Daylighting in Buildings*
IEA-SHC Task 31 , Daylighting
Buildings in the 21st Century

IEA Task 56 ,Building

Integrated Solar Envelope L b
Systems Al design of lighting;
IEA-ECBCS Annex 45 ,Energy high comfort

Efficient Electric Lighting for integ rated JTCO06 (C”::f-lSO) on
Buildi “ - - ener errormance
S lighting 9yp

4E Solid State Lighting Annex CENTC 169 and ISO TC
IEA-SHC Task 50 “Advanced 274

Lighting Solutions for

retrofitting Buildings”

IEA SHC Task 61/Annex 77

«Integrated Solutions for

Daylighting and Electric

Lighting”

Standardization
CIE TC 3-59 on spectral
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Expressed Interest: Research

~ Fraunhofer

IEA SHC Task / EBC Annex Proposal ,Low carbon, high comfort integrated lighting”

Country Organisation Interest in Subtask
A B C D IBP
Australia Queensland University of Technology X X
Austria Bartenbach X (%) X \; .n X
HELLA X X UCL ﬁ s
LUND e W/ 1013
Belgium Universite catholique de Louvain X X X UNIVERSITY Ea'l'ﬁ:n?;'ﬁi \‘CEJ,Z/ CESEARCH INSTITUTE i
Brazil Universidade de Brasilia X (X) X deLouvaln S
Canada University of Toronto X KYUSHU
China Beijing University of Technology X X UNIVERSITY ”m“d “m“ U Technical
- o " . . T L) N R
China Academy of Building Research X X X s Universidade de Brasilia oo University of
Soochow University t.b.d. Denmark
Denmark DTU Civil Engineering (X) X X <
Germany Fraunhofer-Institut fir Bauphysik X X (X)
~
A
Fraunhofer-Institut fir Solare X r:>| ‘"'l
. —
Energesysieme caviskince ZZ Fraunhofer
Priedemann Fassadenberatung GmbH X X GDANSK UNIVERSITY BERKELEY LAB
Italy Construction Technology Institute X (%) OF TECHNOLOGY ISE
(ITC-CNR) Lucerne University of
Sapienza Universita di Roma (%) X Applied Sciences and Arts
University of Campania X X (X) HOCHSCHULE «‘ )
University of Naples Federico Il X X LUZERN
lapan Kyushu University x) X pamisH BuILDiNG REsEARcH insTiTuTe  ECOLE POLYTECHNIQUE
AALBORG UNIVERSITY COPENHAGEN FEDERALE DE LAUSANNE
Norway NTNU X
Poland Gdansk University of Technology X (X) X
Spain IREC — Fundacid Institut de Recerca en X (X) (X) (%)
Energia de Catalunya q -
Sweden Lund University X X . UNIVERSITY OF
Switzerland Empa - Swiss Federal Laboratories for X X (x) Shaping Energy for a Sustainable Fulure D TO RO N TO
Materials Science and Technology
Universita
EPFL X X ® egliSudi I I c «‘- I
_ _ @ dellaCampania
Idiap Research Institute X (%) Luigi Vanvitelli
Lucerne University of Applied (X) X X (‘
Sciences and Arts T D If
Turkiye {University of Instanbul Tx x| X E \ I \ I UDelft
United Kingdom University of Cambridge X X ?ﬂiﬁ‘ééy";
U.S.A. Lawrence Berkeley National X (%) S0k Uy
<
Laboratory DG QU Queensland University
Oregon State University X @ a of Technology
) mpa
. . <
Since Workplan submittal: Netherlands, TU-Delft * 1453
7|
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Expressed Interest: Industry

Country Company Short na-m ?
/Abbreviation

Austria Hella, Sunshading HEL
Bartenbach BL

Denmark Velux VEL

China t.b.d. Luo Tao is contacting companies

Germany Different trade associations (electric lighting and facade) |TA
Interpane IP
Priedemann Fagade Lab PFL

Norway Norconsult NoC

Bartenbach
YEJYY. W VELUX
AGC INTERPANE priedemann
Norconsult 4%
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Task # Information Plan

Task Duration:

Subtask A

Subtask B

Subtask C

Subtask D

TCPOther

Target Audience

G 2
# Title/Proposed Title Format Task Month
Ll Survey on data sources, mathods and regulations Internal document (not public) 12
A2 (Catalogue of scanarios Internal document (not public) 21
X x X Al Simpla tool to rata LCA/ GWP SHC website EL
X Ad Design guidelina SHC website EL
x X AL Roadmap SHC website EE]
A Report “Low Carbon Lighting: Scenarios, Strategies and  |SHC website 42
x X X Roadmaps”
B1 Documentation B.1-B.5 as working documants Internal documents (not public) 36
B2 Information material on "New developments for non-visual |SHC website 36
X X X X aspects” as repart ar short videa
X X X X B3 Report “Visual and Non-Visual Usar Reguiramants” SHC wabsits 42
C1 Documentation C.1-C 4 as working documents Internal documents (not public) EL
X X X cz Refactored Radianca core tools Software via SHC Website 30
C3 W hite paper on current state-of-the-art of lighting W hite Paper (Public) T
simulation software tools for visual and non-visual
X X X performance evaluation.
C4 Report “Digitalized Lighting Solutions for low carbon build  |SHC website a2
X x X X environments — Status quo and outlook”
D1 Documentations D.1-D .5 as working documents Internal document (not public) El
nformation material about D5 "im pact of densification on
X ES x X Dz visual comfort and wall-baing” as :IDDI‘I. or short vidao GHG websita 36
Report “Low carbon daylighting and lighting solutions:
x x x D3 praitil:al applications” v ? ¢ ? SHC website 42
X X X X X Task wabpage SHC website 2
X X X X X Task brochure [optional) SHC website and Print 2
X X X X X X TCP Annual Report contribution (1 par year) annually
X X X X X Task Highlight repart {1 per year) annually
X X X [Position Papar [ExCo needs to approve requast to omit) 42
X X x X Solar Update articles (minimum during and end) 24/42
X Task Status report (2 per year) twice per year
X Final Managamant report 42
X Mid-term Task evaluation 21
X Final Task avaluation 42
X X X X Solar Acadamy webinar ‘Workshop 30
"Low Tech, High Impact® Lighting solution for sunbailt
x ragions ‘Workshop 30
x X X Special journal issue for sciantific papars ‘Wiley or Elsevier or other 42
X x X X Industry Workshops aach face to face task meeting ‘Waorkshop twice per year

*A Task report is an official document of the Task that s approved by the Task Publication Committee. They do not include conference papers and presentations.
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Addendum to IEA SHC Task 61/ EBC Annex 77
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1. Introduction mittance and colour rendering. On the other hand, satisfactory
solar shading and glare protection solutions are available for some
J and Cool-  applications but are non-optimal for daylight and view. For inte-
ing (SHC) Progr. Task 61 ions fa grated solutions, it is now possible to acl 4 kwhjm™-a site
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Daylighting and and Commu-
nities (EBC) Annex 77 in 2018 for several reasons. First, a focus
solely on increasing source cfficacy via light-emitting diodes
(LEDS) was oot encugh. Lighting accounts for appeximately 15

percent
of greenhouse gas emissions. Despite increased source efficacy
mnnmmmhmmwmmxmmm
effects as 3 result of low priced, more versatike clectric lighting

have Jed 1o a significant

energy use for lighting (i.c., office applications), but achieving, this
level of performance i far from being standard. There is immense
relevance and added value in integrating sun protection with arti
ficial lighting,.
Lighting is not just one technology delivering, one service like

‘multi-criteria user needs, that s, for what people are doing and in

sumption, where more light is now being used less consciously.
Second, the potential of improving lighting controls and daylight
integration in this rapidly evolving fickd was not being adequately
addressed. Both the lighting and facade markets have seen signifi-

cant
talized smart and connected lighting over the past decades but
both market sectors still operate independent of the other, missing
out .

hu 80-90 percent of their information visually. That
said, 8 e e il plvctpiea 1 Mt (il
perceived) i also critical. This area is stll

10 be better standards. Mldl
ing controls. Controls managing light in the field of vision, for
example, is an upcoming arca. For facades, a big disruptive step
mght be on the brink in the field of switchable glaziag systems.

y
centered outcomes. And third, electric lights daylighti

cient for LES ires and facade applications. Via the IEA SHC

tors. lmmml wllmnns are xmevmx slow nudn penctraton
barriers

mummm

with differing areas of focus and mandates for mitigating climate
change contributed 1o a larger vision with shared ,
building on expertise acquired over the course of decades, and
enabling real time exchanges between experts and with industry
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SOLEE HENTISC § COOLING PROCRAMME
P TEANATIONAL ERENCSF ALENCY Challenge Action needed

Harvest ‘low hanging fruit' | - Replace old lighting installations with LED technology.

in electric lighting + Reguest luminaire efficiencies >150 Im/W.

+ Refocus from decisions based on pure investment
costs o total cost of ownarship.

Strengthen the role of * Recognize daylight - which nowadays can be
daylighting sufficiently quantified as a substitute for electric
lighting = a “renewable energy source" = allowing
for inclusion in subsidy programs as known from
other market sectors (PV, wind, etc.).

Use sustainability certificates to promote
daylighting, if not included, or revisit existing
certificates and update.

I e c h n o I o + Demand a minimal window to floor area ratio, e.qg.,
in central Europe between 1/8 and 110.

* Revise ordinances to demand technical and
economical advantageous daylighting solutions, such

P os i ti o n Pa pe r ES-: Daylight-supportive combinations of glazing

and sun shading/glare protection devices

- Light redirecting fenestration, and

- Daylight and occupancy sensitive alectrie
lighting controls also integrated with facades
(i.e., visual comfort driven when occupied, solar
gain driven when unoccupied).

Widen the rating = Put lighting into the perspective of its impact on
parspective of lighting decarbonization.
+ Foster LCA approaches for rating integrated lighting.

Rethink products = Make product architect 5 more sustainabl
= Push product design based on micro-optics for LED
luminaires and fagades applications.

I nteg rated Day- a n d Electri c = Support development and implementation of disruptive

fagade technologies like switchable glazing systems,

Lighting in Non-residential irasicallyover  agads's o568 ety
Buildings ST P e L P e

design and rating tools, which in part automatically
indicates not yet allocated potentials.
» Introduce processes ensuring certain daylight
NO\femb'er 2022 quality levels (e.g., parametric, automated design
toals.
» Use design strategies that prompt energy efficient
behaviors.
+  Suppaort the deplovment of concepts from new
daylighting and electric lighting standard (e.g., EN

“ Product architecture is the organization (or chunking) of a product's functional elemants.
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Organisational Matters / Issues for the EXCO

— Planned duration 3,5 years: 1/2023-6/2026

— Participation of your experts greatly appreciated

— Kick-off planned: 17th-19t" of April 2023, Aversa, Italy

— Collaboration with EBC:

Istanbul EXCO meeting: Committment for collaboration, Level still open
Interested to join via EBC: Brasil, Italy, Japan, Sweden, USA.

Liason officer (,,Annex Adviser”)

IEA SHC Task / EBC Annex Proposal ,Low carbon, high comfort integrated lighting” %

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



IEA SHC Task / EBC Annex Proposal ,Low carbon, high comfort integrated lighting” %

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



IEA SHC Task / EBC Annex Proposal ,Low carbon, high comfort integrated lighting” %

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



