Daylighting and Electric Lighting
Solutions - Highlights and results

Martine Knoop | IEA SHC Task 50 Subtask B Leader | Technische Universitat Berlin

IEA SHC Task 50: “Advanced Lighting Solutions for Retrofitting Buildings”

Copyright pictures 1 -4 SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AG



Searching for adequate retrofit solutions —
how to rate and compare lighting technologies

*  Simple retrofits are widely accepted

*  Promote state-of-the-art approaches —
daylight and electric lighting
* possibly higher cost
* (further) reduction of energy consumption
* improving lighting quality
* Aim: Support decision process
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Retrofit Solutions
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Retrofit Solutions
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Retrofit Solutions
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Intervention type

Upgrade of existing Use new components

o L Redesign
situation In existing situation

Daylighting
Product

Daylighting
Control System

Electric Lighting / ! A
Product / ! i

Electric Lighting
Control System

Building Interior
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Upgrade of existing
situation

Daylighting
Product

Daylighting
Control System

Electric Lighting
Product

Electric Lighting
Control System

Building Interior

Intervention type

Use new components
in existing situation

Redesign
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Catalogue of Criteria

SOLAR HEATING & COOLING PROGRAMME

daylighting solutions energy efficiency

&

electric lighting solutions lighting quality

&

thermal aspects

e

running and inital costs

Catalogue of Criteria
to rate highly differentiated
Lighting Retrofits Technologies

TS0.B1

A Technical Report of IEA SHC Task 50

July 2015
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Example:
Criteria for Energy Efficiency

Daylighting Electric Lighting

*  Energy savings potential * Energy savings potential

* Light guiding into depth of the room * Efficacy of component

*  Primarily using diffuse skylight * Directionality

*  Primarily using direct sunlight emitting angle / luminous flux reduction

*  Power factor

*  Dimmable

IEA SHC Task 50: “Advanced Lighting Solutions for Retrofitting Buildings“ %
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Catalogue of Criteria
to rate highly differentiated
Lighting Retrofits Technologies

T50.B1

A Technical Reportof IEA SHC Task50

July 2015

http://task50.iea-shc.org/data/sites/1/publications/Technical%20Report_T50_B1_final.pdf

IEA SHC Task 50

TS50.B1. Catalogue of Criteria

Appendix B: Catalogue of Criteria for Daylighting Retrofit Solutions

much worse
than baseline

worse
than baseline

similartobaseline
or not applicable

better
than baseline

much better
than baseline

Energy efficiency

i ; -30 % < energy -10 % < energy 10 % < energy ‘
Enelgysavmgs energ.ysawng? savings potential | savings potential= | savings potential energy savmgus
potential potential <-30 % <10 % 10 % <30 % potential > 30 %

performs well
Primaiily using no s underboth diffuse
diffuse skylight ¥’ skylight aswell as
direct sunlight
performs well
Brimailyusing no yes underboth diffuse
direct sunlight skylight aswell as
direct sunlight
Visual comfort
Plowdgsglare no protection depends yes
rotection
P < {or EN 14501 - (or EN 14501 - (or EN 14501 -
(:‘;‘:d’;?m:" Class 0) Class 18 2) Class 3 & 4)
Providesglare no protection depends yes
protection (or EN 14501 - (or EN 14501 - (or EN 14501 -
(direct sunlight) Class 0) Class1&2) Class 3 & 4)
Visual amenity
. serious digtortion / minor distortion /
View out no blockage /
blockage blockage - N
‘cf;‘”‘e d’ii"‘:];‘y {or EN 14501 (or EN 14501 (;'%f:s';';)
Class 08 1) Class 2 & 3)
serious distortion /

N blockage minor dislortion ¢ no blockage /
View out (baseline) blockage digortion
(direct sunlight) (or EN 14501

(or EN 14501 {or Class 4)
Class 0 & 1) Class2 &3)
Light
transmittance less than -30 % less than -10 % small change more than 10 %
(ovedr;tgst s:\y (Ty < 0.55) (tv < 0.75) ™ =075-080 (tv > 0.80)
conditions;
:.ight " less than -30 % small change more than 30 %
ransmittance
(direct sunlight) (Tv < 0.07) ™ =0.07-013 (Tv > 0.13)
Colourdistortion /
:‘fgfg‘é’;"""d””y c;’:ﬁf& affects R, dightly maintains R,
(overead sy (R 80, (80 < R: < 90) (80 < Ry < 100)
conditions)
ﬁg;“’i‘g (df'::"D'é';;' / cos:mf:dcésraRl;ly affects R, slightly maintains R,
(direct sunlight) (R, < 80) (80 <R, < 80) (80 < CRI < 100)
minimal medium high
Privacyat night (or EN 14501 - {or EN 14501 - (or EN 14501 -
Class 0) Class182) Class 3 & 4)
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Comparison to baseline
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Comparison to baseline

a clear double pane window
simple moveable venetian blinds

* aclear view out
* glare protection from direct sunlight
* privacy at night
T8 Installation
60 Im/W
Ra > 80
Tcp = 3000 K

room size: 9x6x3m

reflectances : 0.7 (ceiling), 0.5 (walls),

not dimmable . 0.2 (floor)
lifetime light source: 15 000 h s
* LLMF: 0,89 bei 12000 h
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Intervention

Use new components
in existing situation

Daylighting
Product

Daylighting
Control System

Electric Lighting
Product

Electric Lighting
Control System

== Energy Efficiency

mmmm Lighting Quality

Building Interior

mmmm Thermal Aspects
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Technology Viewer
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* Technology Viewer —
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DAYLIGHTING AND ELECTRIC LIGHTING RETROFIT SOLUTIONS

A SOURCE BOOK OF IEA SHC TASK 50
‘ADVANCED LIGHTING FOR RETROFITTING BUILDINGS'

DEMAND DRIVEN LIGHTING CONTROLS

Demand driven lighting control is a system consisting of an electric lighting solution and a
control strategy to achieve a very high level of lighting quality and reducing the energy con-
sumption at the same time. A control strategy and electric lighting solution to be used when
lighting quality and personalization is very impartant.

>> Description:

Demand driven control solutions can optimize the energy consumption of the lighting sys-
tem while maintaining high visual comfort for the occupants. The idea is to provide the room
only with the necessary amount of light. In areas out of vision the level of illuminance can be
reduced. The necessary amount of light is depending on the number of people, their position
and their current task. Technically demand driven lighting systems generally consist of sev-
eral luminaires that can be controlled separately. In addition a precise detection of the occu-
pant’s position with presence detection systems (PIR or camera based) is necessary. When the
accupant is entering ane zone of the reom, the lighting for this part of the room is provided.
Depending on the algorithm the adjacent zones can be dimmed to respectively lower illu-
minance level. Recently developed lighting systems use distributed intelligence to create a
demand driven lighting system. Every luminaire is equipped with a presence sensor. If an
occupant is detected, the luminaire will raise the light level and send a signal to the adjacent
luminaires. The activated luminaires build an illuminated area that moves with the occupants
when they change their positicon. In the case of several occupants in the room several light
areas will be formed. When the room is completely crowded the whole area is illuminated.

Currently the demand driven control is developed further. With a set of deep image infrared
sensars the position and viewing direction can be captured by the system. This information
can be processed to determine the activity of the user and to dim the light to his needs. To
provide the optimal lighting conditions the luminaires are extremely flexible regarding level,
distribution and colour of the lighting. This way the system can change the whole lighting
situation dynamically depending on the user, his task and the time of the day. User accept-
ance studies for single offices have been carried out and hints could be found that savings up
to 40% are possible without reducing the user-acceptance of the lighting situation.

>> References
Woodward (2014): Distributed intelligence for energy saving smart-lighting

https://depositonce.tu-berlin.de/handle/11303/5494

Electric Lighting and Controls Solutions
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>> Highlights & Lowlights:

Increase in fighting quality and
high amount of personafization

High reduction of energy con-
sumption possble

Instaftation needs calibration

Very high investment costs



Redirecting blinds
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Algorithmic lighting

Stainless steel shutters
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Virtual windows.

Demand driven controls
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Task - ambient lighting

Daylight harvesting

Skylights
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Translucent skylight systems

Acrylic skylights
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Light tubes
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Micro sunshading louvres

Enlargement window area

Lamellae heliostats

Light shelves (exterior)

LED luminaire replacements

Personal control

Time scheduling

Wireless lighting controls

Occupancy sensing

Light shelves (interior)

Louvres

Review in 2015,

LED for incandescent lamps

LED T8 replacement lamps

Performance Assessment of Selected Retrofit Solutions

Report April 2016

Louvres (wood)

Louvres {glass)

—

Micro lamellae

Prismatic elements

Performance Assessment of Selected Retrofit Solutions

Blinds




Summary of Technology Review

Economical retrofits to reduce energy consumption for electric lighting
* replacing a lamp or adding interior blinds,

* atask - ambient lighting concept,

°* occupancy sensing,

* personal control in daylit spaces,

* daylight responsive lighting control through switching,

* time scheduling,

* wireless controls (occupancy and daylight responsive), and

* replacing an magnetic ballast with an electronic ballast

Retrofits that additionally address non-economic or indirect economic benefits
* daylighting retrofit solutions, generally higher investment costs

* redesign of electric lighting installation and lighting controls

IEA SHC Task 50: “Advanced Lighting Solutions for Retrofitting Buildings“ %
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Searching for adequate retrofit solutions —
how to rate and compare lighting technologies

The work conducted within IEA Task 50, Subtask B allows to

* evaluate a large variety of systems
product families only,

* make a sensible, first, decision for
a selection of lighting retrofit solutions.

Promote solutions that increase lighting quality,
especially daylighting solutions

IEA SHC Task 50: “Advanced Lighting Solutions for Retrofitting Buildings“ %
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Thank you for your attention

IEA SHC Task 50: “Advanced Lighting Solutions for Retrofitting Buildings”
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(light source) anendel @morguefile - http://mrg.bz/03e70b

(magnifying glass) wintersixfour @morguefile - http://mrg.bz/f7b9f4

(sun spot) Penywise @morguefile - http://mrg.bz/OgkTW8

(luminaire and thumb) Alvimann @morguefile - http://mrg.bz/xTal8Y

(paint on wall) Romana Klee @flickr (CC BY-SA 2.0, cropped) - https://www.flickr.com/photos/nauright/12550874634/
(retrofit office old) - Bartenbach GmbH

(wall retrofit) — Martine Knoop

(retrofit office new) — Bartenbach GmbH

(window retrofit) — Peter Galvin @flickr (CC BY 2.0, unadapted) - https://www.flickr.com/photos/p_x_g/ 2938042955
(led fluorescent retrofit) - Mcapdevila @wikipedia (CC-BY-SA-3.0, unadapted) —
https://en.wikipedia.org/wiki/LED_lamp#/ media/File:Fluo-45W_LED-17W.jpg

(ballast retrofit) - Christine Rosalin, NAVFAC Pacific Public Affair @flickr (CC BY 2.0, cropped) -
https://www.flickr.com/photos/navfac/ 8594162546

(fluorescent retrofit old & new) — Claudia Amorim

(occupancy sensor) - Gramophone Maryland @flickr (CC BY-NC-ND 2.0, unadapted) -
https://www.flickr.com/photos/gramophonemaryland/8287294863

(context sensitive lighting) — Fraunhofer Institut fir Bauphysik
(blinds) - hotblack @morguefile - http://mrg.bz/096d89

(fixed redirecting blinds) - Martine Knoop

(application of light tubes) — Peter Bartenbach

(louvres) — Stanislav Darula

(extendable exterior light shelf ) — Peter Bartenbach
(translucent skylight systems) - Barbara Matusiak

(retrofit lamps) — Philips Lighting

(luminaires) — Philips Lighting

(redesign lighting installation) — Bartenbach GmbH

(laser cut panel) — Technische Universitat Berlin
(sunprotection film) - mzacha @morguefile - http://mrg.bz/c4e0fd
(luminaires) — Philips Lighting

(luminaires) — Philips Lighting

(reduce partition height) — Bartenbach GmbH
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