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Neonatal intensive care units are a special lighting design challenge. Although
natural light is highly desirable, it should be carefully planned to maximise benefits
and minimise the problems associated with uncontrolled sunlight. This paper
discusses the performance of different passive sunlight control strategies in a
neonatal intensive care unit at the Dr. Humberto Notti Children’s Hospital in
Mendoza, Argentina, analysing their annual daylight behaviour through dynamic
daylight simulations. The aim of this work is to optimise the use of daylight in
neonatal intensive care units, considering the special lighting conditions required.
Results show that, in this case study, the adequate implementation of solar control
systems and the appropriate layout of the space for different uses according to
surrounding building design and the characteristics of the local luminous climate
can increase the useful daylight illuminance by up to 13%, while avoiding the
incidence of direct sunlight at all times.

1. Introduction

This paper discusses the performance of
different daylighting strategies in three hos-
pital therapy rooms of a neonatal intensive
care unit (NICU) at the Dr Humberto Notti
Children’s Hospital in Mendoza, Argentina.
The paper analyses their annual dynamic
daylight behaviour in order to provide more
useful daylight within these spaces. This
research was done at the request of the
hospital with the purpose of remodelling the
neonatology sector. The project aims to
improve the positioning of the medical equip-
ment, incorporate a nursing monitor station
and increase the size of the patient rooms.
According to the remodelling design

presented by the hospital, the daylight per-
formance of the space with four different
façade settings was analysed: (a) east and
south horizontal louvres – the original solar
control system; (b) no solar control system;
(c) east roller blind and south fixed vertical
louvred microblinds; (d) east adjustable ver-
tical louvred microblinds and south vertical
fixed louvred microblinds.

Lighting has an important influence on the
daily human environment contributing to
health, wealth and safety.1 A fast growing
body of knowledge suggests that light has
beneficial effects on human health and well-
being; in particular, the presence of daylight
and contact with nature.2 The implementa-
tion and the conscious use of innovative
systems of daylighting can reduce energy
consumption and improve the quality of use
of interior spaces. Controlled daylight has a
positive impact on human health and per-
formance, as well as on the thermal and
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luminous efficiency of built spaces.3 It is a
preferred light source4 and the presence of
windows opens a view to the outside.5 It is for
these reasons that daylight plays an essential
role in indoor spaces such as NICUs and
developmental care units.6–8 In these spaces,
daylighting strategy designs must overcome
significant challenges due to the coexistence
of different user groups – newborns, health
professionals and families.9 This scenario
often reduces the use of daylight as a source
of illumination in environments with special
uses. Therefore, this resource is effectively
squandered10 especially in cities with predom-
inantly clear skies, e.g. Mendoza, Argentina
and many others.

In terms of NICU visual tasks, daylight is a
desirable light source: it has excellent colour
rendering index (CRI) properties11 and is
highly intense in the spectral region that
promotes the activation of the circadian
system. The presence of at least one source of
daylight is recommended.9 As for neonates,
lighting influences the postnatal development
of vision and visual processes,12–15 affects the
developmental outcomes16,17 and regulates the
circadian rhythm of children.11,18–20 This is
why, in 1997, the American Academy of
Pediatrics recommended introducing regular
day–night cycles of illumination in theNICU.19

Although daylight is highly desirable in the
NICU, it should be carefully planned accord-
ing to the differing amounts of incident solar
radiation throughout the year to maximise its
benefits and minimise the problems asso-
ciated with uncontrolled sunlight. Neonates
should be kept away from direct light expos-
ure. Glare for the staff should be avoided.21

High light levels have also been associated
with negative clinical outcomes: lower
weight gain,22 delays in the development of
sleep patterns,23 changes in oxygen saturation24

along with stress and discomfort in preterm
or critically ill patients.25,26

Current regulations have been
reviewed.14,27,28 The latest lighting American

recommendations for a NICU indicate a
range of 10–600 lx28 in order to allow the
assessment of the children, to examine skin
colour and perfusion anywhere in the room.
Considering the benefits of cycled lighting
during the day, the lighting levels should
range between 100 and 200 lx, preferably from
daylight. At night, the illuminance from
electric lighting with a spectral power distri-
bution similar to daylight should be less than
50 lx with an allowed range of up to 600 lx, if
required. Independent control of the lighting
fixture must be provided.27 When using indi-
vidual procedure lights, which are capable of
reaching 2000 lx,14 care should be taken to
avoid the exposure of high light levels at the
neonate’s eyes.

Regarding windows, the following issues
should be considered: windows should be
treated to minimise heat gain/loss and glare.
Direct sunlight should be directed away from
patients, IV lines and VDTs at all times. Cots
and incubators should be located at least
60 cm from windows, which must have solar
control elements of neutral finish to minimise
color perception distortion.29 Those control
elements must be easily adjustable and they
must be easily accessible for cleaning.

The NICU is a special lighting design
challenge because there are heterogeneous
needs that must be met. The different bio-
logical necessities of the infants and the health
care providers must be considered along with
the traditional issues such as visual perform-
ance, cost, energy and aesthetics.25 However,
the analysis should always focus on
newborns.

The aim of this paper is to analyse the
behaviour of daylighting in three different
areas of the NICU: (i) intermediate therapy,
(ii) intensive care and (iii) isolated therapy, to
apply various daylighting strategies, and to
assess their impact on indoor daylighting
annual conditions. The hypothesis of this
paper argues that, implementing appropriate
sunlight control systems can improve the use
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of daylight in indoor spaces with demanding
requirements such as a NICU. The challenge
of this work consists in optimising the use of
daylight in care units, considering the special
lighting conditions that this type of space
demands; as well as for the benefits that the
daylight provides to patients.2,27 It aims to
provide new studies and analysis methodolo-
gies that encourage the use of daylight in
these types of spaces.

2. Methodology

The methodology of this work is divided into
four main stages: (1) NICU setting: inter-
mediate therapy, intensive care and isolation
therapy, (2) Description of the solar control
systems tested, (3) Daylight simulation and
(4) Dynamic daylight performance metrics.

2.1. NICU setting

The indoor space studied for the imple-
mentation of daylighting strategies is located
in the NICU of the Dr Humberto Notti
Hospital, Mendoza (328 53’ 51’’ S – 688 48’
15’’ W). The metropolitan area of Mendoza is

located in a semi-arid region of western
Argentina. The sky is predominantly sunny;
83% of the year is sunny or partly cloudy
with solar presence (Argentine National
Weather Service for the period 1981–1990).
There is an annual average of 2850 hours of
sunlight. From the point of view of daylight-
ing, Mendoza has a luminous climate that is
predominantly ‘clear sky’.30 The mean max-
imum global horizontal illuminance values
are 90,000 lx in the summer and 30,000 lx in
the winter.31,32

As mentioned before, the remodelling
design aims to improve the location of the
medical equipment in order to incorporate a
nursing monitor station and increase the size
of the patient rooms. According to the
proposed remodelling, the internment area
of the NICU studied has an area of 121m2,
which is divided into three different rooms by
type of care required: intermediate therapy
(E1) (28m2), intensive care (E2) (78m2) and
isolation therapy (E3) (15m2) (Figures 1 and
2). The windows (double glazed hermetically
sealed units) in the NICU are oriented toward
the east and south and the building is offset

E3

E2

E1

E1

E2

E3

Figure 1 Map of the zones analysed at the Humberto Notti Pediatric Hospital (E1, E2 and E3)
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from the north by about 228 toward the east
(Figure 3). The windows have solar control
systems, horizontal movable aluminium lou-
vres, which are never adjusted and mostly
remain closed. Walls with glassed surfaces at
eye level divide the different rooms generating
partially opaque internal divisions. For a
complete analysis, each of the rooms is
studied individually.

2.2. Description of solar control systems tested

The most suitable solar control devices
(SCD) for window bays facing east are those
that are adjustable because of the variation of
incident solar radiation, direct in the early
hours of the morning and diffuse throughout
the rest of the day.33 In agreement with what
was written above and along with the neces-
sary conditions of strict hygiene of the NICU,
an analysis of the luminous behaviour was
proposed for spaces with an easterly orien-
tation under the following conditions:
(a) integrated vertical louvred microblinds34

(diffuse white) and (b) integrated roller blinds
(visible transmittance: 0.2). Both systems
are adjustable. In the east and west, incident
solar radiation has principally one direction
(northeast-northwest in the southern hemi-
sphere) and this is why the use of vertical
louvre systems is recommended.34 By saying
that the are integrated, we mean that they are

placed between two glass layers of the her-
metically sealed double glass window system.

While the south façade receives only diffuse
solar radiation during most of the year in the
southern hemisphere, in the early hours of
the morning and afternoon in the summer,
this façade is exposed to direct solar radiation
because of the relative position of the sun.
This situation must be taken into consider-
ation because this space is in continuous use
being occupied throughout the day. It is
important that the hospital has a deviation
from the north of 228 to the east which causes
the incidence of direct solar radiation to be
zero on the south façade during the morning
hours. However, this condition, which is
relative to orientation, generates periods of
incident solar radiation on the south façade
during the last hours of the day, which
extends to April. Accordingly, an integrated
system of fixed vertical louvred microblinds
(diffuse white) was implemented. The use of
this system as a blockade against direct solar
radiation is only for a limited amount of time
throughout the year (December to April), as
well as a short period of the day, which is no
longer than 4 hours (afternoon).

The daylight behaviour of the selected
spaces was evaluated with the following four
conditions: (a) east and south horizontal
louvres – the original solar control system;
(b) no solar control systems; (c) east roller

Figure 2 Interior views of the NICU at the Humberto Notti Pediatric Hospital (E1, E2 and E3)
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blind and south fixed integrated vertical
louvred microblinds; (d) east integrated
adjustable vertical louvred microblinds and
south integrated vertical fixed louvred
microblinds.

Louvered microblinds are within the cat-
egory of discrete systems; they cover the entire
aperture protecting the interior through the
regulation of the entry of direct sunlight.
The dimensions (units in mm) of the radius
of the curvature R, the slat thickness, slat
width and amplitude of the curvature of the
slat of the louvred microblinds are given in
Figure 4. The distance between each centre of
the slats is 13mm.

Integrated roller blinds are homogenous
solar control systems, exhibiting a uniformly
decreased transmittance. The optical data
that characterise the behaviour of surface
shading systems and the glass used in this
investigation are given in Table 1.

2.3. Daylight simulation

The CAD model of the NICU was
generated with Rhinoceros 435 (Figure 5).
Daylight simulations were developed using
the Design Iterate Validate Adapt (DIVA)
tool.36 DIVA is a highly optimised daylight-
ing and energy modelling plugin for
Rhinoceros 4, developed at the Graduate
School of Design at Harvard University.
This software employs optimisation methods

for the calculation and distribution of lumi-
nance under different annual weather con-
ditions – the site’s annual climate information
– under the Perez sky model.37 DIVA inte-
grates Radiance and DAYSIM for daylight

Figure 3. East façade of the area of analysis

17

13

R18

02

Figure 4 Geometric properties of individual louvered
microblind slat (units in mm)

Table 1 Photometric properties of materials (solar
transmittance (Ts), solar reflectance (Rs), visible
transmittance (Tv), visible reflectance (Rv)).

Material Ts Rs Tv Rv

White textile (10% open) 0.23 0.63 0.18 0.45
Single pane clear glass 0.83 0.07 0.89 0.08
Double pane 4þ20þ 4 0.60 0.11 0.78 0.14
Opaque white coloured

aluminium
0.00 0.70 0.00 0.70
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simulations. Radiance is a highly accurate
ray-tracing software, considered to be one of
the most powerful and popular forms of
lighting simulation software, it has been
extensively validated in the last 20 years.38–41

The photometric characterisation of the
interior materials of the rooms was entered
according to typical reflectance values: wall
60%, ceiling 80%, floor 30%. In addition,
materials that make up the solar control
systems and glass surfaces were characterised
as follows: (i) clear glass (4mm), the optical
characteristics (0.89 visible transmittance,
0.08 reflectance) were imported from a
(*.rad) file generated by the OPTICS soft-
ware. In this computer program, a specific
description of the materials can be found
according to the parameters required by the
Radiance environment. (ii) Integrated vertical
louvered microblinds (white matte), were
characterised as plastic, although the interior
is aluminium and the surface finish is polyes-
ter enamel. Because this research focuses on
the analysis of daylight, not heat transfer, this
change does not affect system performance.
Values for its characterisation in the simula-
tion environment were: diffuse reflectance 0.7;
specular reflectance 0; specular transmittance
(not applicable); transmissivity (not applic-
able) and roughness 0. (iii) Integrated roller
blind. Surface photometric characterisation in

the simulation environment was made accord-
ing to translucent material criteria: diffuse
reflectance 0.45; specular reflectance 0; specu-
lar transmittance 0.1; diffuse transmittance
0.08.

The dynamic solar control systems were
regulated with automated controls. These
enable the adjustment of the dynamic shad-
ing/glazing system avoiding excessive interior
daylighting levels. For the study case, it was
assumed that the reference sensor faces the
east facade and is mounted on the outer
surface of the window. When the illuminance
at the control sensor rises beyond the
specified threshold (1000 lx), the system auto-
matically adjusts the shading system to the
next lower setting.

For weather data, the climate database
ARG_MendozaCCT, which corresponds to
the city of Mendoza was used. This database
was generated from information provided by
measuring stations of natural light at the
Institute of Environment, Housing and
Energy (INAHE), located in the Science
and Technology Center Mendoza (328 52’ S
and 68851’ W).42,43 An illuminance range of
200–600 lx was selected following design sug-
gestions from the studies previously men-
tioned in this paper. To measure illuminance
values, three grids of sensors were arranged at
the height of the infant incubator (h¼ 80 cm),

Figure 5 Virtual image of the modelled area under analysis of the NICU (*.3dm)
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in a homogenous distribution (the distance
between the sensors was 1m): Intermediate
therapy (42 sensor grid); Intensive care
(93 sensor grid) and Isolation therapy
(24 sensor grid). An occupation file (*.cvs)
for calculating dynamic daylight metrics was
created focusing on the use of the space every
day of the week including weekends from 6:00
am to 8:00 pm (solar time). The selected time
period of occupancy was defined according to
the availability of sunlight in the region in
summer – the maximum number of hours
with solar radiation. The simulation param-
eters used are: (i) simple scene, conditions
without solar control systems (ab) 5; (ad)
1000; (as) 20; (aa) 0,1; (ar) 300; (dt) 0; (ds) 0;
(ii) complex scene, conditions with horizontal
louvres/integrated vertical louvred micro-
blinds/integrated roller blinds (ab) 7; (ad)
1500; (as) 100; (aa) 0.1; (ar) 300; (dt) 0;
(ds) 0.44

2.4. Dynamic daylight performance metrics

When dynamic daylight performance met-
rics are considered as an analytic parameter
of daylight behaviour for the illumination of
interior spaces, one of the first questions to
appear is: how to assess with general metrics
particular situations? Beyond the important
advances produced by dynamic metrics over
the last decade, it is still necessary to contem-
plate the new requirements that appear in the
practice, the particular specifications of the
spaces and the different climactic conditions
of each region. This can be appreciated in the
case study selected in this investigation, where
specific requirements exceed pre-established
parameters of analysis. Accordingly, a great
amount of flexibility in daylight analysis is
necessary as well as in the selection of useful
daylight ranges (UDI), generating new ranges
that are adjustable (aUDI). In practice, we
can see how the upper limit employed by UDI
(42000 lx) for identifying glare risk is not
appropriate in specific situations like a
NICU, where the established requirements

for the upper limits should not exceed 600 lx.
This aspect can cause misunderstandings of
the data obtained and as a result the design of
spaces may not meet the visual needs of users.
In this study the following dynamic daylight-
ing metrics are analysed.

Adjustable useful daylight illuminance
(aUDI).42,44,45,46 This proposed metric is
based on the useful daylight illuminance
(UDI) and its limitation in the adjustment
of the lower and higher limits of the illumin-
ance range. The percentage of space with an
aUDI200–600 lx larger than 50% is analysed
(aUDI200–600 lx,50%).

Spatial daylight autonomy (sDA).45-47 This
metric describes the adequacy of ambient
daylight levels within interior environments,
annually. It is defined through a percentage of
an area of analysis that meets minimum
daylight illuminance levels for a specified
fraction of the hours of the year that the
space is occupied. The illuminance level and
time fraction is included as subscripts, as in
sDA500,50%. The sDA value is expressed as a
percentage of area, as proposed by the IES
LM-82-12.

The selection of these metrics enables, on
the one hand, the detection of sufficient
daylight; and, on the other, the identification
of the percentage of occurrence of illuminance
within a given range. While today, much
emphasis is given to luminance values as glare
metrics, this study considers it essential to
focus on illuminance values surrounding the
incubators in order to avoid high levels
of solar radiation exposure to infants.
Furthermore, as is asserted in other studies,41

the lack of established methodologies for
evaluating the multitude of glare situations
in these types of spaces generates an uncer-
tainty about this type of analysis.

3. Results

Following are the results obtained in the
different rooms analysed (E1, E2 and E3),
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according to different shading conditions: (a)
east and south horizontal louvres – original
solar control system; (b) no solar control
systems; (c) east roller blind and south fixed
integrated vertical louvred microblinds; and
(d) east integrated adjustable vertical louvred
microblinds and south integrated vertical
fixed louvred microblinds.

3.1. Intermediate therapy (E1)

Table 2 shows the results obtained for the
Intermediate therapy room (E1). At first, it
can be seen that the system currently
employed – condition (a) – does not promote
the entry of daylight inside the space. This
condition blocks most daylight, unlike the
rest of the analysed conditions (b), (c) and (d).
The sDA200,50% analysis shows that the best
conditioning for this area is given under
setting (b) without solar control systems,
with a sDA200,50%¼ 52%; while conditions
(c) and (d) do not exceed 31%. When we
focus on aUDI200–600 lx,50%, similar results
were observed. That is, condition (b) is the
one with a greater availability of useful
daylight (aUDI200–600 lx,50%¼ 24%); while
conditions (c) and (d) reach 21% and 19%
respectively. Results achieved in this sector of
the NICU, are due to the orientation of the
windows (south) and the morphology of the
adjacent area of the building that blocks
direct solar radiation that may enter the space
in the afternoon during the summer.

Therefore this sector has mainly diffuse
solar radiation, with a percentage of hours
where illuminance values exceed 600 lx
(DA600) being less than 10%. Nodes with
illuminance values over 600 lx are located in
the area close to the window.

3.2. Intensive care (E2)

Table 3 shows the simulation results
obtained in the intensive care therapy (E2).
It can be observed in the first instance, that
condition (a) – the system currently employed
– does not allow the entry of daylight.
However, the absence of solar control in this
area causes the existence of a high percentage
of hours with illuminance levels above 600 lx
(DA600¼ 28%). This reveals that although
this space requires solar control, inadequate
implementation of strategies (horizontal lou-
vres in east and south orientations) obstruct
the available daylight in the interior space.
According to sDA200, 50%, as in intermediate
therapy (E1), the best conditions are provided
in condition (b): sDA200,50%¼ 85%. The
remaining conditions are below 80%, the
sDA200, 50% for scenario (c) is 77% and for
(d) of 73%. However, according to aUDI200–
600 lx,50% increased availability of useful day-
light is given under condition (d) (35%),
followed by (c) with a 30%. The remaining
conditions – (a) and (b) – do not exceed 25%
of aUDI200–600 lx,50%, due to an excess or
absence of daylight availability. Of the

Table 2 Dynamic daylight metrics results for the
intermediate therapy (E1)

Intermediate therapy (E1)

(a) (b) (c) (d)

sDA200, 50% 0 52.38 30.95 28.57
aUDI200–600 lx, 50% 0 23.8 21.43 19.05
% of hours with

illuminance4600 lx
(DA600)

0.06 9.56 2.95 2.33

% of hours with
illuminance42000 lx
(DA2000)

0 0.02 0.00 0.00

Table 3 Dynamic daylight metrics results for the
intensive care therapy (E2)

Intensive care therapy (E2)

(a) (b) (c) (d)

sDA200, 50% 3.22 84.94 77.42 73.12
aUDI200–600 lx, 50% 2.15 24.73 30.11 35.48
% of hours with
illuminance4600 lx

(DA600)

0.08 28.01 19.82 14.08

% of hours with
illuminance42000 lx

(DA2000)

0 3.27 2.85 1.32
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proposed strategies, the intensive care therapy
presented as the most useful state (d), with a
aUDI200–600 lx,50% of 35% and the lowest
percentage of illuminance values above
600 lx (DA600¼ 14%). It is noteworthy that
although there are a 14% of illuminance
values above 600 lx, only 1% of the values
are above 2000 lx (DA2000). Like the results
achieved in (E1), the location of illuminance
values above 600 lx is at the peripheral zone
of (E2).

3.3. Isolation therapy (E3)

Before analysing this room, the particula-
rities of the space are worth mentioning. The
isolation therapy room is a smaller space
(14.73m2) with unilateral windows facing
east. These features do not allow the illumin-
ance values of this space to meet the range
established as useful under any of the con-
ditions tested (aUDI200–600 lx,50%¼ 0%). In
addition, it shows the highest percentage of
values above 600 lx (27%) and above 2000 lx
(5%) (Table 4).

It is worth mentioning that, despite the
high availability of solar radiation
(sDA200,50%) found in conditions b, c and d
values of aUDI200–600 lx,50% are equal to 0%,
this is because none of the analysed nodes
show illuminance values between 200 and
600 lx more than 50% of the time the study is
performed (every day of the week from 6:00

am, including weekends, to 8:00 pm). The
results highlight the low efficiency in the use
of daylight achieved by the solar control
systems currently employed – condition (a).
Furthermore, the results show, in some areas
of the NICU analysed, that this condition –
horizontal louvres with east and south orien-
tation – is the least favorable within the
daylighting strategies analysed in this study.

In summary, the results show that it is
more appropriate not to place solar control
elements in the windows of the intermediate
therapy room. For the intensive care therapy
room, the most appropriate strategy is (d)
east integrated vertically adjustable louvred
microblinds and south vertically integrated
fixed louvred microblinds. For the isolation
therapy room, the most appropriate solution
is the use of an artificial lighting system that
suits the needs of the users: cycled lighting
(day/night) and controlled lighting levels.
This highlights the importance of proper
selection and the application of solar control
systems.

4. Discussion

Concerning the solar control systems ana-
lysed, the results demonstrate that adjustable
solar control elements should be implemented
for the east orientation due to the fluctuation
of incident solar radiation on this façade
(seasonal – daily). However, the south orien-
tation supports the use of fixed shading
systems. This highlights the importance of
considering the type of luminous climate and
the orientation of windows in the building
envelope, as some of the determinants of the
luminous performance of solar control sys-
tems. The need to individualise the treatment
of the facades is emphasised.

Based on the results of this study, a change
of the layout of the spaces in the NICU is
proposed, considering re-locating the halls to
the periphery of the area, which is currently a
storage area, and enlarging the internment

Table 4 Dynamic daylight metrics results for the isola-
tion therapy (E3)

Isolation therapy (E3)

(a) (b) (c) (d)

sDA200, 50% 0 95.83 79.17 54.17
aUDI200–600 lx, 50% 0 0 0 0
% of hours with

illuminance4600 lx
(DA600)

0.13 26.62 27.08 17.04

% of hours with
illuminance42000 lx
(DA2000)

0.09 5.26 5.51 2.48

Passive sunlight control in a NICU 9

Lighting Res. Technol. 2016; 0: 1–14

 by guest on July 1, 2016lrt.sagepub.comDownloaded from 

http://lrt.sagepub.com/


areas toward the interior of the building, the
interior circulation. This avoids the risk of
overexposing neonates to direct incident solar
radiation (Figure 12). It is relevant to have in
mind that in the original architectural project
the area currently used as storage space was a
corridor. As for the spatial layout of the
therapy rooms of the NICU, it can be seen
that the proposed modifications of space
layout can improve its daylighting behaviour,
by utilising more appropriate amounts of
daylight in circulation and internment areas
with controlled illuminance levels, below
600 lx. This reorganisation will favour the
day–night cycle with natural light, which is a
priority in this kind of space, and avoid the
exposure of infants to high illuminance levels
at all times. It should be noted that the
interior walls that separate the NICU intern-
ment area from circulation must be transpar-
ent for the daylight strategies identified in this
study to work properly.

The daylight performance results following
the proposed remodeling are given in Table 5.
With respect to the intermediate
therapy room, although the value of
aUDI200–600 lx,50% decreases from 24% –
absence of sunlight control (b) – to 13% in
the proposed design, illuminance values over
600 lx decline from 10% to 1%. In addition,
there is a 13% improvement in the performance
of daylight compared to the original condition.
In the intensive care therapy room an aUDI200–
600 lx,50% of 15% is obtained, although this value
is lower than that detected in the condition
(d) (aUDI200–600 lx,50%¼ 35%), illuminance
over 600 lx decreases to 13%. The recom-
mended change shows an improvement in the
use of daylight with respect to the current
condition of 13%. Daylight performance
analysis of the suggested design shows an
improvement in fundamental issues regarding
lighting in this type of space: use of daylight
as a light source, focusing on avoiding
the incidence of direct sunlight in the intern-
ment area.

This study puts forward that in NICUs,
achieving the required lighting conditions is
not simple only using daylight. The charac-
teristics for the care and wellbeing of recently
born babies involves strict lighting conditions,
owing to the fragility of the users, and
therefore the establishment of a relatively
limited range of illuminance, between 200 and
600 lx (aUDI200–600 lx). This type of space
offers considerable challenges for the design
and implementation of daylighting strategies.
This study proves that none of the rooms
analysed reached a luminous behaviour
(aUDI200–600 lx,50%450%) that would turn it
into an adequately daylit space under the
daylighting strategies being analysed. These
data demonstrate that for this type of space
hybrid systems are necessary – artificial/nat-
ural illumination – for adequate lighting
conditions during the day.

Spaces with critical demands for lighting
conditions, like NICUs, present important
challenges, not only for the strict require-
ments for the lighting conditions, but also
because the architectural design and the
layout need to be taken into account, e.g.
orientation, size of apertures, the depth of the
space. Here, we can mention the two different
situations that project professionals face: (i)
spaces that permit the optimisation of the use
of daylight as the principle source of illumin-
ation; (ii) spaces that must resort to the use of
electric lighting. The space studied has both
conditions, as with many other case studies,
where a design needs the coexistence of
controlled daylight (in accord with the spe-
cific requirements) and complementary elec-
tric illumination systems.

5. Conclusions

This study analyses daylight performance in
an indoor space with special requirements, a
NICU, according to the proposed remodel-
ling design of a real space in the Dr Humberto
Notti Children’s Hospital (Mendoza,
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Argentina). Different solar control strategies
that favour the entry of controlled daylight
into the space (conditions c and d) were
evaluated to optimise the use of daylight in
these types of spaces. The daylight behaviour
of the different rooms in the NICU under
these settings – (c) and (d) – was compared
with the one obtained with the original façade
– east and south horizontal louvres (a) – and
the absence of solar control devices (b). In
this context, and according to the particular
characteristics of the space, some specific
criteria for dynamic daylight analysis were
accomplished: (i) adjustment of upper and
lower ranges of useful illuminance in order
to optimise dynamic daylight metrics
(aUDI200–600 lx); (ii) location of the illumin-
ance measurement grid at the height of
neonates in the incubator (h¼ 85 cm); (iii) dif-
ferential analyses by sector of the NICU
(intermediate therapy (E1), intensive care (E2)
and isolation therapy (E3)). Based on these
criteria, the study focuses on the care of the
most sensitive user of this space, neonates.

From the point of view of daylight per-
formance, this study highlights three issues:
solar control system selection, space layout
and dynamic simulation applied to daylight
performance analysis. With respect to the first
issue, none of the therapy rooms of the
studied NICU managed to be a daylit space
under the proposed strategies because of the
narrow illuminance range suitable for these
types of spaces (200–600 lx). Nevertheless,
results show an increase in the availability of
controlled daylight within the space through
the proper implementation of solar control
systems. The appropriate choice of solar
control systems not only depends on their
type or the orientation of the windows – two
issues quite known – but also on their
location within the façade in relation to the
blockage of solar radiation caused by
the building morphology. This suggests that
the same shading strategy should not be
implemented in a general way on the whole

façade, especially in spaces with special light-
ing requirements. It is also necessary to
consider the type of solar control device use
(manual or automatic) and its maintenance
over time. Otherwise, the benefits provided by
solar control devices can be affected by incor-
rect use or lack of maintenance. Regarding
the use of shading devices, the use of auto-
mated systems seems to be the correct choice
for these types of spaces where doctors and
nurses focus on patient care and not on
lighting requirements. Yet, there are many
studies that demonstrate that automated
shading systems do not always generate the
expected beneficial results concerning their
impact on daylighting quality and the reduc-
tion of electricity consumption.48,49

Therefore, automation should be more
deeply studied in the future for the type of
space, a NICU, analysed in this study.

Concerning the layout of the NICU, two
important factors should be considered. First,
the recommendations for NICUs state that
incubators should be located away from the
windows, at a minimum distance of 60 cm.
This recommendation is very consistent with
the results obtained in this study, which show
that higher illuminance values are detected in
the peripheral area of the space, the proposed
enlargement area. However, this approach is
not consistent with the proposed remodelling
submitted by the hospital, which aims to
enlarge the NICU sector towards the window
area.

Furthermore, it is important to consider
the original layout for the spaces and that
which the users will eventually give them. The
area, which at present is the storage sector, at
first, was conceived as a hall area, which
seems to be an appropriate use for this area
according to the lighting requirements of the
NICU. The use of this sector as a circulation
corridor will allow doctors and assistants
exposure to higher but controlled illuminance
values (52000 lx). This will also protect
infants from excessive illuminance (4600 lx)
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while still taking advantage of the available
daylight and its benefits.

Finally, it is important to emphasise the
value of a dynamic daylight performance
analysis in the design or redesign of daylight-
ing strategies for an indoor space, particularly
when it has special requirements. The adapt-
ability to different ranges of illuminance is
important and dynamic daylight performance
metrics must reflect this versatility in order to
provide an adequate analysis of indoor spaces
with special requirements, such as NICUs.

The results obtained in this study show that
the remodelling proposed by the hospital
should be adjusted. In this paper, a new
spatial layout (Figure 12) is suggested.
This new design recommends enlarging the
interment area towards the interior hall of the
NICU and using the storage sector as a
corridor.

In the future, studies like this one should be
correlated with health outcome evaluations in
order to encourage the use of daylight in these
types of spaces.
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soleados. Ambiente Construido 2013; 13:
235–248.

43 Monteoliva JM, Villalba A, Pattini AE. Uso
de dispositivo de control solar en aulas:
impacto en la simulación dinámica de la
iluminación natural. Ambiente Construido
2014; 14: 43–58.

44 Reinhart CF. Tutorial on the Use of DAYSIM
Simulations for Sustainable Design. Ottawa:
Institute for Research in Construction,
National Research Council Canada, 2006.

45 Reinhart CF, Mardaljevic J, Roger Z.
Dynamic daylight performance metrics for
sustainable building design. Leukos 2006; 3:
7–31.

46 Monteoliva JM, Villalba A, Pattini A E.
Variability in dynamic daylight simulation in
clear sky condition according to selected wea-
ther file: Satellite data and land-based station
data. Lighting Research and Technology 2015.
DOI: 1477153515622242.

47 Illuminating Engineering Society of North
America. Lighting Measurements 83–12,
Approved Method: IES Spatial Daylight
Autonomy (sDA) and Annual Sunlight
Exposure (ASE). New York: IESNA, 2012.

48 Meek C, Brennan M. Automated and manual
solar shading and glare control: A design
framework for meeting occupant comfort and
realized energy performance: Proceedings 40th,
National Solar Conference; SOLAR 2011,
Raleigh, NC, USA, 2011, pp. 794–801.
Boulder, CO: American Solar Energy Society.

49 Konstantoglou M, Tsangrassoulis A. Dynamic
operation of daylighting and shading systems:
A literature review. Renewable and Sustainable
Energy Reviews 2016; 60: 268–283.

14 Villalba et al.

Lighting Res. Technol. 2016; 0: 1–14

 by guest on July 1, 2016lrt.sagepub.comDownloaded from 

http://lrt.sagepub.com/

