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Abstract: Semiarid regions, such as Central Chile, are characterized by high solar radiation and 
temperature. In this climate, current architecture of fully glazed façade office buildings might cause high 
cooling energy consumption due to high solar heat gains (SHG), even in winter periods. In Chile’s Central 
region, the implementation of outdoor complex fenestration systems (CFS) is a common practice. 
However, the impact of CFS on the building thermal performance is usually unknown. The main 
objective of this paper is to evaluate the impact of four outdoor CFS in terms of their capability to 
control SHG through a window oriented northwest of an office space located in Santiago of Chile. An 
integrated thermal-lighting analysis tool is used to evaluate the performance of these CFS. The CFS 
evaluated are undulated horizontal louvers spaced 120 or 240 mm with 0 or 20% of perforations. The 
main results show that the CFS evaluated significantly reduce SHG over the whole-year compared with 
SHG through an unshaded clear double glazing window; perforations and spacing of louvers increase 
SHG substantially in comparison with the CFS without transparency, but they allow outdoor visibility; 
and the CFS 3, with slats spaced 120 mm and 20% perforations, provides a good balance between the 
control of SHG and outdoor visibility. 

Keywords: Complex fenestration systems; solar heat gains; integrated thermal and daylighting analysis 
tool; mkSchedule. 

1. Introduction 

The building sector accounts for 40% of the total energy consumption and one-third of the green gas 
house emissions (UNEP, 2009). In Chile, a developing country, the building sector consumes 28.8% of 
the total energy consumption (MinEnergía, 2013). Chile’s Central region, where Santiago is located (S33° 
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22'; W70° 46'), is a cooling dominated climate, thus office buildings usually presents high cooling energy 
consumption due to high internal and solar heat gains (SHG). 

The SHG might be significant due to the climate characteristics of Santiago of Chile and the current 
architecture of fully glazed buildings’ façades. Figures 1a and 1c show the average daily temperature 
and hourly beam solar radiation in January, March, July and October, while Figure 1b shows the monthly 
average global horizontal radiation (ASHRAE, 2013). It is observed that Santiago’s climate is 
characterized by high temperatures and solar irradiance for around 8 months of the year. This climatic 
condition exposes office building to large heat gains due to solar radiation and heat conduction. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 1: Weather data of Santiago of Chile. a) Daily temperature. b) Monthly average global horizontal 
solar radiation. c) Hourly beam solar radiation. 

Different architectural design strategies could be implemented to achieve high thermal and energy 
performance of office buildings in climates like that of Santiago (i.e. reduce window-to-wall ratio, 
windows with very low solar heat gain coefficient or SHGC, high efficient lighting with very low heat 
gains). However, most of the buildings are designed with fully glazed façades as the ones shown in 
Figure 2, following a global architectural tendency. In Santiago’s climate, these types of buildings are 
affected by excessive SHG, which turns in high cooling energy consumption and visual discomfort. For 
instance, it is observed in Figure 2b that internal rollers of the north oriented façade are down in 
Titanium Tower, the second tallest building in Chile. This fact may be the user’s response to high SHG or 
excessive daylighting. The glazing installed on this building has a low SHGC of 0.30, thus the fact of 
observing rollers down evidences that the control of SHG in this climate cannot be fully performed by 
the glazing system. 

Solar heat gains through windows highly impact on the building energy performance and occupant’s 
comfort. Several authors have reported the large contribution of SHG through fenestration to cooling 
loads in warm climates (Reilly and Hawthorne, 1998; Li and Lam, 2000; Winkelmann, 2001; Kuhn, 2006). 
Exterior shading devices are effective architectural building skins to reduce SHG through glazed façades 
because they intercept solar radiation before it reaches the glass. Fully shaded glazing façades can 
reduce SHG up to 80% according to ASHRAE (2013), while Bustamante et al. (2014) have reported 
reduction of short wave solar transmissions above 90% due to outdoor shading devices such as rollers 
and undulated and perforated metallic screens. 
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CorpBanca Building 

 
Titanium Tower 

Figure 2: Buildings with large glazing facades in Santiago of Chile. 

In Santiago of Chile, it is a common architectural practice to incorporate exterior shading devices to 
control SHG. There is a large variety of exterior shading devices such as louvers (fixed and movable), 
venetian blinds, and perforated screens. However, most of these devices correspond to a non-specularly 
transmitting layer, thus they are defined as complex fenestration systems or CFS (Laouadi and Parekh, 
2007). The problem arises because the thermal and optical properties of CFS are commonly unknown 
and most of building energy simulation tools consider them in simplified ways. As consequence, this 
situation makes difficult to evaluate the impact of CFS on the thermal performance of buildings, 
especially during the early design stages. For this reason, the aim of this paper is to evaluate the 
influence of four outdoor CFS in terms of their capability to control SHG through fenestrations of an 
office building located in Santiago of Chile. The simulations are carried out with a recently developed 
daylighting and energy performance simulation tool, which is briefly described in Section 2.2. 

2. Research methodology 

2.1. CFS evaluated and office space description 

This paper evaluates, via simulations, the influence of four outdoor CFS on the solar heat gains through 
the fenestration system of an office space oriented northwest. The CFS evaluated are: 
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 CFS 1 - undulated slats/louvers installed with slats spacing of 120 mm and slope of 60°, 
 CFS 2 - undulated slats/louvers installed with slats spacing of 240 mm and slope of 60°, 
 CFS 3 - same as CFS 1 but 20% of perforations; and 
 CFS 4 - same as CFS 2 but with 20% of perforations 

Figure 3 shows the arrangement and characteristics of the evaluated CFS. As can be seen, the slats of 
all CFS are highly undulated, while CFS 3 and 4 are perforated. Figure 3d also shows a zooming detail of 
the perforation pattern of CFS 3 and CFS 4. The four evaluated CFS correspond to the commercial 
products named Celoscreen of HunterDouglas Company Chile. Additionally, a double clear glazing 
system (without CFS) is also evaluated. The SGHC of this system is 0.83. 

 

 

Figure 3: a) CFS 1 - 120 mm of slats spacing and 0% perforations, b) CFS 2 - 240 mm of slats spacing and 
0% perforations, c) CFS 3 - 120 mm of slats spacing and 20% perforations, and d) Perforation pattern of 
FS 3 and CFS 4 (CFS 4 is not shown due to the lack of a proper picture, but its layout is the same shown 

for CFS 2). 

The tested office space was an experimental facility that consists of a highly insulated mobile module 
of 2.4 m x 4.0 m x 3.0 m (exterior dimensions) with a floor-to-ceiling double clear glazing façade 
oriented northwest (Figure 4). 
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Figure 4: Modules of the test a facility (right – clear double glazing window; left – outdoor CFS). 

2.2. Simulation tool 

The evaluation of the CFS described above was performed using an integrated thermal and lighting 
analysis tool that integrates Sketchup, for creating the CFS and building models and properly exporting it 
to Radiance for calculating the bidirectional scattering distribution function (BSDF) of each CFS and the 
building lighting simulations, and Energy Plus for thermal and energy simulations. A detailed description 
of the whole simulation tool and parts of it can be found in (Molina, 2014; Molina et al., 2014c; Vera et 
al., 2015). This tool was developed to allow the thermal and lighting evaluation of spaces with controlled 
CFS and artificial lighting, thus the core of this tool is a program that generates the schedule of the 
position of the CFS and power fraction of luminaries, called mkSchedule. The schedule is generated to be 
used in detailed lighting and energy simulations (Vera et al., 2015). Although this paper includes the 
evaluation of fixed CFS and no artificial lighting, the same tool was used to perform thermal simulation. 

The BSDF describes the bidirectional optical properties of the CFS; BSDF is needed for each CFS to 
properly evaluate their impact on the SHG through the fenestration system. This is done, first, by 
creating the CFS geometry in Groundhog, a Sketchup extension that allows exporting the model to 
Radiance (Molina et al., 2014b). Once the CFS model is transferred to Radiance using Groundhog, the 
BSDF of each CFS was obtained via ray-tracing simulations performed with a Radiance’s program called 
genBSDF, which has been validated by McNeil et al. (2013) and Molina et al. (2014a). The BSDF of each 
CFS obtained with genBSDF needs to be assembled to the optical properties of the double clear glazing 
by means of WINDOW 7.3 (LBNL, 2014), thus the BSDF of the whole fenestration system is generated. 
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EnergyPlus can read, as input, the BSDF of the whole fenestration system (CFS + double clear glazing), 
thus the thermal simulations take into account more precisely the optical properties of each CFS. 

Using this tool, the office space model is created and incorporates the CFS and double clear glazing 
window as shown in Figure 5. Then, the office space is thermally simulated over the whole year for four 
different CFS. The climate data of the EnergyPlus weather data file for Santiago of Chile is used in these 
simulations. 

 

Figure 5: Model of the office space with CFS in EnergyPlus. 

3. Results 

Since this paper focuses on evaluating the influence of four CFS in terms of their capability to control 
SHG, temporal maps of SHG and accumulative distribution of SHG are presented below for each CFS. 
Additionally, results for the case of the double clear glazing window without CFS are also presented to 
have the same base case to compare the results obtained for the CFS evaluated. 

Figure 6 shows the temporal maps of annual SHG for the four CFS and double clear glazing window 
without CFS. This temporal maps show the SHG during the whole year. The x-axis corresponds to the 
day of the year while the y-axis is the hour of the day. Dark-blue zones show the periods of the year with 
no solar radiation. It should be noted that the scale of SHG was limited to 133 W/m

2
, which is the 

maximum SHG found for the cases with CFS. However, the clear double glazing window has SHG up to 
542 W/m

2
. 
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Figure 7 presents accumulative curves of the percentage of time when SHG are lower than the value 
shown in x-axis. This information allows better comparison of the CFS’s performance with the 
performance of unshaded double clear glazing window. For a certain SHG and CFS, the y-axis provides 
the percentage of time of the whole year, excluding the periods with no solar radiation, when SHG are 
lower than the value of the x-axis. 

 

 

Figure 6: Temporal maps of annual solar heat gains of different CFS and clear double glazing. 

 

Figure 7: Accumulative curves of SHG of different CFS and clear double glazing. 

Finally, Figure 8 shows the outdoor visibility at 2 PM of the CFS evaluated. The images were obtained 
from inside the experimental office space module using a fisheye lens in a summer clear sky day. Since 
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outdoor visibility is important for human comfort, it is necessary to reduce SHG in balance with 
providing proper outdoor visibility. Although this paper presents this very simplistic approach to 
evaluate the outdoor visibility, it can provide useful qualitative information about the impact of the 
different CFS on visibility. 

 

 

CFS 1 
 

CFS 2 

 

CFS 3 

 

CFS 4 

Figure 8: Outdoor visibility of the different CFS at 2 PM of fenestration façade oriented northwest. 

4. Discussion 

Figures 6 and 7 clearly show the significant reduction of SHG caused by the evaluated CFS in 
comparison with the clear double glass window. Figure 6 shows that the window without CFS allows 
high SHG during large portion of the year, which is represented by extensive red zones in this Figure. 
Otherwise, the four CFS evaluated presents none or few hours with excessive solar radiation. Moreover, 
CFS 4 reaches the highest annual peak of SHG among the CFS evaluated, with a peak of 133 W/m

2
. 

Figure 7 shows this value of SHG is exceeded 37% of time by the unshaded clear double glazing window, 
which also presents a peak of SHG of 542 W/m

2
. Comparing the windows without CFS and CFS 1, the CFS 

evaluated with the lowest SHG and peak of SHG of only 30 W/m
2
, it is observed in Figure 7 that the SHG 

are above this value 82% of time for the clear double glazing window without CFS. These results reflect 
that outdoor CFS are highly efficient to control SHG over the whole year. 

Comparing the results of SHG among the CFS assessed, it is observed that the most effective CFS for 
controlling SHG is CFS 1 due to it fully covers the window and has no perforations. However, it 
completely eliminates outdoor visibility as shown in Figure 8, which is an undesired effect for human 
comfort. For this reason, larger spacing between the slats of the CFS and perforations that allows larger 
visibility are interesting aspects to be evaluated: 

 First, the increase in spacing of slats for 120 mm to 240 mm can be seen comparing the SHG of 
pairs CFS 1 with CFS 2 and CFS 3 with CFS 4 in Figures 6 and 7. As expected, larger spacing causes 
higher SHG, and the increment of SHG is similar for slats with 0 (CFS 1 versus CFS 2) or 20% (CFS 
3 versus CFS 4) perforations. Figure 6 shows that the larger spacing mostly increases SHG during 
winter time, which makes sense because the sun altitude is lower causing higher irradiance on 
the northwest fenestration system after midday. 

 Second, the effect of perforations of 0 or 20% can be analysed comparing the resulting SHG of 
CFS 3 with CFS 1 and CFS 4 with CFS 2. In both cases, SHG are higher for CFS with perforations. 
Also, Figure 7 shows that the increment of SHG is 36.7% and 31.7% with CFS 3 (in comparison 
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with CFS 1) and CFS 4 (in comparison with CFS 2), respectively. Notoriously, these results 
evidences that a low percentage of perforations (20%) increases the SHG significantly in 
comparison with the CFS without perforations. 

 Thirds, comparing the SHG results of CFS 1, CFS 2 and CFS 3 allows analysing the relative impact 
of 20% perforations versus doubling the slats’ spacing with 0% perforations. Figure 7 shows that 
the SHG of CFS 3 are much lower than that for the CFS 2. It means that larger spacing between 
slats allows much larger SHG than only increasing perforation to 20%. 

Regarding the results of outdoor visibility of Figure 8, the approach used in this paper allow to 
qualitatively conclude that perforations and larger spacing between slats allow significant improvements 
of outdoor visibility in comparison with CFS 1 that has no transparency and fully covers the window. 
However, unshaded regions of the window due to perforations and larger slats’ spacing increase the 
SHG. In consequence, a trade-off between reducing the SHG and allowing outdoor visibility is a key 
factor for the overall performance of CFS. In this sense, CFS 3 seems to be the only CFS arrangement 
that allow low SHG and significant outdoor visibility. As shown in Figure 8, the outdoor visibility of CFS 3 
is as good as CFS 2 and 4 even though it has no spacing between slats and only has 20% of perforations. 

5. Conclusions 

This paper evaluated the influence of four outdoor CFS on the SHG through a northwest fenestration 
façade of an office space in Santiago of Chile. The CFS evaluated correspond to undulated horizontal 
slats or louvers that were spaced at 120 or 240 mm with 0 or 20% of perforations. Simulations were 
performed using a simulation tool developed for integrated thermal and lighting analysis. Optical 
properties of each CFS, represented by the Bidirectional Scattering Distribution Function or BSDF, were 
obtained using genSHGC of Radiance to properly take into account the solar radiation transmission of 
the CFS evaluated. The main conclusions that can be drawn from this study are: 

 Outdoor CFS can significantly control SHG over the whole year. SHG are significantly reduced by 
the CFS evaluated in comparison with the clear double glazing system without CFS. 

 Increasing louver spacing causes higher solar heat transmission through the fenestration system 
compared to perforations. However, a low percentage of perforations (20%) also increases the 
SHG significantly compared to the CFS without perforations. 

 The most effective CFS to control SHG is CFS 1, which fully covers the window and has no 
perforations. The SHG are very low with peaks of 30 W/m

2
. However, CFS 1 does not provide 

outdoor visibility which might significantly diminishes visual comfort. 
 CFS 3 represents a good balance of controlling the SHG and allowing outdoor visibility. The peak 

of the SHG of CFS 3 is 71 W/m
2
, but 80% of the time SHGs are lower than 40 W/m

2
, which is 

reasonable for fully glazed office building in Santiago of Chile. On the other hand, outdoor 
visibility of CFS 3 is comparable to the outdoor visibly observed in CFS with larger spacing 
between slats as CFS 2 and CFS 4. 

This paper demonstrates the importance of slats’ spacing and perforations on the thermal 
performance of outdoor CFS. Further studies are needed to optimise their design in CFS to obtain a 
balanced performance in terms of office energy use and occupant’s visual comfort. 
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