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There will also be natural propriety in using eastern light for
bedroonsand libraries, a western light in the winter for baths ant
winter apartments, and the northern light for pice galleries and
other places in which a steady light is needed; for that quarter o
the sky, grows neither light nor dark with the course of the sun,
remains steady and unshifting all day long

Vitruvius (around 80 — 15 B.C)

Dagdys er det bedste$, punktum.
Daylight is the best light, period

Christina Augustesen, giving a guided tour at Novo Nordic headquarters in 2016.




Abstract

Many museums are placed in historical builditigat are not desigw for the purpose of

being a museum. Those buildigreate an atmosptie environment for art exhibitions
Because thodauildings are notdesignedo exhibt light sersitive works often the solution

is to block daylight and use stable electrical lighiith this solutionthe positive elements

of daylight which electricallight does not haveare lost.Daylight haspositive elements

that include the appearance of the space, the orientation to the surroundings outside the
building, and human welbeing, all of which contribute to positive experiences of the
museum visitor.

In this case studya series of interviewsonducted withstaff membes at a museum
determinedhe issues they experience withth electriclight and daylightas well agheir
needs ang@reference$or the useof the spaceén regardo the light situatn. The input from
the interviews an@n analysis of the spagerovided information thatvas used to make
specifications for a design solution.

The design solutioreduceghe daylight intakéhroughtheside lit windows with theise of

light filters andwith adjustableblack outblinds that reduce the geometry of the window
apertureThree exhibitions layouts are presented that use partition walls that are placed in
order to blockor reflect lightandmake advantage of the reduced amount of daylight still
entering the roomAdditional elements of the design solution consisted of a new design of
the lighting grid. The presented solutianade it possible to show light sensitive works that
require reduced light levels at zer&0 and 200 lux.
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1 Introduction

The Bible starts with these words:

In the beginningGod createdhe heavenand the earth.Now the earth was formleasd

empty darkness was over the surfaddlte deepand the Spirit of Gotvas hoveringver the

waters. And God saidi L e t there be | i glsodsawthatthe lightkvasr e wa s
good,and he separated the light from tharkness.

What is striking is that when God saw the light, heedwrined that it was good. Ages have
passedsince that day, and much knowledge has been gained. All this knowledge from
generations of observers emphasibed the light that we receive from the sun, which is

almost 150 million kilometers away, has uniguealities ands the reference source for
Agoodo | ight. It is also this |ight our anc
evolution, our eyes are perfectly adapted to this typigaif

Manmade light started approximately 400.000 years wgen Homo sapiens started to
make and control fire. Fire provided people with warnaiid offered a somewhat
controllable form of light. Many centuries passed before a further developrasnmhade
The next ste@dvancementvas the oil lamp, which was use startingfrom roughly 400
B.C. Gas lighting was introduced aroutite yearl80Q and almost a century latethe
electrical bulb brought artificial light to thgeneralpublic. Fluorescent light tubes were
developed around 194The most recent major detlepment in lighting is the LED light
source, which was introduced around the start of the 21st century.

This means that apart from the daylight there wgde rangeof light sourceghat can be
usedwhen designing lighting schemeBut one thing is surewhen lighting is being
designed fomuseuns andart galleiies, the lighting must be of the best quality, because
most of the artworkmust be experienced or understood through their visual information.



1.1.1Introduction to the qualities of daylight

Daylight is ecognized to havmanyqualitiesthatare not easy to accomplish with electrical
light. Clegg (2014) describes te reasonsfor working with daylight improvements in
buildings as following

1 Reduced eergy consumptian

1 Benefits to human health @nvell-being

1 Better gpearance of the space.

1 Providesa connection to the location, the weather outside and time of the day.

To this can be added
1 Good colour rendering

Good olour renderingis an obviouselement toemphasie when evaluatingmuseum
lighting. Somemoresubtleelementgelated tathe use of daylighincludethe appearance
of the spacehe orientation to the surroundsgutside the buildingandhuman weHbeing
all of whichcontribute to positive experiersef the museum visitor.

Researls shows that people prefer offices with windomstead of offices without windows
(Ruys 1970) andhat good daylight conditi@reduce sick leave famployees(Boubekrj
2014).Classrooms with windowsave beeshown to have a positive influence on rexing
thestress levelsf children(Kuller & Lindsten, 1992

Human wellbeing is one of th@onvisual effecs of daylight. Daylight influencesour
circadian rhythm througthe human hormone production (more speaificthe suppression
of melatonin prodction) andthis influences our level of alertnesgFigueiro et al2004).
Another nonvisual aspect of ddight is that the colour of the light and the position of the
sun gives us referenceto the time of the day and the weather conditions outside.

Daylight is recognized to have both visual and wsual effecs. With a good use of
daylight, the museum experience can be improvedbfith museum guestand museum
employees

1.1.2Introduction to top lit and side lit rooms

The way in which the dayliglgntes aroom can be dividginto two different categories.

Top lit (roof windows or fAsky | ighanside) or s
lit rooms with the same window siZ€he character of top lwindowsis that theyface the

light souce, the skyata 180°angle That gives more light and a very even horizontal
distribution of light throughout the space.

The distributiorof top lit daylight onto thewall is characterized by more light on the upper

part of the wall tAn on the lower art of the wall. With proper design a very even light

di stribution can bhee i ajdnbtoosve reales adodvethé grouhd) bi t i on
Roomsonthe top floor of a building can be providedth roof windows.



Side lit windows can be made in any mo¢acing at least one of the facades of the building.
The depth of a building has a major influence on the penetration of the daylight into the
building. Side lit rooms are characterized by greater amounts of light close to the windows
and less light thakaches the core of the building. Side lit rooms have an uneven distribution
of light on the horizontal surface in the room

The geometry of the windows is also greatimportance. The size of the windows has
influence on the amount of daylight enterihg room. The height of the window aride
window sill, have influence on how deep the daylight is penetrating the building (Meek and
Wymelenberg2015)

There are many examples of museums specially designed with the purpose of using the
gualities of daylght. Architects and lighting designers have put a great deal of thought into
the orientation of the building and the placement of the apertures such as windows and glass
doors. Top lighting is a strategy typically used when buildings are spedesdlgnedor

the purpose diiousinga museumOthertechniques usedare the orientation of the building
andthe use the qualities from the northdight. As previously mentioned in the quote by
Vitruvius, northern light is stable and indirect daylight is suitdbtepicture galleries

1.13 Background for the subject of the thesis

Many museums have been established in buildings that are not originally designed to be
museums.Quite often, those museums are placed in historical buildings. These buildings
createan atmospheric environment for art exhibitiowsjch can be of great value for the
visitors and thenuseumandcan beused in relation to the exhih design

Many historicalbuildings are not designedor exhibiting, and thereforethe lighting
condtions are often not suitabl&he intensity of dayligheéntering the building is too high

for light sensitive objects, such as paigs, drawings, and photographs. Thobgects and
artworks deteriorate over time when they are exposed tq égpeciallywhen exposed to
great amounts of lighHistorical building used as museums need to be redesigned for the
specific purpose: viewing the objects on display in a visually optimalwhdg at the same
time takinglight regulations for light sensitive worlksto consideration

In such buildings, fulfilling contemporary museum lighting requirements for light sensitive
works is a challengd&regarding side lit roomsjefferan (2008)tates fiwindowsare the
most problematic daylight introducing building fatie continuesiiFrom my perspective
there is no practical way to maintain favorable viewing conditions at conservation light
levels in a gallery with windovég(page 24). Often, blacking out the daylight is the simple
solution, and stable electric lighting used instead. This enables light levels to be
controlled, but the@ositivequalities of daylight that cannot be produced by the electric light
are lost.

There is a need tind lighting solutions thatvould help create a more dynamic museum
Improvemets in lighting would enablevisitors to better enjoy the entire museum
experience and still be aware of the time of day and the seasons oB&tide.lighting
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design would satisfyanservatorgegardingcontrolled light levelsCuratorscould have
moreflexible solutionsand a livelier atmospheresitlethe exhibition spaceas well aghe
ability to create surroundings in which the artworks are presentggtimal conditions

1.2Research question

The purpose of this thesis tisereforeto investiga¢ how the qualities of daylight can be
usedin exhibitions spaces &debuildings thatverenot originally designed for the purpose
of being a museupand more specifically, buildingsvhich have side lit windowsandin
which the electrical lighting desigmust be takeimto considerationin regardlighting up
light sensitive objects. Thesearchyuestion is therefore:

How is it possible to optimize the use ofaklight and integrate electric
lighting, in a side lit historical building, while still fulfil ling museum
standards for protecting light sensitive works?

1.2.1Thequalitative and quantitative padf the researclguestion

With the research question determined, the next step is to organize how this question is
going to be answered case study imtroducedn chapter 1.4This case features Brandlts,

an art museum in Odense. Using this museum as a case provides a focus point for the
investigations, as well as the physical surroundings in which to carry out the quantitative
and qualitative research

Thesubguestion related to the research questio
Architecture professor Mohamed Boubel@014 s.19 stated:fiDaylighting is about the

judicious quantitative and qualitative control of daylight inside a mgld 0

To find answers to the sufpuestion t e opt i mum ,umst bedaiidediiatoy | i ght «
guantitative and qualitative part

The qualitativepart of the gastioncan best be answered Inetpeople who work at trsite

of thecase studyTo determie the answer to this question, the perceptions and opinions of

the people who work at Brandts had to be obtaifiedyain a broader perspectivan the

gualitative subject, literature amther research on the subjenistbe nvesti gated.
istheoptmum dayl i g hrhe qeantitativé pard of the questioill be answered

by finding tables or other sources of information available that give certain minimum,
maximum or possibly optimum values for daylight.



1.2.2 Terms related to the researchegtion

To provide a clearer understandiofithe research questipfour terms used in the research
guestion will be specified.

What is daylight?

In this thesisthe definitionof the natural lighput forth byBoyce(2014 will be usedii T h e
natural Ight is light received on the earth from the sun, either directly or after reflection
from t h(page@28)dlthaugh natural light is a more precipbrase whenever the
term daylight is useth this contextijt is the equivalent of natural liglas deined above.

What is a museun?

The word museumseemobviousto most museum guestBut an essentigdart of being a
museum $ having a collection. Typical art halls ot havetheir own collectionsln this
thesis,the phrasemuseumdescribesany spacehat is used permanéytor temporaly to
show art or cultural history objestb anaudience, no matter if the objects shown are owned
by the exhibiting place or not.

What are museum standards?

There are several different organizations definiglgtistandards for museum3o mention
a few, here idnternational Council of Museums (ICOMMNuminating Engineering Society
(IES), the British organization The Society of Light and Lightiremd there are the
European standard DS/EN 12464

In Denmark,thereis the DanishAgency for Culture and Palaces, under the Ministry of
Culture which stategyuidelines for lighthg at museum who are financialbppported by
the Danish statd heguidelinesthey useefer toresearch byfhomson (198p6

In most office buitlings, there is a need for light levatstask aeas between 50 and 5000
lux according to DS/EN 1246%. Those light levels are too high to fulfill preservation
requirements.For museumstandard, light levels aregestrictedto between 50 and 200 lux
for light sensitve works. Thomson(1986. Furthermore restrictions are given for the
amount of time light sensitive works are exposed to light.

What are light sensitive works?

Light sensitive works areny artifact that can bexgibited andhat is changeih appearance
by photachemicaldeterioraion due tolight exposure(Conn 2012)



According to Shaw (2015)ypical categoriegclude:
Irresponsiveto light: stone, metal, enamel

Low responsive to light painted surfaces, ivoyyood lacquer
Medium responsive to light paper works, photos, fabric

High responsive to light watercolorssilk, newspaper

1.3Methodology

The goal of this thesis is to find an answer to the research question:
How is it possible to optimize the use ofaylight and integrate dectric lighting in a side lit
historical building, while still fulfiling museum standards for pr otecting light sensitive works?

In the thesis by Augustesen (2009), she investigates whether the use of daylight meets
expectations at six international glleries. The investigation shows that 4 out of the 6
galleries are not satisfied with the outcomes of dayligages-urthermore, there is no
optimal strategy or golden solution that ensures the successful use of daylight. On
important finding was thaa close communication between the designer of thagtidyl
solution and the gallergiessential.

User Centered Desig(Norman 1986) is a method that was formulated originally in 1986.
Later it was used numerous ways when designisglutions basedrouser needs and
expectations. This approach fits very well with one of the conclusions from Augustesen.
The combination of the outcom®f Augustesed shesis and the method of thesés
Centered Design lead the followingmethod

[ Research Question ]

Interviews / Analysis

with keypersons at the case study On-site assessments of the space

Specifications

Matching information from the
interviews and the analysis of the space

Design

Based on the specifications




1.3.1 The interviews

In the Brandts case study, two series of interviews were planmeel at the beginning of

the project and one after the analysis of the space had been carried out. The purpose of the
initial round of interviews was to gain better undansling of the issues that the key persons

at Brandts experience in their woikae staff @scriledthe problems they experience with
lighting in general both electrical and daylight. Their answers provided insight into the
gualities they consider to beiheficial or bothersome, as well as information about what
they would like to improve.

Statementfrom the staff at Brandtsereused to determin&hichissuedo prioritize,and

further analysis determinedhether the issues could be solved or diminigheough
changes in thi&ghting. Input from the first round of interviews was also used to find out
which room or area would best serve as the object of the case study.

The people interviewed are key staff members at the museum who have influence on the
final presentation of the museum and the exhibition. For this reason, both the curators and
exhibition designers are labeled as key persons in the interviews. There are also technical
aspects to controlling the light and the amount of time that was e€gtairbe invested in
maintaining/improving the lightingThereforepeople from the technical staff are also
among the key persons.

In this investigative process, tlight designerhas specialized knowledge abaléctric

light and daylight. With gropersetof tools the light designecan determine the actual

light situation. Many factors have influence on the actual light situations. This means that
possible solutions could relate to all factors that influence the actual light situation: the type
of attificial light sources used, shading systems twediypes of filters used on the windows.
Also, the viewof the outsidesurroundingsan betaken intoconsideation, as well as the

way partitionswalls can be placed inside the room.

To determine the optiom daylight solution for this specific case, we use qualitive data
based upon the wishes and needs from the key persons at the museum and quantitative and
gualitative date from the analysi3he electrical light and the daylight intake are design
elementaunder the controbf the key persons at the museut#owever,it must be noted

that the weHbeing of the visitors and their experiences at the museum were evaluated by
the key persons at the museum and were not expressed by the visitors themselves.

In thefirst round of interviews, two curators were interviewed together, a curator and a
registrar were interviewed together, and the technical manager was interviewed alone. The
interviews were serrstructured. The was a list of questiorsd when answers weegiven

or explained, thisometimes raisedew questions.

The semistructured method was chosen because it offers greater flexibility. In addition,
because the interviewer was a new person at the museum, thstisemired interview

form in the first reind of interviews has a social aspect in that it presents the project and
encourages the interviewees to reflect on the subject.

The second round of interviews was planned as a group interview. At this interview, the
results from the analysis were discubsend questions about priorities as well as which
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elements to address could be discussed. Both rounds of interviews provided more insight
into the quantitative and qualitative elements as related to lighting. The goal from the
analysis and the second interw was to be able to make udrrsed specifications for the
lighting. After the first round of interviews, the analysis of the space and the surrounding
contexts was carried out through-site assessments of the building, geometry and
photometry for bdt the electrical light and the daylight.

1.3.2 Quantitative data

Fontoynont (1999) uses the quantitative data of the daylight factor as a key to describe the
use of daylight in different rooms and buildings. Daylight factor is the ratio between the
light level at a particular spot in the room and the light outside. Daylight factor is measured
when the sky is overcast. A measuring grid on the floor makes it possible to make an
accurate description or a visualization of the light distribution in the room.

The partition wallsthat are currently in the space that was analyzed take up so much space
that it was not possible to do an actual daylight factor measurement on site. Dialux (version
7.0) was used to make daylight factor calculations.

Doing this require@ccess to the original drawings of the surrounding buildings which were
obtained at the municipality. Those drawsmgere redrawn in SketchUp and then imported

to Dialux. Brandts had drawings in Sketchwph more details of the investigated space

Both dawings were used in Dialux to model the building, including the surrounding
buildings. Room details such as radiators, the ceiling beams, ventilation pipes and light
tracks were also modeled (according tesite measurements), in order to be able tadhese
model, increase accuracy and visualize future changes and improvements in the room.

1.3.3 The tools

The technical tools used to do the different assessments are:

Light measurement| Asensetek Lighting passport, together with an iR
Windows, fixtures

Light measurement| Testo 540 (calibrated in 2016)

(Handhold)
Lux logs Elsec 7650C
Office Excel 2016 was used to make diagrams
Daylight factor Dialux (version 7.0)




1.4 Introducing the case study

1.4.1 Introduction of Brandts

Brandts is locatedni the old city center of Odense. Odense is thel thiggest city in
Denmarkand roundd 200.000 inhabitants in 20189.(

Brandts is the biggest museum on the island of Fyn both in size and number of visitors. The
total exhibition capacity of Brands 2000 m2and in 2016, there were 93.408itors ).
Around 40 people are employed at the museum.

Brandts has its own collection of more than 15.000 works and also shows changing
exhibitions. Works that are shown include national and international artibta Wocus on
contemporary art.

Brandts promotes itself as a museum for art and visual culture, so theiscloges
paintings, drawings, sculptures, videos and photographs. Beside classic art exhibitions,
Brandts also shows works that are related togthesi popular culture (e.g. Tattoo, Disney).

At present, they have a show featuring paintings by Vilhelm Lundstram and they are
working on a show featuring film director Lars von Ttieat opens September 2017.

1.4.2 Why use Brandts as a case study?
Brandts was chosen as a case study because it is one of thearhajoseums in Denmark.

The building is a typical for those built in the late 1800s, when daylight still was the main
source of lightThere are many large windows to maximize daylight intakiis building
that wasoriginally designed to be a fabric factory and is now used as a museum.

Another aspect of the research is that the improvements in the space should be based on the
needs of the user

After the initial contact was made, it wasanehat the staff at Brandts were also interested
in this researclproject;this wasimportant because the staff had to be involvedrder to
make usebased investigations. So, the second conditi@rstaff that was willing to help
or assist throughouhe process was also fulfilled.

! http://www.odense.dk/presse/pressemeddelelser/pressemedd2ddli6ardense
runder200000indbyggere

2Tine Jgrgenser®Rand Marketing responsible at Brandts


http://www.odense.dk/presse/pressemeddelelser/pressemeddelelser-2016/odense-runder-200000-indbyggere
http://www.odense.dk/presse/pressemeddelelser/pressemeddelelser-2016/odense-runder-200000-indbyggere

The first meeting about this project was held in December 2016 with Brandts director Mads

Damsbo, facility manager Arne Mgller, supervisor Nanet Mathiasen, and the author of this
thesis.

Mads Damsbo related that there seseral rooms or parts of the building where there are
issues with the daylight. The primary issugs determined to ieo much daylighéentering
the building. Mads Damsbo suggested four possible locations for the project:

1 Two different rooms at the fodrtfloor currently used by the Fynske Kunstakademi
1 Brandts 13=B13)
1 DetSgjle Frie Run{=SF room)

The SF roonon the second floor at the main building was selected. The reasons for choosing
this space are:

1 At the first meeting, Mads Damsbo related he thdugwas a pity that all of the
blinds in this room werelosed inorder to preserve the quality of the artworks. He
explained that he would like the public to be able to look outside while ensuring that
the lighting requirements f@reservinghe artwoks were fulfilled.

1 It is anticipated that in the future, Brandts will probably take over the third floor
(currently the Mediemuseet) and thiurth floor (currently the Fynsk
Kunstakademi). However, at present, it is not possible to do research experiments
on those floors on a weekly basis. The second floor has the same dimensions
(including window sizes) as the third floor. Analyses from the second floor can be
used to design lighting solutions that both can be used on the second and third floors.
Knowledge gained can also potentially be applied on the fourth floor as well, where
the floor plan is the same but the ceiling and window heights are lower.

1.4.3 Introduction to the building

Brandts has two addresses located in the oldest part of Odense. imhexmhitions hall

and the administration offices are situated at Brandts Torv 1. This building was formerly

known as Brandt Klaedefabrik. The other exhibition hall, B13, is located in a former museum
building at Jernbanegade 13. Before 2014, itwasamp@& ndent museum cal |
Kunst Museumo which featured art from 1750

10



Brandts, nain building B13

(Photograph by the author)

The nextchapter will provide more information about the histofyrain building More
information alout the history of the buildingan improve understanding the original design
of the buildings, and this knowledge can be applied in the process of produciimtathe
lighting design solutions.

1.4.4 History of the main talding

Brandts Kleedefabrik was the name previously used for the museum that is now known as
Brandts. The old name refers to the original
means clthing factory.

In 1771, the site where the factory is located was being used as place where fabric was dyed.
The new factory opened in 1869 and has a total area of 15.000 m2, divided between four
floors. The building was designed for the fabrication of @owmaterials and a high visual
acuity was essential. Thus, Brandts Kleedefabrik was fitted with many large, high windows
that allowed for a maximum daylight intake with a deep daylight penetration into the
building.

11



(Photgraph Nationalmuset Brede) (Potograph Herluf Lykke 1944)

As it peaks Bandts Klaedefabrik employearound350 people. Production covered the
entire process from carding the wool, weaving and dying it until it resulted in finished
fabrics. The fabrics produced in this buitdj were ready to be distributed throughout
Denmark and internationally.

Beside the production of cloths, the factory was also known locally for the many social
activities for the workers that took place there.

During World War I, regulations required thise of blackout curtains in the evening and
limitations on the use of electricity. These restrictions were problematic for maintaining the
production and dispensation was given for the use of blackout curtains, but all lights had to
be turned off whenevemn alarm was sounded.

In the 1960s, the exportation of fabrics declined. The flow of fabric stéwtetbve in
opposite direction, towards Europe. Thisangeeventually resulted in the closing of the
factory in 1977.

Architect Kristian Isagetook theindustrial building that was constructed in the late 1800s
and mae a great effort to maintain itharacteristicin hisdesign In 1987, the old factory
reopened as a cultural center that kept the originade- Brandts Kleedefabrik. Bolving
(1995), Jense(l1993)
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1.4.5 From Brandts Klaedefabrik to Brandts

In the 1990s, it became apparent that there was a need for more spaee &acllities. In

2000, Kjeer &Richter won an architecture competition and designed two new extensions to
the existing buildingA new administration building of 800m2 was physically connected to
the old factory with three glass bridges across the middle floors.

(Photographs by the author)

A second building was designepecificallyto have the capacity tdisplay very large

artworks. Anew exhibitonspae cal |l ed fADet Dobwithdnf6j e Ru mc
floor space and a ceiling height of 6,4 meters.

This space is equipped to fulfilirrent safetyequirementsnaintaina good interior climate

and has the ability to cotrol lighting. At the same time a new main entraneas

constructed onthe site on Grgnnegadehe new building opened in 2004.

The following yearits name was changed from Brandts Kleedefabrik to Brataltsetter

indicakethe independence of the art sewm at Brandts Klaedefabrik, since the building also

houses other cultural institutions.

In 2013, three of the major art institutions on the island of Fimnsthallen Brandts,
Museet for Fotokunst and Fynsk Kunstmuseuwere merged. Together they araled
Brandts, and Mads Dasho became the new directdd. (

3www.brandts./historien/retrieved 13May 2017
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1.4.6 The use of théloorsin the main building

The main building is divided into five floors. The museum Brandts is situated on the ground,
first and second floors.

“
_IBEE.

T L Ll
o

(Photograph by the author)

Ground floor

Museum entrance and shop

(Photograph by the author)
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First floor
Exhibition spacdrandts

Although the first floor and the second floor have similar dimensionssphees have
different appearaces. The first floor has pillarsand theinstallationson the ceilingfor
acoustic regul@n and climate contrphrealignedwith theceilingbeams

(Photograph by the author)

Second Floor

SF room

(Photograph by Brandts

The room also kndRwum 4dsSthe od®p) | advicBwsede s t he
forthecasestudf. hi s room has no pillars and that is
(transl atedoma) Apillarless ro

The exhibition room has 19 sidié windows, no toplit windows, and an entrance on each
end of the room. One entrance is from the central hall with staircases, and on the other end
of the SF room, a window aperture has been transformed into ébglitgs, which allows
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access to the new exhi bi InChapter 3an analysisditte Afn Do b b

light related aspectsf the SF rooms presented

Third floor

Media Museet

The third floor housea media museunwhich features a permaneexhibition that relate
the history of Danish television and newspaper mdtlia anticipated thathe media
museum willbe relocated, and that Brandts veilentuallytake over the exhibition area.

(Photograph by the #hor)

Fourth floor
Det Fynske Kunstakademi

At present, thedurth floor is being used by DEYynske Kunstakademi. The room above the

SF room and the media museum has same floor dimensions, but has a lower ceiling height
and smaller windows. The room dmetother side of the building has many qualities that
work well for an exhibition spaces it has bothop lit and siddit windows.

In 2018 Brandts will take over the fourth floor; its potential as exhibition spaqaires
furtherinvestigaion.

= 7 A bl \‘\ ..\ SN
(Photagraph Det Fynske Kunstakademi)
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2. Interviews

In February 2017, a series of interviews wasaductedvith a select group of professionals
at Brandts.

The intention to create a daylight solution based @n uker needs was inspired by

A u g u s t fimding thabose significanteason that half of the galleries in that study were

not satisfied with the outcome of the architecture and/or the use of daylight was due to a

Al ack of understandiemg (pade9Phe needs and req

The goalfor this projectwas to get more information about witia¢ keypersonat Brandts
expect or require regarding the ligig insidethe museum, and more specifically, about the
role of the daylight.

The first series of interews wasconductedwvith the following persons.
Anna Krogh (AK) curator, Liberty Paterson (LP) curator

Ellen Egemose (EE) cua, Bent Hesby (BH) registrar

Mads Damsbo (MD) director

Arne Mgller (AM) facility manager

Anna Krogh (AK) curatarLiberty Pateson (LP) curator.

In response to the generplestioniwhatd o you t hink about the act

LPanswersil havendédt thought that much about it
it is often blocked out because we have to build extiés or we have video projections in

the exhibition, so we have to block the nat
AK compl ains about the electrical light 1in

the lack of a track system and the fact that they nearly onlywhal/erashers to work with.
She also states;I| fAtlthipmrkfietr ithet daybegthtl!l i gh

commentaadt hat fAé daylight is best for viewing
difficult for photographs because it hash® dimmed sdow. For video worksnormally
you donét want daylight. o

In B13 some roomkavetop light systenwith daylightthroughdiffused glass. AK sayst | t
is preferred that we do not work with thdthe top lights]o, so there is no flexibility in the
daylightintake from the top light system.

In the main building, AK says that the electrical light situation is much rfhexile than

in B13. The daylight situation is also much betlean B13b e cause At here i s
direct sunlight comingintoth r o &anthis réasorshe prefers to build extra exhibitions

walls in the middle of the room and not in frarfithe windows.
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e In the ATatt g
system of walls was used, ir
which the walls with or
around the windows had
openings so the light could
travel furtherinto the room.
AThis wor ked

(Photayraph Liberty Patterson)

According toL P, AEverything [ @bédnasked about favoriteiracomsd ay | i ¢
LP an AK both like the SF roagnP refers toit asthe @doom with the concrete flo6and

because it has no pillarshe reallyappreciatestsf | ex i bi | i t y. AK ment i
n o i maeuced byhethreeventilation pipes that run through tbeilingas a disadvantage.
AKbs§ avorite room is the new fADobfd@slratomHR)] e R

wor ks v er yoorwhaddth.siddit Wihdews and top light windowd:he toplight

windows can also be lit with electrical (fluorescent) light. AKvery pleased witlhe

flexibility of lighting in the room, becaus#aylightcan be blacked outhere is aroption of
usingartificial daylight from the ceiling, anthere is aradditional exhibition spot ithe

track systenon the ceiling.

Regardinghe quality of the view outside the main buildingP and AK do not regard the

view as having any specific quality other t
city landscape, and sees it moreasual pollutiord

Curator AK does not consider the

view outside of Brandts to have an
special quality, but she adds that t}
closed windows (with translucent
blinds) in the i
bit a claustrophobic feielg

(Photayraph author)
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LP refers to an exhibitiorfieaturingwork by Henrik Vibskov, at which all rooms were
blocked off from daylight; shieelieves thathe lack of daylight madésitorsmove through
the exhibition more quickly.

Climate control is not an issue in the Dobbelt Hap@mR, which hasptionsfor controling
climateand humidity, but it still is an issue idgi the other spaces at Brandtk. mentions
specifically that B13 is very hot in the summer and very cold in the winter. The same issue

occurs in the&SFroomwhereta ol d col |l ectionodo is exhibitec
Referring to the | ighting at ot her museum
wel coming, 6 and Alight comes from all direc

LP referred to a Tal R exhibition
at Aros in 2013; the artificial
lighting worked very well in the
cellar of Aros, which is
completely blacked out
(photograph to the left).

(photographTal R: The Virgin, 2013, Installation viewros, Ole Hein Pedersen)

Regardinghe atmosphere inside a building or museum, AKsayst i s only rece
we have started to create an entire environ
mentions Ahiring an arbdhiitoemctd flowr tdhelL pracdt, r
and there was just enough to build an extra wall, and she describes thie whigh

exhibitions were prented at Brandts arathermuseums n t he past was fbor

AK refers to staging, a
movement, that she believe
started at the cultural histor
museum and has become &
new way of presenting the
works and themes. As
examples, she mentions thg
Maritime Museum and
Moesgaard museum. (see
photograph to the left)

(Photograph by thauthor)
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LP addsfiTherevas a ti me when fistagingo was frowned
was seen as being disloyal to the artworks. It was an aesthetic they did not want to be a part

of , but 1 think this iIis changing very much
Speaking about the dynamic character aylight, both AK and LRconsiderthis to be a

positiveaspect AK st ated, ANothing is static out si
that inside?0 She added that staging fdadds

When asked if they would like to have compltedom in showing light sensitive works

wherever they want or haviedesignated tgpecific areas installed for showing those types

of artworks, AK replied that artists who show their work there sieatcept thai at B 1 3

we donét buiwd aoacept r aheast p Hbeecantinuedieweway t h

invite the artist and say this is what you
white cube into the r oom. ofth€aurrenttsditing. ramt i st s
AKO sxperiene,it seemsas ifthe less freedorartistsh ave, the better the |

then you work with what you have. o

From this interview, the conclusions can be drawn that (at the time the interview took place)
LP and AK believe that:

1 Daylight is a very god or even the best light source, especially for paintings and

sculptures. It is a problem for video works, photographs and works on paper.

Highly flexible roomsare preferable

The viewoutside of Brandts has no peculgasthetiquality.

The SF room h&climateissues dring summer and winter seasens

The ceilingof the SF room has disual disturbance The ventilation pipes are

mentioned in particular

The SF roomis appreciateds an exhibition space.

T Building staged scenes around the exhibitionsoissidered to ba very positive
option

T Onthe onehandthe staff would likemaximum flexibility in the exhibition room
however they alsobelievethatbeing restricted to the existirementsof a room
that cannot be changed amabaking the best out of ajiven situationhas its
advantages

= =4 =4 =4

Interview 2 February 2017
Ellen Egemose (EE) curator, Bent Hesby (BH) registrar

In answer to the question of what they think about the lighting at Brandts in general, BH
repliesiilt is better than it has been, but st8l have issues with reducing light in the places
where direct sunlight enters the building.
protecting and preserving the works of art is an important responsibility.

As an example, he mentioned the Disnggileition that is currently showing. The lender
asked for a maximum level of 50 lux and Brands was not able to reduce the light to that low
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level for two reasons. The first was thath so little light,the space was simply too dark.
The other was that was not possible to dim the neD light to such low levels, so the

light technicia® s s o | uotput darkenmg@ fdtesover the lamps to further reduce the
light output.

Another way to avoid problems with too high lux levels is the use of eximliopies. BH

c o mme n t thedast pliot® biennale, we produced all the works ourselves. The artist just
sentus thefiles and we destroyed the exhibition copies after the exhibition. In that way, we
dondt have t olewlsonrthe piecddwing the praodgctioh, mounting and
while the exhibition is showing. o0

EE says that light levels are more or less under casiirodgspecial exhibitions, but agrees

that thee are stilissues with high light levelsinttfgr oom wi t h t heevéhol d c ol
t hough the blinds are pull ed deaboratesiti hi s g
an example fronan upcomingexhibition she is workingoniLund st rusedm The
would liketo show Lundstrams works together with works by the designdrHRenningsen

(also known as PH). He represents the Functionalistic period. Ideals for this period are clean
spaces, clear |l ines and the us ebecauseofihel ot of
need to preserveéhe paintingo

Ideally EE wold like to be able to use more light and still be able to remain within the
maxi mum | ight requirement, fAbut | donbét kno

BH replies, fAiYou could make it interactive,
the room. 0O

Regarding satisfaction with the lighting in general, BH thinks it has really improved in the
exhibitions areas, but there are still issues in the hallway areas.

EE tells thathree or four years agbemuseunreceived 300,000 DKKyhichwas inveted
in new LED lighting for the department with the permanent collection.

I n t he ADobbelthBj e Rumo, EE i s not so f
eveningf Somehow it | ooks strange in the evenin
cod,butt t hink it is a matter of taste... O

EE thinks that there is something wrong with the lighting at Brandts in the evening hours in
general. The Ilight is fihardodo she sakimy. BH un
to do with the colouof the light.

BH mentions is that there is too little higin the newly openephotayraphyexhibition,and
the grey walls also darken the space.

The next question is whether they can give examples of Ddr@shmuseumsvhich have
goodlight situatiors. BH likes t at Randers art museum.
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(Photayraph: Randers Kunstmuseum

EE likes both closed rooms with no daylight and very open rooms. Shd lusd3avid

Collectionin central Copenhageas an example of a space with rooms that are completely
blacked out and compars t hem to a fAtreasure chest. o Th
Aimagical 06 she says. @Al donét miss any dayl i

The dynamic character of daylight is not seen as a positive factor by EE and BH. BH says,
AWe | ike it best w B admitsvhat ste aeally likesrthe dymamici t . 0
character of the daylighbut fromthe perspective of a preservationists a disadvantage

whichis why she does not perceive the esleanging daylight as being positive.

EE comments that institutions thahd works for exhibitions do not normally write specific
lux/hour values but merely request a simple maximum lux v8loe says that in Denmark

it is not normal for lending museums to ask about opening hours or request graphs of annual
light exposure.

EE mentions that Faaborg Museum has two PhD students. One of them is doing research
about thetatmospher@ t.hefrTehey have a relatively high
think it is only that. It has also something to do with the walls and floors boFgduseum.

ASome buildings |just have more atmosphere t
work besides with just the | ighting. o

wslnmn

0-.

Photayrapts of Faaborg Museum (left) and Louisiana (rjght
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Referring to Louisiana Museum of Modern Art, EE saysii You <c asenséofave t hi
purification when you are there. o

One way to reduce light levels is to build light sensitive works into the walls. EE has seen

this at an exhibition with Isaac Dahl at the Nationalmuseum in Stockholm.

BHreferstolhe bluelignt i ng on the staircaandadadts ,Brialntd tdso
not belong here. o

From a conservational point of view, EE think the biggest challenge at Brandts is the
daylight situati on. AfBecause we d@attoded not
much daylight inside, even when they are co

They have been working with colour filters both on the lamps and also on the roof windows.
According to EE, fAWhen itherewassacdtpldtagbrotheh at ( Cu
like atmosphere 6 The change in | ighting was t oo muc
paintings completely, because it changed the colours. She added, that it is still fine for her

to stage arexhibition.

Based on this interview, the conclusidhat weredrawnby EE and BH at the time of the
interview were as follows:
1 There are issues with the dimming of the lights to low levels.
1 Preservation of the artworks is essential.
1 The everchanging character of daylighs regarded positivebut from the
perspectre ofa preservationistirect sunlight is a problem.
1 There are issues with the quality of the light that is present in the evening.
T Experiments with coloured light have been carried out, but were eroeiged
positively.
1 Issues with too much daylightearecognized but have not been solved.
T Light levels outside opening hours are not an issue for lending institutions, according
to EE.

Interview with Arne Mgller (AM), facility manager

A member of staff aBrandts for many yearé&M has been and haational, clear answers

to the questionPuringtheinterview, herelaysthat power consumption is not an issue that
influences decisionsregardingthe light situation, because tpewer bills are paid by the
municipality, not the museum

The buildings used bigrandts are owned by the municipality and Brandts only rents them.
The artificialfluorescentubes in the rdolights in the Dobbelte Hgje Rualso belong to
the municipality.

A Cl eani (rbght$ thaganetnat pointed at the exhibited works andeamsedvhile
the room is being cleaneshdfor other reasons, outsidd opening hoursis used, but only
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in rooms that are completely dark; otherwise the cleaning staff could not see well enough
to do their work. ACI|I earmsi ng tlhi dhtghhtasrhtsilda

In the Dobbelte Hgje Rum it is possible to do a complete blackout after openingtuturs

at presenthis is not being done.

AM thinks it is fine to be flexible with light regulations for two reaserise c a u s e
pantgs do not have to be preserved for
entering a completely dark museum. 0O

Based on this interview, the conclusions drawn at the time of the intandeate thaAM
thinks:

it hos
3000

1 Power consumption is natfactorwhen decisions about lighting are made
1 Being flexible with lux standards for museumsaimsacceptable practice.
T Light regulations could mean that museums (the interior spaces) are too dark for the

well-being of guests and staff.

Based on thénterviews with the curators, the technical staff and the diredta overall
conclusions are

Power consumption is natfactorwhen decisions about lighting are made
Daylight isrecognized as wery good or even the best light source, especially for
paintingsandsculptures. It ihoweverconsideredo beproblenatic for video works
andphotograpb as well asvorks on paper.

Issues with too much daylight are recognized but have notdwieed

Special attention should be givenpi@servindight sensitive objes, howevelow
lux levelsin rooms are ofteperceived amaking the spaceark or gloomy.

Some of thenterviewees ansider thathe view outside of Brandts has no peaulia
guality. However, museum director Mads Damsbo has emphasized fratattod
this project thahewould like visitors to be abl® look outside fronthe exhibition
rooms

The peservation of the worksf artis regardedas beingessentiato the work of the
museum

The everchanging character of dayligistseen a apositive if andwhen excessive
amouns of daylightcanbe avoided

There ae issues with the S®om being warm in the summer and cold in the winter
No correlation between the light and temperature fluctuatiaseen determined.
The SF room israexhibition spacevherethe curators really like to workecause
there are a pillarsand there ishe floor is made gplain concreteThere is an issue
with the ventilation pipewhichcreateafi v i slistuablancéin the ceiling.

There are issues with the dimming of lights fixtures to achievé0 lux light levels
onthe artworks
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There are issues with the quality of the light that is present in the evening.
Experiments with coloured ligimg have been carried out, but were netqeived
positively.

The museum staff wdd like to have highly flexible room¢hat can be usetb
exhibitworksthatrequire maximuniux ratesfrom zerg 50 and 200 lux

Light levels outside opening hours are not an issue for lending institatioins
time being
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3. Analysis

3.1Assessmentsn geometry and photometry

3.1.1 Geometryand photometry

It was necessary to determine how the building is situated according to its geographical
position and in relation to the other buildings that surround it. This information is essential
in order toestablish the sunlight and daylight influenme the light situation inside the
spaces. The placement and the shape of the windows and other spetiiaduilding also
provide information used in the assessment.

This information can be used to determiwdether there are any peculiar lighting
characteristics within the room that should be left as is or concealed/reduced.

- g i _a_/ s

——
- —
—
-eami oy
-
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33.670m

Theroom measures 33,67 x &% and the ceiling height is 4,3 meters. There are 19 large
windows. The SF room has an entrance from the central hall Wag. new extension to
the museum (2004) added a glass briolgéhe other side of the room. The glass britige
connects the two buildings. In relation to the lighting, this glass bridge can be contidered
be the 20th window in the room.

(Photographs: Brandts)
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All walls are painted with matte white wall paianhdthe floor has a light grey finish. The
ceiling has three ventilation pipes and four rows -@hase lighting trackby the brand,

Staff.

The ventilation pipes are diminished along the way. The lowest level of the pipes is at a
height of 3,36 m.

The partitionwalls in the SF roonhave been in place for two years now and will remain
there at least until the end of 2017. Thessls are 3,07 meters high and create an inner
space that is used for showing artworks on paper.
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The window surface on the northetestade is:
33,67 x4,3144,8
11 windows of 2,95 x1,3 total 42,2 m?
Window percentage 29,1%
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The windows marked in the diagram have an obstructed view because of surrounding
buildings.

The room has a symmetrical appearance. The same type of windows and radiased are
throughout the roomWhether to raintain this symmetry or not must be taken into account
when considering potential lighting solutions.

3.1.2Conclusions

1 The visualdisruptionfrom the ventilation pipes mentioned in the interviews needs
to be addressed. As obstacles in the ceilihg pipeshave an ifluence on the
placement of the light gridso the second round of interview should be used to
determine whether the ventilation pipes should be taken in account when designing
a new lighting grid. In the assessments of the electrical lighting, the plateime
the lighting grid has to bexamined.

T The northeast facade has 29 % window coverage. This relatively large amount of
interior wall space is not used to its fullest extent in the curceniine for
photographs, paintings or other 2D artworks becatifiee lack of wall space.

1 The quality of the view varies widely. Several windows have a view directly facing
anotheruilding. Those windows could be selected for a more permanent blackage
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3.2 Assessmentsn dectrical lightnstallation

It is necessy to determine the exact dimensions of the current light grid. What is the range
of options and what are the limitations? What quality of light does the current system have
at present? Is the current system reusable or able to be salvaged in part2Wikai@ions

for making adjustments to the lighting system?

3.2.1 Light grid

The light grid consists of four-Bhase tracks (by the brand Staff). The tracks hang from
wires in the ceiling, at 3,48,75 meters from the floor. Each track has its own osieitch,
no separate external dimming device is connected to the tracks

The distance between the tracks has some variation @ 02and 3,13 m) with an average

of almost three meters (2,98 m). The tracks cover 1,5 m. on each length of the floor area
ard 1,25 m. towards the windows. With the current exhibition, a total of 50 lamps are use,
yet only one of them is dimmable.

e — I — [— [— — —— —t i

| 1,250m
Ly

Ly 4,290m \1
7,100m ‘
T_ ‘\ Height 3,45m
2 10,250m I
_, Height 3,75m
Ls
l_ 4 — light on/off switch for each track / H

(Photographb the author)
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In addition to the light tracks, fluorescent tubes are placed above pfattigon walls
According to the light technician at Brandts, Ole Mammen, the tubes were mounted there
for the last photo exhibition, when they were used as a form of indirect lighting to fulfill the
low lighting levels of 50 luxSo,their current placement is not intentad nor is it intended

to remainin place; at sompoint, they should be taken down.

With the curent placement of the partitiowalls, the ventilation pipes block theack
lighting. There is no alignment of the track lighting with architectural elemetitsy than
that they are parallel to the windowgith this set uptheobviouschoice igo place partition
walls parallelto the light trackshowever, if art works are framed in glabss will cause
reflections fronthe windows

The emergency lightinig mounted on the support beams of the ceiling, and this might serve
as inspiration for the placement of a newly designed light grid.

(Photograph by the author)

3.2.2Fixtures

Five different light sources in the SF room were compared. The measiisenare taken
on 16 March 2017 between 11.30 and 12.30. The measurement tool was the Asensetek Light
passport combined with an iPad.

A variety of lamps are usedith different anglef the light beamNo wall washers are
used. A few of thdamps are hHagen lamps, but most are retrofit LED bulbs. The LED
bulbs are from different producers (Sylvania, BLTC, Megaman, Samsung).
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Halogen, 75 wattsCCT 3094, CRI 95
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Using only the CRI value is a poor way of describing the quality of LED lighHiagiser
(2016) demonstrates that the 3@ method gives better insighin lighting qualities from
light sourcesTwo lamps with a relative low CRI valussed in the SF rooparecompaed
with using aTM-30 diagram.

Megamen BLTC

Both lamps give off some colour distortion, especially inrgd¥yellow colour rangeOn
the other hand, the results of the Sylvania lamps are very good. There is only a minor
distortion of the gamut in the blueish area.

Sylvania
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According to the technicians at Brandéeveral of the Sylvania fixtes have adimming
control that isout of orderBesideghat these lamps cannot dim to real low valuks.an
alternativesolution,ND (natural density) filters are applied on the larftps is an example
from the Lundstrgnexhibition at Brandts)t is observedhat he tape used for this purpose
does not stick properlyand as a result paintings are exposed to excessive light amounts.

(Photographkby the author)

3.2.3 Conclusions light grid

1 The light grid is made up of relatively simple elensefmhedium class track system
hanging from wires).

T The light grid is not aligned with architectural elements in the room. Fitting the light
grid in accordance with other room /ceiling elementsre specifically the ceiling
beamswould reduce the visudaisturbance

1 The light from the lighting tracks closet to the windows is partly blocked by the
ventilation pipes.

1 The lighting tracks closest to the windows hang 30 cm. lower than the tracks in the
middle of the room. This is probably dongh the intensia to avoid blockag®f
the light bythe venilation pipes.

1 The only lichting controlconnected to the light tracks is an on/off switch for each
track There is no external dimmer connected to the light tracks

3.2.4 Conclusions fahe fixtures

Conclusons drawn from comparing five light sources:

Two different fibasico0O sources are being
At 3000K there is a variation of 8,6% from 283000K (2848 K- 3094 K)

The variation of the colour rendering index (CRI) ranges from 84 to 98.

Two light sources have a CRI <90 (83 and 84).

There is a lack of lamps with good dimming properties, specially at low light levels

=A =4 =4 -4 -4
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3.2.50verall conclusions about the electrical lighting:

T At least twotypesof lamps have a CRI <90. This cannot be considasgugh
quality lighting.

1 There is an mmotivated use of different CCT values.

1 With the current light setip, it is hard to achieve 50 lux on the artworks exhibited.

1 With the current lighting system, dimming of the light is not possible for the lamps
at prases L1, L2, L3 of the track lighting systemor with individual control on the
fixturesthemselves

T The only light control is an on/off switch.

1 The Sylvania lamps have a very good light quality but a dimming unit of inferior
quality.

3.3 Assessmentsf the daylight

In order to be able to control or adjust the daylight, it is necessary to know how much/little
daylight enters the room. To detema this, an actual lux log mube conducted and a
daylight factor will be calculated.

It is essential to estabh which elements of daylight can be controlled. What is the nature
of the relationship between the daylight and the artificial light?

The quantitative analysis of the SF rum was carried out by measuring the transmission of
the glazing, the window filterand the blinds. Lux loggings tiie movable partition walls
must becarried out Furthermore, thguality of the view outside must lrevestigated.

3.3.1Daylightandwindows

The 19 windows are the original cast immdows, which measure 1,37 n295m. The
windows have a filter on the inside. There is a second layer of removable windows
(=forsatsvinduér, made of polycarbonate. The third layer is the manual blind.
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(Photograph$y theauthor)

Outside 1 layadrglasswith filter  polycarbonatéremovablewi n d o wo

Blinds down

The glass with filter reduces the UV light significantly (on the left side of the spectral power
distribution). A slight change on the blue spectrum can be seen when the blind&/iare do
No reduction of the IR light (e.g. sun heat) can been,s#s is shown in tltBagramsabove
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Measurement results

- LUX % lux | rel.%luxdeaeasel CCT CRI | CRI
deqease (R15)

Outside 6219 | 100 100 6168 K | 100 | 100

Glass with| 3081 | 50,5 50,5 6198 K |99 99

filter

Removable 2214 | 64,4 28,1 6061 K |98 97

windows

Blinds 734 88,2 66,8 5621 K |97 96
LUX

7000

5000

4000

3000

2000

1000

When all of the layersare closed or downthe reduction in light is 88,2 %. This was
measured on the northeast side, which doeshawe¢ direct sunlightwhen light levels
outsideincrease to 30.000 lux, for example, 3540 lux will still enter from the edges of the

blinds.

At 14.45 the same day, light measurement on a painting on the south side of the room was
taken under conditions W bright sunlight outside. Light levels between 12000 lux
were measured on the painting, with light coming through/around the edges of the blinds

Outside

Glass with filter

and thefrom electrical light combined.
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(Photograp by theauthor)

An Elsec 7650C log of the lux levels was carried out on the west side at a height of 2,30
meters.

Lux values were measured with emenute intervals over a ongeek period at each of the
four geographical directions. This was done on tireent exhibitions walls to get more
precise information about the actual light levels throughoutntireday. Information was
gathered about light levels both during and outside of opening hours.

Lux Lux measurements west SF room

The graph showextremely hgh lighting levelsfor a museunroom with light sensitive
works. The high levels appear especially in the afternoon when direct sunlight hits the south
eastfacing windows. Onhe graph from 17 March 201ifght levels that reached 500 lux
(2,5x times maximum valuegind hgherwere measured between 10.00 and 15.45. The
same kind of light levels were also recorded on other days. The electrical lighting is always
switched on during opening hours.

In addition, the high light levels also occur on Mondays, when the museuosésicl
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Lux Friday 17 March 2017 Sunday 19 March 2017

CORRNBRNNOOAANNNNTITDNHBOORNN GG CORRNBBNNOS S AT NANDNTFTNHDIHDBORNN DD

The graph of 19 March 2017 has the lowest lux measurements due to the weather conditions
that day. The square in the middle represents the officialrgpours from 10:00 to 17:00.

The lack of groper blackoubf thewindows can baeen on théght penetration between

6:00 and 10:00andafter 17:00as well Furthermore, the strong increase of the light level

at around 9:20 is due to the electrical light being switched on at that time. The museum
guards meet half an hour before tifecial opening and it is their habit to switch on the
lights when they arrive at the museum.

The Danish Guidelines for Cultural Heritage InstitutiongRetningslinjer for
Kulturarvbevarende Institutionerfollow the international standards, and recommend
maximum valuess follows

9 200 lux for objects of ordinary sensitivity, however, highly sensitive objects may only
be litwith a maximum of 5Qux ()

In the study byAugustesen(2009) five reasons for less successful use of daylight are
describedTwo ofthem can be related directly to the SF room:
T The gallery space was not designed to me
daylight control systems were implemented in the gallery after the building was
taken into service.
1 The gallery was designed wiaut a daylight control system able to block out
daylight during nofpublic hours.(page 89)

4 http://slks.dk/museer/museerradejdsopgaver/bevaring/bevariog
haandtering/retningslinjefior-lys-paakulturarvskevarendeanstitutioner/
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3.3.2Daylight factor

In a major European research projeEpntoynont (1999),several buildings were
investigated, including nine museums. A general gtagie value is given for the daylight
factorsat museums iuropeof 1,5% in the winter and 0,6% in tsemmertime.

Daylight factor in %
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3.3.3 Daylight at the glass bridge

The glass bdge consists of almodull-size side lit windows that run alongboth the
northeast side and theuthwest sids of the structureThe window framds made of
medium reflective aluminumThe glass brige has an aperture into the SF room that
measure£,05m in widthx 3,3 min height A pair of metal double doors sepasthe SF

room from the glass bridge. The doors are equipped with an automatic system that keeps
them open once the museums guards open them in the maffithghe way the current
automatt systemworks, itis not possible to close only one of the dodir@ne door is

closed, the other closes automatically. During opening hours, the doors are always open.

The glass bridge can be considered as tHex@@dow into the SF roorsinceboth dayight
and direct sunlight enter the room.

(Photograph by the author)
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The windows have no external filsdvut the spectrum of the daylightaph showshat the
glazing reduceboth the UV and the IR radiation

Outside Inside

There are no bids or externashading mounted at the windowfthe glass bridgeirect
sunlight can enter the glass bridge on both sidesydrduse of the geographical position
and shading of the Dobbelt Hgje Rudirect sunlight enterthe SF roomonly in the
afternoon while the suight hasits highesintensity.

The ceiling of the glass bridge is equipped with fluorescent tubearthalivays switcled
onduring opening hours

3.4 Overall conclusions of the daylight the electric light

A. Sixwindows are placedn the southwest side and need blocking of the direct
sunlight in theafternoon.

B. The general daylight level is too high becausedews szes are very big
and a reductionf the geometrghouldbe applied

C. There is a total of 19 window$enwindows have @ obstructed view. dur
windows wih a good vievare orientated to treutheast side arfthve direct
sunlight in the afternoorkive windows on thenortheastside have anon
obstructed view and no/almost no direct sunlighhe window on the
northeast sid has a serobstructed view.

D. The glass bridge functions as ®@" window in the room antothdaylight
and directsunlightfrom thesoutheast side should be reduced or bkxtk
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. The current light grid is mounted parallel to the windows. With thigiget
partition wallsshould ideallyface the windows If the view of the outside is
kept open, his causs reflectiors in exhibited artworks mounted behind
glass.

. The ventilation pipes block the light from the light tracks closest to the
windows when the lighis pointed tavardthe middle of the room.

. At least five different typgof lamps are useith the SF room. Those lamps
havedifferent CRI and CCT value§wo types of lamps have CRI values
below 90.

. The light filter applied on the window has a UV filtauttnot a UV block.
There is no reduction of IR radiation.

The existing solution afhe windowfilter, removable blindslet significant
too much light enter the roam

. Light entes the roomduringnon-public hours.

. Museum guards switch on the electricajhli up to 40 minutes before
opening hours.
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4. Specifications

Tuesday 9. May 2017 a group meeting with the keypersons at Brands was planned.
Everyondrom the first round wsinvited, and it was planned that both curattreregistrar

and the technicahanager would be part of the group intervielufortunately, the technical
manager and the registrar wem@ble to attend the meetinfo minimize the effecdf the

lack of participation at the second interviethe lighting specificatiors were sehto dl

invited key persongrior to thefinal review.

With the information from the interviews artde analyse®f existing situatioralready
completedthe group meeting waseldto find out which priorities should be made when
defining the specificatiaof the lighting design solutioa The meeting was also used to
determinehowto addressome of the issues.

Architectural:

A daylight solution must be placed the interior ofthe building (no outside mounting
because thappearance of the facasleould note changed)

1 Daylight reductiortechniquesanbe applieddirectly on the windowpargandalso
on thestructure around the window

1 The arched top of the window does not have to be respected, had hieen
suggested to black out the arched top of the windova morestandardolackout
system can be installed

1 The existing ventilation system does not have to be considered when designing a
new lighting grid it is hoped that an entirehew climate systerwill be installed at
some poink

Light levels:

91 Light levels should meet standards fromthe Ministry of Cultureand other
international standards (200 lux for paintings and 50 lux for paper works)

1 The exhibitions that are planned for the SF room are photo exhibitiand
exhibitions withworks on paper But theSF roomshouldbe flexible. Both video
works, works on paper and painting should be able to be shawa same timén
order to havenaxmum flexibility .

Daylight:

9 Light from the glass bridge can be regulated at the glass bridge.
o0 A view outside from thglass bridge should still be possible
o An undisturbed view from the SF room
be maintained
1 A view outsidefrom the exhibition rooms is important
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Electrical light:

1 There was a requetst havetwo proposals onereusirg the existing lampsnd one

requiringnew lamps

1 New lighing should have daylight quality
1 New light shouldhot beautomatic contrided.

An overview of the design specifications and how they wikhteressed

Specifications

Design

Windows

A daylight solution cannot be placed on t
outside of the building.

No outside blinds or shading system will
considered.

It should be possible to have a view to |
outside from the exhibition room

The goal is to fulfil museum standards 1
light sensitive object. §. max light levels
of ranging from 5@00 lux should be
possible inside the room

A reduction of the aperture or window size with
100% lightproof (or a close as possible) blinds m
be used.

Adjustable blinds will make it possible to ha
different daylight levels in the room.

The height of a standing person will be used &
measure for the ability to look outside.

A new light filter will be recommended with 50
transmission and a good UV filter, and withg
changing the visible light.

A light reduction of the glass bridge will be made w
manually adjustable venetian blinds. Thi®ws for
the reduction ofthe afternoon sunlight from th
southwest side.

Reducing the gain of solar heat

The light filter should also havendR filter.

Maximum flexibility

All blinds should be individu$) adjustable.

The original iron cast windows should n
be altered except for the arched upperpa

Because the removable windows are almost in

with the walls it is not possible to mount blinds in tf
window aperture.

A decision is made to look for blinds attached on
wall beside the windows. Thigould make it possible
to see thentirewindow aperture when the blinds 3
rolled up.

A full black out should be possible outsi
of opening hours to rede the lux per yea
amounts.

The blind should close properly and snug around
windows. Thiswould alsomake the roonsuitablefor
showingvideo works

Electrical light, current light equipment

Maximum flexibility.

Thephase L1] 2 and L3 in the 3rack system shoul
be controllablendividually. Two phaseseed to have
a dimmer functiorthat works withLED light. One
phase can be used as cleaning light.

Electrical light, new light equipment

Museum quality lighting

Fixtures with a > 90 CRI must béund, with
individual dimming option, preferaplwith > 100
lumen/watt energy efficiency of the LED chip.
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Daylight quality of the electrical light

4000 K solution will be considered, but while t
existing solution is a round 3000 K an-aite test wit
the client should bearried out

Lighting up the vertical surfaces

Wall washes will be used to increase the general li
level and make the room appear brighter. W
washers can also be used for big art pieces.

Light grid suppors the architecturashapes
of the room

A light grid thatruns alongthe ceiling beams and
perpendicular to the windows

Partition walls

Best possible use of daylight while si
avoiding reflections from the windows

Partition walls must be placed perpendicular e
windows and not block the view

Symmetry of the room should be respect

Partition walk must be placed in a regular pattern
Windows used for daylight intake must underline
rooms geometry
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5. Desigrsolutions

In this chapterthe design solutio based on the specificatiomsthe previouschaptemwill
be presented he design solutiongside the & room andat glassbridgewill be described

5.1 The sielements of the design solution
Thedesign solutions consisted of skementsnside the & room

The ight grid

Light fixtures

Light reducing filters on windowpanes
Blinds mountedn the interiorof the building
Venetian blinds at the glass bridge
Placement of partition wall

A. The light grid

Tmoow>

The light tracks from a manufacturer like Ercasonilar will be used to make a light grid
that must be mounted directly onto the ceiling. The tracks are placednmdtiie between
the ceiling beamsThe reasons for this are:

1 Fixture will be partly hidden behind the ceiling beams that are 30 cm high

1 To get benefit from the daylight, partition walls must be placed
perpendiculato the windows underneath the beams. When the tracks are
placedin the middle between the bearfistures can illuminate partition
walls both on the left and the right side.

1 Theincreased density of the grid will give maximum flexibility

e
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For dimming of the lights that are used todayrailing edge dimmer from the manufacturer
ABB or similar can be used. Trailing edge dimmer are specially designed to dim LED lights.
The use ohn eternal dimmer is a cheap wayget more benefit from thamps that are

now owned by Brandts

EREITEEEET L S i
"SRR S ;n.'z.-..tft}}i.; WA

6543/11-500 for Busch-Uné-
60-500W/VA 230V~ 50/60Hz €

6543/10-500 fir Busch-Uni-
versal-Zentraldimmer 6583 .
60-500W/VA 230V~ 50/60Hz &

0 6 12 18 23
6543/12-500 Busch-Timer
fiir Dimmer 6583

&Ev ok@ED

The same type of dimmer can alsoused withnew lightfixture. Even if those lamps have
an internal dimmeit can be veryusefulto be abled adjust all lights at once, in case of
special occasions when higher or lower light levels are needed.

Another important issue is also the variable character of the daylight. With an external
dimmer, it is possible to adjust the light level of the eledight in the evening or in the
winter. More advance solution could be made based on light sensors or computer
programmable scenarios.goes beyond the scope of this thesis to einddevelop those
scenarios

B. Light fixture

Good quality light from Eco or a similar manufacturer are chosen. These fixtures are
individual dimmable. As there is a wish for maximum flexibility the Optec series from Erco
is chosen becaus#is possible to change lenses.

| Lighting tool Light distribution

Spotlights Framing

Floodlights Narrow spot

Lens wallwashers Spot

Contour spotlights Flood

Wide flood

Extra wide flood

Oval flood

Optec

Wallwash

While there are 50 fixtures in use &ydthe samamount has te boughtWhether the
fixture should belOOOK (close to dayligh) depends on the level of flexibility wanted. But
the wish was expressed to have maximum flexibilityat is why 3000K is preferable as
this colour temperature ndt best thether lights at Brandts.
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C. Light reducing filters on windowanes.

The filter chosen is the DN 50 from the manufacturer Johnson Window Hilmedfilm is
distributed by docal supplierthatis used byBrandts for other foils that are usedthe
exhibition space A filter with similar specificationgrom anotherproducer such a8M
could also be used.

According to the supplieDN 50 does not change the spectrum of the visual. light

The filter hasa transmission of 29 of the visual lightand a 99% UV reduction This filter
hasanIR reduction of 39%0 avoid heat gainFilters with a high IR reduction tend to give
a mirrorlike appearance and this is not want&tis filter can only be mounted on the
inside.

The best practice is to mouritérs with IR reductionon the outside becausieenthere is
least heat gaimside the buildingThis is most important when it is applied on double or
triple layered glass. At Brandts the windpanes consist afingle layered glasand this is
less immrtant. Mounting an exterior filter would also involve a lift or scaffolding

Before the final decisiois made the filter should lestedin orderto confirmthat there is
no changen thevisual lightspectrum

JaylightNatural.

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

| Y 1 GHT
FLMTYPE  APPEARANCE miNeuiccol  © REECTION  REFLECTANCE  REDUCTION
Clear Glass clear 89% 14% 8% 0%
P PR oo 2o
[ DN 50 neutral 49% 39% 14% 45% ]
DN 5 meutal 7% o0 ™ 3242
DN 20 neutral 22% 60% 26% 75%
DN 15 neutral 18% 62% 19% 80%
DN 35 EXT neutral 37% 49% 16% 58%
DN 20 EXT neutral 22% 63% 26% 75%
s J

D. Blinds mounted on thieside of the building

To reduce the overall daylighlquality blinds must be used on all 19 windows in the room.
To avoid light leak around the edges,system with guiding tracks for the blinds miet
used. A systenfrom the manufacturer Faber or slamican be usk To make the blinds
match the colour of the rogmnwhite guiding tracks and white blindaot shown in the
picture)are preferred but the costumer should be involved in the final decision.
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Rullegardin i kassette,
Roller blind with Cassette,
Enrouleur avec coffre,
Roleta w kasecie

The adjustablélinds make it possibladjustthe geometry of the window aperture and
regulate the daylight intake at adgsiredevel. Thisgives maximum flexibility, and direct
sunlight can be blocked. When the blinds lakgeredapproximately 60%they are at the
same height as the frame of tlemovable windowsln this position, an adult can look
outside the windows.

Photomontage showing the blinds down at approximately. 88%iographby the authar
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E. Venetian blinds at the glass bridge

The light reduction at the glass bridge isidavith venetian blinds. Blinds from Faber or
similar can be used he Binds are mounted on the inside.

In the design solution presented at 5.2 and 5.3 the venetian blinds are down and 50% open
(horizontal) on the southeast side of thesglaridge. In solution 5.4, the venetian blinds are
down and 50 % open, on both sides of the glass bridge.

F. Placement of partition walls

Based on the specificatigrsix windows on thenortheast sidend three windows on the
southeast sidare selectetb realize the daylight improvementsthisthe case study. The
three window®nthesoutheast side can be usbkdt onlyindirect light from these windows

is suitable fouse; direcsunlightmustbe avoidedWith this in mind three possibl@om
designsare createdvith the use of partition wall§.he blinds are used as describe at above
in sectionC. The three desigrs representdifferent solutiors to exhibit light sensitie
artworksinsidethe SF room based on the specifications.
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While dl three ofthe designs demonstrate how dayligan be usedThe designsare
hypothetical concerning the dimensions of the artworks and the amount of wall space
needed to show them. The assumption is that the space required & eqoto the space
available in the current exhibition at the SF ro@@urrently there is 70 meteavailable for
paintings, and at the inner space created by the partition walls therenstdisavailable

for paper works.
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In all three desigs apartitionwall is instaled as an extensioof the glass bridge. This wall
serves t@reventsurlight from entering the corner of the rocon the east side.

In all threesolutions the window bling at the SF roonarelowered Only thewindows
marked with red are partlypen asllustrated in the photgraphat D.
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5.2 Design A

This desigmprovides the means to choose frimee different levels of daylight
(including no daylight)
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5.3Design B.

DesignB offersthe greatestlaylight intakeanda sightlineoutside througlsix windows.

50 lux 200 Nusg
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5.4Design C.

Design C allows for the use ofndirect daylightwithin an exhibition space where
photayrapts or other paper works can be shown. Both fromsthegheast side and the
northwest sideindirect daylight is useddn the southeastside a petition wall is placed in
front of onewindow and the sides of the pdion wall are closed. Indim light bounces
from the inner side of the partition wall, tmthe white blinds and ieflectsonto theceiling
and distributed further intthe room. On the qqsite sidg aslightly wider patition wall is
placed in front of the windows. This set upkea it possible to go behiride partitionwall
and look outside.

|
! 50 lux I
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6. Discussion

How is it possible to optimize the use of daylight and integglatric lighting, in a side lit
historical building, while still fulfiling museum standards for protecting light sensitive
works?

That was the research question and the final desilyionsshows that it is possible to do
So.

The advantages of usirdpylight seenpbvious,but out of concern for protecting light
sensitive awork, the use of daylight at low light levels at a musdaok some persuasion
During the interviews, several staff member ergssed thatthey liked dalight and
recognize grange of qualitieBy the end of the project whérwasconfirmedthat Bramlts
would overtake the third and the fourth fleaf the main building in the futurey staff
member commented ficAmgust block the daylighonthe second floor (= SF room) and
wed lude the fourth floor for a view outside

This brings us back at tisgarting point of the thesighichis that daylight has mopsitive
gualities than jugbrovidinga view outside. #en ifaview isnot considered to battractive
there aredditionalreasons for the use of daylighlthough fully blocking the daylidt and
thesubsequenoss of orientation and contawith theoutsideworld can bepart ofan artistic
concept.

One of theconclusions from Augustesgi2009) was thammaking successful daylight
solutions at museums requireldse communication witmuseun staff. In this case study
at Brandts,liere have been some challenfygghe staff members find timefor meetings

due to the high level of activities and the ongoing process of opening new exhibitions

It is my hopethatthe solutios presented inhis thesis will be implementeat Brandtsat
somepoint in the future. The method developed in this thesis can be used at any side lit
historical buildingn whichmuseum standards for protecting light sensitive warlst be
fulfilled. Applying these finthgs may helpto createmore museuminteriors in which
visitors canenjoy the entire museum experience and itithainaware of the time of day

the seasomand thesurroundingsoutside the building With these lighting solutions,
conservators are satisfiewith the controlled light levels that do not exceed the
recommended light leveland airators hag more flexible solutionsa livelier atmosphere

in the exhibition spaces, and the ability to create surroundings in which the artworks are
represented ime best possible way.

As a lighting designert is my intentiorto use daylight soluti®as an integrated part of
my practican any kind of projectl would like to come up witlpermanent solutions at
museuns and tempong/ exhibitiors, because daylighs the bestight.
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Appendix

Design Alight calculatios

ﬁ T I

Average: 51.8 Ix, Min: 21.4 Ix, Max: 150 Ix, Min/average: 0.41, Min/max: 0.14

Isolines [Ix]

é L l
Avérage: 87.5 Ix, Min: 29.3 Ix, Max: 236 Ix, Min/average: 0.33, Min/max: 0.12

Isolines [Ix]
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Average: 176 Ix, Min: 61.7 Ix, Max: 721 Ix, Min/average: 0.35, Min/max: 0.09

Isolines [IXx]

70

Daylight factor

_*_0.01 _*_0.01 _+_0.01 _*_001 _'_0.0I1
_+9.01 _*_0.01 _*901 _i_OAO‘l _fg()l1
[_+_0,01 _*_0.01 _*_0A01 _*_0.01 _+_00]1
_+_0402 _{_0,02 _i_0.01 _+_0.01 _+_00|2
__i_()403 _*_0,04 _’_0.05 _’_0.05 _+_00l4
+0.04 _{_0.05 _+_0.05 4’9.06 +90]6
_+0.05 +0‘07 _’_9.04 _*_0.05 _+9.0I5
+O.12 _+_O.15 _*_021 _{_0.33 _+97L
_+_0,14 _§_0,1G _*_0.22 _*_0.33 _+_08l’3
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Design BLight calculations

NREER

—:—J“—I

Average: 64.4 Ix, Min: 28.2 Ix, Max: 101 Ix, Min/average: 0.44, Min/max: 0.28

Isolines [Ix]
1 |

Average: 106 Ix, Min: 4.50 Ix, Max: 220 Ix, Min/average: 0.04, Min/max: 0.02

Isolines [Ix]
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Daylight factor

(0.00) (0.0 {0.00) {0.00) {0.00
I 1 1 || 1]
(001 (009 (009 (009 f0.09
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I8 §- 5 | B3 | R

4002 002 40.02
| 003 4004 j005 005 _*_0.0I4
4005 4005 10,06 40.06 _+9.0]6
4005 4008 10.05 4005 +o.ols
+0.14 _+_l).16 _*_0.22 _+9.34 _+_Of}0
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4018 4020 1027 4035 +o45{a
4020 023 4027 4036 +oe|5
| 026 4025 028 4037 _*_oats
4031 4032 4035 40.42 _+9A7*7
4052 4043 0.36 4043 _*_07:3

4075 038 043 +9_3]1

m
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Design C. Light calculations

— ]
— ]

T
Average: 1.42 Ix, Min: 0.61 Ix, Max: 1.67 Ix, Min/average: 0.43, Min/max: 0.37
Isolines [Ix]
0.70)
(1.8
—=.| J
Average: 4.78 Ix, Min: 2.60 Ix, Max: 7.53 Ix, Min/average: 0.54, Min/max: 0.35
Isolines [Ix]
39
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Inspiration

Moesgaardviuseum

P,
&

)

“-r_:b& "\'v\v’ :.

A

Exhibition aeas are locateldelow and above ground levélt this transition area, thigig
staircasatself, lux levels are 3@0 lux and the ram still is perceived as being very bright.
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e

The first flooran area was created where visitors can take a break from the exhibition and
enjoy the view outside and the natural light.
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The David Collection

The David Collection has a few roomstividaylight, which are supported with electrical
lighting. It is done with such expertise that it is hardly noticeable.

Lighting control is done in part with the venetian blinds. Certain security guards are
responsibility for adjusting the blinds tughout the day. Specific instructions are written
down for reference listing the times of the day or the circumstances under which the blinds
have to be adjusted.

The light levels are low but the room still appears toetetivelybright, because of theoft
diffuse lighting in the entire room and the light colours on the walls. Measured light levels
are between 4Q00 lux.
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Typical for The David Collection is that lighting solutions are designed specifically for the
individual room. In the photo belg there is a curtain that reduces much of the daylight but

allows some of daylight to be visible. This solution works well for the paintings by Vihelm
Hammershgj. The light on the paintings is only 100 lux, and that is sufficient for viewing
the paintings
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