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This thesis aims to propose a lighting design for the
elderly with dementia as a part of care home case study
- Neeldebjerg Plejecenter. The criteria for the design are
developed through interdisciplinary knowledge.

The main focus of this thesis is - how greenery and light
can enhance the well-being of the care home residents.
The role of natural elements, like daylight and plants
are described based on the performed literature search
and observations. The combination of both with electric
light is creating an environment that enhances
physiological and psychological well being. Lighting
solution that cooperates with daylight and supports the
circadian rhythm of the residents is one of the essential
parts. Findings from the literature are summarized as
theoretical criteria that are the basis for the design
proposal. Analysis of case and co-case study is
highlighting new findings, which relates to interaction
with greenery and natural phenomena. All the ideas
were examined through tests and simulation to end up
with a successful design proposal. Space has been
divided into three zones with different lighting
scenarios: atmospheric, circadian and task light.

This thesis emphasizes the importance of enhancing
elderly's connection with nature for their well-being.
While providing an atmospheric solution it was still
crucial to create conditions optimal for elderly’s
decreased visual capabilities. Finally, the investigation
of a lighting design proposal that enhances natural
elements through the electric lighting led to a
stimulating, sensoric and intimate environment that
avoids the institutional feeling in the space.
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Abstract

This thesis aims to propose a lighting design for the elderly with
dementia as a part of care home case study - Nceldebjerg
Plejecenter. The criteria for the design are developed through
interdisciplinary knowledge.

The main focus of this thesis is - how greenery and light can
enhance the well-being of the care home residents. The role of
natural elements, like daylight and plants are described based
on the performed literature search and observations. The com-
bination of both with electric light is creating an environment
that enhances physiological and psychological well being.
Lighting solution that cooperates with daylight and supports the
circadian rhythm of the residents is one of the essential parts.
Findings from the literature are summarized as theoretical crite-
ria that are the basis for the design proposal. Analysis of case
and co-case study is highlighting new findings, which relates to
interaction with greenery and natural phenomena. All the ideas
were examined through tests and simulation to end up with a
successful design proposal. Space has been divided into three
zones with different lighting scenarios: atmospheric, circadian
and task light.

This thesis emphasizes the importance of enhancing elderly’s
connection with nature for their well-being. While providing
an atmospheric solution it was still crucial to create conditions
optimal for elderly’s decreased visual capabilities. Finally, the
investigation of a lighting design proposal that enhances nat-
ural elements through the electric lighting led to a stimulating,
sensoric and infimate environment that avoids the institutional
feeling in the space.



Summary

The aim of this thesis is to propose a lighting design for the el-
derly with dementia as a part of care home case study - Ncel-
debjerg Plejecenter. The criteria for the design are developed
through interdisciplinary knowledge. This thesis is composed of
six chapters, which are related to the stages of the evolution of
the design process.

The first chapter is infroductory and is subdivided into five parts.
Three first of them are presenting background, vision and aim
for this project. The main focus of the thesis is how greenery and
light can influence the well-being of the residents of the care
home. The remaining parts are specifying delimitations of the
project and which methodology was used to achieve the aim.

Chapter 2 examines the literature from the field of daylight,
electric light, physiological reactions in the human body to light
and widely approaches the topic of nature. Findings from the lit-
erature are summarized as theoretical criteria that are the basis
for the design proposal.

Chapter 3 is subdivided into case- and co-case study. The anal-
ysis of both places highlighting new findings, which relates to
interaction with greenery and natural phenomena.

Chapter 4 concentrates on the design development. All the
ideas were examined through tests and simulation to end up
with a successful design proposal. Space has been divided into
three zones with different lighting scenarios: atmospheric, circa-
dian and task light. It was still crucial to create conditions opti-
mal for elderly’s vision, while providing an atmospheric solution.

Chapter 5 discusses the proposed solution and relates it to the
research question. It ends with the conclusion about the impor-
tance of enhancing elderly’'s connection with nature for their
well-being. The aim of this thesis was achieved and described
further works could be applied as the next steps.



Preface

As part of our master studies we have attended an internship
semester in architectural and digital storytelling companies
based in Copenhagen. Jogile has spent half a year working
with daylight and making sure that buildings fulfill building reg-
ulations as well as provide best indoor daylighting qualities for
future occupants in residential and public buildings. Whereas
Beata dove into the digital storytelling and exhibition lighting
domain. She has worked with narratives, interaction and tech-
nology creating memorable experiences for users. Beata has as
well parficipated in Copenhagen Lighting Festival two times in
a row, implementing her skills gained during internship. Both of
us attended the Erasmus + Strategic Partnership project LIGHT-
4HEALTH. LIGHT4HEALTH is a novel educational course focusing
on health research methods and findings, concentrating on ed-
ucational and healthcare environments and physiological and
psychological effects of light. We have previously worked to-
gether on a semester project and thus we have decided to join
forces again for the final thesis and benefit from interdisciplinar-
ity. When deciding the subject for this graduate thesis, we have
decided to combine knowledge we gained throughout studies
and courses: daylight, electric light and greenery. This decision
drove us to work with a case study: Nceldebjerg plejecenter, a
elderly care center for people with dementia, and develop a
new framework for dementia care units lighting.

With this thesis we are hoping to challenge the current views
on how lighting in elderly with dementia care homes is ap-
proached, by offering a new perspective that takes into ac-
count needs of specific user groups and well being. It is our
intent to open the possibilities for future works to have greater
focus on aging people’s visual needs and understanding of
light’s physiological and psychological effects on people.






Table of content
Chapter 1

Background

Vision

Aim

Delimitation and scope
Methodology

Chapter 2 - Literature overview

Analytical framework

Dementia

Elderly eye vision

Daylight

Electric light

Nature

Home like environments

Danish characteristic

Synthesis for analytical framework
Criterias

Chapter 3 - Analysis

Case study
Co-Case study

Chapter 4 - Design

Problem statement
Design process
Exploratory steps
Concept design
Design development
Tests

Final design

NOs O W —

16
17
20
21
28
34
44
46
49
52

S/
77

85
86
21
96
103
115
128



Chapter 5

Discussion

Chapter 6

Conclusion
Future works

References
Figures list

Appendix

143

148
149

150

160

162






Chapter

Background

Over the last few years, the number of people suffering from de-
mentia rose as life expectancy is extending and diagnoses are
becoming more accurate. Daycare institutions are usually the
only solution when the disease is advanced. While moving from
one place to another the relationship with space and nature is
changing. Especially leaving the home environment and set-
tling in a care home can be stressful and even depressing. Such
institutions do not often have access to gardens or even indoor
plants. Even though it is known that contact with nature can
have a positive impact on the settling process and even calm-
ing the mood (Baldacchino & Draper, 2001).

Rising numbers in elderly with dementia and the stressful period
of institualization, relocation into care home environments mo-
fivated us to work with care home environments and focus on
subjects of light, nature and elderly. The initial interest of com-
bining light and nature came from knowledge of positive effects
of nature and physiological and psychological effects of light.
Moreover the imagination of an initial environment designed
with an atmospheric and functional approach that could con-
tribute to the well-being of elderly and elderly with dementia
seftled at care homes.

Many leisure activities are connected to nature. It provides
background for them or even it is a part of those activities. From
art and folklore to gardening, experiencing nature provides psy-
chological and physical benefits. Those features are essential for
well being during everyday life. Moreover, the natural element is
supporting rest and recovery period. Gardening and experienc-
ing nature has fascinated people for ages. This feeling is evok-
ing involuntary attention that is constant and effortless (Kaplan,
1973). Involuntary attention is like a leisure activity for the mind.
Since it doesn’'t require any attention, it excludes mental effort
from constant thinking and worrying. That is probably an uncon-
scious reason why balconies and apartments are becoming
filled with different types of plants (Kaplan, 1973). In care home



environments often the components of nature are lacking and
thus connection to nature diminishes, therefore we aim to in-
clude nature in our design as one of the primary elements.

Lighting is considered to be a significant component of thero-
peutic institutions (Torrington, Tregenza, 2006). In research con-
ducted by Sérensen and Brunnstrom it was shown that the quali-
ty of life of elderly was affected by lighting and thus by adjusting
it to their specific needs daily routines became easier and more
enjoyable (Sérensen, Brunnstrom, 1995). Though creating lighting
design solutions for elderly can be challenging. This challenge is
related to elderly eye, which reacts with the surroundings dif-
ferently. Mainly it is connected to the reduced illuminance and
conftrast projected onto the retina. Therefore discomfort from
glare is increasing with deterioration of the eye (Torrington, Tre-
genza, 2006). Another important aspect is the increased need
for illuminance for elderly to perform tasks (Torrington, Tregenza,
2006). High lux values are confronting with a problem of contrast
(Lighting design lab). Dark areas seem to be really unpleasant
and moreover sharp shadows can be perceived as objects,
which might be problematic to omit while working with high
brightness outputs.

Everyday activities that elderly are engaged in involve many
cognitive abilities. During winter tfime those abilities are even
more challenged by lack of physiological stimulus of daylight. In-
sufficient amount of daylight stimulus results in circadian rhythm
disruption and seasonal affective disorder, which contribute to
disturbed sleeping patterns that increase agitation and demen-
fia symptoms.

The indoor environment could be an active component in

the care of the residents. Nature consists both of daylight and
greenery. This project is an opportunity to explore design possi-
bilities that could maximize the integration of those two aspects
in living spaces. Atmospheric and functional light that supports
daylight in its alerting stimuli with nature incorporated into indoor
design could make the environment enjoyable and positively
affect the behavior and well-being of residents.



Vision

“And so with the sunshine and the great bursts
of leaves growing on the trees, | had that famil-
iar conviction that life was beginning over again
with the summer.”

~ F. Scott Fitzgerald, The Great Gatsby

Connection to nature is an important aspect of well-being. We
can often feel institutionalized spaces as not pleasant to be in.
We would rather escape to a forest or another place where we
could experience sun, wind and fouch frees. Those sensations
could evoke a feeling that ‘life was beginning over again’. We
assume that would be valuable especially in older age, when
the mind is tangled in a disease of dementia.

Imagine if we could create well-being through a lighting design
and provide elderly with easy access to greenery. This idyllic
vision could create a pleasant environment for daily activities in
an environment that doesn’t feel institutional. We wish to devel-
op criterias that focuses on a specific user group - elderly with
dementia. The criterias could be applied for the process of care
home environment design and would result in greater quality of
life.

Our core idea is to change the current perspective of institution-
al elderly care home environments and promote a new ap-
proach of designing environments for elderly with dementia that
enhance their well-being through providing sensory stimulation
and fulfill visual needs by using tools of light and greenery.



The special attention has to be paid when designing with elec-
tric light, since a natural process of aging results in deterioration
of vision. Electric light not only supports visual needs, but also
helps to promote well being with its non-visual effects. By de-
signing with electric light we wish to support existing daylight
conditions and create an environment that assists daily life of
elderly with dementia in visual and non visual ways. Diminishing
boundaries between indoors and outdoors could be achieved
by strengthening connection with nature by bringing green-
ery indoors. Many would benefit from stimuli from daylight and
greenery and therefore it could be an advantage to include
these surroundings in specialized institutions.

In order to set a coherent investigation process, we have devel-
oped the following initial problem statement which is the base
of this thesis:

“Imagine if natural conditions like greenery and
daylight supported by electric light could ele-
vate the mood of people suffering from demen-
fia, and thus enhance the quality of their life at
care homes.”

Afterwards, we have subdivided the vision in smaller focus areas
as it would help us to tackle the main question more adequate-

ly:

- Connection to nature

- Enriching circadian rhythm stimulus by daylight supported with
electric light

- Supporting visual needs of aged eye to perform tasks

- Afmospheric environment creating homeliness



Aim

The aim of our thesis is to create a lighting design for elderly with
dementia at Ncelderbjerg care home that will enhance the res-
idents’ well-being. For the purpose of promoting the well-being
of residents, we are focusing on different fields of lighting design
and combining a functional layer, which aims to support visual,
physiological and psychological needs of elderly. In addition

to that, the design will include an atmospheric layer of lighting,
which contributes in creating a home-like atmosphere. In order
to create a holistic design, we have widened our perspective
as a context conscious approach and include greenery as a
component of design, hoping to strengthen connection to na-
ture - knowing that nature benefits mental health. The scientific
approach of studying literature such as elderly vision, lighting
and its effects as well as nature benefits - aim to develop design
criteria that further can support our design process. We believe
that with the help of an interdisciplinary approach we can
create an environment that supports the daily life of elderly with
dementia and thus enhances their overall quality of life.



Delimitations and scope

This master thesis was written during a Covid-19 pandemic, in
the period of lockdown, when different restrictions were im-
posed. These conditions limited our actions in conducting mea-
surements and observations on the site, performing physical
tests, as Ncoeldebjerg Plejcenter did not allow access to anyone
except employees of the center due to the fact that residents
are part of a high risk group. Following limitations forced us to
rely on computer simulations and data from co-case study Ple-
jehjem Virumgdadrd, as one of the members of the thesis group
was granted access due to current employment at the center.
Restricted access to university prevented us from borrowing
equipment that could have been used for experiments during
normal conditions, as well as access to the lighting laboratory.



Methodology

Design model

The structure of this report is inspired by a procedural model de-
veloped by Ellen Kathrine Hansen and Michael Mullins (Hansen,
2014). The model describes a problem-based design approach
combining different disciplines of knowledge. Based on different
fields of gathered knowledge, design criterias are developed.
The structure of this model ensures that the fulfiment of the
vision of the project is approached through design based on
knowledge from literature study, analyses and experiments.

The report starts with a vision of the project and initial research
guestions starting ‘Imagine, if...". Next step is focused on analyz-
ing different theories and investigating the case study and co-
case study through observations, interviews and lighting analy-
SisS.

The transdisciplinary approach of the thesis is divided into two
parts, which are:

Literature overview
Case/co-case analysis

This thesis focuses on how lighting and greenery affects elderly
with dementia living in care home institutions. The thesis uses a
common space of rest and socialization in a healthcare context
to unfold this topic.

The context-independent literature study starts with gathering
information about the disease and aging eye vision, which
conftributes to the well-being of the elderly. Following aspects
of electric light and nature have been reviewed. From the liter-
ature study we extract knowledge and develop guidelines for
elderly care home environments.

A context-dependent case study is analyzed through light sim-
ulations in order to find characteristics of the space. Co-case
study was observed to obtain information about behavior and
needs of the residents, as well as the physical environment el-
derly live in.



Based on those analysis, we have established criterias that de-
sign is meant to achieve. The following step leads to a design
proposal and how the criteria based on literature can be uti-
lized and evaluated. Design process is unfolded and explained
in further chapter - Design.

A graph (Fig. 1) illustrates the knowledge and data collection
process of this thesis. It shows how actions of analysis together
with findings from synthesis of analytical framework contribute to

the design.
Background
v
Analytical framework
v
Literature study
Sythesis of Iv' I fi k
t T
Shadow analyses YIEsis o anayi el tramenor Interview

v

A Guidelines A
Daylight factor calculations - Case study analyses - P | S ------------ e 4 Co-case study - »  Observations
v
v v
Survey of sun movement Measurements on site
Design

Fig. 1 Knowledge and data collection process



Qualitative methods
Literature search

Literature research for this thesis is based on the snowballing
method. Snowballing method starts with setting keywords and
identifying search strings. The number of found papers depends
on the topic of research and on its focus. Diversity was a priority
in the first stages of research. Therefore, during the first sessions
of searching different years, authors and publishers should be
included. Keywords were formulated from research question
with taking synonyms into account. First set of keywords didn’t
give significant results. It had to be extended based on a few
first relevant articles, which resulted in a broad spectrum of top-
ics and approaches to dementia. The spectrum was restricted
by looking at highly cited papers (Wohlin, 2014).

Following set of keywords:

Gardening, garden, landscape,

First set of keywords: outdoor, plants, flowers, trees,
Fivet researeh therapeutic,horticulture, care home,
nature, care home, elderly, : elderly, dementia
dementia, daylight, sun,
light, bright, vision, old Daylight, sun, light, circadian,

melanopsin, melanopic lux, bright,
vision, elderly, carehome, old,
dementia

Fig. 2 Keywords

By applying this method we were able to gather data from a
broad spectrum of topics related to elderly. Crucial element
of the process was deciding on implementing or eliminating a
paper from the research. This stage had an impact on further
articles that were investigated.

As a result of the narrow field of investigation of dementiaq, it
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wasn't possible to gather enough information only from search-
ing keywords. Backward snowballing gave an opportunity to
get acquainted with literature that didn't appear during for-
ward snowballing in search engines, as it is using a reference list
of chosen papers. According to Wohlin there are three import-
ant facts to consider during this process: author, title and pubili-
cation. Authors can be an indicator of relevance of the paper.
If they appeared before in research, it is a big chance that their
work will be useful. Title describes what the authors wrote about.
If it sounds dubious, it might be worth omitting the paper. The
third factor is publication. Many relevant papers can be pub-
lished by the same venue (Wohlin, 2014).

The literature search resulted in expanding of knowledge ,
which influenced the main points of this project - understanding
elderly with dementia needs, light, greenery and homelike en-
vironment. Supported by the knowledge from literature search,
the case- and co-case study were analyzed. Constructive de-
sign perspective was set based on the scientific knowledge from
literature search, which was an essential point for the develop-
ment of design criterias which supports creative process in the
field of care home design.
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Participant observation

People suffering from dementia are a difficult group to study,
because of their poorer communication skills as a result of the
disease and cognitive declination. Based on this knowledge

we have chosen to conduct participant observation using the
Spradley method. Participant observation isn't based on con-
versation, but is analysing ethnographic context as a whole
(Spradley, 1980). The main purpose of this observation was to
investigate reactions and behaviour of demented elderly that
are responding to an act of putting plants into the daily environ-
ment at the care home.

According to the author of the method, James Spradley, setting
of the observation is crucial. Location and characteristics of the
space, it's organization, can influence the behaviour during ac-
tivities that are observed. Some behaviours can be influenced
by recognizing social events (Spradley, 1980). In the case of a
care home, it could be meal time, as all elderly are gathering
together and they might already have their habits.

Performing participant observation as qualitative data collec-
tion turned out to be a perfect choice for this target group.
Active participation was possible as being employed at the
care home, so the elderly were already familiar with a person
conducting research. Being engaged in evening activities pro-
vided useful data and gave an opportunity to observe changes
in the dynamics of behaviour when plants were placed in differ-
ent configurations and places. Characteristic patterns occurred
in specific settings. Collected data provided an input into the
arrangement of the designed space and its overall idea.

Data during observations at co case study Plejehjem Virumgérd
were taken by writing notes at the spot. Participant observation
has a specific worksheet which should be filled at the beginning
of the process. Worksheet form observation at care home is at-

tached to this report as Appendix 1.
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Interview

We gather our primary data by using “non-standardized” inter-
view, more precisely in this thesis we have executed a one-to-
one interview, which was performed face to face (figure x).

The interview performed to gather data for this report was
semi-structured. Semi-structured interview is a popular method
since it is both universal and flexible (Kallio et al. 2016). It can be
used for investigating an individual as well as a group of people
(DiCicco-Bloom & Crabtree 2006). The interview conducted for
this project was an interview with a caretaker employed at co-
case study Plejehjem Virumgard.

Semi-structured interview contains both open-end, theoreti-

cal questions as well as explanation of participant experience
with specific data in particular discipline. All the questions are
guiding the interview to find the answers for some aspects of
research. That examination should result in progression in the
exploration of the scientific topic (Galletta,2013). The interview
with the caretaker from Plejehjem Virumgdrd started with the in-
terviewer having a list of prepared key questions, which needed
to be covered through conversation. However some additional
questions were addressed following the flow of conversation in
order to discover the objectives of research more profoundly.

The reason for choosing a semi-structured interview was that its
structure can be adjusted according to the needs of research
(Kelly 2010). Moreover by using this interview method we can ex-
tract additional information useful for the project and allow the
intferviewee elaborate his knowledge gained throughout many
years of experience at care home.
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Interviews

Standardised Non-standardised

Interviewer - administered
questionaires

Face to face

Telephone interviews Internemediated
(electronic) interviews

Internemediated

Group interviews L .
(electronic) interviews

Focus groups Focus groups

Fig. 3 Types/choice of interview(s)
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Mood boards

Mood board is an effective method helping to establish vision
and communicate the intended character of the design. It
helps to visualize conceptual ideas of how design is expected
to look and what role it would play in an environment. Mood
boards are a quick and useful method to use when it is needed
to communicate common vision in a design team, it can help
to establish initial requirements for the iterative design process
(Benyon, 2014). The method of using mood boards helped us
to get inspired and further communicate our primary ideas with
sketches.

Exploratory testing

Exploratory testing is used to test elements of design rather than
the design as a whole. The focus of exploratory testing is defined
as a thinking activity that helps to decide which solution could
work in design. We have used exploratory testing to test differ-
ent correlated color temperature (CCT). Such a test enabled
the opportunity to see how different correlated color temperao-
tures are perceived in space and how a set of objects looks in
a range of 6500 - 2000 kelvin. Physical exploratory testing can
communicate a more accurate message compared to stimu-
lation test due to factors such as calibration of monitor colors,
environment settings where virtual test is observed.
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Quantitative method
Simulations and visualizations

3D models can be incredibly useful when it is needed to provide
quality information for design. It can be used in larger scale as
in the shape of a whole building or in a smaller scale as in the
shape of product (Bryden, 2014).

“The computeris an invaluable tool in the design process,
enabling designers to create and output virtual models as
high-quality rapid prototyped models in order to evaluate their

designs in the real world.”
(p. 8, Bryden, 2014)

For 3D model creation in this thesis we have used software Revit.
Visualizations have been established using the rendering plug

in engine Enscape and post processed in Photoshop to ensure
highest accuracy.

Simulations of current daylight conditions were calculated in
software Velux Daylight Visualizer 2, which enabled the possi-
bility to assess Daylight factor values in our case study environ-
ment. Shadow analyses were conducted in Revit by enabling
real location and wanted time.

Electric light analyses were conducted in software DIALux to test
iluminance levels and test light distribution. 3D software Rhino
with plug in Alfa was used to perform the most accurate calcu-
lations of Equivalent melanopic lux (EML) (fig. 4).

I—. Renders (Enscape) —@ Photoshop
—@ 3D Revit —@ DF (Velux Daylight visualizer)

_l—. Shadow, daylight analyses

Existing drawings ————@ DIALux ——@ Electric light calculations

—@ 3D Rhino ———@ ML (Alfa)

Fig. 4 Simulations diagram
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Chapter

Analyfical framework

In the following chapter we gather knowledge from study fields
that are crucial for design of demented elderly care environ-
ments. The aim of this chapter is to find and extract relevant
data available on which later on theoretical guidelines can be
developed for this particular user group and environment they
reside.

We begin with compiling information about dementia and its
characteristics in order to understand the user group. We do as
well look into rapidly growing numbers of elderly with demen-
fia and hope to raise awareness of why care home environ-
ments should be designed consciously with light and greenery
elements. Moreover we investigate changes in vision caused
due to natural deterioration, to understand how lighting design
should be developed to support elderly needs. To that we add
a layer which analyses the influence of daylights physiological
effects, and its importance for elderly with dementia. We further
proceed with gathering data about electric light and prefered
setftings of light at care home environments. Crucial aspect that
we dive info is psychological effects of light, analysing circadi-
an rhythm, SAD, vitamin D and inputs contributing to those and
how they affect people with dementia. Moreover, a section
proceeds on humans and nature’s connection, investigating
impact of views, home gardens, horticultural therapy and their
benefits for well being. Lastly we interrogate nordic characteris-
tics of plants and light striving to implement knowledge and de-
sign the environment that is familiar and generates homeliness in
an institutional environment. We do as well research why home-
like environments are important for people with dementia. Lit-
erature review is focused on cooperating in creating guidelines
and conscious, holistic design for our case study at Nceldebjerg
plejecenter.
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Dementia

The most common misconception - dementia is a part of the
aging process. It is often confused with the mild decline of
cognitive abilities like forgetfulness connected to normal aging
(Levy, 1994). Dementia is a broad term that is describing the

loss of memory, problem-solving, or language abilities that are
impeding everyday life. It includes a wide spectrum of medical
terms, including Alzheimer’s disease. All disorders are caused by
structural changes in the brain that decline cognitive abllities,
which has a severe effect on feelings and behavior (Alzheimer’s
Association 2020). The chemistry and structure of the brain are
becoming damaged according to 17 gradual declines in a
person’'s communicative abilities (Alzheimer’s Society, 2006).
There are two kinds of changes occurring during the progression
of the disease, but it is impossible to see a difference between
them. The first of them characterizes the weakening of mental
power, whereas the second shows changes in patterns of inter-
actions with environment and relationships (Kitwood, 1997).

Dementia can be categorized info three levels of severity:
Mild — a person has the ability to live independently,
Moderate — a person needs help in basic everyday tasks,
Severe — a person requires constant help and support.
Although the disease is irreversible, there is a small percentage
that is treatable (Chan, et al., 2006). Early diagnosis is giving ac-
cess to the treatment and rehabillitation process. Explanation of

behavioral changes and proper environment features are rais-
ing life quality and delaying severe symptoms (Marshall, 2005).
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Types of dementia

Dementia is a disease that is affecting all abilities necessary for
independent living, including language, movement, judgment,
memory, and problem-solving (Sadavoy, 1991; Zec, 1993). Re-
action to those changes can manifest themselves in behaviours,
like:

- Behavioral disturbance

- Disturbance of affect (depression efc.)

- Psychiatric symptoms (hallucination)

- Personality changes (Burns, 1992, 1996; Gilley, 1993).

The most common type of dementia is Alzheimer’s disease
(AZD), which is touching more than 50 % of all cases (Alzhei-
mer’s Association, 2006). The second most common type (26%)
is caused by Lewy bodies dementia (LBD) (Zaccai et al., 2005).
Many symptoms are similar to Parkinson's disease and more-
over first of them are often the same since the same biological
changes in the brain are occurring (Department of Health,
2001). The most common symptoms are loss of attention, visual
hallucination, changes in personality, and movement problems
(Department of Health, 2001). The third type which is affecting
20% of cases is vascular dementia, which is caused by strokes

or inadequate blood flow that is damaging cells. Many patients
have paralysis on one side of the body and have problems with
understanding speech and speaking themselves (Alzheimer’s
Society, 2020). Frontotemporal dementia is the fourth common
type, which is caused by proteins creating nerve cell damage in
front lobes of the brain. It is causing changes in behavior, usually
aggaression. In later stages, it is connected to the loss of emo-
tions, sweet food preferences, and lack of ability of comprehen-
sive language (Alzheimer’s Association, 2020).



19

How many people are with dementia in
Denmark/Europe/ world?¢

According to the Government Agency for Health Data the
number of people diagnosed with dementia in Denmark rose
from 35,800 cases in 2014 to 89,985 cases in 2018. In 2015 it was
estimated that worldwide there are almost 47 million people
suffering from dementia (National Research Strategy on Demen-
tia 2025, 2018). Life expectancy is growing and so is the ratio of
the disease. Due to women'’s longer lividity, there are 60% more
female cases. People younger than 65 are also developing de-
mentia, but the percentage is much lower. According to Dan-
marks Statistik 40000 people over 65-year-old live at care homes.
Between 60 — 80% of them have dementia (Alzheimerforenin-
gen, 2019).

AGE RANGE WOMEN MEN TOTAL
65-69 1200 1500 2700
70-74 2000 2100 4100
75-79 3500 2700 6200
80-84 5100 3000 8100
85-89 5800 2400 8200
90-94 3600 900 4500

95 + 1000 200 1200
TOTAL 22200 12800 35000

Fig.5. Registry-based prevalence of dementia in 2014, based on The Govern-
ment Agency for Health Data (2016)

The growing numbers suggest how valid it is to design for elderly
with dementia. This disease reduces the will of interaction. Ther-
apy at a care home is patient centered and therefore it should
be supported by the surrounding where the residents feel free to
express themselves (Rogers, 1961). This target group has specific
environmental needs which will be described later in this report.
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Elderly eye vision

The natural process of aging consequence in the deteriora-
tion of vision due to structural changes that occur in the eye.
Age-related visual sensory modifications can dramatically alter
functional performance (Lovering, 1990). Study done by Kosnik
presents day to day activities that become more challenging
due to natural deterioration of the eye, such as increased time
in reading, performing hobbies become more difficult, tfrouble
watching TV, seeing and recognizing faces and objects at dis-
tance, difficulties sorting dark colors and seeing at night (Kosnik,
1988). Navigation within the space for aged people does as
well become more challenging, Kosnik reports that elderly tend
to accidentally bump into doorways, walls and other objects in
the space (Kosnik, 1988). Older people become more impres-
sionable to slips, trips and falls due to natural changes in mo-
torics and vision, therefore providing quality lighting is essential
(Feddersen, 2014).

A commonly observed phenomenon is the yellowing of the
eye. Due to accumulation in yellow pigment, the lens turns yel-
low and thus decreases the ability to discriminate colors in the
spectrum of blue, green, and violet colors (Whitbourne, 2002).
Nonetheless, as the lens becomes cloudier it results in increased
sensitivity to glare or reflections from shiny surfaces by elderly
people. The other effects of yellowing and thickening of the
lens also culminate in a reduced amount of light reaching the
retina, hence there is the reduction of contrast, as well as illumi-
nance of the image projected onto the retina and thus higher
illumination levels are required to perform tasks (Lovering, 1990;
Torrington, 2006). Studies show that people of age 75 and older
require twice the light that 45-year-old people need to obtain
alike visual responses (Turner, 2008). Retinal photoreceptors,
rods, function in lower light levels, known as scotopic vision. Ac-
cording fo studies, the number of rods decreases with advanc-
ing age (Jackson, 1999). The decreased quantity of rods and
reduced pupil diameter caused due to atrophy of the muscle of
the iris compromises adaptation to dark to light and light to dark
condifions and results in prolonged adaptation time (Jackson,
1999; Nylen, 2014).
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Daylight

Daylight is known as a combination of direct and indirect light
commencing from the sun during daytime. Daylight by its no-
ture is dynamic and multidimensional. Daylight demonstrates its
dynamic changes in irradiance, spectral power composition,
which varies with latitude, time of the day, tfime of the year and
the nature of the surrounding environment, such as reflections,
buildings, and vegetation (MUnch, 2020). Direct sunlight char-
acteristics consist of very high intensity and constant movement.
The illuminance level reaching earth’s surface may outpace
100000 lux. The brightness of direct sunlight depends and varies
on season, fime of the day, location, and sky condition. Defini-
tion of skylight is known as the sunlight scattered by the atmo-
sphere and clouds, due to which skylight is characterized as soft,
diffused light. Overcast sky may produce illuminance reaching
up to 10000 lux during winter season and up to around 30000 lux
on a bright overcast summer day. Reflected light is light (sunlight
and skylight) that is reflected from the surface, such as terrain,
surrounding buildings, vegetation and so on. Reflectance of a
surface is the main factor influencing the amount of reflected
light that will reach the building.

Physiological effects

Humans have evolved under the influence of daylight and the
cycle of light and darkness. For millions of years daylight was
the only source of light until the Stone Age, when the light was
brought home in the form of fire and life of humans drastically
changed (Buonocore, 2007; Solt, 2017). Nowadays, the time
spent indoors by modern humans is reaching 90%, besides cer-
tain groups of people do not spend much time outdoors as well,
such as elderly, recovering hospital patients (Solt, 2017; Alto-
monte, 2009). Rapidly decreasing time spent outdoors can neg-
atively impact human health. There are a number of laboratory
and clinical studies that confirm the importance of daylight.
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Associations of daylight with alleviation of seasonal affective dis-
order (SAD), lower absenteeism, diminishing fatigue, decreased
symptoms of depression, improved skin conditions, better vision,
positive impact on behavioural Alzheimer disease symptoms
and many other health advantages are presented in different
studies (Aries, 2015; Robbins, 1986). All human processes are as-
sociated with the natural daily and seasonal cycles of daylight
(Altomonte, 2009). Adequate exposure to daylight synchronis-
es the internal biological clock, stimulates circulation, elevates
the production of vitamin D, regulates protein metabolism, and
controls hormones, such as stress hormone cortisol and sleep
hormone melatonin (Van Bommel, 2006). Alzheimer’s residents
often experience a delay of agitation in bright morning sun
(Ancoli-Israel, 2003). Whereas agitation is increasing during the
afternoon, which is called sundowning. This phenomenon might
be related to the length of shadows, which are longer in the
afternoon and therefore might be frightening (Cooper, 2014).
There are field studies indicating positive effects of sunlight ex-
posure on recovery from depression in patient rooms (Beauche-
min, 1996; Canellas, 2016). Elderly seem to receive positive
effects of daylight as well. According to a study by Caldwell,
daylight improves depressive symptoms and cognitive functions
for elderly (Caldwell, 2014). In fact, depression is one of the most
common conditions for Alzheimer’s patients, clinically significant
depression arises in about 20% to 30% of people living with Alz-
heimer's (Tsuno, 2009). An effective non drug tfreatment method
for depression and neuropsychiatric symptoms of dementia is
exposure to sufficient daylight (Konis, 2018). Study done by Konis
presents findings that exposure to daylight in the mornings (8
am to 10 am) can be used as tfreatment to reduce depression
in people with dementia (Konis, 2018). For those with demen-
tia, absence of circadian effective light stimulus at appropriate
time during the day can desynchronize the circadian clock and
cause common problems such as disrupted sleep, night fime
wandering, night-day reversal and agitation (Konis, 2018). Com-
mon issues in long term environments where dementia people
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reside are found to be insufficient exposure to bright light (Konis,
2018).

Healthy individuals benefit from daylight too, 30 minutes expo-
sure to natural light has been found to improve mood (Kaida,
2007). Performance and productivity of workers in offices are
found to be increased with good quality light, one of the studies
states 15% increase in productivity of their employees after mov-
ing to a building with better conditions of daylight (Edwards,
2002).

Vitamin D

Vitamin D is vital for human health. Different effects are dis-
cussed in various studies, where lack of vitamin D results neg-
atively for general health (Deluca, 1988; Reichel, 1989). For
elderly, lack of vitamin D can result in osteoporosis and muscle
weakness (Holick, 1995; Bischoff-Ferrari, 2010). Interestingly, some
studies suggest that high doses of vitamin D are found to be
effective in reducing falls in care homes (Chapuy, 1992, Flicker,
2005).

Vitamin D is also important for mental health, Holick in his arti-
cle addresses vitamins D importance for prevention of mental
disorders such as schizophrenia and depression (Holick, 2007).
Nonetheless, vitamin D is found to have a close relation with
Alzheimer’s disease.

According to observational studies, there is an association be-
tween low 25-hydroxyvitamin D (25(OH)D) concentration and
cognitive impairments as well as dementia and Alzheimer’s
(Soni, 2012). Studies in the United States and Europe showed
that participants with vitamin D deficiency were more than
twice as likely to acquire dementia/Alzheimer’s compared with
those with higher vitamin concentration (Soni, 2012). Another
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study states findings that a deficiency of 25(0OH)D had increased
risk of dementia by 51%, and for those with severe deficient the
risk increased by 121% (Littlejohns, 2014). Elderly who are al-
ready affected with dementia and have lower levels of vitamin
D according to 72% of studies demonstrate significantly worse
outcomes in cognitive tests and demonstrate higher frequency
of dementia (Schlégl, 2014).

Even though, lack of vitamin D is mostly talked about as an
increasing risk factor of developing Alzheimer, which would not
be so relevant in this thesis as our user group is already affected
with the disease. The findings present that vitamin D is vital for
general health, such as muscular health for elderly. Moreover,
some studies suggest that lack of vitamin D is linked to depres-
sion, and further cognitive decline and progression of demen-
tia symptoms for those who are affected. Therefore, we find it
essential to provide easy access to outdoors and allow daylight
penetration indoors at care homes as by photosynthesis through
skin 80-100% of needed vitamin D can be obtained (Glerup et
al., 2000).

Circadian rhythm

Humans and the majority of living species exhibit a daily activity
cycle established on a 24-hour interval. For a while it is known
that we have an internal clock that is responsible for keeping
biological rhythms synchronized, such as regulating sleep-wake
cycle, body temperature, blood pressure, hormone production,
heart rate, gene expression and metabolism. Disruption of bio-
logical rhythm can lead to health and well being impairments
(Vitaterna, 2001). According to studies disturbed sleep cycles
that arise from dysfunction of circadian clock, night wander-
ing and confusion are the primary causes of institutionalization
for people suffering from dementia. (Hatfield, 2004; Coen et al.
1997; Pollak et al. 1990) It is due to nocturnal restlessness that
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leads to faster cognitive and functional declination. (Moe et al.,
1995) In fact nearly half of the elderly suffer from chronic sleep
disturbances, and elderly with dementia numbers are equal to
one-quarter - half, that suffer from severe nocturnal restlessness
(Van Someren, 2000). Potential outcomes related to sleep disor-
ders in elderly with dementia encompass mortality, neurobehav-
ioral and cardiovascular co-morbidities, and worse cognitive
functions (Bombois, 2010; Pollak et al. 1990).

Neural processing of physiological and visual responses com-
mences in the retina, where photoreceptors of retina absorb
light stimuli, transform it to electric signals and send it to the
brain through optic nerve. Retina comprises photoreceptors,
rods and cones — cells that respond to light. Third cell of refina

- intrinsically photosensitive retinal ganglion cell (ipRGC) was
disclosed in 1990, ipRGC is sensitive to blue light and associat-
ed with circadian rhythm response (Tregenza, 2013). IpRGC is
arbitrating non-visual forming photoreception and expresses
photopigment melanopsin. Non-visual information is transferred
to the suprachiasmatic nucleus (SCN), the primary pacemaker
for the body’s biological clock, hormone production regulation
and coordination. SCN is driving melatonin production in pineal
gland, during the time of exposure to daylight or light enriched
in blue spectrum pineal gland is prevented from producing
melatonin and we feel alert and awake. On the contrary,
when light is not detected in SCN, pineal gland is producing
melatonin, thus we feel drowsy and sleepy. During the natural
process of aging SCN may deteriorate and thus light exposure
decreases causing disruption of circadian rhythms. Moreover
melatonin moderately decreases with aging resulting in circadi-
an rhythm sleep disturbances (Bombois, 2010).

Entrainment depends on several factors, such as exposure
time, fime of the day and wavelength. According to studies
SCN regulation is best maintained by high brightness and short
wavelengths with peak sensitivity at 480nm, moreover the most
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powerful signal is defined as bright light, such as morning day-
light (Livingston, 2014). Although daylight in the morning is stated
to be the strongest signal, daylight spectral composition varies
throughout seasons, as well as the number of daylight hours can
vary depending on distance whether it is north or south Equator
(Wurtman, 1975).

Elderly with dementia are spending most of their tfime indoors,
and thus they are unable to receive sufficient light intensity that
adjusts their circadian rhythm (Mishima et al. 2001). The factors
of inadequate exposure that affect elderly in a study conduct-
ed by Mishima are stated as high incident angle of sunlight,
decreased sun intensities through windows and little time spent
outdoors (Mishima et al. 2001). According to Shockat, some
nursing home environments provide a light intensity of a medi-
an of 54 lux, and the residents spend a median of 10.5 minutes
in light seftings over 1000 lux, and a median of 4 minutes in light
over 2000 lux (Shochat et al. 2000).

Access to daylight and outdoors could be one of the ways
helping to tackle disrupted circadian rhythm. Although, know-
ing the characteristics of elderly with dementia, especially the
confusion that comes with not being able to understand natural
phenomenons anymore, as well as resources needed to super-
vise and encourage elderly with dementia to go outdoors leads
to another potential solution for stabilizing circadian rhythm.
Various studies present successful methods of supporting circa-
dian rhythm by using electric light, and those will be presented
in the Electric light chapter.
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Seasonal affective disorder

Seasonal affective disorder (SAD) is defined as seasonal depres-
sion, which appears due to lack of adequate exposure to light,
particularly light which is rich in blue content, that is closely re-
lated to endocrinal system. SAD for the first time was mentioned
quite recently, in 1981 by Rosenthal, where he describes it as
depression caused by lack of daylight (Rosenthal, 1981). SAD is
characterized as emotional disorder, winter SAD demonstrates
symptoms of depression, drastic mood swings, oversleeping,
over-eating, and low energy. Whereas summer symptoms tend
to be opposite, such as weight loss, loss of appetite and lack of
sleep (Torrington, 2007). According to a study done by Rosen,
participants of the SAD study reported that they felt worst during
winter months, rather than summer (Rosen, 1990). It is noticed
that effects of SAD disappear during summer and recur during
autumn and predominantly are found in people that live at
latitudes further away from the equator (Mersch,et al. 1999).
Seasonal affective disorder is most often found in northern Iati-
tudes (Boubekri, 2008). Study conducted in Norway has shown
that higher prevalence of winter depression is estimated in the
northern counties than in southern (Lingjaerde, 1986). According
to Dam, 12% of Danish population suffers from SAD (Dam, 1998).
Several factors are responsible for the winter SAD, such as length
of the day (photoperiod) is shorter, sunlight intensity is reduced
and lastly the cold weather that limits the time most people
spend outdoors (Eastman, 1990).

When talking about elderly with dementia, SAD can lead to
accretion of dementia symptoms. Studies discuss effects of de-
pression such as, cognitive impairments occur with depression,
short term and long term memory is affected, decision making,
psychomotor speed (O'Brien, 1993). As winter SAD is more pre-
dominant than summer, the missing stimulus of daylight can be
supplemented with electric light according to available studies.
Light therapy will be discussed further in the Electric light chap-
fer.
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Electric light

This chapter aims to investigate and define characteristics of
electric light that are best suitable for elderly people suffering
from dementia and in the meantime can support wellbeing and
ease day to day activities of institutionalized dementia patients.

The benefits of bright artificial light are discussed in various
studies, where the findings promote better nutrition, preven-
tion of falls and modification of behavioral issues (Brush, 2002;
Marquardt, 2011). As mentioned before, the natural process of
aging leads to deterioration of vision, which results in increased
need of illuminance levels for elderly to perform activities and
orientate in space. According to Turner, iluminance levels for
elderly compared to younger people should be doubled to
achieve the same visual response (Turner, 2008).

Lighting for elderly

Specific iluminance levels for good vision that allows interpreta-
tion of the environment are descripted by Marquardt, accord-
ing to empirical evidence and practical experience, sufficient
ambient light is 500 lux, and up to 2000 lux in activity areas
(Marquardt, 2011). Different approach is taken in a study done
by De Lepeleire, where European lighting standards EN12464-1
were used as a reference and increased by 55%, considering
that individuals need for light advances by 1% every year. In this
study it is stated that activity areas should be lit with minimum
775 lux and general lighting should be minimum 155 lux (De
Lepeleire, 2007). Another study presents answers from respon-
dents of the survey, where one of the respondents discloses that
ambient light should be 500 lux or more and task light 750 lux or
more (Bowes, 2017). Higher iluminance numbers are present-
ed in study by Benbow, where he states that ambient lighting
should have values ranging from 320 to 750 lux, whereas task
lighting should be between 550 to 1100 lux (Benbow, 2014).
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There is not much evidence available providing specific illumi-
nance numbers for dementia care units. Although it is clear that
the preferences and needs for illuminance levels are individual
and can vary from person to person. Bowes in her study em-
phasizes that not all of the residents preferred bright light and it
was important for them have control of light and be able to set
appropriate light levels: “one woman, for example, preferred to
sit in near-darkness, which was more comfortable for her given
the particular problems she had with her eyesight” (Bowes, 2017
p.916). Literature review leads to the conclusion that there is
little knowledge on specific guidelines concerning illuminance
levels, but most importantly electric light design should be per-
son-centered and available recommendations therefore should
be personalized and flexible to suit individual needs of elderly.

Besides brightness (illuminance) of light, correlated color tem-
perature (CCT) influences how the space is perceived and
guides one’'s emotions. Same place with different CCT can be
perceived visually and emotionally in a very distinctive way. In
a luminous environment with lower CCT people generally feel
more comfortable, relaxed, and warm, whereas higher CCT
provides a cooler environment, which can improve concentro-
tion and create a better environment for working.

Light when designing for elderly should have a high CRI. The
aim should be a CRI higher than 70 due to yellowing of the lens
(Benbow, 2014). Higher CRI values can help elderly distinguish
and perceive colors easier. Baucom states that good color
rendering light can help elderly to see more clearly (Baucom,
1996). Another important aspect is contrast. Elderly people
frequently develop diminished sensitivity to contrast, struggle
with depth perception and thus face issues identifying objects
against background in similar color (Benbow, 2014; De Lepe-
leire, 2007). De Lepeleire states that higher contrast in overall
results in better visual perception (De Lepeleire, 2007). As previ-
ously mentioned in a chapter about elderly vision, adaptation
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to different lighting scenarios takes more time, especially from
bright to dim light (Benbow, 2014). Impaired dark adaptation
can blind elderly people for a minute or more when moving
from bright environments to dark (McMurdo, 1991). Therefore
uniformity in ambient lighting is essential (Waggoner, 2002). Be-
sides the amount of light and contrast, reflections are crucial to
be considered (De Lepeleire, 2007). Elderly often struggle with
increased senisitivity to glare. Reflections from specular surfaces
can cause glare, as well as direct light sources, such as unshield-
ed bulbs or daylight, which can result in discomfort, disability
glare, or temporary blindness (Benbow, 2014). Glare conftrol in
environments for elderly is essential: *...not controlling glare is
the biggest failure in lighting for older eyes” (Waggoner, 2002,
p.4). Furthermore shadows should be avoided as they are found
to confuse and frighten dementia patients and set off aggres-
sive behaviors (McCloskey, 2004). Bowes echoes the statement
before by saying that shadows caused by lighting might be
misinterpreted by people with dementia (Bowes, 2017).

Knowledge that will be implemented into the design proposal:

- task light between 550 - 1100 Ix

-CRI>70

- avoidance of glare

- well distributed light to avoid sharp shadows
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Circadian light and circadian metrics

Electric light can be used in two contexts: treating seasonal
affective disorder (SAD) and disrupted circadian rhythm. Both
of those syndromes can be observed in residents of care homes
and its treatment through electric light is presented below.

Treatment by exposure to artificial daylight has been found to
be an effective method tackling SAD, and thus light therapy

is defined to be an effective antfidepressant (Rosenthal, 1984).
Whereas medicational melatonin inhibition showed no positive
impact on reduction of depression (Rosenthal, 1984). Light ther-
apy is usually performed during morning time, to mimic dawn/
morning daylight, it is commonly done between 6 to 9am. The
method of light therapy is found to be efficient by receiving
exposure to light for 30 minutes to 3 hours daily and the posi-
tive effects are noticed after 4 weeks (Livingston, 2014). Early
morning artificial bright light of 2000 lux or more provides effec-
tive treatment for SAD (Rosenthal et al. 1985; Lewy, Sack 1986).
Study comparing exposure to low intensity blue enriched white
light (750 lux, 17000 K) and a standard full spectrum light treat-
ment (10000 lux, 5000 K) revealed that both settings are equally
effective (Meesters, 2011).

In care homes for elderly people and especially those suffering
from dementia it is important to provide stimulation without the
need to rely on light therapy devices. Due to characteristics of
dementia, such as confusion and wandering, it is rather difficult
to keep patients still in front of the light box device and such
therapy would require supervision (Colenda et al., 1997). Study
done by Royer implements light therapy solutions for long term
care units in an all-purpose room for 4 weeks, 5 days a week be-
tween 9:30 am and 10:30 am (Royer, 2012). Light therapy stimu-
lus of blue light emitting diodes with a peak wavelength of 464
nm providing 400 lux at the eye showed significant improvement
for elderly with dementia on reducing symptoms of confusion,
aggression, sundowning, tension and anxiety and improved
cognition (Royer, 2012). Various studies demonstrate a range
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of methods successfully eliminating symptoms of SAD, although
there is no direct evidence that light therapy can improve de-
pressive symptoms of dementia patients (Gasio, 2003; Royer,
2012).

When tackling circadian rhythm disturbances, therapy of ex-
posure to bright light is a commonly used method. The positive
effect of this method on dementia patients is described in a
study by Minishma, where elderly with dementia were exposed
to 2 hours of bright electric light of 2500 lux in the morning and 2
hours in the afternoon, which resulted in increased levels of mel-
atonin, improved sleep at night and less sleep during the day.
(Mishima et al. 2001) In the environments where light settings are
1000 lux and over, demented patients that spend more time
exposed to such light scenario have fewer awakenings at night.
(Shochat et al. 2000) Also unattended indirect light therapy
with increased light intensity using fluorescent lamps in the living
rooms of elderly centers found to stabilize rest-activity rhythm.
(Van Someren, 1997) Most of the studies found indicate that a
daily 2-hour exposure to bright electric light reduces behavioral
disorders such as wandering at night, agitation and improves
sleep — wake and rest activity patterns for elderly suffering from
dementia. Improvement of behavioral disorders would signifi-
cantly enhance quality of life and well-being of the elderly.
Besides illuminance values, color temperature is crucial in light
therapy for disturbed circadian rhythm. High CCT is preferred
and is found to have a greater effect (Benbow, 2014). Study
aiming to support circadian rhythm in elderly care centers pres-
ents a solution of tunable CCT, where four different scenarios
were used. Cool light of 6000 K was used to stimulate residents
from waking hours to early afternoon, which was followed by
warmer CCT of 4100 K from the afternoon until evening and
even warmer temperature of 2700 K from épm to 8pm, night
light settings were set to 2400 K (Davis, 2016). Positive effects on
circadian rhythm were found by implementing high intensity
light with high intensity CCT (6500 K), whereas yellowish light of
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2700 K showed no effects (Van Hoof, 2009).

To ensure effectiveness of light therapy it is crucial to measure
biological effects of light on humans - circadian circle. In this
report the focus will be based on the circadian metric - EML.
Equivalent Melanopic Lux (EML) is based on melanopic re-
sponse of iPRGCs (intrinsically photosensitive retinal ganglion
cells), which have their peak at 480 nm. It is measured at the
eye level on the vertical plane. Assumed height is 1.2m above
the ground, which is equal to the eye level of a seated person.

The report further follows melanopic light intensity standards
from WELL. EML value requirements are similar for living environ-
ments, breakrooms, and learning areas. Requirements for work
areas can be seen in figure x. One of the following must be
fulfilled in order to meet the requirement (75 percent or for all
workstations).

Requirements for work areas
Tables EML value Plane Time
At 75 = EML=200 | at 120cm |[9:00 AM and
percent or (including above the | 1:00 PM for
more of daylight if | floor facing |every day of
workstations | present) forward the year
the vertical
For all plane facing
workstations |= EML = 150 forward maintained

Fig. 6 Requirements for work areas based on WELL standard

EML will be used throughout this report as it is focusing on differ-
ent spectral distributions and it is widely referred to in the lighting
industry today with official standards. Aspects of circadian light
are incorporated into the design proposal of general light for
stimulating alertness while meeting visual needs of the aging
eye.
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Nature

Many studies prove that the environment is an important factor
that influences daily well-being and perception of the quality of
life of people with dementia (Kolanowski, Whall, 2000). Environ-
mental factors that have an impact on a person also include
the experience of nature (Bossen, 2010). Being surrounded by
nature contributes to a sense of normalcy while suffering from
dementia (Duggan, Blackman, Martyr, Van Schaik, 2008).

Further topics related to nature and dementia are discussed in
this report. Areas of biophilic design and horticulture are inter-
secting each other and have many aspects in common. There
are some differences though. Figure 7 shows interrelation of
those two subjects. Main difference is that horticulture includes
an active component — gardening, which can provide elderly
multisensory experience.

Fig. 7 Diagram of nature fopics in research
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There are many approaches to therapy for residents of care
homes. The most crucial aspect is to understand the physical
and mental needs of the elderly. Understanding environmental
preferences and desired activities that are described in follow-
ing chapters can help with enhancing the overall well-being of
the residents.

Biophilic design

The history of biophilic design dates all the way back to the 19th
century, which was a remarkable period for health care archi-
tecture. Art Nouveau abounded in biomorphic forms visible in
building elements and details (Terrapin Bright Green, 2014). Si-
multaneously experiencing nature in the mountains or seashore
became a popular tfrend. Therefore bringing natural elements
like views of greenery or daylight became an inseparable part
of hospital design.

Thanks to biologist Edward Wilson the term biophilia became
popular (Wilson, 1984). The term biophilia describes “innate ten-
dency to focus on life and lifelike processes” (Wilson, 1984). The
emotional reactions evoked by nature are related to instincts
that were developed during the evolutionary process and nat-
ural selection of humans (Wilson, 2002). Therefore, according to
Wilson, people feel bound to nature (Wilson, 2002). Wilson's the-
ory became a basis for different studies. One of them was con-
ducted by Roger Ulrich. He performed a landmark study, where
he was comparing recovery time of patients in rooms with and
without view to nature (Ulrich, 1984). Findings of the following
study assured many scientists of the healing power of nature.
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Biophilic design can be divided into three categories:

- Nature in the Space,
- Natural Analogues,
- Nature of the Space (Terrapin Bright Green, 2014)

Those categories consist of 14 patterns and serve as a frame-
work for the purpose of incorporating biophilia into a building
environment.

In this projects the focus is based on the following patterns:

- 1. Visual connection with nature
- 6. Dynamic and diffused light
- 9. Material connection with nature

Visual connection with nature

Through increasing levels of biodiversity in a space, fx indoor
space, the psychological benefits of experiencing nature can
be achieved even in a dense city structure. (Fuller et al., 2007).
According to research, scenes with nature stimulate the visual
cortex more intensively than non-nature views since they are
activating pleasure receptors in our brain. The main purpose of
this pattern is to shift focus to natural view, which will relax eye
muscles and help with cognitive fatigue (Terrapin Bright Green,
2014).

One of the ways for working with this pattern is to ensure that
the set up of furniture isn't blocking the view, which is also kept
when users are in sitting position (Terrapin Bright Green, 2014).
The “view"” can be both related to outdoors and indoors. As the
intention is to implement the greenery indoors, the plants will be
also exposed to provide easy visual access.
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Dynamic & Diffuse Light

Dynamic lighting creates significant conditions of variable
shadows and intensities that shift during a day. This has a rela-
tion of expression of time and movement, which creates differ-
ent scenarios, from dramatic to calming ones (Terrapin Bright
Green, 2014). The pattern has its origin in features of daylight,
moonlight, fire and seasonal light. Thus its focus is on maintaining
circadian rhythm and stimulating the eye for evoking positive
reactions.

A part of our work is focused on strengthening this pattern
through supporting daylight with electric light. With this ap-
proach we aim to create a smoother transition between indoor
and outdoor environments.

Material connection with nature

A pattern “Material connection with nature” relates to materials
and elements in the designed surrounding that reminds of a lo-
cal habitat (Terrapin Bright Green, 2014). Interior filled with nat-
ural materials can stimulate a sense of touch. More and more
research is appearing about the impact of the interior products
in a space on a participant. Human receptors can recognize a
difference between synthetic and real material. Therefore it is
preferred to use natural materials (Terrapin Bright Green, 2014).

This pattern inspires us to use natural materials in our design pro-
cess.



38

Views

Views of natural objects are triggering emotional, psychologi-
cal and physiological processes (Kaplan, 2001). When a human
being is recognizing natural environment as a not threatening
one, it responses with positive emotions and arousal which cre-
ates changes in activity levels, decreases negative thoughts
and emotions and moreover increases sustained attention (Ber-
to, 2007; Kaplan, 2001; Rappe & Topo, 2007; Ulrich, 1984). Such
emotional responses would be useful in everyday life for the
dementia care home residents.

Caretakers’ awareness of the impact of experiencing a natural
environment on people with dementia is very important. The
employees of nursing homes can encourage the residents to do
different activities by the view to the outdoors. Just a view from
a window and fresh air can be a natural stimulus. According

to Bossen, implementing natural multisensory stimulation can
enhance quality of life and its dignity, which is important for
residents, especially those who have newly moved in (Bossen,
2010).

View of the greenery enhances control over the environment
and has restorative and therapeutic values that can reduce dis-
comfort (Treggenza, 2006). A study held by Chalfont focusing on
the care home institutions found that just the presence of a win-
dow with a view can activate different social interactions and
provide topics for conversations (Chalfont, 2006). Observation
of the view of the garden from a well-known indoor area can
help with recognizing the time of the day and the season. Many
residents with dementia may suffer from short-term memory loss.
Some people can even forget that there is an opportunity for
outdoor green space, thus the view can remind them about it
every day (Chalfont 2008). A view of people performing every-
day outdoor activities or a view of trees showed great interest
for residents of care homes. The most preferred situation was
one with a view to people outside fx., when they are on the way
to work or school. View of the entrance area is also very attrac-
tive (Chalfont 2008).
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Position of the window is an important aspect in care home en-
vironments. Windows that are positioned at the end of the cor-
ridor can cause unpleasant reflections on glossy surfaces and
unable recognition of objects and people can be perceived as
silhouettes, which can be really misleading for the elderly (Tor-
rington, Treggenza, 2007).

Horticulture

Natural surroundings were used through centuries differently,
according to cultural needs and beliefs. Between the 17th and
20th century elements like green landscape, daylight and fresh
air - was a component of treatment at hospitals and sanatori-
um parks (Séderback. et al 2004). This can be considered as an
origin of horficultural therapy.

Horticultural therapy is an active program that is implemented in
different healthcare institutions, including residential places (Sim-
son, Straus,1997). The whole process of the therapy is considered
as a therapeutic activity and it is a part of the overall structure
of treatment at residential institutions (Relf, 1978). Horticulture is
improving mental health and well-being. This type of therapy
involves gardening which can contribute to social and general
health benefits (Haas & McCartney, 1996; Lewis & Mattson, 1988;
Ryan, 1992). Therefore it is considered to improve cognitive and
psychosocial abilities of people suffering from dementia (Yasu-
kawa 2009).Not only the activities involving nature elements, but
also its physical setting is healing.

Relf writes in “Cultural learning theory” that preference for
known flowers or trees comes from the fact that the environ-
ment where humans developed feels more natural and adapt-
able (Relf, 1992). Theory called “the living environment”, based
on this statement, suggests that surroundings should be de-
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signed to evoke memories from a period before severe stages
of dementia (Relf, 1992).

Horticultural therapy is suitable for elderly, especially for those
with cognitive disorders, since it can be easily modified so ev-
eryone can partficipate in it, no matter of different inabilities
(Jarrott et al.2002). Tasks are adjusted according to the level of
the disease so they can feel meaningful and therefore stimu-
late diverse actions in the thinking process (Jarrott et al.2002).
Sensory stimulation is a big part of the process. Elderly can be
exposed to contact with different flowers, which will stimulate a
sense of sight and smell. Those sensations can evoke different
memories from previous environments. Sense of touch can be
activated by experiencing textures of plants and analysing their
texture. This activity can be extended to barefoot walking on
different surfaces (Séderback. et al 2004). Cultivation of fruits
and vegetables is also a part of this therapy. It can give a lot
of satisfaction from growing and then eating crops of your own
work (Séderback. et al 2004).

Therapy should be adjusted to the abilities of the residents.
Activities should be really simple and small in the start fo en-
courage patients (Refl, Dorn, 1995). Even those who are not
able to participate in the activities, can benefit just from passive
watching. This can contribute to psychological benefits that will
encourage further observation of plants and later might result
in willingness to participate in taking care of the greenery (Refl,
Dorn, 1995). Exercises of gardening can show elderly - that they
are still valuable to the community and they are part of it (Refl,
Dorn, 1995). The most motivational activities noted are potting
plants and flower arrangement (Relf (Hefley) 1973; Relf, 1978).
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Therapeutic landscapes

A study performed by Cohen- Mansfield and Werner showed
that residents who were spending their time outdoors were in

a better mood and pacing behavior (Cohen- Mansfield, Wer-
ner 1998). When they were denied to go outside, they reacted
with physical and verbal aggression (Cohen- Mansfield, Wer-
ner 1998). Researchers concluded that residents experienced
physical and mental benefits from exposure to daylight, weath-
er changes, and contact with earth and plants (McMinn and
Hinton 2000).

Researchers Mooney and Nicell (1992) conducted an exam-
ination of violent incidents that occurred in five care homes for
residents with Alzheimer’s disease. The research showed a signif-
icant difference between institutions with and without gardens.
Violent incidents increased by 681% in nursing homes without
gardens, whereas in places with gardens violence dropped by
19% during the period 1989-1990. This led to the conclusion that
the green spaces can be and started being used for calming
and help manage behavioral problems of the residents (Lover-
ing et al. 2002).

Specific guidelines should be considered while designing an
outdoor space for people with dementia. The disease makes

it difficult to plan the activity, which involves putting on appro-
priate clothes and finding the way outside. Spending time out-
doors would be more likely if it is implemented into the program,
where residents are taking part in meaningful activities with the
assistance of the employees (Connell, Sanford, and Lewis 2007,
199).

Staff's attitude and organizational policy are as important as en-
couraging spending time outdoors. Some institutions are keep-
ing their doors closed in order to prevent escaping or being
afraid of residents being alone outdoors (Grant and Wineman
2007). This can lead to nonuse of the garden in the therapy. Pro-
moting residents’ independence and encouraging them to go
out together with programmed activities in gardens can solve
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this problem and teach the elderly how to behave outdoors
(Grant and Wineman 2007).

Gardens designed for Alzheimer's patients have different struc-
tures than traditional ones, which are characterized by many
explorational paths. The most comfortable layout would be
without any hidden areas which can easily cause confusion,
disorientation, and loss of tfrackback home (Furness and Moriarty
2006). Entry doors can be designed as a landmark so they can
help in the wayfinding process (Cooper Marcus, Sachs 2014).
Status and plants of unfamiliar shapes should be avoided since
their shadows can cause agitation.

Spending time outdoors can recall many childhood memories.
Watching the landscape and seeing the horizon is a part of ev-
eryone’s life. Outdoor activities would be very beneficial for the
residents. Many seats would be a great help for the elderly. They
should be placed at a regular frequency in a variety of shapes.
Some of them could be movable to adjust to personal needs
(Cooper Marcus, Sachs 2014).

Toxic plants should be avoided both indoors and outdoors
(Parson, Ulrich, Tassinary 1994). Residents have a tendency to
touch everything and even in the late stages put objects in
their mouths (Cooper Marcus, Sachs 2014). Also sharp-leafed
or thorny plants should not be used in care home environments
as they can be harmful to the skin, which is much thinner at old
age.

Plants can be also used in therapy as they can remind of the
past (Cooper Marcus, Sachs 2014). All those colors and smells
are triggering senses and changing the perception of the
space. Though the intensive smell should be avoided.

In the further design process we incorporate the following
knowledge and aim to develop an easily accessible outdoor
area that is filled with greenery and would have a positive im-
pact on elderly with dementia.
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Plants & indoor environment

Not without a reason, many people decorate their homes with
plants. People are connected to natural things as it is an enor-
mous part of the physical world (Wilson, 1984).

Residents of the care homes are often denied such attractions.
Moving from home into a care home institution can be a hard
and confusing process, especially for the elderly with dementia.
Many new residents during their first weeks are waiting until they
will be picked up by family members, who will take them home.
They are rejecting unfamiliar environments (Bhatti, 2006). Plants
and gardening are often a reminder of activities from home.
Therefore, use of plants in care home environments can be a
successful method for reconstructing life in a new environment.

Domestic spaces filled with nature are affecting different emo-
tions and needs. The most significant are “sense of continuity
and choice” and *a significant influence on an older person'’s
sense of determination” (Percival, 2002). Moreover, daily use of
green areas is contributing to spiritual and emotional well-being
(Sixsmith, 1991). Therefore, the importance of being with nature
should be highlighted to all care providers as it has both restor-
ative and healing effects (Kaplan, 1995, 2001).

Maintaining plants in good conditions is also evoking a sense of
self-determination and observing the growth of the greenery is
bringing a lot of joy and satisfaction (Percival, 2002). Watering
plants brings a lot of positive feelings and a sense of responsibil-
ity to the elderly (Cooper Marcus, Sachs 2014). Because of the
risk of overwatering the indoor plants should tolerate excessive
watering (Rappe, 2004).

Benefits mentioned above can conftribute to improved quality
of life, which results in a healthy aging process. Hence, we incor-
porate plants in elderly with dementia care home as an ele-
ment of our design.
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Homelike environments

Dementia makes it challenging for people suffering from it to
live at home, given increased risk of self-harm, such as falls, for-
getting turned on cooking appliances, running taps, and get-
fing lost and confused. Increased cognitive declination, interest
in improving well being for people suffering from dementia and
the need for additional support are some of the primary reasons
for institutionalization (Reimer, 2004).

Institutionalization is a profound change in life for elderly people.
Moving to an unfamiliar environment can often be a stressful ex-
perience that can result in shock, withdrawal and anger (Hadjri,
2015). In fact, many of the behaviours associated with people
suffering from dementia, partly is a consequence of institutional
long-term care environments (Cohen, 1993; Day K, 2002). Grow-
ing evidence elaborates on physical environments and social
care milieu effects, which can enhance or diminish life quality
for demented people. One of the important aspects of the envi-
ronment for people with dementia is “homeliness”, a setting that
makes the environment feel more like at home and less like an
institution (Kelly, 2011).

A number of benefits of homelike environments are emphasized
throughout literature. Calkins affirms that due to increased diffi-
culties for people with dementia to adapt to changes, an envi-
ronment that is continuous and can be related to the past will
be less traumatic (Calkins, 1988). Another study states that recre-
ation of domestic home qualities may be helpful in decreasing
disorientation (Taft, 1993). Coons emphasizes familiarity of fea-
tures such as sounds, aromas, visual cues and personal belong-
ings and claims that it helps to encourage positive behaviours
and helps residents to maintain their identities (Coons, 1990).
Nonetheless, social interactions, meaningful activities can be
encouraged, and personal associations triggered with objects
that are familiar, as well as acquaint activities and spaces (Co-
hen, 1990). Study done by Morgan states that residents of care
units feel less anxious in a homelike setting, because it is familiar
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to them (Morgan, 1999). Participants of the study stated that
occupants of care units wish to live in homely environments that
are personalized and help them feel at home, moreover, staff
of care homes feel more joyful coming to work to environments
that are perceived as homely, friendly, and comfortable (Had-
jri, 2015). Hadjri states that it is undoubtful that design of home
environments contributes to the wellbeing and functionality of
people with dementia (Hadjri, 2015).

Interior design features highly contribute to a homelike setting,
such as fabric valances instead of vertical blinds, carpets on
the floor, domestic style lighting fixtures (Morgan, 1999; Schwarz,
2004; Kelly, 2011) Decorated public areas, planted flowers do as
well contribute to homely and welcoming atmosphere, as well
as usage of furniture and fitting that are found in home environ-
ments (Hadjri, 2015). Therefore, in our design we aim to incorpo-
rate familiar objects such as pendants, curtains and use plants
as an element contributing to homeliness.
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Danish characteristics
Light and atmosphere

Light and darkness can transform the environment in multfiple
ways. Light conditions have an influence on how we perceive
space, different light levels change the appearance, and the
spaces can appear bright, gloomy, or dark, thus each of these
settings affect the atmosphere in distinctive ways. Absence of
light can condition an environment that is perceived as inti-
mate: “the curation of a home as a space for relaxation may
be predicated on the ability to have intimate relations with
others in the dark.” (Shaw, 2014, p.10). Whereas uniform light in
space on the contrary creates a public, institutional atmosphere
impression, yet when aiming to form a private atmosphere at
home it should be avoided. Concept of light topography, also
known as light zones, can be used as a valuable method whilst
creating atmospheric lighting (Edensor, 2015). Other crucially
important aspects in designing atmospheres with light are char-
acteristics of light, such as illuminance levels, spatial distribution,
darkness and brightness contrast, interplay of light and surface
colours, highlighting objects or surfaces (Wanstrém, 2012).

In Denmark in winter daylight hours are very short, sun sets
around 3.30 pm, as the darkness rules in winter season, light be-
comes a matter of importance. Danes have a strong tradition in
creating a cozy, home like atmosphere by using light at home.
The famous term hygge (cozy) plays a very important role and
helps to overcome darkness during short daylight hours seasons
(Billie, 2014). Hyggeligt (cozy) atmosphere and sense of being
secure at homes is created by using candles in Denmark, in fact
more than half of danish population light up candles almost
daily during autumn and winter (Wiking, 2016). Although, it is not
only the candles that contribute to a cozy atmosphere, in gen-
eral Danes admire and pay a high attention to lighting. Devel-
opment of atmosphere starts with careful selection of luminaires
and thoughtful placement in space, and it all contributes to
coziness:
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“When, in the evening, from the top of a fram
car, you look info all the homes on the first floor,
you shudder at how dismal people’s homes are.
Furniture, style, carpets — everything in the home
is unimportant, compared to the positioning of

the lighting.”

~Poul Henningsen

It is rather rare to find a private home in Denmark with uniform
lighting, mostly the light will be arranged in zones, creating small
caves of light around the room. Strong dining tradition and
extensive fime spent by the dinner table is as well supported

by atmospheric light. Commonly pendants are hung above

the dining table emitting a really warm colour temperature of
1800 kelvin creating a cozy, intimate and private atmosphere’
(Wiking, 2016).

We aim to implement this knowledge about the traditional dan-
ish lighting for the development of atmospheric, homelike light-
ing design further in our process.
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Nature

Danmark is a country without mountains, where the highest hill
reaches 172 m above sea level. Even though the landscape is
quite simple, vegetation differs in various parts of the country. It
happens because of a variety of soils, mainly limestone, loamy,
clayey sand sand. The only part with a solid rock surface is Born-
holm.

During the Atlantic period (around 5000 years ago) Denmark
was covered with primeval broadleaved forest . Most popu-
lar species were the Small-leaved Lime (Tilia cordata), Large-
leaved Lime (Tilia platyphylla), Wych Elm (Uimus glabra), Small-
leaved EIm (U. carpinifolia), Pedunculate Oak (Quercus robur)
and Ash (Fraxinus excelsior).

The Atlantic period was a beginning of cultivation of the land
and usage of forest. 2500 years ago climate started to change
during a Subatlantic period. Colder temperatures resulted

in change of the flora. The most dominant tfree became the
Beech (Fagus sylvatica), and it is still today’s most common tree.
Cultivation of the land created a more open landscape where
light-dependent plants and fields of grass found their place.
Nowadays only coasts are places of natural vegetation.

A common flower that can be found in Denmark is a wild or-
chid. There is an area near Copenhagen, Gentofte, where

they can be seen. They appear on the shores of lakes and wet
meadows. Two native species are the common spotted orchid
(Dactylorhiza maculata ssp. fuchsii) and the northern marsh or-
chid (Dactylorhiza purpurella). Both of them have a purple color
and spots on flowers. Another common flower is early coralroot
(Corallorhiza trifida) with yellow flowers.

This research aiming to find the characteristics of Danish nature
has inspired us to further investigate the biodiversities present in
the surroundings of our case study. We expect that found flo-
ra will be perceived as familiar for elderly living at Noeldebjerg
care home and thus contribute to a familiar home-like atmo-
sphere development.
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Synthesis for analytical framework

In the analytical framework chapter different research findings
and theories have been reviewed and covered topics of light,
its physiological effects, circadian rhythm and impact of nature
on human physiology and psychology. Those subjects have
been explored separately and this synthesis aims to investigate
the knowledge of variable criteria affecting each subject and
indicate the similarities and differences in presented research.

Dementia is a broad term that is describing the loss of memory,
problem-solving, or language abilities that are impeding ev-
eryday life. Although the disease is irreversible, early diagnosis

is giving access to the tfreatment and rehabilitation process.
Explanation of behavioral changes and proper environment
features are raising life quality and delaying severe symptoms.
Therefore, it is important to provide the best environment. Light
plays a crucial role since elderly have imparied vision. The lens is
accumulating yellow pigment and becoming cloudier. This is a
reason for a need of high illuminance values and avoidance of
glare.

The most important aspect of daylight is that it influences circao-
dian rhythm. Disturbed sleep cycles are the primary causes of
institutionalization for people suffering from dementia. During
the natural process of aging SCN may deteriorate and thus light
exposure decreases causing disruption of circadian rhythms.
Melatonin slowly decreases with aging resulting in circadian
rhythm sleep disturbances. Since daylight improves depressive
symptoms and cognitive functions for elderly, it could be used
as a part of therapy to diminish some of the symptoms of the
disease.

Both disrupted circadian rhythm and seasonal affective disor-
der can be tfreated by using electric light therapy. The scientific
evidence says that depressive symptoms can not be treated
with electric light, but the therapy does help to normalize sleep-
ing patterns, wandering and other symptoms of dementia. Light
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therapy is usually performed through exposure to bright light
mimicking daylight during morning hours. High intensities (1000
-2500 Ix) are used. Tunable correlated color temperature can be
used and can help to strengthen understanding of the passage
of time. Cool CCT (6500-6000k) is used to stimulate alertness and
has positive effects on circadian rhythm, whereas warm cct
(2700k and lower) does not provide the stimuli and melatonin
generation begins. Circadian metrics are helpful for adjusting
the intensity of light. Further in the analysis the focus is on EML. It
is based on the melanopic response of ipRGCs, which have their
peak at 480 nm. It is measured at the eye level on the vertical
plane. According to the WELL standard EML should be equal to
200 equivalent melanopic lux at the workstation.

Environment is an important factor that influences daily well-be-
ing and perception of the quality of life of people with de-
mentia. Biophilic design describes innate human tendency to
affiliate with life and lifelike processes to create body-mind con-
nection. One of the aspects connected to biophilia is a view of
nature, daylight and preference of natural materials. Research
shows that just the presence of a window with a view can acti-
vate different social interactions, like sitting in a group close to
the window and a view from it is provided with topics for con-
versations.

Horticultural therapy is an active program that is implemented in
different healthcare institutions, including residential places. It is
improving mental and physical health and well-being. This type
of therapy involves gardening and being surrounded by nature,
which can contribute to social and general health benefits.
Therefore it is considered to improve cognitive and psychosocial
abilities of people suffering from dementia. Plants indoors can
help to create a homelike atmosphere and contribute to emo-
tional well-being. Plants in elderly with dementia care environ-
ments have to be carefully chosen - avoid poisonous and thorny
plants that can cause damage to the skin.
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Institutionalization is a profound change in life for elderly people.
A number of benefits of homelike environments are empha-
sized throughout literature. An environment that is continuous
and can be related to the past will be less traumatic and may
be helpful in decreasing disorientation. Interior design features
highly contribute to a homelike setting, such as fabric valances
instead of vertical blinds, carpets on the floor, domestic style
lighting fixtures. Uniformed light distribution usually reminds of

a public space. Absence of light is creating an intimate atmo-
sphere and thus shape a place for relaxation. Other crucially
important aspects in designing atmospheres with light are char-
acteristics of light, such as illuminance levels, spatial distribution,
darkness and brightness contrast, interplay of light and surface
colours, highlighting objects or surfaces.

Danes have a strong tradition in creating a cozy, home like at-
mosphere by using light at home. Hyggeligt (cozy) atmosphere
and sense of being secure at homes is created by using pools of
light conceived with pendants and warm color temperature.
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Criterias

Extracted knowledge from the analytical framework helped to
create theoretical criteria, which we have summarised below.
They work as guidelines for our design proposal for dementia
care home - Nceldebjerg plejecenter. These criterias do as well
help to create a framework for tests and analysis of the space,
ensuring that initial research questions stated in the first chapter
will be successfully answered.

Criterias are divided into the four focus areas stated in a Vision:

- Connection to nature

- Enriching circadian rhythm stimulus by daylight supported with
electric light

- Supporting visual needs of aged eye to perform tasks

- Atmospheric environment creating homeliness
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Connection to nature

- Local plants

- Accessibility to outdoors view

- Passage of the time

- Comfortable conditions of outdoor environment

Fig. 8 Connection to nature



Enriching circadian rhythm stimulus by
daylight supported with electric light

- Cool light in morning hours
- Zones of light to meet different needs and functions of the

space

Fig. 9 Stimulus by daylight
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Supporting visual needs of aged eye o
perform tasks

- Avoid glare
- Low contrast ratio
- Higher illuminance to perform tasks

Atmospheric environment creating
homeliness

- Creating familiar lighting environment
- Cozy atmosphere - warm light

- Familiar shading system

- Easy control over the space

Fig. 10 Visual needs and atmospheric environment
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Chapter

Analyses

The material in the following section is material that we have
received from Nceldebjerg plejecenter, information found on
the Greve kommune website and analyses - simulations, calcu-
lations that were performed by recreating a 3D model based on
original floor plans, elevations and sections. The space of case
study was analysed based on floor plans, and simulation that
we have performed - current daylight factor conditions and
shadow analyses. To support lacking information from physical
observations, with expectations that older dementia elderly
centers comprehend similar environments, a co-case study of
Virumgard plejecenter is presented in this chapter. Due to the
possibility to physically access the space, observations, interview
and on site measurements were conducted at Virumgadrd elder-
ly center.
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Case study

Overview

Nceldebjerg Plejecenter is located in R&ddhusholmen 8B, Greve
municipality, which is based about 21 kilometers south-west from
Copenhagen. Until the 1960s Greve was primarily known as an
agricultural area, the most occupied location at that time was
coastal road Strandvejen, where businesses and holiday hous-
es were located. From the late 1960s to 1970s migration from
Copenhagen started into new homes built in Greve, thus quick
development of the area started, districts formed. Today, Greve
is known as one of the largest residential municipalities in the
Greater Copenhagen area.

Nceldebjerg elderly center is one of four Greve municipality
dementia competences centers. Noeldebjerg plejecenter was
built in 1964, the building consists of building A, louisiana half-
way and building B. In 2008 an extension project of building B
took place. Care home consists of 57 nursing apartments and
12 apartments for residents with special needs. Apartment siz-
es vary between 2 rooms apartments of 53 square meters and
1 room apartments of 39 and 44 square meters. Moreover,

the center includes common areas, cafe, kitchen and facility
rooms.
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Fig. 12 Nceldebjerg plejecenter
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Space

The Selection process of the space for design has been highly
influenced on following criterias, functionality and surrounding
rooms, as well as daylight conditions and lastly accessibility to
outdoors. Nceldebjerg elderly care home as mentioned before
consists of building A and building B, in the process of selecting
space both buildings were analyzed.

To enable accessibility to outdoor areas we focus on spaces
that are located on the ground floor, in this way providing level
free access to the outdoors for all the residents of the center,
including wheelchair users. Two areas that had a potential to be
developed were studied in greater detail, which are staff room/
dining room in building B and cafe area in building A.

Building A mostly consists of circulation areas, common areas
such as activity rooms, hobby rooms, cafe, terrace. Staff rooms
are as well located in building A, although those do not have
a direct access to our initial area for design - cafe, which is
considered to be a positive aspect as it would not interfere nor
disturb employees (Fig. 14). Moreover the cafe area provides a
spacious environment with access to views as it is rich with cur-
tain walls that also allows a great amount of daylight indoors. It
as well has a direct terrace to terrace and is connected to the
main entrance through the hallway. We expect that this space
is or can be commonly used as a meeting point for both resi-
dents and families that come to visit their family members resid-
ing at the center. As this part of the building is filled with spaces
for resident activities, a developed cafe area could encourage
social interactions after scheduled activities or provide space
for relaxation with a view, nature and atmospheric lighting.

Building B accommodates staff rooms, service rooms such

as clinic rooms, meeting rooms and offices. Ground floor of
building B includes apartments and only one common area
designed for residents (Fig. 15). Initial area is way smaller com-
pared to the area in building A, it is open space connected with
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the hallway and thus it does not provide separation with staff
offices, meeting rooms and can cause distractions and noise.
Right wing of the building hosts resident apartments, which in
our perspective is a negative aspect as the functions would be
mixed.

Daylight and shadow analysis highly influenced choice for
design space, cafe area in building A has better satisfactory
daylight factory level compared to other potential space. The
space is not affected by surrounding buildings, no shadow is
casted and the light allowance to indoors is higher. Precise
analyses of daylight factor and shadow can be found in the
following chapter.

After investigating both areas and comparing advantages and
disadvantages we have decided to choose the cafe areain
building A for our design.
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Economist/
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Elevator

Dish washing
area

Common area
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Living room
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entrance
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Gymnastic
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Fig. 14 Building A - areas relation
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Fig. 15 Building B - areas relation
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Fig. 17 Simulation of current environment in Cafe area




Fig. 18 Simulation of current environment in Cafe area
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Fig. 19 Simulation of current environment in Cafe area
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Users

The users of an elderly care home can be categorized into

three main categories, the residents - elderly people with de-
mentia that are daily users of the space, the staff and the visi-
tors. This report will only focus on the first group of users (elderly
with dementia) since they have special needs and are the most
vulnerable group that should receive environmental input that
can make their daily life more pleasant and easier with the new
proposed lighting design and environment.

The residents are people with varying physical, cognitive and
visual abilities. The level of dementia is unknown and is expect-

ed to vary for each resident. The same situation is expected

when talking about elderly vision. Natural deterioration of aging
eyes can diverge to a great extent, thus the design will aim to
provide solutions that are controllable and can suit individual
needs, especially when it comes to task lighting.

The daily schedule of residents is expected to be flexible to

some extent. Observations and working experience at co case
study suggest that residents of care homes can set their own

schedule according to their personal routines. The residents

have their own prefered waking up time. Although, it is known
that elderly care homes do have a loose time schedule (fig. 20).

Waking up time

Breakfast

Morning activities

Lunch

Relaxation time

Afternoon activities

Dinner

Evening activities

Sleeping time

~7:00 am

~8:00 am

9:00 am - 12:00 pm

12:00 pm

13:00 - 14:00 pm

14:00 - 17:30 pm

17:30 pm

18:00 - 21:00 pm

~22:00 pm

In the morning, residents of care homes use common spac-

Fig. 20 Expected schedule at care home

es to engage in different activities. Most commonly individual

activities such as reading newspapers/books, hand crafts or

group activities with other residents such as card games, social
interactions while sitting by the table, watching television take
place on a daily basis. In addition, activities with supervision of
staff, such as exercising adapted to their physical abilities, sing-
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ing, and events are executed periodically. During the day most
commonly used spaces are dining rooms and living rooms for
eating together and doing passive activities. In the afternoon
and evening routines include socializing with other residents,
watching television, reading whilst being in common space or
at their private rooms.

The staff of elderly homes consist of skilled social and health
assistants, caretakers/nurses, activity workers and maintenance
staff. The staff is responsible for ensuring safety, supporting daily
needs of residents, physiological and social, and taking care of
them, supervising elderly throughout the day, providing medi-
cation, preparing or serving food and participating in residents
activities.
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Materials

Materials and reflectance values of materials in space play a
significant role in overall how the space is perceived, it influenc-
es brightness, and most importantly users comfort. Especially
materials are important in this context, care home environ-
ments, as it was acknowledged in the literature research chap-
ter. Changes in elderly vision contribute to increased sensitivity
to glare and reflections. Therefore even though we did not have
a chance to analyse the space physically, we did research on-
line, looking for images taken at Nceldebjerg center to find out
what materials are used in the center.

Our materials research was successful and we did manage to
find images from our case study - Nceldebjerg plejecenter and
images of the cafe area. The environment can be defined as
a standard institutional environment with white walls and white
ceiling (fig. 21). The floor in the center is a wooden floor with a
varnishing layer. It can clearly be seen in the image that the
floor has high reflectance values and it creates bright light spots
that could be visually uncomfortable and confusing for elderly
with dementia (fig. 22). The reflectance values summarized in
the table are based on assumptions and on DS/EN12464-1:2011
recommendations (fig. 23).

Fig. 21 Environment - Cafe area
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Fig. 22 Reflections on floor

Walls

Ceiling

Floor

0,3-0,8 (0,6-0,9

0,6 (DS/EN12464-1:2011 0,1-0,5)

Fig. 23 Reflectance values of existing materials
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Quantitative measurements
Daylight

Daylight analyses in this chapter are based on 3D simulations
and visualizations made in softwares Revit and Velux. To devel-
op a clear understanding how the space interferes with daylight
throughout a year, 4 time settings were used for calculations:
spring equinox, summer solstice, fall equinox, winter solstice.
Daylight factor (DF) calculations provide clear information
about daylight quality in a room. Another set of analyses are
shadow analyses, which communicate clear message about
obstructions in nearby surroundings and influence of those.
Moreover we have performed analyses - survey of the move-
ment of sunlight, which provides information of how the daylight
penetrates the space during different seasons and times of the
day and how the space appearance changes with variation of
daylight throughout sunny and overcast weather conditions.
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Daylight factor

Daylight factor (DF) is a rather simple and profound method for
investigation of daylight availability indoors. Daylight factor is
the amount of daylight available inside a room compared to
the amount of unobstructed daylight outside under specific sky
conditions - overcast sky. DF is expressed in percentage.

Calculations of daylight factor were made for the whole build-
ing. including building A, B and louisiana hallway. DF factor cal-
culations are available for ground floor, 1st floor, 2nd floor and
3rd floor (Appendix 3). Although in this chapter we are going to
describe and analyse results focusing on two initial design areas
- cafe and staff room/dining room.

Cafe area in building B is designed with large areas of glass, the
facade facing south-west, west-north are constructed out of the
curtain wall, and the north-west facade hosts 2 double windows
of 4.32x2.13m. The fact that the cafe area accommodates
three external walls that are rich with glass, enables lots of day-
light fo enter the space and that can be seen in daylight factor
calculations. South-west and west-north facing areas reach a
daylight factor of 8 percent up to about 2.7 meters away from
the curtain wall. Five percent and higher daylight factor results
in strongly daylit appearance of a space, meaning that during
daytime electric light is usually not needed, although it can
potentially result in thermal problems, such as overheating in
summer season and heat loss during winter. From the point of
2.7 meters going further away daylight factor gradually diminish-
es to 6, 5, 4, 2 percent within approximately 1 meter distance. As
the space is very deep, spanning 13.1 meters from one external
wall to another, the center of the room receives only 1 percent
of daylight factor. Areas with DF percentage of 2 and lower
look gloomy and electric light supplementation is needed most
of the day. North-east area of the room, right by the glazing,
demonstrates a daylight factor of 5% up to 1 meter away. From
the distance of 1 meter from the glazing area daylight factor
gradually decreases to 2 percent at a point of approximately
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2.4 meter away from the windows. Overall, daylight factor con-
ditions in the space are good, especially taking into account
the depth of the room and acknowledging that rooms rich in
depth usually face the same issue, which can be supported and
replaced with electric light.

Staff room/dining room in building B accommodates windows
only in the north-west facade. The space is 56 square meters
big and the existing amount of glazing area is able to provide
enough daylight intfo the space according to calculations. Day-
light factor of 5 percent is seen right by the glazing area and up
to 1 meter away from it. DF gradually decreases going further
away and reaches a minimum value of 3 percent.

Even though the results of building B could be considered as
better results in comparison to the Cafe area in building A, other
criterias such as size of the area, connectivity and location, and
functionality of the room strongly influence our decision of work-
ing further with Cafe space.
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Fig. 24 Daylight factor - ground floor
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Survey of the movement of sun light

Analyses for spring equinox, summer solstice, autumn equinox
and winter solstice demonstrating the way daylight penetrates
our chosen area - Cafe. Analyses were made for a time span
from 7am to 20pm for sunny weather conditions and overcast
sky conditions (Appendix 5).

The cafe area facing south-west constructed with curtain walls
allows direct sunlight to enter the space from 8am to 15pm
creating distinctive shadows out of the window frames (Fig. 25).
Other periods of time the area is filled with indirect daylight. The
movement of sunlight in space during spring, summer and au-
tumn creates a pleasant atmosphere that can as well lead to

a correlation with the passage of time. Although it is important
to consider the fact that computer simulation does not entirely
represent reality and direct sunlight during autumn is not present
often.

The opposite side of the areaq, facing north - east with two dou-
ble sized windows during most of the day time receives indirect
light during sunny weather conditions. Only before the sunset
during summer months direct sunlight can be perceived indoors
entering the side from the west from é6pm to 20 pm. Throughout
all the other seasons no direct sun can be seen entering space
on this side of the space due to orientation.

During overcast sky conditions south-west side area as it was
described in daylight factor analyses receives reflected skylight
that from 2.7 meters from the curtain wall area slowly diminishes
going further to the center of the room. The opposite side of the
room appears darker compared to south-west and showcases
brighter areas only right by the windows (Fig.26). The center of
the room can be perceived as the gloomiest area in the room.

The sky conditions strongly influence the appearance of the
space. During sunny days the characteristics of light create a
warm and relaxing atmosphere. Whereas an overcast sky with
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reflected sky light creates a cool and refreshing atmosphere in
the space.

Taking intfo consideration the analyses of daylight, the area in
south-west has the biggest potential to be chosen as an area
for circadian rhythm stimulus as it receives direct sunlight during
sunny days and greater amount of reflected light during over-
cast days.

Fig. 25 Shadows in South-west of cafe area (summer solstice 10am)
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Co-case study
Overview

Care Home Virumgard is situated in Virum - a suburban residen-
tial area in Lyngby-Taarboek Municipality, which lies 15 km from
central Copenhagen. The village has been known on paper
since the Xl century, when it was firstly mentioned in papal
letters. Care home is close to Sorgenfri Torv (virumgaard.dk). It
consists of three departments for different focus groups.

Only department B of Plejehjem Virumgdrd was taken under
the research. This building was built in 2001 with two floors. Al
26 apartments are devoted for dementia imparied residents
(virumgaard.dk). Every floor consists of two groups of caretak-
ers, kitchen with dining room and a common living room. Al
the apartments are between 63 - 65 m2 and have a private
bathroom. Because of security reasons there are no balconies
attached to the apartments (virumgaard.dk).
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Inferview

Semi-structured interview was conducted with one of care takes
fromm Care Home Virumgdrd. The employee describes how it

is important for everyone to have a daily rhythm. Most of the
residents with dementia can’t control it. The only time markers
are meal times (Appendix 2). People with dementia don’t really
understand the concept of time. They are sleeping when they
are tired and getting up when it feels comfortable, even though
that might be in the middle of the night. Disrupted sleep pat-
tern is deepening the existing confusion and unregulating nat-
ural rhythm (Appendix 2). Daily rhythm is a focus point of work

in care homes. Employees are making sure that residents are
active during sunny hours. At Virumgdrd some residents got light
therapy to put them back on track with circadian rhythm. Room
is filled with curtains and lamps that are imitating different light
scenarios that are occurring during the day (Appendix 2) .

During winter tfime in Denmark people get up when it is dark and
go directly to spaces illuminated with electric light (Appendix 2).
Residents of care homes can easily confuse such dark mornings
with nights. Night lighting should be more dimmed than during
daytime. That could help with recognition of time. Interviewed
caretaker suggests that the most beneficial for elderly with de-
mentia could be going outside to experience natural light and
learn phenomena like wind, coldness or rain again. He observed
that many residents with severe symptoms are afraid to be un-
der open sky (Appendix 2).

Sun is affecting elderly with dementia the same way as other
people. During winter fime they can suffer from seasonal affec-
tive disorder. Sunny weather can elevate their mood, especially
after a gray, overcast period (Appendix 2).

Most care homes are filled with artificial plants, because of
maintenance reasons. Living plants not only can provide bet-
ter air quality but also a pleasant view (Appendix 1). Residents
could take care of them with the help of a caretaker if needed.
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That could be a part of weekly activities. Bad air quality is an-
other problem of many institutions. This happens often because
residents are complaining about shifts from warm to cold tem-
perature when a window is open (Appendix 2).

The employee hasn't observed many cases of watering plants
by the residents with dementia. It is mainly because of lack of
encouragement from the caretakers - care takers could ask for
help in some activities connected to taking care of the plants
and in this way encourage residents to participate (Appendix
1). Elderly with severe symptoms need inspiration from outside to
take some actions. He noticed a big interest in seasonal flowers
that are a symbol of time of the year (Appendix 1). Poinsettia, in
Denmark called julestjerne (Christmas star), is a popular flower in
many counties that appear in apartments during the Christmas
period. Its view is bringing a lot of joy and memories to residents
(Appendix 2). Lilies and crocus are flowers typical for the Easter
period. Those flowers have very intensive colors, which might be
helpful with imparied vision. Plants that are noticed usually have
a connection to memories (Appendix 2).



80

Observations

Observation was conducted in the kitchen connected to the
dining room with a focus on behavioral acts connected to the
presence of plants on dining tables and in the area around (Ap-
pendix 2).

During the Christmas period care homes are providing common
spaces with traditional plants like poinsettia (Euphorbia pul-
cherrima; julestjerne - christmas star). Figure 27 is presenting two
plants which were at the dining room in January.

From those observations it can be concluded that the plants
are creating big interest in the elderly during meal time. It gives
easy topics for conversation and objects for admiration. During
all the meetings the dining table scenario was similar (Appendix
2). It started with noticing the presence of plants and adjust-
ment of their placement, if it wasn't satisfying. Usually plants
were standing in the middle of the table and facing the most
attractive side towards the elderly. Corners were considered

to be an adverse location. Moreover they were talking about
where the plant looks the best in relation to other plants and
with which side. As a next step elderly compared pots and dis-
cussed which one is the most attractive and how it matches to
the plant (Appendix 2).

The next stage was a conversation about the beauty and col-
ors of the flowers and choosing a favourite one. Usually words
of ownership like my or our were used during description. It

was mentioned a few fimes how the residents appreciate the
presence of particular flowers, especially Poinsettia - typical
christmas plant. One day it was mentioned how their mood is
elevated while looking at this plant (Appendix 2). Sometimes
conversations evolved to recalling old habits that involve green-
ery from child - and adulthood. The supper meeting usually
finished with telling a story with big pride about who and how is
watering plants. That might have been an indication of a need
for activities connected to horticulture. All three women present
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at the room were interested in if the plant needs watering. They
were checking it by touching leaves and earth. During days
when talkativeness was lower, residents were only looking at the
flowers placed on the table (Appendix 2).

The observation can be concluded into a statement that plants
do help to elevate mood, increase social interactions and bring
back memories. Therefore, we can expect that using familiar

natural elements in our design would lead to a similar positive
effect.




Quantitative

lllumination from electric light was examined by using a lux me-
ter during evening hours. The values were lower than expected.
In the kitchen are (Fig. 28) values are meeting a standard of 300
lux on a task area. Considering that this is a place devoted to
the elderly, the values should be doubled (Turner, 2008). Num-
bers on Fig. 29 and Fig. 30 varies significantly, even though the
light comes from the same luminaire. Materials in the corridor
(Fig. 29) have glossy surfaces which is resulting in higher values of
ilumination. Many reflections are visible on the floor which might
be confusing and unpleasant for residents. In this area, illumi-
nance at eye level is reaching 300 lux, which would be satisfy-
ing in an environment for the younger population. Fig. 30 shows
a part of common space with an exercise bike. Dartboard is
placed just under the luminaire. It's black surface is absorbing
light, which is resulting in low illuminance values.

i,"",w oz 2 | ST

Fig. 28. lluminance values in a kitchen
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Fig. 29 lluminance values in a corridor

Fig. 30. lluminance values in a common space
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Summary

Measurements show that materials and placement of the lumi-
naires is significant. Placing luminaire on the wall can result in
hot spots that might be perceived as disturbing and unpleasant.
Hanging objects under a fixture disrupts a distribution of light
and can cause high conftrast, like on a Fig. 29. Pendants above
tables created the best results with even distribution of light,
without reflections on surfaces.

This observation raised awareness for our design process - we
observed that materials that are very glossy create disturbing re-
flections, wall lamps distribution is very important to consider as
it can create hot spots and lastly pendants as a choice of lumi-
naire above tables work well in practice and can create even
distribution of light on the table.
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Chapter
Design

Problem statement

After collecting knowledge from different fields and conducting
analyses of case study and co-case study we have revisited our
vision and formulated research question for our design, while
keeping in mind a holistic approach.

How can an environment contributing to
well-being be created for the elderly suffering
from dementia af care homes, through a nature
and lighting design focusing on atmosphere,
physiological and visual needs of the residentse

In order to be more precise in creating lighting design, we have
divided the research question intfo three sub questions:

How can daylight supported by electric light:
- normalize disrupted circadian rhythm

How can electric light:

- provide sufficient illuminance for tasks
- create an atmosphere for relaxation and so-
cializatione
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Design process

In order to set a clear design process we have established a
graph, which clearly communicates our steps towards a final
design (Fig. 31).

First of all we have analysed the space and divided it info zones,
where different lighting scenarios would support different needs

of elderly and in this way create a stimulating multi purpose en-

vironment.

Exploratory step

The following step was a field trip, with which we aimed to in-
vestigate local nature and surroundings as well as get inspired.
The aim of the field trip was to collect information about plants,
elements present in local nature and use them in our design,

so they are familiar for elderly with dementia, that would bring
back memories and would not confuse them.

To gain a better understanding of how light is perceived in
space we have conducted a CCT test. The aim of the test is to
discuss and choose suitable color temperature for different light
zones while bearing scientific knowledge in mind.

Concept

In a concept design we used mood boards to get further inspi-
ration for designing environments enriched with nature elements
and lighting design in institutions. During the concept phase we
aimed to choose light, in particular characteristics of light that
would suit the purpose of light zones for this specific user group.
We have defined color temperature for each of the zones, initial
placement of the light, distribution and discussed illuminance
levels that are needed to support visual needs of elderly with
dementia.
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Design development

Design development phase in our process was meant for re-
search of particular luminaires that would be able to fulfill our
design vision and criterias. Here we have looked into different
luminaires and their specifications, such as light distribution and
lumen output, spectral power distribution and color temperao-
ture.

Test

Test is conducted with an aim to fulfill test criterias. Each zone
has different criterias that we intend to fulfill in order to achieve
holistic design of common spaces for elderly with dementia.

Iterative process

lterative process connects test, concept and design develop-
ment stages. If test criterias fail to be achieved, we revisit the
steps before, meaning either we have to find new luminaires
that would fulfill test criterias or revisit where the light is placed.
The process continues until we achieve our aim.
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Iterative process
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Light zones

ldea of creating different light zones came from knowledge
gained throughout literature study and analyses. Elderly with
dementia are a vulnerable group of people with a range of
specific needs. As the disease makes it impossible to live inde-
pendently at home and moving into care homes becomes the
only solution, we aim to create an environment that is support-
ive and contributes to well being. By implementing different light
zones we hope to create holistic design that would make elder-
ly daily life easier and withhold manifestation of dementia symp-
toms. Therefore we have decided to divide our chosen space
into areas that would serve different purposes by using light as

a tool. The space is arranged into zones of atmospheric zone,
circadian zone and task lighting zone (Fig. 32).

The Atmospheric zone (leisure area) is developed as an area
where residents of the space could enjoy their meal, socialize
with other residents or have meetings with visitors. We aim to
design this area as intimate, relaxing, warm and homelike. Our
primary idea is to incorporate traditional danish lighting fixtures
that would contribute to a homelike feeling and could be per-
ceived as familiar rather than institutional. Moreover we expect
to achieve mentioned characteristics of the space by using low
CCT and distributing light intfo pools of light.

Circadian zone is designed to help to normalize disrupted daily
rhythm and help to tackle seasonal affective disorder. We have
chosen an area by the curtain wall where the biggest amount
of daylight was noticed in analyses. Circadian lighting is meant
to support daylight, when daylight physiological stimulus is not
sufficient, such as early mornings and dark seasons. By incorpo-
rating daylight in circadian lighting, we aim to reduce energy
consumption. Nonetheless, by choosing this specific location we
enable access to views and provide understanding of passage
of fime. Our primary idea is to create uniform lighting in order to
provide stimulus in most of the area.



Task lighting area (horticulture area) is an area where the res-
idents can engage into gardening activities. Chosen location
provides access to views and is filled with daylight, thus we
expect that these qualities of chosen space would encourage
social engagement, accommodate the eye, support mental
well being and help to understand passage of time. The lighting
in this area is aimed to provide efficient task light that suits de-
teriorated vision of elderly. Acknowledging the fact that each
individual’s vision deteriorates to different extent we aim to pro-
vide an individually dimmable lighting system. To keep the co-
herence in overall space and as well provide a homelike feeling
we are planning to use pendant lighting fixtures.
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Task lighting Circadian lighting Atmospheric lighting

Fig. 32 Light zones
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Exploratory steps
Field trip

In the afternoon of 19th of April, we went on a field trip to
Greve. As nature is one of the important elements in our design
we decided to observe a local nature and its surroundings and
thus this idea led us to Greve Strand and Trylleskoven. We ex-
pect that these two areas are closely related to the residents of
Nceldebjerg plejecter and they have emotional value for them.
Therefore we expect that nature elements observed in these
areas could be included into our design as they would be famil-
iar and could bring back memories for elderly with dementia,
encourage social interactions and further contribute in creating
a cozy and familiar atmosphere as well as strengthen diminished
connection to nature.

On a sunny afternoon we took a long walk by the coast and in
the forest taking pictures of different plants and trees. The field
tfrip was not only documented in pictures, but also observed by
us in a sensory way, by touching and smelling the plants. As na-
ture is just waking up after the winter season, our findings were
more narrow than they potentially would be in a summer peri-
od. Nevertheless, we still managed to find different plants and
frees present in the area.

The forest was filled with spiky pine trees and birch trees with
fragile buds just starting to appear (Fig. 33). We noticed several
shrubs with soft and silky catkins, scientifically known as salix cao-
prea (Fig. 34). Ranges of area were filled with ammophila grass-
es, which is a very common seacoast plant (Fig. 35). Closer to
the water we observed reeds, that just as previously mentioned
grass felt very dry and sharp (Fig. 36). We walked through wide-
ly spreading areas of fluffy and pleasingly soft moss, which is
very common in Denmark and is scientifically known as hypnum
cupressiforme (Fig.37). Moving forward we came across fern
growing in a grassy area (Fig. 38). Happily we spotted a colorful
blooming flower, which felt unusually silky, which we later man-
aged to identify as pulsatilla pratensis (Fig.39). There were plants
that we observed and seen before in danish seacoast, but
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could not identify.

As our focus in this thesis is light, we do not further research
specific plants, but we do encourage to follow the guidelines
developed for dementia care units, which as well cover the
domain of plants.

While wandering around the seacoast we came across a shed
(Fig. 40). This finding inspired us to use wood in our design, as an
element that is sustainable, commonly observed and goes in
line with biophilic design approach - pattern of natural materi-
als.

Fig. 33 Birch tree Fig. 34 Salix caprea



93

N
f
}
!

Fig. 35 Ammophila grass

Fig. 39 Pulsatila pratensis "~ Fig. 40 Shed
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Exploratory CCT test

In order to understand how different correlated color (CCT)
temperatures influence the perception of the space and in
order to select suitable CCT for different light zones we have
conducted exploratory tests. The test was performed with
Philips Hue Go transportable light. The test was done on April 22
between 7pm to 8pm. The room where the test was performed
had closed window blinds, so no daylight entered the space.
We have tested 5 different color temperatures: 6500 K, 4200 K,
2900 K, 2300 K, 2000 K.

6500 K makes the space look cool and bluish. This color resem-
bles cool daylight and thus feels more energetic. According to
knowledge gained this CCT setting is often used and works well
in environments that are designed to stimulate circadian rhythm
and promote alertness (Fig. 43).

4200 K is perceived as cool white light, it is less bluish compared
to 6500k, although it still has a slightly blue tint. It can be per-
ceived as clean and efficient, it is often used in hospitals and
schools (Fig. 44).

2900 K is perceived as warmer light and not as stimulating, it
has a slightly yellowish white appearance. Such a light setting is
commonly seen in households (Fig. 45).

2300 K is perceived as slightly orange/amber light. It creates

a more relaxing, infimate and warm atmosphere. Such color
temperature is commonly used in Denmark above dining tables
both in households and restaurants (Fig. 46).

2000 K is perceived almost as candle light, or a warm light that
comes just after sunset or sunrise seen before sun passes horizon.
It has a warm, orangey glow. The light is calm and very warm. It
can be used for relaxation areas and is used in street lighting in
some areas (Fig. 47).



Fig. 43 6500 K Fig. 44 4200 K Fig. 45 2900 K

Fig. 46 2300 K Fig. 47 2000 K
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Concept design
Moodboards

Moodboards were divided into two categories according to
focus disciplines - greenery and light. They were an inspiration
for designing environments with elements of nature and lighting
design in care home institutions.

The benefits of therapeutic landscapes and views found in
scientific papers encouraged us to create a view of nature
through a big window opening. Figure 48 presents images illus-
trating first associations with the topic of greenery. Pictures show
characteristics of nordic nature and elderly immerse into the
greenery through different senses.

As we discovered in literature research - daylight and electric
light can contribute to well being, support visual needs, stimu-
late circadian rhythm and contribute to the atmosphere of the
environment. Figure 49 is the composition of images connected
to daylight, electric light and luminaires that inspire us. Picture

in the top left corner is related to the idea of dividing space

into light zones. Bottom row of this mood board is composed of
illustrations of fixtures and their placement that create a familiar,
homelike atmosphere in public spaces.
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Fig. 49 Moodboard - light
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Sketching initial ideas

After we got inspired by mood boards, bearing scientific knowl-
edge observed and information from analyses in mind we con-
finued with the design process by sketching initial ideas. Sketch-
ing process started with exploring how the zones would function
and look like in space and ended with first concept design.
Some of the sketches are presenting specified solutions and
others — light distribution. Different ideas from this stage of the
project are presented in figures 50,51 .

As we aim to create an environment that is homelike, during
the brainstorming process we have decided to sketch different
domestic style lighting fixtures and see how they would look and
the light distribution they would create. Our goal in the circadi-
an zone is to provide physiological stimuli, therefore we want to
maintain uniform lighting. During the process of sketching and
discussion, we realized that pendants would not fulfil our goal in
the circadian zone and thus, we have sketched different solu-
tions that lead us to the potential idea of incorporating ceiling
recessed lighting fixtures.

Overall, in the space we want to incorporate plants as a com-
ponent of the design as they can contribute to well-being and
strengthen connection with nature. Figure 52 shows our initial
ideas of greenery.

Figure 53 presents our initial ideas of terrace design. As we found
out through literature and the interview with a caretaker - el-
derly with dementia do not understand natural phenomena

like wind anymore and the sun can be frightening for them.
Moreover, we acknowledged the importance of views and
therapeutic landscapes and their positive effects. Therefore, we
sketched some ideas that can conftribute to an environment
outdoors that is stimulating, comfortable and inviting — protec-
tion from wind, sun shading, and plant placement ideas can be
seen in a sketch.
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Design development

After getting inspired by moodboards and sketching our initial
ideas, the following step, as we call it, is design development.

In this step we work on different zones and a space as a whole.
We specify our initial ideas and list characteristics of light we
imagine different zones should have, such as CCT, illuminance
level, distribution and location of light. Moreover we investigate
different luminaires and select the most suitable ones that can
help to fulfill our aims. The whole process goes in line with gained
knowledge and analyses. In this way we are ensuring that we
fulfill elderly with dementia visual and well-being needs and cre-
ate an environment that is stimulating and supportive for their
daily life.

Atmospheric zone (leisure area)

In the atmospheric zone, as mentioned before, we want to cre-
ate an infimate and relaxing environment for elderly that would
create conditions to enjoy their meal, engage in socializing with
other residents or to spend time with their visitors. The color tem-
perature that would help to achieve atmospheric feeling based
on analyses and literature we chose to use is 2300k. Even though
illuminance levels in such lighting settings for pendants above
tables are commonly used as lower values, having in mind
increased need for illuminance for elderly, as they usually have
imparied vision, we aim to provide a maximum illuminance level
of up to ~550Ix on the table surface (work plane). Although, as
elderly vision varies from person to person and different light
intensity might be prefered, we are providing dimming conftrol
for every table. Dimming the light is as well beneficial for energy
saving, as during daylight hours maximum intensity might not be
needed. The control would be accessible by staff only.

The choice of luminares we look into is pendants. Pendants are
commonly used at homes and help to create a homelike at-
mosphere, nonetheless by using pendants it is easier to create
pools of light that contribute to a relaxing atmosphere. We have
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analysed different pendants, although our focus was centered
on danish design, as we expect they would appear more famil-
iar for elderly with dementia. Our investigation ended with three
different luminaires that caught our afttention and according to
specifications have characteristics (CRI, CCT) we aim to have in
our design. Therefore we have conducted exploratory stimula-
tion tests to observe which light distribution each pendant offers,
how the light appears in space and which of the pendants is
most suitable for our design.

The test analyses pendants from Louis Poulsen: Cirque, PH, Keg-
len. The test environment is a room with no daylight entering the
space, that helps to clearly visualize light distribution of different
luminaires. The pendants are hanging 0.7m from the desk.

Louis Poulsen Cirque creates a nice atmospheric pool of light,
the highest intensity is at the center of the table, whereas mov-
ing from the center light intensity diminishes. This light distribution
does create confrast between sides of the table and center
and the boundaries of the table seem to disappear, which
could be visually confusing for elderly with dementia (Fig. 54).

Louis Poulsen PH has wider light distribution and thus the table
and chairs are illuminated. Compared to Cirque, PH is less atmo-
spheric and provides more uniform light as well as indirect light
emitted from the top of the luminaire, which is then reflected
from the ceiling and further illuminates the room (Fig. 55).

Keglen illuminates all the table area, the center of the table is
the brightest area, where the light fades towards the edges.
The chairs are illuminated as well, but compared to PH the light
is less intense. Keglen provides direct light, therefore the pool of
light is casted on the area where the pendant is located, and
the surrounding is not affected. This pendant can contribute to
atmospheric lighting and provide more uniform light compared
to Cirque, that is visually comfortable for elderly vision (Fig. 56).



Fig. 54 Light distribution Louis poulsen Cirque

Fig. 55 Light distribution Louis poulsen PH

Fig. 56 Light distribution Louis poulsen Keglen
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After the exploratory stimulation test, we have decided to fur-
ther work with Louis Poulsen Keglen. The specification sheets
of luminaires from the manufacturer can be seen in appendix
(Appendix 6).

Circadian zone

During the interview with the care home employee we ac-
knowledged that many elderly with dementia have disrupted
day-night cycle. Literature we investigated echoes the following
statement and thus we aim to tackle this issue.

Circadian zone is designed to support the daily rhythm of elderly
and provide a stimulus for the circadian system as well as tack-
le seasonal affective disorder in dark months of the year, when
the daylight presence drastically reduces. Based on knowledge
gained throughout literature study we expect that the circadian
zone would further contribute to the well being of elderly by nor-
malizing disturbed sleep patterns and so reducing manifestation
of dementia symptoms, such as wandering, confusion.

According fo studies the biggest stimulus can be achieved by
using lighting with cool CCT, which has a full spectrum or is en-
riched by blue waves. The successful results in different studies
were achieved by implementing CCT of 6000 - 6500 K in the
designs. Blue light stimulates alertness and blocks melatonin pro-
duction, which makes people feel sleepy.

We aim to create electric light design that follows day rhythm
and changes color accordingly - energizing lighting scenario
from the waking up hours to lunch time, whereas afterwards
the CCT gradually changes from cool to a warm color, which
stops stimulating circadian rhythm and closer to the bedtime
hours melatonin production can start. Therefore we have de-
veloped a 24 hours lighting scheme, which is based on various
knowledge gained throughout literature study (Fig. 57). From
7am to 2pm we create an environment that is bright, ener-
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gizing and stimulates alertness and provides input helping to
normalize circadian rhythm. First period is designed with 6500k,
which mimics bright daylight. From 2pm until 6pm the color is
changed to 4000k, cool white, that is perceived as warmer and
aims to demonstrate the passage of time towards evening time.
During this period the circadian stimulus is reduced. In the eve-
ning time from 6pm to 8pm the color temperature is changed
to warm white, 2700k indicating evening time and preparation
for bedtime. Color temperature of 2700k according to scientific
research has no stimulus for circadian rhythm, thus melatonin
production is estimated to kick in. The last scenario is the night
time scenario where we use a CCT of 2200k. This very warm light
provides no stimulus for circadian rhythm and is perceived as
relaxing and atmospheric.

24 hours Lighting
scheme

Fig. 57 24h CCT scheme



108

The lllumination level we hope to provide is up to 600Ix at the
table, which can support elderly vision for performing tasks com-
fortably - for example reading. The main concern is to choose
luminaires that can provide stimulus for circadian rhythm. Follow-
ing WELL recommendations we hope to achieve a minimum of
200 equivalent melanopic lux (EML) at the desks (work plane).
When choosing luminaires for circadian zone, primary criteria
was - the luminaire is tunable and can accomplish 24 hours
scheme. Furthermore, the luminaire has to be able to provide
an EML of minimum 200. Based on these primary criteria we
have chosen three luminaires: Philips RC160V LED40S 865 W60L60
PSU, Ligman MALMO 1 (MAL-80003) and Ligman MALMO 1
(MAL-80023). The specifications from the manufacturer can be
seen in appendix (appendix 7).

Afterwards we conducted a test, which aimed to reveal which
of the following luminaires can fulfill 200 EML criteria. The test was
performed in an Alfa plug-in, using a 3D model built in Rhino.
Sefttings of the test were chosen to reveal full potential of lumi-
naires, thus the time chosen for the test is the darkest period with
no daylight present, which is winter solstice - 21st of december
at 7am in the morning during overcast sky conditions. Four lumi-
naires were placed in the circadian area (figure x).

Philips RC160V LED40S 865 W60L60 PSU results showed that the
average equivalent melanopic lux at the tables in the areais
equal to 58 EML (appendix 8).

Ligman MALMO 1 (MAL-80003) results showed that the average
equivalent melanopic lux at the tables in the area is equal to 29
EML (appendix 8).

Ligman MALMO 1 (MAL-80023) results showed that the average
equivalent melanopic lux at the tables in the area is equal to 79
EML (appendix 8).

The test reveals that the highest EML value is achieved with
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Ligman MALMO 1 (MAL-80023), which is essential for regulating
circadian rhythm. Therefore we chose this lighting fixture for our
further design process. The results do not comply with WELL stan-
dard requirements and therefore we have to further work with
the amount of fixtures and their location.

D

Fig. 58 Circadian fixtures location

Task lighting area (horticulture area)

For the task lighting we have decided to use warm white light,
that is commonly used in households and is rather neutral than
energizing, thus we propose 2700 K. We aim to provide a light
level that is comfortable for elderly and supports their increased
need for illuminance to perform tasks. Therefore, we aim to pro-
vide a minimum of 600 Ix at the task area. Meantime we consid-
er the individual preference of elderly and provide an individu-
ally dimmable solution. For the choice of luminaire, we want to
keep coherence and the space and atmosphere of homeliness.
The performed pendant light distribution test and the lighting
fixture, which we chose for the atmospheric zone, has charac-
teristics that fulfill our primary expectations. Louis Poulsen Keglen
fits well in the task lighting zone, therefore we decided to use
identical pendants as in the atmospheric zone.



Terrace

We do not propose electric light design for outdoor terrace as
we do not expect the place to be used by residents in the dark
hours. Although, we implement some of the changes, which
include elements of nature, that are found to be important for
mental health. The changes that we propose in this area aim to
encourage elderly people with dementia to use outdoor space
and receive daylight exposure more frequently than before.

According to the interview with the care taker from Plejehjem
Virumgérd, wind can feel frightening for demented elderly, as
well as direct sun can be overwhelming. The existing outdoor
terrace does not support the needs of elderly with dementia,
as it doesn't provide protection from wind and direct sunlight.
Moreover, it does not look appealing and lacks character (Fig.
59).
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Fig. 58 Circadian fixtures location
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To reduce wind impact we propose a new extended railing sys-
tem, which functions as a curtain wall (Fig. x). At the same time
we want to keep the possibility for air circulation, as well as pro-
vide the opportunity to feel and experience wind and learn this
phenomenon again if wished. Therefore we propose a system,
where the top part of the “curtain wall” is designed with sliding
panels made out of glass. The choice of glass as material does
not influence daylight penetration and as well provides access
to views (Fig. 60).

The shading system for daylight is very simple and user friend-

ly. We do not want to block daylight that penetrates indoors,
therefore we did not choose to work with shading systems that
are constructed as parts of the roof, such as pergolas, or similar.
Instead we propose having umbrellas as simple shading devic-
es, which as well allows residents to choose whether they want
to be under shade or direct daylight.
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Fig. 60 Terrace wind protection proposal
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Lastly an important component of our design is incorporated in
the terrace - nature. Inspired by the field trip we have decided
to design plant stands from the natural material - wood. We aim
to recreate the shed cladding that we came across in Greve
strand, natural, untreated wood contributing to biophilic de-
sign approach. The sizes of the plant stands are designed to suit
elderly and wheelchair users needs. The height of the box allows
people who sit or stand to observe the plants, touch them or
even perform gardening activities (Fig. 61). All of the measure-
ments used in the design of the plant stand comply with wheel-
chair user needs, providing knee space and comfortable hand
height (Fig. 62). The plant stand accommodates local, non-poi-
sonous, non harmful for the skin (no sharp, thorny) plants, herbs.
We imagine that this design can further contribute to the mental
health and wellbeing of elderly with dementia and strengthen
connection to nature, providing inviting space for social interac-
tions and access to daylight.




Fig. 62 Flower stand design

Overall

The same design of flower stands is incorporated in indoor areas,
providing greenery and as well functioning as elements that
subdivide areas intfo more private compartments.

The primary lighting plan showcases our ideas on how we aim 1o
design light and where it is going to be placed (Fig. 63).
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Tests
Test criterias

Tests were conducted to find the best lighting scenario for the
cafe area at the care home. The test aimed to examine wheth-
er our design proposal presented in design development is
satisfactory. In order to figure out if design is successful we have
developed test criteria. As there are no standards focusing on
optimal lighting conditions for elderly, the criterias are based on
and developed from scientific knowledge we have investigated
previously. Test criterias are listed below:

llluminance:

- illuminance at workplane between 500-600 Ix
- illuminance of the surrounding approximately at 200 Ix
- illuminance in circulation area ~200 Ix

EML:
- EML = 200 EML

The test has two parts - illuminance and EML. First of all we are
testing illuminance for the design proposed in the design devel-
opment chapter. lluminance test is performed for the place as
a whole - we do not test each zone separately. As mentioned
previously our design is based on an iterative process. Therefore
in case the design fails to fulfill illuminance test criterias, it will be
revisited and a new proposal will be tested. The process will con-
tinue until the criterias are achieved. After criterias are achieved
we conduct a test for the circadian zone, where we test if
equivalent melanopic lux values fulfill the criteria - EML = 200 Ix.
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llluminance

Simulations for testing illuminance levels were conducted in DI-
AlLux software. The illuminance is calculated on the work plane
(on a horizontal surface of tables). First test is performed for
the design proposed in the design development chapter. The
placement of the luminaires can be seen in figure 64.

Tested fixtures:

- atmospheric area and horticulture room: Keglen from Louis
Poulsen; 1195 Im, mounted 0.7 m above table (1.5 m above the
floor)

- circadian area: Malmo from Ligman 5427 Im; recessed ceiling
luminaire

All the fixtures in each zone provide approximately 300 Ix on a
work plane, which was counted at the height of the table. Since
the criteria was set for illuminance to reach 500 - 600 Ix, different
lighting scenarios had to be proposed and tested as the current
fixtures aren’t strong enough to meet the requirements we have
established.

@® Ligman Malmo
Erco Eclipse
Keglen 2035 Im
Keglen 1195 Im
AJ Wall lamp
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Fig. 64 Placement of luminaires,
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Fig. 65 Results with Keglen 1195 Im, Malmo Ligman 5427Im
As the values weren't satisfactory with luminaire Kenglen with
output equal to 1195 Im, we decided to change it for a more
powerful version of the same luminaire - with lumen output of
2035 Im. It resulted in values around 500 Ix on every work plane
in the atmospheric area and horticulture room. The values in
two zones are fulfilling criteria for task lighting, although general
lighting is missing and surrounding illuminance values are too low
(Fig. 66). Therefore we propose a new design that will include
general lighting.

The lighting in the circadian zone will be adjusted as a last step.

Fig. 66 Results with Keglen 2035 Im, Malmo Ligman 5427Im



General light proposal started with examining the effect of the
same Keglen fixtures placed in the corridor area (circulation
areq) at the height of 2,5 m above the floor (Fig. 67). Values in
this area are reaching approximately 200 Ix, which means that
it fulfills the criteria (Fig. 68). lluminance from those lamps didn’t
interfere with the achieved results in the atmospheric area and
horticulture room.

@® Ligman Malmo
Erco Eclipse
Keglen 2035 Im
Keglen 1195 Im
AJ Wall lamp
LED strip

Fig. 68 Results with Keglen (2035 Im) in the corridor
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Previously created lighting resulted in big differences in illumi-
nance values between lighting at the tables (work planes) and
background. According to the literature, the dark corners could
be conjuring for the elderly. Therefore additional fixtures had

to be added (Fig. 69). In the horticulture room one line of track
lights was added to illuminate objects located on shelfs. This
type of fixture gives the possibility of changing direction of the
light that can be adjusted to the needs of users. The same track
lights have been used in the atmospheric area above pofts for
plants where the path in between those is located. Side walls

of this area were illuminated with wall mounted fixtures placed
1,8m above the ground. All those fixtures combined together
diminished differences in illuminance levels without disrupting
achieved values on work planes that are fulfilling the criteria
(Fig. 70). As all the values are satisfactory in horticulture and
atmospheric areas, on the next step we come back and reeval-
uate the circadian zone.

Ligman Malmo
Erco Eclipse
Keglen 2035 Im
Keglen 1195 Im
AJ Wall lamp
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Fig. 69 Placement of luminaires
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Fig. 70 Results - general lighting

In the first step values achieved with fixture Malmo with output
of 5427 Im were reaching approximately 300 Ix, which weren't
fulfilling the criteria. As well as in the test performed in devel-
opment design for choosing circadian lighting luminaire, EML
values were too low. Therefore design had to be revisited in this
zone.

We assumed that a more powerful lamp could cause glare
issues, thus we decided to examine if adding three of the same
fixtures would solve the problem. All seven Malmo fixtures were
placed in equal distance. In order to locate lamps directly
above the tables, placement of furniture located at the sides of
the zone was changed. Tables and chairs were moved approx-
imately 1 m towards the side of the zone. After this adjustment
four of the fixtures were located directly above the tables. Three
remaining ones were placed in between, so all the seven lamps
are in the same distance from each other. After proposed
changes, values on the workplane fulfiled aimed criteria (Fig.
71).
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Fig. 71 Results - final proposal

@ Ligman Malmo

@ Erco Eclipse
KKeglen 2035 Im
Keglen 1195 Im

@® A Wall lamp

7.2

Fig. 72 Final proposal luminaires placement

Fig. 73 shows fixtures used in final design. The choice of the fix-
tures was dictated by the desired homelike atmosphere and
color temperature.
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Lamp Keglen Malmo Al Wall Lamp Eclipse
Lumen 2035 5427 800 1432
CCT/CRI 2700/2300 K TUW 2300 K 2700/2300 K/ 92
Wattage 31w 43'W 6W 139w
Producer Louis Poulsen Ligman Louis Poulsen Erco
System DALI DALI - DALI

Fig. 73 Light fixtures

Table below presents achieved values from simulations. Just by
looking at the numbers it may seem that there isn’t a big differ-
ence in the illuminance of surrounding and background. Since
the numbers are average values, they don’t show nuances in
light distribution that can be visible in false color and the renders
presented in the final design part.

Leisure Area Task Surrounding Backgroung
Table 1 518 394 196
Table 2 526 465 194
Table 3 518 399 196
Table 4 535 464 195
Circadian Area Task Surrounding Background
Table 1 583 223 198
Table 2 574 225 198
Table 3 556 191 198
Table 4 551 193 199
Horticulturte Room Task Surrounding Background
Table 1 633 356 216
Table 2 675 390 210

Fig. 74 llluminance values
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Fig. 75 Table numbering principle
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Melanopic EML in ALFA

The EML test was conducted in the Alfa plug-in for Rhino. A 3D
model based on a design that successfully fulfilled illuminance
criteria was modeled in Rhino.

Because of spectral raytracing a program can simulate the
amount of light absorbed by a photoreceptors of a person
being in this space. Reliable numbers are calculated based on
the location, time and date. Equivalent melanopic lux (EML), is
referred to the quantity of absorbed melanopsin. By using Alfa
we could test if the proposed lighting design is meeting a mini-
mum of 200 equivalent melanopic lux during different seasons,
sky conditions and times of the day.

Simulations were conducted with proposed electrical light and
daylight. Test was conducted every hour in the time frame from
7am to 2pm. Time frame was chosen based on our proposed 24
hour lighting scheme - when the alertness is aimed to be stim-
ulated. The impact of the design was tested during following
dates for clear sky and overcast sky conditions:

- 20 of march (spring equinox)

- 21 of june (summer solstice)

- 22 of september (autumn equinox)
- 21 of december (winter solstice)

3 4
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Fig. 76 Table numbering principle
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Spring Equinox

Results of EML tests during clear sky conditions with daylight and
electric light are reaching very high values on every table. Peak
values are between 11am to 14pm. Whereas during overcast
condifions - daylight together with electric light is providing re-
sults that are 5 times lower (and 9 times lower on table 1), com-
pared to clear sky.

The results show that no electric light is needed during spring
time in clear sky conditions. Daylight itself is providing sufficient
EML values. Whereas during overcast sky conditions electric
light might be needed only in the early morning - at 7am. All the
other times of the day daylight provides sufficient EML. Therefore
circadian lighting can be turned off to save energy.

Summer Solstice

Almost all EML values are above 2000. The differences between
overcast and clear sky conditions aren’t as dramatic as in the
spring equinox. Results during clear sky are twice higher com-
pared to overcast.

The results show that no electric light is needed during summer
time. Daylight is providing sufficient EML values. Therefore circo-
dian lighting can be turned off to save energy.

Autumn Solstice

Results between 11am to 14pm show very high values reaching
approximately 8000 EML during clear sky conditions and 1500
EML on an overcast day. Table 1 is exceptional - highest values
of 29090 Ix are achieved at 13pm during clear sky and 3315 Ix
on a cloudy day.

After analysing results, we find out that support from electric light
is needed between 7am to 9am.
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Winter Equinox

During morning hours (7am - 9am) values are slightly higher than
200 EML in a clear sky and overcast sky conditions. Such a dras-
tic change between values compared to other seasons is a re-
sult of the later sunrise during the winter season - sun rises around
8.30am. During 7am to 9am users are dependent only on the
electric light as a circadian stimuli. During clear sky conditions
values are higher than 1000 EML from 10am to 14pm. Whereas
during overcast sky the values over the space mostly peak to
~500 EML. Therefore we suggest keeping electric light switched
on for the purpose of circadian stimulus.

EML avg and Meet WELL living requirements?

@ EMLavg == WELL living requirements

800

400

7am 8am 9am 10am 11am 12pm 13pm 14pm

Time

Fig. 77 EML values from table 3 with overcast sky
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Conclusion

Proposed electric light design fulfils WELL requirement of EML =
200. When daylight is present the values are higher than 200 EML
and during summer, spring and clear sky autumn EML values are
very high, thus electric light can be switched off. Based on re-
sults we suggest that electric light should be switched on during
following times:

- Spring overcast sky conditions 7am to 8am

- Autumn 7am to 9am

- Winter clear sky conditions 7am to 10am

- Winter overcast sky conditions throughout the day

- All the data from this test can be found in Appendix 8.
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Final design

Final design for Nceldebjerg care home has been developed
with a holistic and interdisciplinary approach. The knowledge
gained throughout literature study and analyses assisted in es-
tablishing design that ensures - elderly with dementia needs are
not neglected. Moreover, the criterias which were developed
from scientific knowledge guided the design process towards
final design, which can contribute to the well being of elderly.
Test criterias helped to validate our choices of lighting fixtures/
characteristics and to ensure that visual and physiological
needs of elderly will be supported.

Essential part of this project is greenery. In this proposal we do
not suggest any particular plants, besides the fact that the flora
used in the design should be related to the neighbourhood.
Though we have created criterias for greenery that can be used
indoors and on the terrace.

Criteria for greenery inside the care home based on the litera-
ture:

- Non poisonous plants

- Thorny or sharp-leaved plants avoided

- Plants that frequently drop their leaves or flowers avoided

- Plants that can tolerate harsh treatment and excessive water-

ing

Plants are organically composed throughout the cafe areaq, so
it blends into everyday activities by providing the view indoors
and sensory stimulation through smell and touch. The terrace is
a continuum of the process of contact with nature. Containers
for plants are made of the same material, but they vary in form.
The height of the box allows people who sit or stand to observe
the plants, fouch them or even perform gardening activities

As it was acknowledged by the interviewed caretaker, protec-
tion from the wind would be helpful for the elderly to explore
outdoor areas. The proposed railing system with curtain wall will
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give a possibility of air circulation, as well as provide the oppor-
tunity to learn this phenomenon again if wished through expe-
riencing the blow of the wind. The shading system consists of
umbrellas as a familiar device.

The chosen space - Cafe area is divided into three lighting
zones that support the functionality of the space and creates a
stimulating environment for elderly. Since the zones are devoted
for different activities, they vary in color temperature, applied
fixtures and their placement.

Greenery
6500 K
2700 K

2300 K

Fig. 78 Section of Cafe area



Circadian zone

The main purpose of the circadian zone is to support disrupted
day and night cycles of elderly with dementia. Additional ben-
efits of proposed lighting design is to tackle seasonal affective
disorder in dark months of the year. Developed 24 hours light-
ing scheme, based on literature study (figure x) showing how
the CCT is changing during the day. After conducting an EML
test in Alfa it turned out that the light doesn’t have to support
the daylight throughout the whole year. It can be turned down
during spring and summer time. It is crucial to use it during the
winter season from 7:00 to 10:00 with CCT at 6500 K to support
recommended melanopic lux. Through such a scenario all the
seasons can be expressed through the daylight and mark the
passing of time. This scenario is customized to the approximate
schedule of residents at the care home, so it can successfully
support biological rhythm from waking up to late evening hours.
The DALI protocol is controlling the change of CCT throughout
the day. Fixtures are turned on and off manually. This action can
be performed by the staff of the care home.

130

Fig. 79 Section of Circadian zone
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Atmospheric area

This zone is characterized by 2300 K color temperature to sup-
port a cozy atmosphere. The light principles for this area consists
of pendants, wall mounted fixtures and track lights. Even though
this space is devoted for relaxation and socialization, visual
needs still play the main role, therefore we provide illuminance
of 500Ix on every table.

In Denmark, because of a strong dining tradition, pendants are
often hanging just above the table. This feature has been used

to create a familiar and cozy environment supported by 2300

K color temperature. Lighting distribution is creating an infimate
and private atmosphere.

Track lights (Eclipse) and wall mounted fixtures (AJ) have been
added to the room to create an ambient luminescence to
support the composition of the pendants. Test of spatial distribu-
tion showed that the pendants have to be supported in order
to avoid dark corners. This solution is supporting the use of the
space by creating gradual transition from task to general light.
Those fixtures also have CCT equal to 2300 K.

Corridor area is a transition between all three zones. Therefore
the proposed CCTis 2700 K, as it will compose coherently with
evening circadian light and the atmospheric zone. llluminance
in this zone hovers around 200 Ix.

Fig. 80 Section of Atmospheric zone



Horticulture area

This area consists mainly of task lighting. Achieved values of
approximately 600 Ix provide a light level that is comfortable for
elderly and enable to perform taste connected to horticulture.
For keeping a coherence between this space and a leisure
area, we have chosen the same pendants. They vary though in
CCT. Warm white light of 2700 K is used there, as it isn't blocking
melatonin production and provides good CRI. In this space CRI
is important for color recognition and examination of the plants
by the elderly.

Descriptions of the light fixtures can be found in the Appendix 5.
Uneven distribution of light can be seen at the renderings. It is
creating spatial depth. Hotspots of the light are visible at the
walls from wall mounted fixtures. That is highlighting the material
of the wall and furniture placed by it. The circadian zone has
more uniformed lighting, which is a result of placing fixtures in
even distance and at the same height. The shadows are notice-
able, but don't create any sharp forms, which might be con-
fused with objects by the elderly (Cooper Marcus, Sachs 2014).
Therefore it was one of the goals of this proposal. Pendants in
the corridor create a soft transition from one zone to another.

Fig. 81 Section of Horticulture zone
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Environment

Designed space has big windows on one side and a curtain wall
on the other. Because of this structure a great amount of day-
light is entering the space. Since the elderly are sensitive to glare
and the sun has solar altitude in Denmark, we assumed that
glare would be an issue, especially during summer time. Glary
reflections were also visible during conducting simulations. One
of the solutions was to change floor material. Commonly used
linoleum with high reflectance values was changed to floor
panels. Another solution is fo use curtains. This solution might
block the view for many hours and lower the illuminance values
coming from daylight. Change of the material solved the prob-
lem in the simulations, but further investigation through conduct-
ing glare tests in specialized software Climate Studio would be
useful as a next step of the project.

Additional aspect to consider is to prevent fixed objects in the
common space. This action can enable mobility for the objects
and placing them according to the preferences of the users.

- protection form the wind



Fig. 83 Final design - day time
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Fig. 85 Final design Circadian zone - day fime

136 Fig. 86 Final design Circadian zone - day fime




Fig. 87 Final design Hallway/Atmospheric - day time

Fig. 88 Final design Atmospheric - day time
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Fig. 90 Final design Task area - day tme




Fig. 91 Final design Terrace - day fime
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Fig. 95 Final design Atmospheric zone- night time

Fig. 96 Final design Atmospheric zone- night time
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Chapter

Discussion

The thesis has been concerned with the influence of lighting
and greenery on elderly with dementia. The methodology
used to approach this topic was built on the procedural mod-
el, developed by Hansen and Mullins, where multidisciplinary
knowledge lays the basis for a design process. This exploration
was based on a context-independent literature study, in a field
of physiological effects of light, impact of nature on well-being
and details of light therapy.

In the following chapter the criteria from the framework and
design proposal are analysed and discussed in relation to the
research question:

How can an environment contributing to
well-being be created for the elderly suffering
from dementia af care homes, through a nature
and lighting design focusing on atmosphere,
physiological and visual needs of the residentse

We aim to answer our research question through the theoretical
criteria connected to subquestiones.

How can daylight supported by electric light normalize dis-
rupted circadian rhythme

How can electric light:

- provide sufficient illuminance for tasks
- create an atmosphere for relaxation and socializationg
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The framework was developed to further specify the theoretical
criteria, which were later used as a basis for the design process.
A primary investigation regarding elderly eye vision, circadian
rhythm, biophilia and horticulture have contributed to the de-
velopment of the design. The theoretical criteria based on liter-
ature study focus on objective benefits as well as the potential
environment design of the space.

We have learned from the analytical framework that elderly
suffer from disrupted circadian rhythm and seasonal affective
disorder can also influence their conditions during winter sea-
sons. Reconnecting with nature through daylight supported by
electric light and greenery can balance those conditions.

By defining criteria for the fixtures, their output and distribution
we created zones that are fulfilling the needs of the residents.
Through conducted tests and achieved results we believe that
proposed design can truly enhance well-being through recon-
necting to biological rhythm.

A lot of information was gained through quantitative methods
used to analyze case study — Nceldebjerg Plejecenter. From ob-
servations and interviews at co-case study it was possible to get
closer to the elderly and understand their needs and behaviors.
By analyzing both of those spaces, and extracting information
essential for this thesis, a practical aspect could have been
applied. Most of the knowledge is based on the literature and it
was really beneficial to support the project by experiencing one
to one contact with elderly with dementia through participant
observation and being at the care home. One might argue how
the method of participant observation can be valid for such a
case. Because of demented mind conversation does not al-
ways make sense - is not tfrustful source of information. Therefore,
the focus was on observing behavioral patterns and extracting
knowledge from it.

It can be argued if proposed criteria are sufficient and if their
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effect will be visible on the elderly. That would require further
observations in a space. However, through analyzing the criteria
and conducting tests presented in this thesis, proposed design
will cause positive changes in daily life of the elderly.

Answer for the first subquestion (How can daylight supported by
electric light normalize disrupted circadian rhythm?¢) is related to
the second theoretical criteria:

Enriching circadian rhythm stimulus by daylight supported with
electric light

- Cooler light in morning hours
- Zones of light to meet different needs and functions of the
space

First criterion is fulfilled through applying the proposed 24-hour
lighting scheme (Fig. X). The transitions of color temperatures
support the physiological effects of daylight through using 6500
K short-wavelength light between 7:00 - 10:00 and dimming
towards 2300 K light during the evening to regulate users’ circa-
dian rhythms. Daily rhythm is enhanced by different functions of
the zones adjusted to regular activities like meetings with family
or gardening i horticulture area.

Second subquestion (How can electric light provide sufficient
illuminance for tasks¢) can be answered through third theoreti-
cal criterion:

Supporting visual needs of aged eye to perform tasks
- Avoid glare

- Low contrast ratio
- Higher illuminance to perform activities
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Visual needs are supported by optimal average 500 Ix illumi-
nance on every table. In order to lower contrast ratio general
lighting has been applied. The placement of the light sources
was dictated by their characteristics and proposed furniture lay-
out of the space. This action ensured the desired results, in terms
of illuminance, uniformity, and atmosphere. Avoidance of glade
would require further investigation in situ through material anal-
ysis. Simulations haven'’t shown any glare issues, but the results
aren’'t as reliable as real life test.

Third subquestion (How can electric light create an atmosphere
for relaxation and socialization?) is connected to two remaining
criterias:

- Connection to nature

- Local plants

- Accessibility to outdoors view

- Expression of the seasons

- Comfortable conditions of outdoor environment

Atmospheric environment creating homeliness

- Creating familiar lighting environment
- Cozy atmosphere through warm light
- Familiar shading system

- Easy control over the space

Atmosphere devoted to relaxation is mainly achieved through
familiar lighting - placement of the fixtures and warm CCT. Such
an environment can create conditions for socializing and the
plants used as a part of inferior provide topics for conversations
and contemplations.

After this description of the design proposal and its details, the
design proposal is found to fulfil the theoretical criteria based
on the literature. The vision for this project was that this space
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would enhance the well-being of the residents through creat-
ing a comfortable environment that meets the visual needs by
applying high iluminance values and supporting their circadian
rhythm. Since the tests showed a fulfilment of the design criteriq,
the vision is also considered to be fulfilled. Therefore, the lighting
design supports the needs of the elderly and enhances their
well-being.
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Chapter

Conclusion

The thesis has illustrated how lighting can influence the well-be-
ing of the elderly. Through the research question broken into
subquestions the overall vision of the thesis has been achieved.
By evolving initial design, which went through the interactive
process, including tests, we were able to form a final proposal
which consists of different functions based on transdisciplinary
knowledge. Even though the project was written under the
restrictions of the pandemic Covid - 19, we aimed to approach
tests and analysis with methods that provided successful results.

The proposed design offers conscious lighting design in care
homes that could be applied into different institutions after ad-
justments. Following the criteria would help to create an envi-
ronment where elderly can deal easily with everyday tasks by
fulfilling their visual needs by increasing illuminance levels and
regulating day and night patterns, and thus ensure their well-be-
ing, which could be cultivated through relaxing and socializing
in the infimate and familiar conditions. The character of the
criteria elevates the importance of connection to nature, not
only by contact with greenery but also by experiencing effects
of daylight.
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Future works

The solutions incorporated into the design proposal can be used
in other care homes environments. Application of three zones
offer flexibility in a space. However, as previously mentioned in
the delimitations and discussion, there are additional elements
that can be further explored and implemented into this project
to ensure its strength.

Firstly, once the Covid-19 restriction would allow visiting Ple-
jecenter, it would be beneficial to investigate materials and
current light levels in order to gather empirical data that could
influence proposed design and adjust it. As we assumed, the
current floor might cause glare. Gathering data about materials
would show if they function well with the lighting design in this
area or the change is needed. On-site investigation could be
supported by glare analysis in plug-in Climate Studio used with
Rhino software.

Participant observation could be repeated in the designated
area in Nceldebjerg Plejecenter., which would focus on be-
haviours of the residents. The investigation would focus on pref-
ered lighting conditions and interest in greenery.

In order to promote horticulture activities we could suggest a
weekly plan for using the horticulture room. Tasks would pro-
mote gardening and sensory experiences with greenery.

Lastly, a real scale model of proposed lighting could be tested
in the cafe area of case study. That would show how the zones
are cooperating together.
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Appendix
Appendix | - Observations

James P. Spradley in 1980 created a method for qualitative interviewing called 9 Dimensions of
Descriptive Observation and is based on a worksheet presented below. This work was created to
standardize observations of ethnographers and anthropologists (shiftcomm). Spradley’s method
is ensuring that data collection consists of analysis and narrative construction (Spradley 1980).

1. The Social Setting
Kitchen / Eating area (pictures in the folder) ; first floor of care home
Ethnographic scene: Care home / Plejehjem Virumgard

Fig. 1 Kitchen

2. The Physical Environment

The kitchen is open to the corridor where many residents are passing by. Through the regular
size windows another department of the care home is visible. The balcony (door size) windows

are opening to the path filled with trees. During the dark hours the curtains are covering
windows.



3. Space and the Objects in the Setting

Space is filled with furniture typical for the care home (see Fig.1). There are 4 pots with different
flowers on the table.

Fig. 2 Small plant and julestjerne Fig. 3 Julestjerne and new plant

4. Actors in the Setting

In the kitchen there are three female residents and an observer. All three of them are suffering
from dementia, at different stages. Theis age is between 80-98. They were born and raised in
Denmark. Two of them are around 160 cm tall and one is 170 cm tall.

5. Events

Everyday there is a planned super at 18. Firstly two residents are coming and starting eating.
They are eating a meal prepared by one of the employees. The third one is joining 15 minutes
later. She is preparing sandwiches from products that were prepared on separate plates. All are
receiving their evening medicine.

6. Time

All the observations are conducted from friday to sunday from 18-19:30. | conducted them
between January and march.

7. Individual Behavior

22.01.
Two types of plants
Bigger interest in julestjerne
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Small plant - they thought it was cute and fake
Big interest in watering and if plants need water

23.01.

Small plant have been recognized as real one. All three ladies agreed that this is their favourite
plant and it is always with them when they are eating.

06.02.

Two women were talking about how they have a better mood when they are looking at the red
plant.

One lady saw a new plant at the table. | asked if she can help me with taking care of this plant.
She said yes - she is watering all the plants here. It felt like it was a big responsibility for her and
she was proud of that.

Three ladies were talking about the placement of the plants. Where they look the best (in the
center of the table, not in the corner). Moreover they were talking about where the plant looks
the best in relation to other plants. They were comparing pots and discussing which one is the
nicest and matches to the plant.

One of the plants, which was placed on the window, wasn't standing in the center of the
windowsill. I've been asked to move the plant to the center.

07.02.
The plant in the window was standing in the middle. It didn't receive any comments.

Two ‘julestjerne’ were moved to stand closer to the residents by one of them. At the beginning
there was no conversation about the flowers, but it changed after the ladies talked for a few
minutes. There were comments like ‘our pretty flowers’ and then one lady said ‘I'm watering
them once in a while, when | have water in my glass. It's nice to have them here around.’

I've been asked by two ladies to water the small plant. They thought it looked sad. After I've
done it, they said thank you happily and also imitated that the plant is saying thank you.

The third lady wasn’t participating in the conversation, but observing and smiling.
07.03

Placing the red plant in the center of the eating table. Three ladies were talking about how it is
nice to have this red flower so close. They were happy that is holding so long from Christmas.
Margaret said that it is because she is watering it once in a while. Without her, it would be dead
already.
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8. Activities. Record whether there are groups of behavioral acts that seem to be related. Here,
the various activities of an event may be recorded, and then broken down into specific acts, or
the reverse may be done, in which acts are noted, and then patterns are looked for in terms of
the relationships between acts.

9. Actor Groups
Actors are linked by living in the same care home.
10. Interactive Patterns

One of the residents is insisting on the conversation and controlling it fully. She also tries to
control the employees by giving them tasks and asking for favour in some activities even though
she could do that herself. She is paying a lot of attention to the placement of plants and how
they look.

Second of the residents is refusing to talk about personal issues connected usually to her family
(privacy needs or doesn’t remember much). When the first lady is not present she is much more
talkative and friendly. She is noticing new plants, but not making any comments.

Third one is nice and polite and tries to make small jokes from the first lady. She likes all the
plants, no matter how they look.

11. Language

Actors are using simple language to communicate. Further explanation of thoughts wasn’t
usually needed. When there appeared disagreement, one of the actors tried to offend others in
an indirect manner as if they couldn’t hear her.

12. Non-Verbal Behavior and Metalingual Properties in Conversation

There haven't appeared any gestures besides pointing at particular objects.

13. Expressive Culture

Culture is expressed only in the conversation by referring to different books, movies or travels.
14. Ideational Elements

Behaviour and interactive patterns showed actors attitude to familiar settings that was slightly
changed by putting different plants into the kitchen space.

15. Goals, Motivations, or Agendas

Besides fulfilling basic needs of eating, the time during meals is the longest time when the
residents are together. One of them is showing big social needs and insists on constant



conversation during meal time which seems like the main goal of this activity.

16. Broader Social Systems

It is possible that social systems from younger ages, like family and work environment have
influenced some of the behaviours.

17. Human Needs
Communal Needs are met through dinner gathering and conversations
Communicative Needs are met through communicating and explaining thoughts

Affective Needs are met through being part of the group gathering for a dinner everyday

18. Other Domains not included above.

References

Spradley, J.P., (1979) The Ethnographic Interview. New York: Holt. Rinehart and Winston.
Spradley, J.P., (1980) Participant Observation. New York: Holt. Rinehart and Winston.
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Cultural Assessment Research Systems (EICCARS) Workbooks, 1-11.
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Appendix 2 - Interview
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Interview with one of the employees from Plejehjem Virumgard

Interviewer: Do you have any observations in change of behaviour during different times of the
day?

Caretaker: First of all, | would like to start with highlighting how it is important for everyone to
have a daily rhythm. Most of the residents with dementia can’t control it. The only time markers
are meal times. People with dementia don’t really understand the concept of time. They are
sleeping when they are tired and getting up when it feels comfortable, even though that might
be in the middle of the night. Disrupted sleep patterns are deepening the existing confusion and
unregulating natural rhythm. Daily rhythm is a focus point of work in care homes. We are
making sure that residents are active during sunny hours. At Virumgard some residents got light
therapy to put them back on track with circadian rhythm. There is a special room created for it.
Room is filled with curtains and lamps that are imitating different times of the day.

I:How about different times of the year? Are there any changes in behaviour of the residents?
C: We live quite far north from the equator. So the weather and amount of sun isn’t really
optimal here. Maybe people shouldn’t even live so far north. During winter time in Denmark
people get up when it is dark and turn on the electric light. It is so easy for the residents of care
homes to confuse such dark mornings with nights. | think that night lighting should be more
dimmed than during daytime and maybe fully off during night time. That could help with
recognition of time. Actually the most beneficial thing for elderly with dementia could be going
outside to experience natural light, wind, rain and so on. They don’t remember how it is to
experience those phenomena and are afraid of it. Especially to be under the open sky or feeling
cold seems to be very uncomfortable.

I: That’s interesting. Have you observed any impact of sun or sunny weather on the mood of the
residents?

C: Well, the sun is affecting everyone in a similar way. Those elderly, like me and you feel much
better and happier during sunny days after a period of gray weather. During winter time they
can suffer from seasonal affective disorder which disappears during summer time.

I: | can see quite a lot of fake plants. What is their purpose?

C: It’s just because of maintenance reasons. Almost no one has the time or will to take care of
those plants. | think it could be used as part of daily activities with the resident. In one care
home where | worked there was an aquarium. Noone wanted to clean it. But | got an idea that
I'll do that with the help of the residents. They really enjoyed looking when | was putting fishes
in new containers and cleaning the big aquarium.

I: That's a really nice idea.

C: Yes, and | think that residents could take care of some plants with the help of a caretaker if
needed. That could be a part of weekly activities. Another bothering thing is bad air quality. | try
to open a window for 30 min every day. But then someone comes and says ‘Oh, | am freezing!
Can you close that window?’ So | have to close it, but | open it when they are in their beds.
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I: Have you observed any interest in living plants, like watering or even just looking?

C: Hm, not really. | haven’t seen anyone watering plants. At different departments where the
elderly are just old, without dementia, | saw them having plants in their own rooms and taking
care of them. Here elderly need some inspiration from outside to take some actions, so the staff
would have to show how to take care of the plant. But the thing | noticed is a big interest in the
seasonal flowers that we have here once in a while. They are a symbol of time of the year. For
example julestjerne (Christmas star), is a popular flower. Also lilies and crocuses are here every
year in the Easter period. Plants that are noticed usually have a connection to memories. Those
other ones don’t really create any interest.



Appendix 3 - Daylight factor
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Appendix 3 - Shadow analyses
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Appendix 4 - Survey of the movement of sun
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Appendix 5 - Field trip
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Appendix 6 - Pendant fixture specifications
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Product info

Montage
Ophseng: bedning 2x0, 75mm2. Baldakin: Ja. Ledningslasngde: 3m.

Ovarflade
Gré fop, Kobber top, Red top eller Gul top, vid lakeret.

Materialer
Sheerm; Optrukieat aluminium.

Sterrelzer og vegt

Bredde x hojde x leengde (mm) | 220 x 295 x 220 Maks. 1.6 kg | 380 x 478 x 380 Maks. 3,9 kg | 150 x 188 x 150
Maks. 1,1 kg

Klasse
Testhadsklasse IP20. |solationskdasse |1

Lyskilde
125W E27

louis
poulsen

2/4
Cirque

A .}
o
]
v
-
o150

Link to the full
specification sheet:
https://www.louispoulsen.
com/da-dk/catalog/profe
ssional/dekorativ-belysni
ng/pendler/cirque?v=916
63-5741094862-01&t=ab
out&t=downloads&t=data

louispoulsen.com
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Dataspecifikationer

Farve

Bredde
Indbygningshajde
Klasse

Standby (W)
Startstrom
Lyskilde

CRI

louis
poulsen
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Gra top

150

1x25W E27

5749326034

Lazngde

Hajde

IP-klasse

Nettovaegt

Effektfaktor (P = 100 % / P = 50 %)

150

189

20

0.6

Transientheskyttelse, Imax. [T2] IEC 61643-1 ox

Kelvin

SDCM

louispoulsen.com
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2/3
Keglen

Product info

Information

Kompatibel med forkants- og bagkantsdempere. Bemaerk, at det lave siremforbrug pé nogle produkder kan
phvirke lyadasmpningen,

Maontage
Ophaengstype: Ledning og wire, 2 x 0,75 mm” Baldakin: Ja. Ledningslsengde: 4 m.

Overfiade
Sort eller hvid, man, vadiakeret.

Materialer E

Shkoprm: Optrukket aluminium. Diffusor Sprojtestobt PC.

Storrelser og vegt

Bredde x hojde x kengde (mm) | 400 x 270 x 400 Maks. 4,9 kg | 175 x 134 x 175 Maks. 2,4 kg | 250 x 270 x 250

Maks. 3,7 kg | B50 x 270 x 850 Maks. 6,6 kg

Klasse B 550

Teethedskiasse IP20. Isolationsklasss |

Lyskilde

LED 2T00K 31W <br /=Lumen: 2104

Information

Kompatibel med forkants- og bagkantsdasmpere. Bemaork, at det lave stremforbrug pd nogle produkter kan .

b iicin, Link Ato th_e full
specification sheet:
https://www.louispoulse
n.com/da-dk/catalog/pr
ofessional/dekorativ-bel
ysning/pendler/keglen?
v=81772-5741103805-0
1&t=about&t=download
s&t=data

pou%en louispoulsen.com
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Farve Hvid Leengde 650
Bredde 650 Haejde 270
Indbygningshejde - IP-klasse 20
Klasse I Nettovaegt 6.6
Standby (W) <0,5 Effektfakior (P = 100 % / P = 50 %) -
Startstrom 5A /50 ps Transientbeskyttelse, Imax. [T2] [EC 61643-1 -
Lyskilde LED 2700K 31W Kelvin 2700
CRI 90 SDCM 3
Lumen 2104 Watt 31
Efficacy 68 Min. deampniveau (%) 1
UGR transversal / aksial 18.9/18.9 LBOBSO {timer) >50000
LBOB10 (timer) - Driver life B

pouisen

louispoulsen.com



Product info

Information

Farve p aflmndngsskerm: Classic, monokrom bl og Huas of Orange: BIA. Hues of Red og Huas of Rose:
Gran. Hues of Green og Hues of Elus: Red. Hues of Grey of Modam White: Fosa. Monokrom sort: Sort,
Maonokrom mid: Hvid, Kobbarversion: Kobber. Messingversion: Maesing. Farve pd stag: Classic: Lilia.
Koboarvarsion, messingversion og monakrom hvid: Hvid. Monokrom bid: BIA. Monokrom sort Sort. Modem White
og farvenuancer (Huesk Bronzefarvet. Ladning og baldakin: Monokrom sort: Scrt ledning og baldakin, Alls andre:
Huid ladning og bakdakin, Bemark, at kobbar- o mossingovarfiaden or ubshandiot, Dot bityder, at overfiaden vl
andre sig over tid of patiners. Denne proces kan allereds vasre begyndt, ndr produktet leveres.

Montage
Opheangstype: Ledning 2 x 1 mm®. Bakdakin: Ja. Ledningatengde: 3 m.

267

Overflada

Classic (hvid) efler Modem White: mat, pubvertakerat. Monokrom sort, monokrom b, monokrom hvid, Hues of
Blue, Hues of Green, Hues of Gray, Hues of Orange, Hues of Red, Hues of Rose: mat, viidakeret. Metalversionar:
Poleret messing eller kobber og hvid, mat pulveriakersat. Bameerk, at kobber- og messingoverfladen er ubehandiet.
Det batyder, at overfladen vil sendre sig over tid og patiners. v

Materialer

Skaerme of afbleendingsskaerm: Optrukket aluminium, optrukkel kobber eller optrukket messing. Stag: valset
aluminium.

Starrelsor og vaegt
Bredde x hojde x lengde (mmj | 500 x 267 x 500 Maks. 3,5 kg

Klasso
Teathedskl 1P20, |50k il Il uden |ording,

Bamarkningsr til variantar
Den teknologiske udvikling indenfor lyskilder sker hurtigt. Darfor angives den maksimals wattage samt
fatningstype for byskildear.

Lyskilde
175W E27

Infermation

Farve ph afbl@ndingsskerm: Classic, monckrom bié og Hues of Orange: BI&, Hues of Red og Hues of Rosa:
Gran, Hues of Graen og Hues of Blus: Red. Hues of Gray og Moedarn White: Rosa, Monokrom sort: Sort,
Monokrom hvid: Hvid. Kobbenversion: Kobber. Messingversion: Messing.

Farve ph stag: Classic: Llla. Kobberversion, messingversion og monokrom hvid: Hvid. Monokrom bla: Bl
Monckrom sort: Sort. Modarn White of farvenuancer (Hues): Bronzetarvet.

Ladning og baldakin: Monokrom sort: Sort ledning og baldakin. Alle andra: Hvid ledning og baldakin.
Bemark, at kobber- og messingoverfiaden er ubshandlet. Det betyder, at overfladen vl sndre sig over tid og
patinere. Denne proces kan allerade veere begyndt, ndr predukiet leveres,

Produktfamilie

PH 5 Mini

potisen

2/4
PHS5

@ 504

Link ta the full
specification sheet:
https://www.louispoulsen.
com/da-dk/catalog/profe
ssional/dekorativ-belysni
ng/pendler/ph-5-pendel?
v=90293-5741099870-01
&t=about&t=downloads&
t=data

louispoulsen.com
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Lysdistributionsdiagram

Cartesian Isolux Polar

Dataspecifikationer

Farve Hvid moderne Leengde 500

louis
pouisen louispoulsen.com
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Appendix 7 - Circadian fixtures specifications

c E @ 1P20

Luminaire structure

- Extruded aluminium bended profile with powder

ceating -
- Stainless steel fasteners in grade 316

- Stainless steal bracketls and screws for mounting
- PMMA diffuser with Gpal (UGR <19) and micro
prismatic (UGR <13) options for better glare
control
- Up and down light distribution options
Passive thermal management
- Integral control gear
- Wireless control available through Bluetooth
connection
- Daylight and occupancy sensor options Maimo 300 Link to the full
- Emergency module (1 or 3 hours) is available upon specification sheet;
request with 3 options (BASIC, SELF-TEST, PRO- https://www.ligman.c

oY —mm om/specsheet/produ
o s cts/MAL-80003-en.p

Product description o

Down - 215 mm - TW

-

Light symbol Product colour Special finishes upon request

0F - Beaek (RAL 03 - Whits (SAL 05 - Ma1n Sifver SU01-G
) SO0 (RAL SUKMG) Usban

SUDA - Comen =

- Urban Urban

swot Oak SWO2 - Waisut « SWO3 - Pine
Woodand Wenodland ‘Wooc and
Technical information
Lamp 336 LED Luminaire
Lamp type LED Power 21W Optic 0 _[(Jpa I], P [Micro-
Dimming type DALI Lumen 1956 Im prismatic]
EEC A+ Efficacy 93 I/ W Machdam Elipse 3SDCM
Material Aluminium CCT/CRI W Lifetime LSDE10 34000
i & ) hours) *
Weight 1.5kg Drive current S00mA { v
Operating temperature -20°Cto 40 °C :‘l'_taut'[rg]e Leoetg 69,000
L
Lifetime LE0BS0
{hours) 100,000
EUROPE ASIA PACIFIC
https://www ligman.com!/malmo-1-mal-80003/
sales.cz@ligman.com mta@ligman.com



ce||@

IP20

Luminaire structure

- Extruded sluminium bended profile with powder
coating

- Stainless steel fasteners in grade 316

- Stainless steel brackels and screws for mounting

- PMMA diffuser with Gpal (UGR <18) and micro
prismatic (UGR <13) options for better glare
control

- Up and down light distribution options
Passive thermal management

- Integral control gear

- Wireless control available through Bluetooth
connection

- Daylight and cccupancy sensor options

- Emergency module (1 ar 3 hours) is available upon
request with 3 options (BASIC, SELF-TEST, PRO-
DALY

Product description

Malmao 500

A0E
———=

-5

Down - 505 mm - Tw

505

===

Link to the full
specification sheet:
https://www.ligman.co
m/specsheet/products/
MAL-80023-en.pdf

e

Light symbol Product colour Special finishes upon request
P Y - Beack (RAL 03 - Whits (SAL 05 - M1t Silver SUD - Congrate - ST - S0ftacaps SUO3 - 51004 - SUDY - Cortén -
G011y G0 RUAL G006) Lishan - Lirbiar tiehan Urban
W01 - Oak SWOZ - Wektul « SWO3 - Pine
Wondkano Vanoafland Wenaed anid
Technical information
Lamp 864 LED Luminaire
Lamp type LED Power 43 W Optic 0 [Opall, P [Micro-
Dimming type DALI Lumen 5427 Im prismatic]
EEC At Efficacy 126 Im/w MacAdam Eliipse 350CM
Material Aluminium CCT/CRI TW Lifetime LS0B10 34000
Weight 36 kg Drive current 400 mA (hours)
Operating temperature 20°Cto40°C Lifetime LEOE10 69,000
(hours)
Lifetime LE0BSO
(hours) 100,000
ASIA PACIFIC

EUROPE



PHILIPS

Lighting

GreenPerform Panel

RC160V LED40S 865 W60L60 PSU

- - Wide beam - Polystyrene bowl/cover prismatic - 110°

GreenPerform Panel is the slimmest Panel with highest efficacy in the market. It
offers two lumen options with four dimension types, 200%1200, 300X1200,
B600x600,600x1200, and three mounting options, recessed, suspended and plaster

Link to the full
specification sheet:
https://www.lighting.ph
ilips.com/api/assets/vl/
file/PhilipsLighting/cont
ent/fp911401719512-p
ss-global/91140171951
2 EU.en AAPROF.FP.p
df

ceiling.
Product data
General Information Number of products an MCB of 16 A type B a0
Eeam angle of light source EU) RoHS compliant Yes
Light source color 865 cool daylight Light source engine type LED
Light source replaceable Mo Service tag Yes
MNumber of gear units 1 wnit
Driver/power unit/transformer Operating and Electrical
Driver included b= Input Voltage 2200240V
Optictype Wide beam Input Frequency 5010 60 Hz
Optical covier/lens type Palystyrene bowl/cover prismatic Initial CLO power consumption A W
Luminaire light beam spread no* Average CLO power consumption MA W
Control interface Inrush current 1584
Connection nternal conmector Inrush time 18lms
Cable Power Factor (Min) 09
Protection class IEC Safety class Il
Glow-wire test Temperature 650 *C. duratkon 30 s Controls and Dimming
Flammability mark Dimmable Na
CEmark . CE mark S
ENEC mark Mechanical and Housing
Warranty period 3 years Housing Material Aluminum
Constant light output MNa Reflector material

Datasheet, 2021, April 14

data subject to change



Appendix 8 - Alfa test - choosing fixture

Philips RC160V LED40S 865 W60L60 PSU

IES File
phl_led40s+865+w60160+psu-ies Browse
Source Spectrum
LED 1.00 v
M/P Eq. Lumens (melanopic) Lumens (photopic)
1.00 4,032 4,039
. - -
Vertical Section i
0
59
44
23
15
0.0
380 480 580 680 780
Date Time Sky conditions EML (avg) WELL requirement |Fullfills Yes/No
Winter solstice 7am Overcast 58 200 No

O i 0 -
& B P P D PP ERE PP PRSP R

& & & 4
L DPDEETEIDPRPETERPPTEE PR
SR P P PR PE PRSPPI EEEPFD

*200 EML threshold is not fulfilled in all area, nor at seating areas where values vary between 140-190 EML



IES File
MAL-80003-0-TUW

Source Spectrum

Ligman MALMO 1 (MAL-80003)

Browse

LED 1.00 v
M/P Eq. Lumens (melanopic) Lumens (photopic)
1.00 1,953
Vertical Section - e EE——
0
Date Time | Sky conditions EML (avg) WELL requirement |Fullfills Yes/No
Winter solstice 7am Overcast 29 200 No
1 O 0
*® $ P R P PP RPP P PRI ERRP PP
® P PP PE PP PP PETEPPETETEPRPR
LB B I R ORI R R R CEE R O CEE RN R B A

*200 EML threshold is not fulfilled in all area, nor at seating areas




IES File
MAL-80023-0-TUW

Source Spectrum

Ligman MALMO 1 (MAL-80023)

Browse

| LED 1.00 v
M/P Eq. Lumens (melanopic) Lumens (photopic)
1.00 5418 5,427
: e s = N aaaaaaa—
o
Date Time Sky conditions EML (avg) WELL requirement | Fullfills Yes/No
Winter solstice 7am Overcast 79 200 No
0 a U ~
T EPEEDPEEETEEEEESEPETIEESEEH

*200 EML threshold is not fulfilled in all area, but is fullfilled at seating areas




Appendix 9 - Dialux

Fig. 1 View on the circadian area Fig 2. Work plane results of the circadian area

Fig. 3 View on the atmospheric area Fig. 4 Work plane results of the atmospheric area

191



Fig. 5 View 2 on the atmospheric area Fig. 6 Work plane results of the atmospheric area 2

Fig. 7 View on the corridor area Fig. 8 Work plane results of the corridor area

192



Fig. 9 View on the horticulture room Fig. 10 Work plane results of the horticulture room
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Appendix 10 - Alfa results

Spring equinox Clear sky

Ligman Malmo 1

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

28000
24000
20000
16000
12000

8000

4000

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

EML avg and WELL living requirements
©® 4826 == 200

12000
10000 3W
8000
6000
4000
2000

0

9am 10am 11am 12pm 13pm 14pm
Time

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

10000
8000
6000
3601,
4000 2003

2000

7am 8am 9am 10am 11am  12pm  13pm  14pm

Time

. Alertness
Area Time
EML avg WELL living requirements |Is WELL fulfilled?
7am 1640 200 Yes
8am 9305 200 Yes
9am 16436 200 Yes
Table 1 10am 20253 200 Yes
11am 28247 200 Yes
12pm 29353 200 Yes
13pm 29608 200 Yes
14pm 28538 200 Yes
Area Time Alertness =
EML avg WELL living requirements | Is WELL fulfilled?
7am 808 200 Yes
8am 4826 200 Yes
9am 8004 200 Yes
4 2 Yo
Table 2 10am 8840 00 es
11am 9957 200 Yes
12pm 9995 200 Yes
13pm 9534 200 Yes
14pm 10290 200 Yes
Area Time Alertness =
EML avg WELL living requirements | Is WELL fulfilled?
7am 788 200 Yes
8am 2003 200 Yes
9am 3601 200 Yes
1 2 Y
Table 3 Oam 9098 00 es
11am 9878 200 Yes
12pm 9872 200 Yes
13pm 9706 200 Yes
14pm 10000 200 Yes
Alertness
Area = S
Time EML avg WELL living requirements |Is WELL fulfilled?
7am 808 200 Yes
8am 1822 200 Yes
9am 9532 200 Yes
10am 10139 200 Yes
Table 4
11am 9996 200 Yes
12pm 9175 200 Yes
13pm 8149 200 Yes
14pm 6599 200 Yes

EML avg and WELL living requirements
® EMLavg == WELL living requirements

12000
10800 9175

9600 8149

8400 6599
7200

6000

4800

3600 1822

2400 808

1200

7am 8am 9am 10am  11am  12pm  13pm  14pm

Time




Spring equinox Overcast

Ligman Malmo 1

EML

avg and WELL living requirements

@® EMLavg == WELL living requirements

1396,
1085

7am 8am 9am 10am  11am  12pm  13pm  14pm

Time

EML

2000
1600
1200
800
400

avg and WELL living requirements

@® EMLavg == WELL living requirements

7am 8am 9am 10am  11am  12pm  13pm  14pm

Time

EML

2000
1600
1200

800

400

avg and WELL living requirements

@® EMLavg == WELL living requirements

1558

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

) Alertness
Area Time
EML avg WELL living requirements Is WELL fulfilled?
7am 457 200 Yes
8am 1085 200 Yes
9am 1396 200 Yes
10am 2702 200 Yes
Table 1
11am 3104 200 Yes
12pm 3137 200 Yes
13pm 3259 200 Yes
14pm 3103 200 Yes
. Alertness
Area Time
EML avg WELL living requirements Is WELL fulfilled?
7am 393 200 Yes
8am 719 200 Yes
9am 1201 200 Yes
10am 1577 200 Yes
Table 2
11am 1795 200 Yes
12pm 1936 200 Yes
13pm 1975 200 Yes
14pm 1829 200 Yes
. Alertness
Area Time 3
EML avg WELL living requirements Is WELL fulfilled?
7am 375 200 Yes
8am 703 200 Yes
9am 1169 200 Yes
10am 1558 200 Yes
Table 3
11am 1800 200 Yes
12pm 1840 200 Yes
13pm 1954 200 Yes
14pm 1725 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements Is WELL fulfilled?
7am 372 200 Yes
8am 720 200 Yes
9am 1144 200 Yes
10am 1554 200 Yes
Table 4
11am 1788 200 Yes
12pm 1902 200 Yes
13pm 1961 200 Yes
14pm 1627 200 Yes

EML

2000
1600
1200

800

400

avg and WELL living requirements

@® EMLavg == WELL living requirements

7am 8am 9am 10am  11am 12pm  13pm  14pm

Time




Summer solstice Clear sky
Ligman Malmo 1

EML avg and WELL living requirements
® EMLavg == WELL living requirements

8400

7200 5627
6000 4627

4800 | 3617

3600

2400

1200

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

EML avg and WELL living requirements

® EMLavg == WELL living requirements

4800
4000
3200
2400
1600

800

7am 8am 9am 10am 11am  12pm 13pm  14pm

Time

EML avg and WELL living requirements
@® EMLavg == WELL living requirements

4800

4000 3337

3200 2639

2091

2400

1600

800

7am 8am 9am 10am 11am  12pm  13pm  14pm

Time

. Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 3617 200 Yes
8am 4627 200 Yes
9am 5627 200 Yes
10: 6991 200 Y
Table 1 an =
11am 7881 200 Yes
12pm 8396 200 Yes
13pm 7985 200 Yes
14pm 7175 200 Yes
) Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 2107 200 Yes
8am 2686 200 Yes
9am 3243 200 Yes
10am 3743 200 Yes
Table 2
11am 4295 200 Yes
12pm 4672 200 Yes
13pm 4662 200 Yes
14pm 4052 200 Yes
. Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 2091 200 Yes
8am 2639 200 Yes
9am 3337 200 Yes
10: 3950 200 Y
Table 3 o =
11am 4279 200 Yes
12pm 4543 200 Yes
13pm 4554 200 Yes
14pm 4344 200 Yes
. Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 1994 200 Yes
8am 2665 200 Yes
9am 3204 200 Yes
10: 3820 200 Y
Table 4 an =
11am 4594 200 Yes
12pm 4938 200 Yes
13pm 3577 200 Yes
14pm 4686 200 Yes

EML avg and WELL living requirements

® EMLavg == WELL living requirements

4800
4000
3200
2400
1600

800

7am  8am  9am  10am 11am 12pm  13pm  14pm

Time




Summer solstice Overcast
Ligman Malmo 1

EML avg and WELL living requirements
@® EMLavg == WELL living requirements

6400
5600 4592
4800
4000 3065
3200 2284
2400
1600
800

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

2400 1891
2000 1392

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

EML avg and WELL living requirements

@® EMLavg == WELL living requirements
3200 2606

2400 1770
1295

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

. Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 2284 200 Yes
8am 3065 200 Yes
9am 4592 200 Yes
Table 1 10am 5336 200 Yes
11am 5464 200 Yes
12pm 5694 200 Yes
13pm 6197 200 Yes
14pm 5534 200 Yes
5 Alertness
Area Time
EML avg WELL living requirements | Is WELL fulfilled?
7am 1392 200 Yes
8am 1891 200 Yes
9am 2703 200 Yes
10: 2988 200 Y
Table 2 A =
11am 3150 200 Yes
12pm 3231 200 Yes
13pm 3376 200 Yes
14pm 3102 200 Yes
5 Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 1295 200 Yes
8am 1770 200 Yes
9am 2606 200 Yes
10: 2874 200 Y
Table 3 am =
11am 3237 200 Yes
12pm 3338 200 Yes
13pm 3259 200 Yes
14pm 2957 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 1294 200 Yes
8am 1829 200 Yes
9am 2620 200 Yes
10am 2872 200 Yes
Table 4
11am 3305 200 Yes
12pm 3352 200 Yes
13pm 3250 200 Yes
14pm 2942 200 Yes

EML avg and WELL living requirements

® EMLavg == WELL living requirements

3200 2620
2800
2400 1829
2000 1294
1600
1200
800
400

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time




Autumn solstice Clear sky
Ligman Malmo 1

EML avg and WELL living requirements
@® EMLavg == WELL living requirements

30000
27000

24000

21000

18000

15000

12000 8114
9000 4429— 3950

6000 1872

3000

8751

0
7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

9600
8400
7200
6000
4800
3600
2400
1200

7am 8am 9am 10am 11am 12pm 13pm 14pm

Time

EML avg and Meet WELL living requirements?
® EMLavg == Meet WELL living requirements?

10800
9600
8400
7200
6000
4800
3600
2400
1200

7am 8am 9am 10am 11am 12pm 13pm 14pm

Time

. Alertness
Area Time =
EML avg WELL living requirements Is WELL fulfilled?
7am 1872 200 Yes
8am 4429 200 Yes
9am 3950 200 Yes
Table 1 10am 8114 200 Yes
11am 8751 200 Yes
12pm 27553 200 Yes
13pm 29090 200 Yes
14pm 28640 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements Is WELL fulfilled?
7am 1162 200 Yes
8am 2936 200 Yes
9am 3908 200 Yes
Table 2 10am 4827 200 Yes
11am 5171 200 Yes
12pm 8835 200 Yes
13pm 9922 200 Yes
14pm 9720 200 Yes
N Alertness
Area Time
EML avg Meet WELL living requirements? | Is WELL fulfilled?
7am 1114 200 Yes
8am 2687 200 Yes
9am 3726 200 Yes
Table 3 10am 4767 200 Yes
11am 5275 200 Yes
12pm 8899 200 Yes
13pm 9866 200 Yes
14pm 10294 200 Yes
. Alertness
Area Time
EML avg WELL living requirements Is WELL fulfilled?
7am 1095 200 Yes
8am 3047 200 Yes
9am 3882 200 Yes
Table 4 10am 4902 200 Yes
11am 5287 200 Yes
12pm 8097 200 Yes
13pm 7453 200 Yes
14pm 6680 200 Yes

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

8400
7200
6000
4800
3600
2400
1200

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time




Autumn solstice Overcast
Ligman Malmo 1

EML avg and WELL living requirements

@® EMLavg == WELL living requirements

3500 2808 2715
2800
2400
2000 1274
1600
1200 610
800
400

2034

\

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

EML avg and WELL living requirements
@® EMLavg == WELL living requirements

2000 1578

1600 1248

1200 9

800 464

>
~
=

400

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

EML avg and WELL living requirements
@® EMLavg == WELL living requirements

2000
542

1600 1255
1200 8
800

400

N
N
EN
\‘
©

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time

. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 610 200 Yes
8am 1274 200 Yes
9am 2034 200 Yes
10: 2898 200 Y
Table 1 an =
11am 3251 200 Yes
12pm 3298 200 Yes
13pm 3315 200 Yes
14pm 2715 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 464 200 Yes
8am 794 200 Yes
9am 1248 200 Yes
10am 1667 200 Yes
Table 2
11am 1935 200 Yes
12pm 1949 200 Yes
13pm 1871 200 Yes
14pm 1578 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 224 200 Yes
8am 788 200 Yes
9am 1255 200 Yes
10: 1616 200 Yo
Table 3 ol =
11am 1845 200 Yes
12pm 1867 200 Yes
13pm 1758 200 Yes
14pm 1542 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 475 200 Yes
8am 811 200 Yes
9am 1221 200 Yes
10: 1612 200 Y
Table 4 il =
11am 1866 200 Yes
12pm 1956 200 Yes
13pm 1792 200 Yes
14pm 1589 200 Yes

EML avg and WELL living requirements
@® EMLavg == WELL living requirements
2000

1600 1221
1200 -
800 475

400

7am 8am 9am 10am 11am 12pm  13pm  14pm

Time




Winter equinox Clear sky

Ligman Malmo 1

EML avg and WELL requirement

@® EMLavg == WELL living requirements

5600
4800 3731
4000 32603239
3200
2400
1600
800

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

EML avg and WELL requirement

@® EMLavg == WELL living requirements

2800
2400
2000
1600
1200

800

400

218

221

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

EML avg and WELL requirement

@® EMLavg == WELL living requirements

4800
4000
3200
2400 1852 e 1369
1600 1058 \\'
800 | 210 212‘—23/.//
oLe
7am 8am 9am 10am 11am 12pm 13pm  14pm

Time

. Alertness
Area Time
EML avg WELL living requirements |Is WELL fulfilled?
7am 243 200 Yes
8am 233 200 Yes
9am 453 200 Yes
1741 2 Yi
Table 1 10am 00 es
11am 3260 200 Yes
12pm 3239 200 Yes
13pm 3731 200 Yes
14pm 5580 200 Yes
. Alertness
Area Time
EML avg WELL living requirements |Is WELL fulfilled?
7am 218 200 Yes
8am 221 200 Yes
9am 407 200 Yes
1 2 Yi
Table 2 10am 060 00 es
11am 1863 200 Yes
12pm 1613 200 Yes
13pm 2079 200 Yes
14pm 2957 200 Yes
. Alertness
Area Time
EML avg WELL living requirements |Is WELL fulfilled?
7am 210 200 Yes
8am 212 200 Yes
9am 403 200 Yes
10: 1053 200 Y
Table 3 an =
11am 1823 200 Yes
12pm 5292 200 Yes
13pm 1961 200 Yes
14pm 1369 200 Yes
. Alertness
Area Time =
EML avg WELL living requirements | Is WELL fulfilled?
7am 230 200 Yes
8am 229 200 Yes
9am 349 200 Yes
1164 2 Yi
Table 4 10am 6: 00 es
11am 1825 200 Yes
12pm 2037 200 Yes
13pm 2039 200 Yes
14pm 1189 200 Yes

200

EML avg and WELL requirement

@® EMLavg == WELL living requirements

2000

1600 1764 1189

1200

800
230 220 %

400

7am 8am 9am 10am 11am 12pm 13pm  14pm

Time




Winter equinox Overcast

Ligman Malmo 1

EML avg and Meet WELL living requirements?

® EMLavg == WELL living requirements

800

7am 8am 9am 10am 11am  12pm  13pm  14pm

Time

EML avg and Meet WELL living requirements?
® EMLavg == WELL living requirements
800

505 et 546

7am 8am 9am 10am 11am  12pm  13pm  14pm

Time

EML avg and Meet WELL living requirements?
® EMLavg == WELL living requirements

800

573
500 527

7am 8am 9am 10am 11am 12pm 13pm 14pm

Time

. Alertness
Area Time
EML avg WELL living requirements |Is WELL fulfilled?
7am 235 200 Yes
8am 234 200 Yes
9am 322 200 Yes
10am 453 200 Yes
Table 1
11am 664 200 Yes
12pm 851 200 Yes
13pm 766 200 Yes
14pm 467 200 Yes
Area Time Alertness
EML avg WELL living requirements | Is WELL fulfilled?
7am 218 200 Yes
8am 215 200 Yes
9am 208 200 Yes
10am 388 200 Yes
Table 2
11am 525 200 Yes
12pm 591 200 Yes
13pm 546 200 Yes
14pm 409 200 Yes
Area Time Alertness
EML avg WELL living requirements | Is WELL fulfilled?
7am 209 200 Yes
8am 207 200 Yes
9am 248 200 Yes
10am 374 200 Yes
Table 3
11am 500 200 Yes
12pm 573 200 Yes
13pm 527 200 Yes
14pm 404 200 Yes
Area Time Alormess
EML avg WELL living requirements |Is WELL fulfilled?
7am 234 200 Yes
8am 231 200 Yes
9am 297 200 Yes
10: 391 200 Ye
Table 4 all =
11am 531 200 Yes
12pm 579 200 Yes
13pm 547 200 Yes
14pm 413 200 Yes

201

EML avg and Meet WELL living requirements?
® EMLavg == WELL living requirements
800

531 579 547

400

7am 8am 9am 10am 11am  12pm  13pm  14pm

Time
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AJ Veg

Product info

Information
Dren trvide version leveres med hyid kedning. De andre versioner leveras mad sort ledning.

Montage

Ledningstype: Plast med stikprop. Ledningslssngde: 2.4m. Afbryder: P4 bagdése. &

Overflade

Rustirit stil, polerst. Hvid, sort, aubergine, merk gron, mark grd, lys gré, midnat b, lys petroleum, rustred,
okkergul, vidiakerat.

180
@50

Matarialer
Skeerm: Optrukiet stil efier rustirit stil, Bagdise: Optrukdiet stAl eller dybitrukdet rustirit stAl. Arm: St eller rustirit / [
stl

Storrelsar og vaegh
Bredde x hojde 1 lengde (mm) | 318 x 160 x 125 Maks. 0,9 kg

Klasza 8
Tathedsklasse IP20, Isolationskiasse Il uden jording,

Lyskilde
T20WE14

Link to the full
specification sheet:
https://www.louispoulsen
Produktfamilie .com/da—d\</cataIAog/prof
essional/dekorativ-belys
ning/vaeglamper/aj-vaeg

7v=90403-5743161780-
01&t=about&t=downloa
ds&t=data

Information
Den hvide version levares med hvid ledning. De andré versioner leveras med sort ledning.

£ Royal AJ Mini Bord A Bord
|
| f'
|
[
|
|
-
£ Guly AJ S0 Vang
louis
pOUISQn louispoulsen.com
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AJ Vag
Lysdistributionsdiagram
Cartesian Isolux Polar
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- : Dol
s —_— | \ / o
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.1:“ " | 3 /(‘f 7 7
I
v . 1 4'/
T
. 1 . » 13 o =
Dataspecifikationer
Farve Hvid Langde 125
Bredde 318 Hojde 180
Indbygningshejde - IP-klasse 20
Klasse n Nettoveegt 0.8
Standby (W) - Effektfaktor (P = 100 % / P = 50 %) -
Startstrom - Transientbeskyttelse, Imax. [T2] IEC 61643-1 -
Lyskilde 1x20W E14 Kelvin -
CRI - SDCM -
Lumen N Watt =
Efficacy - Min. deampniveau (%) -
UGR transversal / aksial 20.9/21.4 LB0OBS50 (timer) -
L80B10 (timer) = Driver life -

ou
pouisen

louispoulsen.com
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ERCO

A0021177 White [RAL9002)

LED 13 9W 1432Im 2 700K warm white
Phase dimmable+ On-board Dim
Mersion 1

Size M

Darklight lens flood

Technical data

Luminous flux of the luminaire
Connected load

Luminaire efficacy

Colour deviation

Colour rendition index

Lumen maintenance (LED manufacturer
specifications)

LED failure rate

Dimming range

Dimming method

LMF

Energy efficiency class

Standby power per control gear
Luminaires per circuit breaker B16

Eclipse Spotlight

with transadapter

Product deseription

Housing: cast aluminium, powder-
coated; can be swivelled through 270°
on the bracket. Upper cover made of
polymer,

Bracket; cast aluminium/polymer,
coated; can be rotated threugh 360° on
the adapter.

Transadapter for ERCO 220-240V track:
polymer, white,

ERCO eontrol gear, dimmable. Rotary
control for brightness regulation,

LED module: high-power LLDs. Collim-
ating lens made of optical polymer.
Lens unit: polymer, white. Darklight lens
made of optical polymer. Qptical cut-
off 40°.

Dimming with external dimmers pos-
sible (trailing edge).

Weight 1.21kg

986lm

1890

52Im/wW

1.5 5DCM

CRI92

L90/B10 <50000h
190 £100000h
0.1% <50000h
1%-100%

CCR

C

EEl A+
0.4W
150

= uwl
| 5| &
=
av)
092
>
107

-

LED

(€ & & &0

30°
-‘h‘-""‘ﬂ-\.

him)  Ellx]

1
2
3 345
4
5

3109

Link to full specification
sheet:
https://www.erco.com/en
/products/indoor/luminai
res-for-track/eclipse-7080
/?colour_temperature%3
Aeq=2700&colour_render
ing_index%3Agte=92&col
our_rendering_index%3Al
te=92&specsheet=A0021
177

Mounting
ERCO 3-circuit track
Hi-trac 3-circuit track

For your regional contact in the FRCO
Sales network click here
www.erco.comfeontact

= ERCO GmbH 2021

Technical Region: 220-240V 50{60Hz
We reserve the right to make technical
and design changes.

Edition: 21.12 2020

Current version under
wiww.ercocomfA0021177
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2/3
Keglen

Product info

Information

Kompatibel med forkants- og bagkantsdempere. Bemaerk, at det lave siremforbrug pé nogle produkder kan
phvirke lyadasmpningen,

Maontage
Ophaengstype: Ledning og wire, 2 x 0,75 mm” Baldakin: Ja. Ledningslsengde: 4 m.

Overfiade
Sort eller hvid, man, vadiakeret.

Materialer E

Shkoprm: Optrukket aluminium. Diffusor Sprojtestobt PC.

Storrelser og vegt

Bredde x hojde x kengde (mm) | 400 x 270 x 400 Maks. 4,9 kg | 175 x 134 x 175 Maks. 2,4 kg | 250 x 270 x 250

Maks. 3,7 kg | B50 x 270 x 850 Maks. 6,6 kg

Klasse B 550

Teethedskiasse IP20. Isolationsklasss |

Lyskilde

LED 2T00K 31W <br /=Lumen: 2104

Information

Kompatibel med forkants- og bagkantsdasmpere. Bemaork, at det lave stremforbrug pd nogle produkter kan .

b iicin, Link Ato th_e full
specification sheet:
https://www.louispoulse
n.com/da-dk/catalog/pr
ofessional/dekorativ-bel
ysning/pendler/keglen?
v=81772-5741103805-0
1&t=about&t=download
s&t=data

pou%en louispoulsen.com
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Keglen
Lysdistributionsdiagram
Cartesian Isolux Polar
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Dataspecifikationer
Farve Hvid Leengde 650
Bredde 650 Haejde 270
Indbygningshejde - IP-klasse 20
Klasse I Nettovaegt 6.6
Standby (W) <0,5 Effektfakior (P = 100 % / P = 50 %) -
Startstrom 5A /50 ps Transientbeskyttelse, Imax. [T2] [EC 61643-1 -
Lyskilde LED 2700K 31W Kelvin 2700
CRI 90 SDCM 3
Lumen 2104 Watt 31
Efficacy 68 Min. deampniveau (%) 1
UGR transversal / aksial 18.9/18.9 LBOBSO {timer) >50000
LBOB10 (timer) - Driver life B

pouisen

louispoulsen.com
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Luminaire structure L

- Extruded aluminium bended profile with powder - h

coating \ ; 4
- Stainless steel fasteners in grade 316 —

- Stainless steel brackets and screws for mounting

- PMIMA diffuser with Opal (UGR <19) and micro
prismatic (UGR <13) options for better glare
control

- Up and down light distribution options
Passive thermal management

- Integral control gear

- Wireless control available through Bluetooth

connection )
- Daylight and occupancy sensor options Maima 500 Link to the full
- Emergency module (1 or 3 hours) is available upon specification sheet:
request with 3 options (BASIC, SELF-TEST, PRO- https://vvvvw. | ig man.co
bRty e T, m/specsheet/products/
= MALpoooz3 eE pdf
1 H -0 - .
Product description .
Down - 505 mm - TW
B
Light symbol Product colour Special finishes upon request

P 01 - BeBck [RAL 03 - Whits (SAL 05 Ma1t Sifser SUD1 - Comerete - SU0T - Sofiaeape SUDF - S1ane = SUDA + Cormen -
1) S (AL G008} Liban - Lrban eban Urbian

SW0O1 - Dak 3

Waisut =« 3W03 - Pine

Woodand Wenodland Wiood amd
Technical information
Lamp 864 LED Luminaire
Lamp type LED Power 43w Optic o] _[(Jpa I], P [Micro-
Dimming type DALI Lurmen 5427 Im prismatic]
EEC A+ Efficacy 126 Im/W MacAdam Eliipse 335DCM
Material Aluminism CCT/CRI TW Lifetime LS0B10 34000
: ; hours) '
Weight 36kg Drive current 400 mA ( e
Operating temperature -20°Cto40°C Lifetime: L 80BTO 69,000
(hours) !
Lifetime LBOBS0
{hours) 100,000
EUROPE ASIA PACIFIC
htips://www.ligman.com/maimo-1-mal-80023/
sales.cz@ligman.com nfa@liigman.cam
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