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Integrated Solutions for Daylight and Electric
Lighting

From component to user centered system efficiency

Task Duration: 1/2018 — 6/2021

What we have learned ? What we are still learning...

National Day Seminar, Netherlands, 15% June 2021

Dr. Jan de Boer, Fraunhofer Institute of Building Physics, Stuttgart, Germany
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Lichtverschmutzung

Die Welt strahit. Leider. ,The World is shining. Unfortunatly.”

Eigentlich sollten LED-Leuchten beim Energiesparen helfen. Doch Spareffekte verpuffen, weil auch noch der
letzte Fleck ausgeleuchtet wird. Neue Satellitendaten zeigen, wie die Nacht verschwindet.

ﬁ Von Christoph Seidler v

2 % Intensity increase of electric lighting

2% Increase of illuminated area

WW’? Each year since 2012

Lo

5% of green house gas

Rebound effects (low priced, versatile SSL)
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Market Background

= Electric Lighting:

= High efficient LED Systems, LEDs > 70% of market volume (Europe)
= Digitalization of light

= Facade

= 1,3 Billion m? of new facades per year (equivalent of the area of the city of
London)

= How this is done has huge impact on daylight supply

= General Trend: From Component to System solutions
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Motivation

Open issues in the

integration of day- and electric lighting
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Circadiane Beleuchtung im Biiro

Motivation :

User Perspective: Change in design and control parameters :

Without Glare Control With Glare Control

— Facade control is a daylighting problem

— Complexity vs. efficiency in lighting controls

Combine competencies: Market integration

Codes / Regulations < - > Tools & Methods
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Objective of IEA SHC Task 61

Foster the integration of daylight and electric lighting solutions to
the benefits of higher user satisfaction and at the same time
energy savings
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High Integration

Objective * User Centred Light ...

Electric ...at high system efficiency Day—
* Daylight as template for electric lighting

Lighting (visual / non visual) Iighting
* Linked markets / industries: electric light &

facade
Better understanding of user perspective

FUTURE

X

New Technologies

and tools
a 4 B\
Little
>= ° integration
g EcleCt.rIC Decoupled . .
o | Lighting Standard light lighting
- Manage-ment

- \ j /
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Task Structure (Duration 1/2018 — 6/2021)

IEA SHC Task 61 / EBC Annex 77
Integrated solutions for daylight and electric lighting

From component to user centered system efficiency

Operating Agent: J. de Boer, Germany

Subtask A Subtask B Subtask C Subtask D

B. Matusiak, Norway M. Fontoynont, D. Geisler-Moroder, N. Gentile, Sweden

User Perspective, Denmark Austria W.Osterhaus, Denmark

Requirements Integration and Design support for Lab and field study
optimization of practioners
daylight and electric

lighting

performance tracking

(Tools, Standards,
Guidelines)

Joint Working Evaluation method for integrated lighting solutions

Group
Virtual reality (VR) based Decision Guide
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Who is behind the activity?

About 35 Experts from 14 countries

Research

Industry
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Subtask A

User Perspective, Requirements
Coordination: Barbara Matusiak, NTNU, Norway

-

Consolidation of available knowledge on user-, activity- and time-depending visual and non-visual
requirements including cultural and climatic dependencies. Set up use cases in specific applications,
reflecting typical temporal changes in the usage of these interior spaces. Aggregation in so called
personas as representations of the behaviour of a hypothesized group of users in the defined
applications.

=

A.l

Lighting
Requirem
ents

A.3

Typical User
Behaviour -
Personas
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User perspective and requirements

M ) )
ore than 100 articles reviewed
! VIEW Contents
. . Contents 4
28 criteria analysed P 1 :
% 2 Visual ps i 7
. 21 General aspects of vision 7
22 ivi experience ¢
SOLAR HERTING & COOLING PROGUNME 23 Temporary and seasonal aspects 8
e Ry R 24 Typology and cultural di 9
25 Overall 10
3 Visual comfort. 1"
31 Glare from daylight. 11
32 Glare from electric lighting 1
33 Contrast daylight 12
34 Contrast electric light. 13
35 Flicker 14
_ = 38 Spatial 14
Literature review of user . is
38 Colour of light, daylight 18
needs, toward user 30 Colourof ght slectic light 10
- 3.10 Overall comfort 17
requirements i omet i
4 F i aspects of light 19
4.1 Daylight versus electrical light 19
42 Quality of the view out. 19
43 Privacy (lack of). 20
44 Perceived quality of interior space — daylight 20
45 Perceived quality of interior space — electric light 21
48 Behavioural effects of light — daylight 2
47 Behavioural effects of light — electric light and daylight. 22
48 i i ing lighting quality 23
490 Overall 24
5 Non-image forming aspects of light 25
51 On ipRGCs action spectrum and the other 25
52 28
53 Timing and previous 28
54 i 27
55 Mood, SAD and sub-SAD 27
586 b 28
57 Overall conclusions 20
® Gdansk University of Technology 6. C 30
IEA SHC Task 61/ EBC Annex 77
Integrated Solutions for Daylighting and Electric Lighting
USRS s s ey Y S
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Van de Perre, L., Hanselaer, P., Scheir, GH., Smet, K., Ryckaert, WR. (2016) Contrast metrics evaluation. In
Proceedings of CIE 2016 "Lighting Quality and Energy Efficiency *. Melbourne, Australia: CIE, 70-78

Stokkerman,s M., Vogels, |, de Kon Y. and Heynderic,. . (2017) ion b

of alit i and p: p of light. Lighting Research and Technology 0: 1-15

Van de Perre, L., Ryckaert, W.R., Dujardin, M., Smet, K.A.G. (2018) C and Brigh P ption of
lllumination Patterns in Physically-based Rendered Scenes. CIE Mit A ings and Confe on Smarter
Lighting for Better Life.

3.5 Flicker

Flicker may be divided into two types. One that is visual, i.e. it is possible to detect the flickering light with the
eyes, and the other which could be named liminal i.e. the flickering light is not i d by the

human, but the brain is registering the flicker.

Flickering lights can be uncomfortable to look at and can induce sexzures in observers with phohosensnve
epilepsy. Subliminal ficker may cause headache, and impaired Te of
lighting at frequencies higher than the critical fusion frequency can aﬁect human efficiency in diverse ways that

are not understood.

Measures for flicker are needed and methods have been prop Today it is imp to have since
pulse width modulation for dimming the light output of LEDs has b These fe need to be
avoided or at least reduced to a minimum in order to obtain high user acceptance.

3.5.1 References

Anstis, S. & Rogers, B. (2012) Binocular fusion of luminance, colour, motion and flicker — Two eyes are worse.
than one. Vision Research 53, 47-53

Bodi: D., Bi A &N an, N. (2016) A flicker perception metric. Lighting Research and
Technology. 48, 624-641

Boyce, PR., & Wilkins, AJ. (2018) Visual discomfort indoors. Lighting Research and Technology. 50: 98-114

Hernnann. Cs. (2001) Human EEG responses to 1-100 Hz flicker: resonance phenomena in visual cortex and
their to phenomena. Exp Brain Res. 137: 346-353

Jaén, EM., Colombo, EM. & Kirschbaum, CF. (2011) A simple visual task to assess flicker effects on visual
\ce. Lighting R h and Te 43:457-471

Knez, |. (2014) Affective and cognitive reactions to iminal flicker from fl lighting. Ct i and
Cognition 26, 97-104

Liu, M-x., Yan, Y., Xue, Q. & Gong, L. (2015) The and lysis of factors ing Critical Flicker
F y. Procedia Manufacturing, 3 4279 — 4286

Polin, D., Klir, S., Wagner, M. & Khanh, TQ. (2017) Reducing the stroboscopic effects of LED luminaires with
pulse width modulation control. Lighting Research and Technology, 49: 370-380

Wilkins, A., Veitch, J. & Lehman, B. (2010) LED Lighting Flicker and Potential Health Concemns: IEEE Standard
PAR1789 Update. IEEE Energy Convers Congr Expo 1, 171-178

Yoshimoto, S., Garcia, J., Jiang, F., Wikins, AJ, Takeuchi, T. & Webster, M. (2017) Visual discomfort and
flicker. Vision Research 138, 18-2

3.6 Spatial frequencies

In the spatial domain, one identified source of visual discomfort is when images have Fourier amplitude spectra
that deviate from the natural (1/fr , 1/f) statistical istics of natural scenes, especially if they
contain excess energy at the medium frequencies at which the visual system is most sensitive.

TR I - -

Deviation from the statistics of natural images could cause discomfort because the visual system is optimized to
encode images with particular statistics typical of natural scenes.

P: ical and physi ical benefits of viewing nature have been extensively studied for some time. More
recently it has been suggested that some of these positive effects can be explained by nature’s fractal properties.

Research suggests that the responses to stahsncal and exact fractals differ and that the natural form of the fractal

is i for it ing alpha and i ofa relaxed state and internalized attention.
3.6.1 References
O’Hare, L. & Hibbard, PB. (2011) Spatial and visual di: t. Vision R h 51, 17671777

Hagerhall, CM., Laike, T. Kiiller, M, Marcheschi, E., Boydston, C.& Taylor, RP. (2015) Human physnologlcal
benefits of viewing nature: EEG responses to exact and fractal
Psychology and Life Sciences, 19, 1-12

Fernandez, D. & Wilkins, AJ. (2008) Uncomfortable images in art and nature. Perception, 37, 1098-1113

Wilkins, AJ. (2016) A physiological basis for visual discomfort: Application in lighting design. Lighting Research
and Technology 48, 44-54

Hagerhall, CM., Laike, T., Taylor, RP., Kiiller, M., Kiiller, R. & Martin, TP. (2008) Investigations of human EEG
response to viewing fractal patterns. Perception, 37, 1488 — 1494

3.7 Temporal changes

Studies on load shedding have shown that rapid changes in illuminance (of the order of 10-100 Ix/s) suggest that
||Ium|nance can dedlne by up to 20% without being detected. With slower rates of change (1 I/s or less), greater
inil may remain , and

In a study where the direct component of a direct-indirect luminaire was reduced by 2% of full output per minute,
to a minimum 20% output, the effects were gt ly negative (a small negative effect on comfort and arousal).
There was no eﬂect on environmental sausfachon or on any of the many task performance outcomes (typing,
memory, Y, solving, vigil

Partici with | control d to ramps were not found to be less negatively affected by the ramps
than those without personal control.

Temporal changes of daylight in the exterior during a day can be slow or rapid. They are associated with intensity,
spectral compaosition and light colour occurrence. These changes can be observed and are welcome by
occupants of interiors. People have a good ability to adapt to intensity and colour variations of natural light. One of
the important aspects of a healthy indoor environment is access to daylight and its daily changes. Generally, more
blue and brighter light appears the first part of the day while relatively more red light with a low portion of short-
wavelength light is in the last two hours before sunset.

3.7.1 References

Newsham, G. R., Donnelli, C., Mancini, S., Marchand, R. G., Lei, W., Charles, K. E. & Veitch, J. A. (2006)
The Effect of Ramps in Tempefalure and Electic Light Level on Office Occupants: A Literature Review and a

L y Exp ings of the 2006 ACEEE Summer Study on Energy Efficiency in Buildings, Pacific
Grove, Califomia, pp. 4- 252 to 4-264.

Newsham, G. R.; Mancini, S.; Veitch, J. A.; Marchand, R. G.; Lei, W.; Charles, K. E.: Arsenault, C. D. (2009)
Control strategies for lighting and ventilation in offices: effects on energy and occupants. Intelligent Buildings
International 1: 2, 101-121 https://doi.org/10.3763/inbi.2009.0004

S Chraibi, P Creemers, C Rosenkotter, EJ van Loenen, MBC Aries, ALP Rosemann. (2018) Dimming
strategies for open office lighting: User experience and Lighting F and Te gy online
first: BN [

Y Akashia, J Nechesb. (2005) Potential recommendations for illuminance reductions by load-shedding. Lighting
Research and Technology 37:2, 133 -153

Literature review of user needs, toward user requirements
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User perspective and requirements

D ayl i g ht Electric li g ht Colour of light in No measure Natural variation of | CCT (K) 3000 — 5000
general colour of daylight is
appreciated
Parameter Measure Standard value | Measure Standard value T TS bize and green tintof | GCT (K) 2000 < Tz 5000
Workplace Target illuminance of | > 300 lux on the Mean En Together with S W’""‘l’: g"/aosl_; ::"”’d
illuminance dayllght provision work:ng place level on the desk daylight Workplace Colour rendering for | hue shift < 30 CRI (additional S0
General from windows 2 50% of the yearly 2500 lux colour rendition | window glass saturation shift Ri2)
daylight hours <30
> 50% of the space Workplace Colour rendering for hue shift< 10 CRI (additional >90
area colour rendition | window glass saturation shift Ri2)
B 5 R Colour quality <20
Spaces with skylights | as foor windows but i
2 95% of the space View out to the | Width of the view > 14° - -
area outside from the | Length of the view >6m - =
Workplace daylight provision 2750 lux on the desk | Mean En 1000 lux workplace Number of view Minimum landscape | - -
illuminance from windows = 50% of the yearly on the desk layers (ground, layer is visible
: N landscape, sky)
Vistal CEryRO Do Glare Daylight glare <045 UGR <19
demanding — - - probability besides 5% of the
Workplace Minimum Target > 100 lux on the Uniformity 206 DGP e5% occupation time
illuminance illuminance of working level in room | Uo (Emin:Emean) Luminance in Max. luminance of the | <4000 cd/m? Max. luminance at | <3000 cd/m?
homogeneity Daylight provision = 50% of the yearly on the desk the visual field | window surface for gamma > 60°
from windows daylight hours W‘?’Krf’;aci ";d ’
o, neighbourhood o
> 95% of the space A
— area - - Repeating Spatial frequency on Avoid strong Multishadows 2100 lux
Workplace Minimum Target =200 lux on the Uniformity 207 luminance the window surface luminance contrastin | from lamps
illuminance illuminance of working level in room | Uo (Emin:Emean) contrasts the medium Mean illuminance
homogeneity Daylight provision > 50% of the yearly on the desk frequencies at surface level
Visual from windows daylight hours r——— 02-05) T
demanding > 95% of the space light-emitting L(10%)/Laverage
area surface
Movement area No measure Low daylight Mean En 200 lux Non-visual Daylight is Circadian stimulus | 2 0.3* (Practically
illuminance illuminance is effects of light recommended [Cs] 2 0.4) throughout
accepted (daytime work) wherever possible. the day
Movgment ared No measure L_OW qay light Uo (Emin:Emean) 04 Non-visual circadian stimulus | CS = 0.3 throughout
illuminance illuminance effects of light [cs] first part of the shift
homogeneity homogeneity is (shift work) (until about 05:00
accepted am), and then
shielding
themselves from
H H _ H H exposure to
Table 1. Appllgatlon relateq requirements for office work, Canme st s
based on the literature review, standards EN-17037 and light until they are
. . . . home and in their
EN-12464, and the requirements specification according darkened bedroom
for sleep

to the EU H2020 research project “Repro-light”.

The green background to mark requirements for visual demanding tasks
The blue background to mark requirements with special importance of colour rendering.
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|[EA SHC Subtask A reports

A.1 User
requirements
Finished

A.2 Use cases

In progress, to be

finished in June 2021

A.3 Personas

In progress, to be Subtask A: User Subtask A: User
finished in Summer perspective and perspective and

requirements

requirements

New activity: —w ° W
Visual environ-
ment in Home

office

A.3 Personas

— online survey

IEA SHC Task 61 / EBC Annex 77: lions for ighting and
Electric Lighting

IEA SHC Task 61/ EBC Annex 77: i for ighting and
Electric Lighting
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B [ llacam

Preliminary Home office results Brazil: Students
LIGHTING CONDITION IN THE WHOLE HOME OFFICE ROOM NOW

Satisfaction with daylight? Satisfaction with electrical lighting?
40 30
30 32
(34.4%)
20 21
(22.6%) (201_3%)
h 3(3.2%) 8 (8.8%)
0 (0%) [ D) (11.8%)
ML Ry " |
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Not at all Satisfied Very satisfied Not at all Satisfied Very satisfied
Less satisfaction with both day and electric light, view and general light level when compared with professionals (no
exclusive room for home office can explain this?)
Satisfaction with external view from window? Satisfaction with the general light level in the room?
20
19 40
(20.9%)
15 16 16 30
(17.6%) (17.6%)
10 20
5 10
1(1.1%) 2(2.1%)
0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Not at all Satisfied Very satisfied Not at all Satisfied Very satisfied
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Subtask B

Integration and optimization of day- and electric lighting
Coordination: Marc Fontoynont, SBI, Denmark

Identify the promising technical solutions to offer optimal control of lighting and daylighting
components, with respect to minimum use of lighting electricity, maximum satisfaction of users,

most attractive user interface (users and facility managers)

New technology opportunities available

Example of DC power architecture for lamps and sensors, with
Bluetooth communication (Source: Luxendi).

Figure 7: Answers from new technology opportunities available.

Control your world

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting”

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



Survey on opportunities and barriers in lighting controls

SOUM HEATING & COOUNG PREGRAMNE
INTERNATIONAL ENERGY AGENCY

opportunities and
barriers in lighting
controls

connection  protoent cfcontrol /' Sgne control systems | anclheat tontrol
em  / -

sy of shoding.

IEA SHC Task 61 / EBC Annex 77: Integrated Solutions for Daylighting and
Electric Lighting

Contents 4
1
2 Interviews of professionals: opportunities and barriers. 5
2.1 Construction of the survey in Denmark 5
2.2 Extension of survey across the world 10
221 O izati 10
222 China 10
223 Belgium 14
224 Norway 18
225 Poland 22
226  Austria 26
227 Sweden 29
228 Italy. 33
229 G y 37
Results and summary of the surveys 4
4 Di i 45
5 Suggestions for case studies 46

New technology opportunities available

120
100
7 I - —_—e—— . —
g_ 80
2
5
§ 60 m Not important
2 Neither
E 40
5
z W Important
) . . .
0
Opensource  Wireless  Compatibility  Automatic Daylight  Integration of ~Integration of
protocolof  capabilities  with other controlof  responsive  occupancy other
control system systems (BMS,  daylightand  control sensors  environmental
HVAG, etc) electric lighting sensors
together

Figure 7: Answers from new technology opportunities available.

New technology opportunities available

120
100
i S
Sk . EaRul.

6 .
0 u Not important

20 Neither
—  Important
20
b |

[Number of answers]

Internet Open source  DC supply for  Glare responsive Combined light ~ Override  Geo-localization

connection (grid  protocol of lighting  control systems and heat control  features for  functionalities

connected  control system of shading occupants  from luminaires
systems)

Figure 8: Answers from new technology opportunities available.
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Review of lighting and

Contents i

° 1 i 1
daylight control systems ) 1
y 1.2 Glossary of Terms 1
2 Preliminary iti for it i for control of ighting and electric lighting............ =S

2.1 Whstis a control system? 2

22  Msjor components of control systems: input, control, output 2

m&m&%’:m 23 Open loop vs. closed loop controls 3
24 & network 5

25 Lighting Control in Building System 8

26 Centralized vs. Dy ized systems 7

281 Decentralized control system (without PC Unit) 7

282 C ized Control System. 7

3 Types of daylight control sy 8

3.1 Shading types 8

32 Control ]

33 ized or not i 10

331 i ial building 10

332 N i i 1"

R : f I H ht' d 4 Types of electric lighting control 12
eVIew o Ig I ng an 4.1 Blectric ighting and control systems: an il i 12

™ ) 4.2 Manusl ighting control systems 16
day"ghtlng control 43 ic lighting control systems 7
4.4  Points of attention / concems to be i 22

t 45 lIssues ing sensor 24

S ys e m s 5 Lighting Control F 24

5.1 Intreduction: Wired / Wircless 2¢

52 Wired systems 24

53 Wired Systems / Anslog 25

5.3.1 1-10V dimming 25

532 Touch Centrol Push Button but can be to digital 28

54  Wired Systems / Digital 28

541 DALI (digital) 28

542 G ing the DALI system 27

543 DALI with Touch dimming 28

544 KNX 29

545 DMX 29

546  Powerline / “Ready2mains” 29

547 POE : Power Over Ethernet 30

548 Toward a DC power supply in ceilings of buildi 30

549 Power issues 31

55 Wireless Systems 31

5.5.1 Wireless Lighting Control Systems and various types of wireless protocols....... . )

552 Bluetooth 35

= ' 553  ZigBee 36

IEA SHC Task 61 / EBC Annex 77: Integrated Solutions for Daylighting and SEG  Ehwae P

Electric Lighting

555 Enocean 38

5.6  Pros and cons for the different protocols, from the user perspective. 38

6 Conclusion : which strategy to develop? 39

6.1.1 Some sources of useful i { 40
7}
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User Interfaces

- Categories: analog, digital, hybrid

— Components

SOUAR MEATING & CDOUING PROGUAMME
INTERNATIONAL ENERGY AGENCY

- Trends
- Link to energy savings
- Combined control of lighting and daylighting

- Consequence on possible occupant satisfaction

User Interfaces

Figure 4 Examples of wireless apalog controllers that are connected to the combined network. From left: IKEA
TRADFRI remote, Phillips HUE On/Off/Scene select remote with dimmer, Phillips Smart Button with 4
programmable buttons.

(Images sources:

IEA SHC Task 61 / EBC Annex 77: Integrated Solutions for Daylighting and
Electric Lighting SmartPhone based inferfaces. by, Bubbendort.
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Subtask C

Design Support for practitioners
Coordination: David Geisler-Moroder, Bartenbach, Austria |i :

Focus on the application of technical innovations in the field of integrated lighting solutions in
practitioners’ workflows. Bring findings onto the desktops of designers by integration into widely
used software tools, standards and codes, and design guidelines.
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Workflows and software for the design of integrated lighting
solution

: : ‘9’7%/
— Example Design projects <
— Bartenbach Design office Workflows and software |
for the design of zz:ems

integrated lighting solutions

— DIAL Corporate Building
— CABR NZEB Office Building

A Technical Report of IEA
SHC Task 61/ EBC Annex 77
T61.C.1

AR A A

— Evaluation of design workflows as
applied in 6 different design compan

W S & eide oo s
Y883 883338R82380Nannswnna

]

=
.
-
IEA SHC Task 61/EBC Appnex77 | 335 Designin day-by-day work — the DIAL Heavy User. .. ... 27
Integrated Solutions for Daylighting and Electric Lighting =

From to user efficiency
-
48
= :
=

) )

=
— Review of standardized workflows 2
______________
=
=
22 77
43 DALEC 80
44 DIALux 85
DIAL+ lighting. 87
46 DIVA-for-Rhino..... e 92
M . M 47 The Fener simulstion engie............. —_— i SO
— Comparison o simulation software i fin .
49 Ladybug and Honeybee o7
. 410  PKPM-Daylight — Daylight Simulation and Analysis Software for Green Building ...............................100
engines e e o
412 RELUX.......... & DA, )
5 Ci lusie 1
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Facade Photometry: Standardization of BSDF daylight system
requirements

— Whitepaper on BSDF data generation for
daylighting systems as basis for

BSDF generation

standardization. procedures for
daylighting systems
W h i C h White paper

— angular resolution,

— characterization, and

— generation method

for which system and application.

C.2 Standardization of BSDF daylight system characterization Bartenbach’
HELLA venetian blinds — Klems: AOI = 0°

LabA Lab B ) LabF
= | | N
7 | i
L | i
< =
. Tan=
A A

— BSDF round robin test / quality check:
Measurements in 9 labs on venetian
blind system and fabric screen and
comparison of datasets in simulation. e
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Spectral sky models

— For later inclusion of spectral characteristics /
colour of daylight in the design process and tools

— Data from different location (Berlin, Beijing,
Singapore, Bratislava, ...)

— Supplementation of the current sky models with
spatial color temperature information.

Figure 12: Location of 145 Tregenzs point grid
(dots} in proposed segments

Table 7 fors used. pie in Figure 12
Sector |||\z|su|5|s\7|x\@|ﬂ|
Numberof measuringpoints || 14 | 12 | 14 | 14| 14| 14| 12| 14| 3 | 145

There are three significant colour changes of atmosphere during a day, i.e. - during
and after sunrise in the early moming, - during  day and - in the late aftemoon before
and during sunset. It can assume, that characteristic sky CCT occurs:

Figure 11: Fisheye picture overisyed by the
tor mask

« inthe early moming when y, < 15°,
« during a day for situations with solar altitude y, > 15°
« inthe late evening when y, < 15°.
The clear sky conditions offer study of azimuthal and elevation influences on the
spectral light distribution on the hemisphere. The 1SO 15469:2004(EVCIE S
011/E:2003 (CIE 2003) wiith its ization offers method for classification of the
sky luminance distribution.

Spectral sky models for
advanced daylight

/\
/

v, —
sisnce contribution &5

roperties

zeros 3D. The spegites, engine is tied to the
e run independently from the user interface.
described in Section 3.2, analytical spectral
uded in ALFA through import of IES files, an
measured luminous intensity information in
otinclude spectral information. ALFA applies
1 (SPD) on top of the IES luminous intensity
adjusted to maintain the same luminous flux

-ucas et al. 2014), photopic illuminance, and
fons and can illustrate those across a work

simulations

A Technical Reportof IEA
SHC Task61/EBC Annex 77
SubtaskC3

IEA SHC Task 61/ EBC Annex 77: Integrated Solutions for Daylighting and
Electric Lighting

plane sensor grid or a vertical sensor grid. Work plane and vertical sensor results can
be exported as a comma separated value (CSV) file with the full spectral irradiance.
ALFA can also calculate hyperspectral 81-channel HDR images and display photopic
and melanopic luminance; however, their analysis is only possible within the software.
Figure 18 depicts the ALFA interface

sevsssebe
o0 s b ot = e
Figure 18: ALFA
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Hourly based energy rating of integrated solutions

Hourly Rating Method
for the Energy

Demand of Integrated
Lighting Solutions

lan.  Febr. Marz April Mal  Juni  Jull Aug. Sept Okt Nov. Dez.
Daylight measure[%] Dayl[-]
=

0 55 60 65 70 75 BO B85 90 95 100

IEA SHC Task 61/ EBC Annex 77: Integrated Solutions for Daylighting and
Electric Lighting
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Hourly based energy rating of integrated solutions

Standardization

— Matched to hourly approaches in
other trades (building skin, HVAC)

— Replacement for / addition to
established annual methods

—1SO TC 274 “Light and Lighting”
Extension of ISO 10916

— Emulation / BACS oriented structure

— Simple web based tool with GUI for
testing and learning

== N615
ISO
=

Form 6: Result of voting on New Work
Item Proposal

Date: 2020-06-24 ISO/TC 274
N 615
Title of TC/SC concemed:
Light and lighting
To be completed by the secretariat and sent to the ISO Central lsecrva iat and to IIP domembﬂs
of the TC or SC concered, with a copy to the TC secretariat in the case of a subcommi
1SOTC 274 Circulation Deadine
N615 2020-03-31 2020-06-24
Tite:
Englsh tite:

Calculation of the impact of daylight utiization on the net and final energy demand for lighting
French title:
Calcul de reffet d'utiiser Ia lumiére du jour & la demande énergétique net et finale pour Féciairage

Results (the compliation of results is given as an annex)

The following criteria for acceptance have been met:

[X] Justification stater ments have been checked (s negaive voles must be sccompanled by 8 staement
justifying the decision, or they shall not be counted. See ISO/IEC Directives Part 1, clause 2.3.4)

Real World

Emulation / Modelling

| Daylight & Room |

I B.3. Daylight & Room |

| Electric Light & Room |

Electric Light & Room
e.g.150 20086

| User |

| B.4 User Model |

B.5 Building Automation (ISO 16484)
B.5.1. Input/ Output Functions (Sensors and Actors)

$

B.5.2. Processing functions (acc. 1SO 16484)

$

Test GUI - |BrowsulAPP  DevExtreme >‘
MEETExperienceDesktop e pren
Input, Output Winforms IWebserver ‘
MEETLibrary
Controlsthe calcul Pls, andfiles
$ .mo files

Emulation m

noo'eLica
Daylight i =] @)|| | openModelica
(CFS-Express) n“’ E‘

@ BACS Kernel (ISO
16484 / VDI 3813) w
Objectlibrary:

Electric Lighting G
(N.N)

Persona (User)

Sensors

Actors
Functional Elements

Network definition

Application Functions | Actors

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting”

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



Hourly based energy rating of integrated solutions

i>D

DIALux Evo Integration
— BSDF Facade modelling

— Integration of daylight calculation (“3-Phase
method”)

— User journey:
— “Energy Tachometer”,
— “Guided tour”

— with design advice

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting”

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



Hourly based energy rating of integrated solutions

DIALux evo 10.0 -0 X
File Edit Insert View ?

L5 I 6 @ Project @ Canstructon | ) Lwll@ Caleulation Objects ([ Export fb Documentation 318 Manufacturer ! P o X QIIW"‘ sceﬂe1‘vu@
) 450 Mosws: Goemt Qe [D-]@00] ¢ B ¥ =
-

;

Login v &

[Buitcing and outdoor plani]+]| £

. aver ss0 s N —">" b - .
”“III 0 kWh/a min. 170 kWh/c  max 430 kWh/
”““l Projektinformationen b

Nutzungsprofil v ’

Aktuelle Ergebnisse v

Einstellungen v

= Tipps

Wahlen sie ein Nutungsprofil aus, um bis 2u
20% Energie Elnzusparen

Unter vewendung von Tageslicht kdnnen Sie
bis zu 15% Energie Einsparen.
Lt 11 1 11 Ll
JlALux evo 0 new messages [
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Subtask D

Lab and Field Study Performance Tracking

Coordination: Niko Gentile, Lund University, Sweden;

Werner Osterhaus, Aarhus University, Denmark

Demonstrate and assess typically applied concepts for integrated daylighting and electric lighting
design by medium-term experiments in live-labs, supplemented by short-term investigations in
controlled research laboratory environments, as well as performance tracking in “real” field studies.

Energy saving
potential of user-
centred integrated
lighting solutions

)’) A Technical Report from Subtask D: D.1

t

T ]
)

m
R T
A "]
It
T

|~

) T
i | A

InegrtodSoitons for DyIghingand i Lighting
e iy it

SYSTEMS

— INTEGRATION STRATEGIES

[ Daylighting
;> Electric lighting
=

Jiv Controls

Design process

Integration process
(technical and non-technical aspects)

Lighting energy

Efficiency
of components

Integration in existing

certification systems

Savings
from integrated design

ENERGY PHOTOMETRY
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24h

CIRCADIAN
POTENTIAL
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Lab and Field Study Performance Tracking

Monitoring Protocol

Circadian Stimulus (CS) Melanopic Equivalent (D65) llluminance
ENERGY PHOTOMETRY . ( (M-EDI) [lux]
e —=
2 View 1 2 View1 ®
g 3
1z 1z
> >
< 9 ©
; O View2 O View2 mm
2 View1 2 View1 |
5 5
2] 12
= =
24h 2 View?2 2 View2 m
W il
0 0.1 0.2 0.3 0.4 0 50 100 150 200 250
ion: cs M-EDI
Evening target ‘ok” target “good” target
CIRCADIAN USER zone 09:00 - 13:00 09:00 - 13:00
POTENTIAL PERSPECTIVE

&

-y
movisen

LightMove 4

7,40m
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Lab and Field Study Performance Tracking

24;’1

¢,

el

E=— FE

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting”

SHAC
SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



l_ntegratgd desigq for dayligﬁt and electric
llghtmg In Olympijc Competition venue Py

SOLAR HeATHiG
INTERNATION,

/"fegrated y
P des;j .
I'thlng in oy, 9N for dayjj
i lympi Ihtang eje,
light and electric ’ o Compeion venye "1
!Igetition venu *

ign for da
d design
‘?g':a?il;\agt?n Olympic com!

Figure 6. Glare control a1 NG

_ —_
Figure 7. Demonsiraton e renovaton,

SUpply and controf technology was ajse required. It hejpeq
Pushing forward the chojgy of LED products, by sejogy
ing those providing cellent technical perfompance, Since
high-power LED lumingjren are required for sych venue,
the choice of top progere Was key o achieve oy, high

quality illumination - as needed for high-leve| Sport events
Wwhich are also

broadeasted - ang reyge the energy yse !
for lighting Figure 8. Lighting (ay oy
Compared with Chingse Standard JG. 153, ighting power
The lighting scheme here Presentedis used for fhe curling i
hall of the Winy

density in swimming mo

tor Olympics. The hal hag o height of 30 *7 m), and th

M. and the renovateqy lighting area is aboy ggog y2®  swimming made )

e €S- After the renovation fhe lighting can not only mee, density to be 174 g

the equirements of curling Competitions of the Winter saving of abo,

Olympics, but aiso mee e requirements of highgefin. of LED Iumin

fion TV broagcast of swim reduction, which meansg the overall energ
afer the Games than 60% compare to e standard,

Re!ernng to current Operati

{ime 25 200 hours per yegr

a Sepan fhode. 300 hours per years

; can a im ihe average load is 595, o

y was large. ffm lighting require- sidering the charg, of hamonic controf and LED - modified site lighting sys

cay It to meet i 3

t, and cult
e robloms. ltwas s e ting fixtures Is controlied at about 79,
P tre venue "g‘ca,. not onl] types of matches

e is 290 W/me (Height is 25 m

™G and diving compeitions

"9 mode, we can sey the
" curling mode and syimpm;
n diving mode. If syppg;
nual energy consumption
fem is about 60 000 Ky,

blem:
e Bt -level si
ments for high- oy =
the renovation v
e been all high-pov e
it results for the lighting in the
Table 1. Test

ber 1 to December

11, 2019, before ang
ter the junior

Pen curling compeition, e, . search :e\:?r:zef o 13 arg Salisfigy
g, Sompetition, the resear, )| (- €spacia 2th the 1y
Conducted a comprehengiye, est on the lighting gy "2 lght ingg e Ve, :’e"’:y‘j" in the fmmduu,al"g,s;?”
"eel hay b
™MeNtof the curling argng Lessong larngy PP and mopg et
i e research group selecteq gy ™MOdes of curling for Oyl
ffluminance , g, and the test reguits gy Shown in the Taple 1 a5 gy
izontal of | d Usage mog
e Horizont camera and usage mg,
Averag inance of main Ve a ve important vnﬂuence on Itcan be seen that
imum ilumi ry
Minimi lighting ©energy consumption,
S
Wi‘(\c\e“”
B

allthe indicators megt the require
©f Chinese standards ang OBS. Figure 9 shows the

era
Glare index to the cam

e T,
Jated color temperatu
Correl 2
Color rendering lr;di: 5w
/Im render
Special col

I EB A 77 I I I H I: I I- Il I | I H I' I_I' “u
/ X n

ING PROGRAMME
SOLAR HEATING & COOL!
INTERNATIONAL ENERGY AGENCY



Lab and Field Study Performance Tracking

Daylighting integration is an

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

asset for the retail sector

Generous windows, daylight harvesting and Human-Centric LED
Lighting in the pilot project IKEA Kaarst store

At IKEA Kaarst daylight was brought into the ex-
hibition area. This, combined with clever integra-
tion of electric lighting, has improved the shop-
ping experience for customers and left the mark
on a bunch of enthusiastic employees.

The project

When you arrive at IKEA Kaarst, the feeling is that you are
in front of yet another “blue-box” store of the famous furni-
ture chain. But it is when you walk-in that the magic hap-
pens. In the “living room” exhibition area, large west-facing
windows allows the afternoon sun illuminating sofas and
tables (Fig. 2); the electric lighting is provided by LED lu-
minaires dimmed with a daylight harvesting sensor (DHS),
and a number of ceiling spot lamps. After walking through
various departments, you will end up in the “home decora-
tion” area, where fully-glazed windows provide most of the
illumination and a most-welcomed connection to the out-
doors; there, the electric lighting relies on traditional halo-
gen spotlamps plus a proof-of-concept Human-Centric
Lighting (HCL) consisting of LED panels with colour tun-
ing. The light CCT changes overtime according to a prede-
fined schedule which is intended to mimic daylight (Fig. 2).

Figure 1. The IKEA shop in Kaarst as seen from the outside. The win-
dows in the living room exhibition area can be seen at the top of the first
fiight of stairs.

Monitoring

The site was first visited in February 2019, and then moni-
tored for two weeks, slightly before the spring equinox.
The field monitoring provided valuable insights as well
as material to produce additional computer simulations.
The simulations were used to evaluate daylight indicators
such as the Daylight Autonomy (DA) or the Daylight Glare

ottt
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©
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Location: Kaarst, Germany Sun path for Global horizontal and vertical radiation for
51.21°,6.64° Kaarst, Germany Kaarst, Germany
|IEA SHC Task 61 Subtask D J_—ryﬂ |
Monitored by Rafael Campama Pizarro, Lund University e
More info Niko Gentile, Lund University, niko.gentile@ebd.lth.se H_F.
http://Mwww.ebd Ith.se

Switchable windows
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demonstrated to provide
increased view in offices

Transparent electrochromic windows increase user options for
tuning their environment to satisfy personal preferences for

daylight, view, and comfort

Low-emittance windows were replaced with
variable-tint, electrochromic windows in forty pri-
vate offices. 85% of the occupants preferred the
electrochromic windows, citing increased view
and visual comfort.

The project

The environment next to windows is the most variable of
all areas in a building and yet is the most desirable due
to proximity to outdoor views and natural light. Switch-
able electrochromic (EC) windows can temper broad fluc-
tuations in solar radiation and daylight by modulating tint
levels between clear and darkly coloured states based on
a dimming signal from automatic or manually operated
controls. With adequate control, the windows can reduce
heating, cooling, and lighting energy use in buildings and
provide daylight and transparent views to the outdoors. To
better understand user satisfaction with this novel tech-
nology, a monitored demonstration of the technology was
conducted on two floors of an eight-story, 28,000 m? of-
fice building (vintage 1953) in Portland, where EC win-
dows were installed on the south facade (Fig. 1-3). The
EC windows were controlled automatically to meet solar
control, daylight, glare, and view requirements of office

Location: Portland, Oregon, USA

Mars1 1 Dscomber W

Figure 1. Exterior facade of the monitored commercial office building.

workers. The tint level could be manually overridden by
the occupant at any time. Performance was compared to
existing office conditions, i.e., dark tinted, dual-pane, low-
emittance windows. Both the EC test and low-e reference

Haurr sur poster B

Horzontal

Sun path for Global horizontal and vertical radiation for

4550° N, 122.67° W Portland, Oregon, USA Portland, Oregon, USA

|IEA SHC Task 61 Subtask D

LBNL ‘—-rL Hl

by Luis L. F Anothai

More info Eleanor S. Lee, Lawrence Berkeley National Laboratory, eslee@Ibl.gov w

https://facades.|bl.gov/demonstrations
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Lab and Field Study Performance Tracking

LED lighting for improving

m
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well-being in a psychiatric

hospital — A first look

A simple solution with separate day and night lighting systems,
attempts to provide better experiences for staff and patients

At Slagelse Psychiatric Hospital, they apply
a simple strategy in an attempt to improve the
well-being of staff and patients. In patient rooms,
daylight and three downlights with a warm col-
our appearance provide sufficient light during the
day. At night, two downlights reduce light levels
and colour temperature to help create a calmer
atmosphere.

The project

Completed in 2015, Slagelse Psychiatric Hospital (Fig.
1) is one of the largest psychiatric facilities in Denmark.
The building's 44,000 m? floor area includes general and
high-security wards, as well as training and research
facilities. It was designed as a network of clusters with
good connections between the different functions of the
hospital. It achieved a silver rating in the Danish DGNB
green building certification system that was first established
in Germany in 2008. The lighting designers planned an
extremely simple lighting design strategy in an attempt to
provide better health and well-being for both patients and
staff. An LED lighting system consisting of two separate
circuits of luminaires was installed in the patient bedrooms
and other areas of the hospital. The focus of this case study
is on the patient bedrooms (Figs. 2 and 3). During the day,

s waren )anmho- Hour sur poster B

Figure 1. Psychiatric Hospital in Slagelse, Denmark: Exterior (top left),
inner courtyard (bottom left) and corridor in patient ward {right) under
partly overcast sky on 26 February 2020.

daylight is supplemented by three LED downlights with a
correlated colour temperature (CCT) of around 2700 K
providing an additional average illuminance of 250 lux on
top of the daylight levels. At night, only two LED downlights
in positions different from those operating during the day
provide an average illuminance of just above 100 lux at
a CCT of around 2000 K {measurements varied between
1750 K and 2200 K). Average daylight factor levels (DF) in
the patient bedrooms are between 2 and 3 percent. Awall-
mounted orientation light is installed adjacent to the base
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Location: Slagelse, Denmark Sun path for Global horizontal and vertical radiation for
5.40° N, 11.37°E Copenhagen, Denmark Copenhagen, Denmark
(5587 N.1252° E) {5567"N, 1252 E)
IEA SHC Task 61 Subtask D :rl —_ |
by W. O: I3 , M. Gkaintatzi-Masouti, K. Nielsen and F. Dobos B
More info: Prof. Werner Osterhaus, Aarhus University, werner.osterhaus@cae.au.dk H_F_

Office space with
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light-emitting structures in

upper part of the facade

Large-scale micro-optical panels were integrated into the upper
part of a fagade. The lower part is operated with venetian blinds for

sun and glare protection.

At the Fraunhofer IBP in Stuftgart, large scale
light-emitting panels were integrated into glazing
units and integrated into the upper part of the fa-
cade of a fab room. The evaluation of the perfor-
mance of the lighting conditions and the energy
related parameters were compared to a second
identical room, with conventional lighting.

The project

This case study is part of a bigger project project called
TaLed, which was funded by the Federal Ministry for
EconomicAffairs and Energy (BMW}(Project Management
Julich). The main purpose of TaLed was to improve the
energy efficiency, life cycle balances and indoor comfort
by employing micro-structured optical components for
daylighting and electrical lighting. For this case study, a
micro-optical structure, namely - Light-emitting structures,
have been optimized for redirecting glare-free artificial light
deeply into the building interior. The structure is placed on
the surface of transparent substrates, which emit laterally
injected LED light on one side only,. In this use case, large

Alite ives)

Figure 1. The lab roam seen from the inside. The lignt-emitting struc-
tures are placed on the top part of the windaws and provide illumination
to the raom interior

scale micro-optical panels were integrated into glazing
units and placed into the upper part of the facade of a
lab room at FHG-IBP (Figure 1). On the lower part of the
window a standard venetian blind is being operated for
sun and glare protection. To evaluate system performance
the lighting conditions and the energy related parameters
are compared to a second identical room, which has
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Location: Stuttgart, Germany Sun path for Global horzontal and vertical radiation for
48.74°N,9.10° € Stutigart, Germany Stuttgart Germany
IEA SHC Task 61 Subtask D :".J—L l
by Carolin Yuen Fang and Daniel Neves Pimenta
More info Jan de Boer IBP Fraunhofer, jan.deboer@ibp fraunhofer.de H_F_

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting” {

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



Lab and Field Study Performance Tracking

Light and shadows in an

Amazon building

m
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Challenges to integrate daylight and solar protection elements in
an iconic building of the Brazilian modernism

In a representative Amazon building daylight use
and solar control elements are examined. Occu-
pants are satisfied with the indoor space, despite
some changes done to the original design. Com-
putational simulations suggested good daylight-
ing design overall, with little risk for glare occur-
rence, as in the intention of the original design.

The project

Forum Sobral Pinto (Figure 1) is an important building in
Boa Vista City, capital of Roraima state, extreme North of
Brazil. Located close to Equator line, immersed in Ama-
zon Forest, the place serves to the local judiciary authority.
The Forum Sobral Pinto was built in 1979, designed by
Severiano Mario Porto - an icon of Brazilian modernism
architecture -, internationally recognized as the “architect
of the Forest "or the "architect of the Amazon”. Elected
man of the year by the French magazine L'Architecture
d'Aujourd’hui in 1987, he developed in the Amazon a de-
sign with its own identity, using resources such as inte-
gration and use of local bioclimatic potential, with focus
on cost optimization, renewable materials, and regional
techniques. In the Forum Sobral Pinto building, Severiano

Figure 1. Forum Sobral Pinto building
Mério Porto applied bioclimatic strategies — like fixed solar
shading elements - with impressive quality, while the lim-
ited depth of the building still allowed for abundant daylight
penetration

The building has an area of 5686 m? distributed in four
floors (including an underground one). All the windows are
oriented Northeast and Southwest, with fixed concrete el-
ements used as solar shading (Figure 2). Originally, these
windows had a single glass, but solar and light control
films were added later for privacy and security. The win-
dows films are of smoked type, with 50% of light transmit-
tance. Such modification represents a major change in the
original daylighting design by Severiano Mério Porto
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Location: Boa Vista, Roraima, Brazil Sun path for Global horizontal and vertical radiation for
-11.99°, -84.14° Boa Vista, Roraima, Brazil Boa Vista, Roraima, Brazil
|IEA SHC Task 61 Subtask D j.l. —_ |
Monitored by Ayana Dantas de Medeiros, Derick Lucas, Leslie Oliveira, Nathalya Melo, =z
Poliana Pires, Lab of Environmental Control and Energy Efficiency - LACAM, UnB H_F_
More info Claudia Naves David Amorim, University of Brasilia, clamorim@unb.br

Lighting at the heart of an
integrated building control

system

Integrated lighting solutions enable biologically active lighting in
the glare-free Living Lab in the Bartenbach R&D building

In the Bartenbach R&D building a high level of
daylight integration is realized while maintain-
ing glare and heat protection. In combination
with workstation-zoned LED lighting with color
temperature and intensity control adapted to the
time of day, the occupants experience a lighting
environment that provides both visual comfort
and biologically activating effects satisfying indi-
vidual preferences. To exploit the energy effects
of integral concepts, the heating and ventilation
trades are also controlled in addition to the day-
light and artificial lighting trades.

The project

Upon entering the R&D office building of Bartenbach, the
large, south facing windows together with north-oriented
skylights are identified as prominent feature, ensuring a
high daylight level in the office. 200 m? of office space are
divided into an open-plan office, two individual offices and
a meeting room (Fig. 2). To avoid disruptive effects of di-
rect sunlight on the workplaces, external static daylight
deflecting louvres are installed, the size and spacing of
which were specially arranged and dimensioned for the

<ns 0 Warer I Decambor Ml our sur poster B i
Location: Aldrans, Austria Sun path for Global horizontal and vertical radiation for
47.24°,11.46° Aldrans, Austria Aldrans, Austria
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Figure 1. Careful daylighting design is integrated with CCT tuning at the
Bartenbach headquarter in Aldrans, Austria

geographical location of the building. The electrical lighting
of the workplaces and transit zones is realized with a ceil-
ing-integrated LED lighting system equipped with patent-
ed freeform surface reflectors developed by Bartenbach
With the artificial lighting, glare-free illumination of the
workplaces is ensured by means of longitudinal glare con-
trol and asymmetrical beam characteristics. In addition,
the luminaire arrangement provides uniform illumination of
the workstations and prevents the user from shading the
work surface. Via illuminance sensors and passive infra-
red sensors, the artificial light is automatically switched or
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|IEA SHC Task 61 Subtask D
by Sascha and David Geisl
More info David Geisle: 4 1, david.

isler-moroder@bartenbach.com H_F_
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Lab and Field Study Performance Tracking

Lessons learned

— 24 case studies provided as factsheets for a wide audience

— Energy use is reduced by a factor a four compared to current installations (5 kWh/m2a vs 20 kWh/m?a for offices)
thanks to re-lamping, re-commissioning shading/lighting systems (including training and fine tuning), and controls

— Systems eliciting circadian response (dynamic dimming and color tuning) are very popular and appreciated by
users

— However, there is a risk of energy rebound associated with these systems
— They are designed for electric lighting conditions only (no daylighting integration!)
— They must deliver around 1500 Ix on the horizontal to elicit some response at vertical eye position
— Low efficiency LED are often used (80 Im/W or so)

— View out is a determinant factor for appreciation; view out # daylight > openings with different purposes are
proposed (e.g. top part for daylight, bottom section for view out)

The occupant saves energy, not the system: training, education, fine tuning!

IEA SHC Task 61 / EBC Annex 77 , Integrated solutions for daylight and electric lighting” %
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Daylighting of Non—Residential

Buildings

Position Paper

January 2019

The lack of advanced energy calculation and rating method impedes the design of
innovative lighting installations integrating daylighting into “Human Centric Lighting"
and “Smart & connected Light” concepts.

Actions Needed

The following actions by governmental, non-governmental organization (“NGO") and
private entities could significantly drive this market up.

Governments

o Daylight as ‘renewable energy source”: Recognition of daylight — which can be
sufficiently quantified as an offset for electric lighting — as a "renewable energy
source” included for instance in subsidy programs as a known from other market
sectors (PV, wind, etc.).

o Revision of ordinances: Revision of ordinances to demand the incorporation of
technically working and economically advantageous daylighting solutions:

o Floor plans/architecture: Where not yet implemented, specification of a
minimal ratio of window to floor area of spaces (for instance in central Europe
between 1/8 — 1/10). Specifications for minimum view out.

o Fagade technology: Inclusion of light redirection technologies in the fagade.
Selection of daylighting supportive combinations of glazing and sunshading/
glare protection devices.

o Building Management Systems: Usage of daylight dependent electric lighting
controls. Control of sunshading/glare protection dependent on indoor space
occupancy sensing (visual comfort driven when occupied, solar gain driven
when unoccupied: i.e., maximum gains in winter, minimum in summer).

NGOs and private public partnerships

o Sustainability certificates: Use sustainability certificates to promote daylighting.
Introduce daylighting if not included yet or revisit existing older certificates and
update.

o Memoranda of understanding of key players in the market: Agreement on
reduction goal for lighting energy consumption with a fixed time horizon. Daylight
will have to play a key role in this, A recent Swiss initiative to reduce by half the
energy consumption for lighting by 2025 could serve as a template,
https://www.minergie.ch/media/mm_minergie_licht 2018 20180913 _1.pdf

Private sector (design, industry)

o Design process: Introduction of processes ensuring certain daylight quality
levels (e.g., by parametric, automated design tools). Deployment of concepts
from new daylighting standards like EN 17037 "Daylight of Buildings."

« Design tools: Establishment of more refined rating methods in standards and
design tools supporting new product features and integrated building
management.

o Integrating day- and electric lighting: Better integration of daylighting and electric
lighting in a holistic lighting design approach is an important lever for increasing
efficiency and better matching lighting to the user's needs (refer also to
http://task61.iea-shc.org/)
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Follow us: http://taské61.iea-shc.org/ ...and of course ...
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http://task61.iea-shc.org/

...use light intelligently.

Alexander Lervik,
Designer,
Stockholm
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