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Abstract

Complex fenestration systems influence indoor comfort
conditions and energy consumption in a complex way. If
all the involved aspects are not considered jointly since the
design phase, buildings can show a deep gap between
their planned and real performance, especially when
dealing with low energy buildings (Vanhoutteghem et al.,
2015). This can be avoided by identifying the design
configurations able to provide a trade-off between
contrasting requisites: improving comfort conditions
while minimizing energy use. This work analyzes and
compares different design solutions for an open space
office from a global performance perspective. Dependence
on the building characteristics and operation strategy has
been assessed by comparing two different windows sizes,
three glazing systems, and three different approaches to
control the shading devices, for a South oriented facade in
the climate of Rome. The study has been conducted
combining a RADIANCE/DAYSIM lighting simulation
with EnergyPlus for the thermal comfort and energy ana-
lysis. A set of metrics, able to express both the time con-
stancy and the spatial uniformity of visual and thermal
comfort conditions, has been evaluated together with the
energy demand for heating, cooling, and lighting. The
results show how a global approach allows obtaining a
more comprehensive building performance evaluation
and, consequently, identifying design solutions capable of

enhancing both energy efficiency and occupant comfort.

1. Introduction

Fenestrations with shading devices, or Complex
Fenestration Systems (CFSs), due to their thermal
and optical complexity can influence indoor visual
and thermal conditions, daylight availability and

energy consumption in a complicated way. Failure

Part of

to consider since the early design phase all the con-
current performance aspects, including comfort
conditions, which affect occupants’ interactions
with the building, is one of the causes for the gap
between planned and real performance, especially
in low energy buildings.

Even if it is possible to identify different approaches
for describing thermal and visual comfort con-
ditions and energy use, a common thread can be
unveiled in the recent scientific literature: the need
to define an optimal trade-off between energy
efficiency and indoor well-being. All the studies
clearly underline the importance of considering
both energy and comfort performance, when
designing a building or a facade component.

The evaluation of the global building performance
has been conducted by analyzing energy consump-
tion and indoor comfort conditions in Ferrara et al.
(2015), Liu et al. (2015), Mainini et al. (2015), Roetzel
et al. (2014), Yao (2014a), David et al. (2011).

In Zhang et al. (2017), a Pareto front representation
on a 3D space allows to recognize the non-domi-
nated solution in terms of thermal, visual comfort,
and energy consumption for heating and lighting.
Vanhoutteghem et al. (2015) used a contour plot
representation of the space heating demand impos-
ing three fixed parameters (U-value, windows
orientation and room width-to-depth ratio), and
plotting the results for different g-values and glaz-
ing-to-floor ratio. Thermal and visual comfort are
evaluated defining specific boundaries for over-
heating occurrences and daylighting availability.
Regardless of the indices used for evaluating the
building performance, or the software employed for
calculating them, there is the need of synthesizing

hourly profiles calculated for some specific points in
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the building, and derive zonal and long-term met-
rics. In Atzeri et al. (2016a), a set of zonal and long-
term metrics has been proposed with this aim. Time
constancy or spatial uniformity of the considered
comfort aspects are at the base of their definition.
In this work, daylight, visual and thermal comfort
and global energy consumption for heating cooling
and lighting performance have been analysed for a
set of 18 open space office building modules in the
climate of Rome.

They have been derived from the same reference
module, modifying glazing systems, windows size,
and control strategies for the shading devices, ac-
cording to a full factorial plan. The metrics and re-
presentations introduced by Atzeri et al. (2016b)
have been used to contrast the performances of dif-

ferent CFSs and their operation strategy.

2. Simulation Method and Metrics
Calculation

In order to calculate energy and comfort perfor-
mance of the analyzed building configurations, dif-
ferent simulation codes have been combined. The
building model has been developed through Rhi-
noceros, a commercial 3D computer graphics and
computer-aided design (CAD) application software.
Grasshopper, a graphical algorithm editor tightly
integrated with Rhinoceros 3D modelling tools, has
been used for the parametric definition of the differ-
ent configurations. Daylight, glare, and electric
lighting annual profiles have been calculated in a
RADIANCE/DAYSIM based lighting simulation
software (Roudsari et al., 2013) and then they have
been post-processed through MatLab to obtain
artificial lighting and roller shades operation sched-
ules useful for energy and thermal comfort simu-
lations with EnergyPlus and to calculate day-
lighting, visual, and thermal comfort metrics. In-
door visual comfort conditions have been assessed
by means of the enhanced Daylight Glare Proba-
bility simplified (eDGP;s) index, calculated on an
annual basis according to Wienold (2009):

2 . .
eDGP, = ¢, E, + ¢, - logy, [1 +3, (LS" w”)] + ¢y (1)

EL87.p?
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Thermal comfort conditions have been assessed by
means of the Predicted Mean Vote according to EN
ISO 7730:2005 but using a modified Mean Radiant
Temperature (MRT) that takes into account the
direct and diffuse solar radiation passing through
the transparent surfaces and striking the occupants,
according to La Gennusa et al. (2005; 2007):

i Qirr, i
MRTiir = Zi"=1Fs—>1'Irl£j + ﬁfplﬁ (2)

For all the RADIANCE based simulations, the am-
bient bounce (-ab) parameter has been set to 5, in
order to be able to consider even the inter-reflection
influence deeper in the room.

The natural light distribution has been obtained on
a grid of 81 points located 0.8 m above the floor and
excluding a peripheral band 0.5 m deep along the
walls, even if the results are averaged for being rep-
resented for 9 positions to be consistent with the
comfort analysis. Thermal and visual comfort indi-
ces have been calculated on a grid of 9 points. Ther-
mal comfort points are 0.6 m above the floor, corre-
sponding to the height of a sitting person’s stomach.
Instead, 1.2 m has been chosen for visual comfort
analysis, as the reference height for the line of sight
for a sitting person in studies dealing with visual
comfort, suggested by several regulations.

The annual energy demand for heating, cooling, and
lighting have been calculated by means of Ener-
gyPlus and expressed in terms of primary energy
per unit of surface. The simulation has been per-
formed with an hourly time step.

All the other simulation settings (observers’ view
direction, HVAC, and artificial lighting system
characteristics) have already been described in more
detail in Atzeri et al. (2016b).

3. Model Setup

Being used especially during daytime, offices are
characterized by an even more urgent necessity of
balancing thermal and visual comfort requisites, in
order to be able, for example, to maximize as much
as possible solar gains and daylight contributions,
avoiding high cooling demand, glare, and thermal
discomfort. These aspects make them an ideal target
for this study.
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An open space office located in Rome, Italy (Lat. N
42° 54’ 39” HDD18: 1420 K d - CDD18: 827 K d) has
been chosen for the analysis. Hourly weather data
for one year have been used as climatic inputs (US
DOE, 2009).

The workspace floor area is 100 m? and the internal
height is 3 m. The opaque envelope is made of an
internal clay block layer, 0.2 cm thick, and an exter-
nal insulation layer, 0.12 m thick, with a thermal
transmittance of 0.26 W m2K-! complying with the
requisites of the national legislation for the consid-
ered climatic conditions. The entire envelope dis-
perses to the outdoor environment, except the floor,
which is in contact with a conditioned space, and is
considered adiabatic. To model the interaction be-
tween light and the room surfaces, walls and ceiling,
have been assumed with a reflectance of 70 %, the
floor 30 % and the ground 20 %. Different design
configurations have been analysed, combining two
values for the window dimensions and three
glazing types. Roller shades have been chosen due
to their widespread availability, especially in build-
ings belonging to the tertiary sector. Table 1 shows
the configuration parameters used, together with
the labelling key to represent the different cases in
the following.

The optical and solar properties of the roller shades,
characterized by a nominal solar and visual trans-
mittance of 0.05, were determined through angular
measurements, and calibrated using a validated
model (Atzeri et al., 2016b).

Table 1 — Design configuration parameters

Parameters Values Labels
Window Wall 45 % S1
Ratio (WWR) 75 % S2
1) Ug=1.1 Wm2K7,; HH
tvis = 0.77; SHGC = 0.62;
Glazing Systems 2) Ug=1.1Wm2KY; HL
(GS) tvis = 0.72; SHGC = 0.36;
3) Ug=11Wm2KY; LL

tvis = 0.33; SHGC = 0.33;

3.1 Roller Shades Control Strategies

Several researchers underlined that shading devices
can lead to a reduction of the building cooling
energy needs together with an increase of the indoor
environmental quality, related to thermal and visual

comfort. Regardless of the physical properties that

characterize the fabric material, the possibility to
change progressively the shades position can facili-
tate the balance between solar and glare protection,
daylight availability and external view. Even if
shades can be operated directly by the occupants,
different studies underlined that the manual opera-
tion tends to show some hysteresis. Once com-
pletely closed, the shades tend to remain in this state
for a long period (Konstantoglou and Tsangrassou-
lis, 2016). The possibility to control them automa-
tically is essential, in particular to avoid the gap be-
tween the planned and the real performance of
buildings. Different configurations and control ap-
proaches have been proposed and analysed in lite-
rature. Kapsis et al. (2010) proposed a motorized
roller shade that opens from top to bottom. In this
way, the roller shade covers the bottom part of the
window, while allowing daylight to enter from the
top part of the window, thus ensuring uniform light
distribution. Two algorithms, aiming at maximizing
solar heat gains while reducing heat losses during
the heating season, have been suggested by Bastien
and Athienitis (2012). One, called global solar control,
operates the shades based on the global horizontal
radiation level, independently of the shades orien-
tation. The other, defined as individual solar control,
allows controlling shades with different orienta-
tions using their respective incident solar radiation
level. Both the controls consider only an open-
closed shades position. An open-closed operation is
also described in Shen and Tzempelikos (2012),
where the shades are automatically closed when
incident beam radiation on the facade is higher than
20 W m2 and outside work hours. The same authors
(Shen and Tzempelikos, 2014) defined a control
based on the effective daylight transmitted into the
space, used also in Konstantzos et al. (2015). The
effective daylight control has been compared to a
work plane protection control, where the shading
position is a function of the solar profile angle and
the distance between the occupant and the window,
and to a fully closed state of the shades. Also, in
Singh et al. (2015) an open-closed control mode has
been used, closing the shade when the glare thresh-
old is exceeded. Xiong and Tzempelikos (2016) con-
sidered 11 possible shades positions, choosing the
more convenient as the highest that is able to max-

imize daylight while maintaining visual comfort.
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Three visual comfort criteria have been used,
respectively based on DGP, vertical illuminance (Ev)
and effective illuminance. If all shading positions
fail to pass the criterion, the shades are left closed.
In this study, three different approaches to control
the roller shades have been considered:

1. Open-closed operation (CTRL1 in the following)
The shades state is determined according to the illu-
minance level measured on the workplane position
closest to the transparent surface: 500 Ix is the open-
ing threshold and represents the desired work plane
illuminance; 2000 Ix is considered the limit value to
avoid visual discomfort (Nabil and Mardaljevic,
2006). The shades state depends also on their state in
the previous time step: if the shades were already
closed and in the current the workplane illuminance
is still larger than 500 lx, the shades will be kept
closed.

The two next controls are based on the certainty that
to ensure a comfortable visual environment it is not
necessary for shades to operate in an open/closed
mode. On the contrary, they can move to intermedi-
ate positions that depend on solar position, sky con-
ditions, and solar penetration depth relative to the
occupant position.

2. Solar adaptive operation (CTRL2)

The shade height (hsh) with respect to the work
plane height is calculated as:

hgy, = D - tan(Q) 3)

where D is the distance of the working plane from
the facade, and Q is the solar profile angle (function
of solar altitude a and surface solar azimuth v).

This control method (Tzempelikos and Shen, 2013)
allows preventing direct sunlight from falling on the
work plane area but can cause glare and overheat-
ing problems especially in summer. Moreover,
when French windows are considered, this control
does not allow closing completely the shades, due
to the reference height used in the equation. At the
same time, it is very simple to implement, because a
pre-calculated schedule can be applied according to

the specific building location.
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3. Effective daylight operation (CTRL3)

The effective illuminance Ef (Shen and Tzem-
pelikos, 2014) represents the overall illuminance
transmitted through the window, measured on the
same plane, considering both the shaded (Esn) and
unshaded (Eg) parts of the window:

i\EgiXAgitEshiXAsni

Eopy = MOt @
Once fixed a reference value for the work plane illu-
minance, it is possible to determine a limit value for
E# that represents a threshold, called Eesp, analyzing
the correlation between the two quantities in the
case of CTRL2. Using this threshold, a new equation
to calculate the shades height can be defined:

_ (Eesp_Esh)'H
hsp = B, Ea 5)

Where H represents the total window height. Then,
the final shades height can be iteratively chosen as
the smaller value between those calculated using
Equations (1) and (3):

hgp, = min {D -tan Q, M} (6)

Eg—Esn
All the three controls close the shades completely
during the unoccupied hours.

4. Results and Discussion

Results will be represented and discussed by means
of the zonal and long-term performance metrics as
described in Atzeri et al. (2016b), namely
availability, spatial availability, usability, time, and
through the energy demand for heating, cooling,
and lighting. Since the performance depends on the
shade operation, Fig. 1 compares the shades posi-
tion obtained by applying the three different con-
trols previously described. For space reasons, only
the small windows equipped with HH glazing sys-
tems have been considered. The yellow color ramp
allows recognizing the shades opening percentage
from 0 (black) to 100 % (white).
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Fig. 1 — Temporal plot for the shades’ opening percentage according to CTRL1 (a), 2 (b) and 3 (c) for the small window S1, with HH glazing

system

Fig. 2 allows the comparison of the shades operation
according to the three control strategies for all the
glazing systems. The yellow columns represent the
number of hours during which shades are open, the
black ones the number of hours with closed shades,
and the grey ones the number of hours when shades
are in an intermediate position (only for CTRL2
and 3). With the exception of CTRL2, which con-
siders only the sun position to manage the shades,
the shades position frequency changes with the
control strategy and with the type of glazing.

Tables 2 and 3 point out for how long, considering
CTRL2 and CTRL3, the roller shades remain at a
certain distance from the windowsill. The duration
is expressed as time percentage compared to the
annual occupation hours. In particular, looking at
Table 3 it can be noticed that, since the reference
height of the working plane is 0.8 m, with CTRL2
the shades cannot assume a distance from the

windowsill lower than 0.8 m.

CTRL1 CTRL2 CTRL3
S1 S2 S1 S2 S1 S2
FESIfZFE3ES2E23F23
3000
2500
2000

Hours

o

1500
1000
1
0 EEE EEE

M Closed Partially Open Open

Fig. 2 — Shades opening state during occupancy period according
to the control strategy for the different glazing systems

On the contrary, when the CTRL3 equation is used,
the shades can overcome this limit to reduce exces-
sive workplane illuminance and with some impact
on possible overheating and discomfort conditions,
as underlined in the following.
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Table 2 — Shades position in small windows S1: percentage of
occupancy period for different heights from windowsill

Height CTRL2 CTRL3
(m) HH HL LL HH HL LL
1.5 18 22 55
14 2 2 2 4 3 2
1.3 2 2 2 B 4 2
1.2 2 2 2 4 6 3
1.1 2 2 2 6 7 3
1 3 3 3 7 6 2
0.9 3 3 3 7 6 4
0.8 4 4 4 7 6 5
0.7 6 6 6 7 7 7
0.6 3 3 3 8 7 3
0.5 3 3 3 6 6 3
0.4 1 1 1 4 5 1
0.3 2 2 2 5 5 2
0.2 1 1 1 5 4 1
0 6 6 6 6 6 6

Table 3 — Shades position in large windows S2: percentage of
occupancy period for different heights from windowsill

Height CTRL2 CTRL3
(m) HL HH HL
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4.1 Daylighting Performance

Table 4 shows the spatial distribution of Daylight
Autonomy, DAsow through the office, for all the
design configurations and the three shading con-

trols proposed.
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Starting with S1 cases, with CTRL1, DAsoo is insuffi-
cient regardless of the position analyzed, and, com-
paring the three glazings, only LL guarantees a
slight sufficient DA in the first row close to the win-
dows.

As expected, with CTRL2, DA values and distribu-
tion improve for all the glazings. HH and HL have
the best performance in all the positions and with
HH the highest DA is obtained in the third row.
With LL the DA distribution is similar to the one ob-
tained with CTRL1, even if in this case useful values
can be reached at least in the row close to the win-
dow.

With CTRL3, again HH and HL guarantee the best
performance, even if the DA distribution is less
homogeneous. With glazing LL, DA is acceptable
only in the first row and useless in the second and
third rows. Compared to CTRL2, the values of DA
in the first row are almost the same, in the second
almost half, and, in the third row, the situation is as
negative as with CTRLI.

Cases with windows S2 have the same trend as cases
S1, but the large windows allow higher DA in the
second rows in almost all the cases and controls.
Table 5 shows the spatial Daylight Autonomy, sDA,
for the three controls, the three glazings and the two
window areas: with CTRL1, glazings HH and HL
have sDA null, while glazing LL guarantees an sDA
of 33 % that coincides with the first row from the
window. With CTRL2, glazings HH and HL per-
form in the same way and guarantees 67 % sDA, that
means the acceptable DA in the first two rows, while
glazing LL guarantees adequate DA only in the first
row. Finally, with CTRL3, adequate DA is guaran-
teed only in the first row with all the three glazings.
The situation is very similar with large windows
even though with CTRL2 100 % sDA is reached
using HH and HL glazings. Concluding CTRL2
allows obtaining the best performance in terms of
daylight availability, regardless of the window di-
mensions and with all the glazing types.
Concerning the usability of the space, in terms of the
fraction of space with a sufficient daylighting level,
e.g. 500 Ix, in the same moment, Fig. 3 shows the
percentage of the occupancy time for different val-
ues of Daylight Usability. The control that guaran-
tees the higher DU is CTRL2 with HH and HL glaz-
ing: with small windows, DU is 90 % for the 22 % of
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the time with HH and 13 % of the time with HL glaz-
ing, and it is about 50 % for large windows, with both
HH and HL glazing. Nevertheless CTRL3 always
perform better than CTRL1. These quantities repre-
sented by a red solid line in the figure, are the time
Daylight Usability (tDU), summarized in Table 5.
The threshold of 90 % of Daylight usability is never
reached by the other cases with both S1 and S2.

4.2 Visual Comfort

The VCA distribution (Table 4), underlines that for
almost all the glazing systems, regardless the con-
trol approach, the window dimension and the occu-
pant’s position, are able to ensure a comfortable
environment from a visual point of view.

The only design configurations that are not able to
fulfil the required environmental conditions, are
those coupling CTRL2 with HH and HL glazing sys-
tems, for the left and central points on the first row.
Particularly critical are the values related to the larger
windows, where the DGP lies above 0.35 for more or
less half of the occupancy time. sVCA values in Table
5, confirm what has been previously pointed out.
When applying CTRL2 to HH or HL glazing sys-
tems, the fraction of space in the room in visual com-
fort conditions for at least 90 % of the reference pe-
riod lies always under the threshold selected. The
most critical condition is associated to the largest
windows equipped with HH glazing; where DGP is
lower than 0.35 only for 66 % of the room.

When VCU is considered (Fig. 3), HH and HL glaz-
ings coupled with CTRL2 show a reduced fraction
of space simultaneously in visual comfort with re-
spect to CTRL1 and 2.

4.3 Thermal Comfort

Thermal comfort availability is very high (higher
than 90 %) in all the points in the space for almost
all the cases (Table 4). In particular, CTRL1 ensure a
good homogeneity with HH and HL glazings, while
with LL, TCA falls between 80 % and 90 % in the
row close to the windows and in the middle point in
particular. The performance with CTRL3 is similar:
TCA is very homogeneous in the space and only the
position in the middle of the first row has a TCA
between 80 % and 90 %. CTRL2 assures higher TCA

than the other controls in the rows far from win-
dows, while in the points closer to the windows
TCA is particularly low (57 %) in the point in the
middle of the first row, close to the window. Conse-
quently, it is possible to see that Spatial Thermal
Comfort Availability, sTCA, is 100 % with CTRL1
and glazing HH and LL, with both large and small
windows, and with CTRL3 is 100 % with HH and
HL but only for small windows. With glazing HH
and HL, CTRL1 and CTRL3 are the best controls for
small windows, while CTRL1 is the best for large
windows. With glazing LL the three controls perform
in the same way guaranteeing 89 % of sTCA in cases
with small windows and 67 % with large windows.
Concerning the contemporaneity of the comfort
achievement over the space, Table5 reports time
Thermal Comfort Usability: CTRL1 guarantees 90 %
of usability for about the 90 % of the time with HH
and HL glazings, with both large and small windows,
while the percentage decreases with LL glazing (87 %
with small windows and 76% with large windows).
CTRL2 gives the worst results in terms of time
usability especially with HH glazing, while CTRL3
gives intermediate results: with small windows the
performance is better than with large windows and

HL glazing performs better than HH and LL glazings.

4.4 Energy Consumption

A previous work (Atzeri et al., 2014) underlined
how the use of shading devices can affect the energy
performance in different ways, depending on their
optical properties and position, on windows orien-
tation and size. In this study, the analysis has been
concentrated mainly on the effect of different shades
controls, pointing out their possible influence in
terms of energy consumption. The primary energy
demand for heating, cooling, and artificial lighting
is plotted in Fig. 4 for all the cases investigated.

Generally, CTRL2 and CTRL3 give the best results
in terms of artificial light demand, reducing consid-
erably energy consumption compared to CTRLI.
When the shades position mainly depends on the
glazing system properties, as it happens for CTRLI,
LL glazing systems perform better. Their lower vis-
ual transmittance allows shades to stay open for
longer period than with other glazing, maximizing

the use of natural light. On the contrary, when
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CTRL2 and CTRL3 are considered, the best perfor-
mance derives from HH and HL. These glazing sys-
tems are characterized by a very similar trend across
the different design configurations, due to their
close visual transmittance. On the contrary, when
cooling consumption is considered, different con-
trol systems can produce different trends. It hap-
pens especially using CTRL2. It determines a longer
shades opening period along the year and, when it
is applied to the larger windows, it does not allow
the shades to be less than 0.80 m from the bottom
edge of the windows, thus increasing solar gains.
The same behavior can be pointed out considering
CTRL3 results, but in this case, the difference
between HH and HL glazing systems is less evident.

HH and HL, except for CTRL2 applied to large win-
dows for the reason described above, perform better
than LL for the cooling aspects.

Actually, when a control system based on illumi-
nance values, is applied, glazing systems allow a
bigger amount of natural light entering the confined
environment, together with the solar radiation. It
can be particularly critic when a climatic location, as
Rome, where cooling demands represent the main
source of energy consumption, is considered.
Concerning the total energy demand, HL glazing
systems, coupled with CTRL3, provide the best per-
formance, reducing simultaneously both artificial

lighting and cooling demand.

Table 4 — DAsoo, VCA35 e TCA+o for small and large windows. Tables represents the room plan, the thick border the walls, and the missing

border the window position

CTRL 1 CTRL 2 CTRL 3
HH HL LL HH HL LL HH HL LL
_ 25 31 26|16 24 18
n 62 67 66|63 66 64|10 14 11 8
16 17 17| |19 20 20| |53 58 56 |83 85 84]|70 70
3
- 1 54 55 52|52 53 51
14 16 151115 17 16|51 56 54
< 99 99 1001 | 99 99 100§ 197 98 100} |74 76 94]]|78 82 96]]99 99 100] |98 99 100} |98 99 100} |99 99 100|
: O
§ 100! 100 99 100 100 100 100
99 99 1001 |99 99 100] }98 98 100 77 821199 99 100] 199 100100] | 99 100100} |} 99 99 100
91 92 911191 92 911192 92 92 93 93 931193 93 931192 92 9292 92 92|93 93 93
i 91 91 911192 91 92192 92 92 931193 93 931193 93 931192 92 9292 92 92|93 93 93
91 91 91191 91 91192 88 92 891192 88 921193 89 931192 90 92|92 91 92|93 89 93
2
91 92 921192 92 921192 92 92 93 941194 94 9%4 .93 931192 92 921192 92 92]]93 93 93
§ 92 92 921192 92 921192 92 92|92 92 92|93 93 93193 93 93192 92 921192 92 92|93 93 93
91 90 911192 91 92]1]88 78 87 73.73 87 73 86|87 73 87|89 87 89191 89 911189 81 89
Table 5 - Spatial Availability and Time Usability for small and large windows
Spatial Availabili Time Usability
CTRL1 CTRL2 CTRL3 CTRL1 CTRL2 CTRL3
HH | HL | LL | HH | HL | LL | HH | HL | LL | HH | HL LL | HH | HL LL | HH | HL LL
A SS1 33 67 67 33 33 33 33
SS2 SS 58 SS 33 33 58 49
9 SS1 78 78 72 77
” [ss2 o7 | 67 46 | 51
U SS1 89 67 89 89 89 90 90 87 75 86 87 89 90 88
= 552 67 67 67 67 67 89 67 89 90 76 56 71 71 85 87 79
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5. Conclusion

In this paper, the integrated performance of differ-
ent CFSs coupled with three control approaches for
shading devices is presented. The first is character-
ized by a standard open-closed operation, while the
others are able to assume intermediate positions
according to solar position and effective daylight.
The building’s global performance has been
assessed, considering thermal and visual comfort
conditions and daylighting availability besides
overall energy demand. Results have been
expressed in terms of availability, spatial availabil-
ity, usability, time usability (Atzeri et al., 2016b),
and energy demand for heating, cooling, and
lighting.

Outcomes underline that advanced controls for
shades operation, not working with an on-off mode,
are able to ensure a suitable indoor environment
and to reduce energy consumption. However, per-
formance obtained with advanced controls is more
affected by the type of glazing system adopted
which determines different amounts of energy de-
mand. Furthermore, it has been demonstrated that
CTRL3 guarantees a more homogeneous distribu-
tion of the natural light, even in a deep space as the
one used in this study.

Concerning CTRL2, as already underlined in Tzem-
pelikos and Shen (2013), the results confirm that,
although this operation mode is very simple to ap-
ply, it is not able to ensure the same comfort perfor-
mance, in terms of visual and thermal quality, nor
the same energy demand, as CTRL1 and CTRLS3.
Beyond the previous advantages, the possibility to
locate the shades on intermediate positions can help
the occupants to maintain a closer connection to the
outdoor environment, improving their perception

of the confined space.
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