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ABSTRACT:  Solar radiation protections on the main façades of a new research laboratory building were studied. These main 

façades are oriented towards the Northeast and the Southwest. The building is located in the campus of the CIE UNAM in Temixco, 

Mexico. Radiation levels at this location are high creating the need of the design and construction of solar protected façades that 

diminish, as much as possible, heat loads on the building’s structure. This façade study includes a shadow study, an incident 

radiation blockage analysis, and an indoor natural lighting illumination levels analysis for the following four cases: case 1. Forty-

five degree tilted louvers 0.60m wide; case 2. Horizontal louvers 0.60m wide; case 3. Double façades that comprises solid panels 

covering the opaque surfaces and panels with perforations of 0.05m diameter, every 0.1m all over the transparent surface; and case 

4. Double façade that comprises solid panels, covering the opaque surfaces, and 0.30m wide horizontal louvers, along the windows. 

Results indicate that cases 1and 4 are the best alternative from the thermal and illumination point of view. 

 

 

INTRODUCTION 

On the late few decades, buildings and skyscrapers have 

been mainly constructed with an iron and/or concrete 

structured and wrapped by curtain-wall systems. The 

window area is, in many occasions, higher than the 

opaque surface areas and the building is completely 

insulated, sealed from the climate. Under these 

conditions to get thermal and humidity comfort an air-

conditioned systems has to be used full time. But due to 

the energy crisis and the climate changes this building 

concept is changing and designers are looking for the 

creation of buildings that would use none (or at least 

minimal) energy for indoor thermal comfort.   

 

Many regions of the planet do not require completely 

insulated buildings; they can be benefited from its 

climate conditions with a passive design. 

 

Passive systems in buildings are part of the building 

materials and geometry, they work based on physical 

processes to give comfort conditions in the interior 

spaces. In hot climates such as Temixco, heat loads given 

by solar radiation on buildings must be diminished as 

much as possible by protecting both the opaque (i.e., 

walls, columns) and transparent (i.e., windows) surfaces 

from solar radiation. Today, buildings, apart from being 

conceived as aesthetic spaces, should also be conceived 

as whole systems that receive and reject energy. 

Recently, authors as Tzempelikos et al [1] and Manz [2] 

have emphasized, by numerical simulations and 

experimental data, the importance of solar protected 

façades.  

In this paper a study, with the purpose of blocking 

incident radiation as much as possible, for the Northeast 

and the Southwest façades of a new laboratory building 

to be constructed at the Centro de Investigación en 

Energía (CIE) in Temixco, Mexico, is presented. 

Temixco is a town that receives high levels of radiation 

all year long and has a hot semi-humid climate. 

 
 

AIM OF THE STUDY 

The objective of this study is to explore passive solutions 

that contribute to the reduction of incident radiation on 

the building envelope in Temixco, Mexico. Much of the 

heat load in a building comes from the solar radiation 

absorbed by the exterior surface of the envelope, that 

heat it up. The thermal energy is transferred though the 

envelope by conduction and to the interior by convection 

[3].  

 

The land on the CIE campus, where the building will 

be constructed, is very sloped and for constructive 

reasons the biggest envelop façades will have to be 

oriented to the Northeast and to the Southwest. The 

building will have four stories with a wide-length 

proportion of 1:5. The Northeast and the Southwest 

orientation are the most unfavourable from the thermal 

and visual points of view, as these façades receive direct 

solar radiation from sunrise to little before noon and from 

a little after noon until sunset (refer to Figure 1).  
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The relevance of this study remains mainly on the 

following three points: 

1)  Reduction of thermal loads due to solar radiation. 

2)  Protection for the building occupants from direct 

radiation passing through windows.  

3)  Occupant’s visual comfort during the day. 
 

 
Figure 1: Plan of the site of the CIE and orientation of the new 

building. 

 
 

METHODOLOGY 

The study should consider the need to block the solar 

radiation that reaches the envelope but, as possible, the 

visual comfort and the natural lighting should not be 

compromised.  Therefore, we need to find a design of a 

protective façade that would block incident solar 

radiation from the building envelope (building’s skin) 

and would reduce direct radiation transmission through 

the windows as much as possible and allows the diffuse 

radiation to reach visual comfort levels [4].  

 

 We started with a qualitative shadow study to 

determine the area of direct radiation getting inside the 

building spaces. Then we evaluated one base case 

scenario and four different case scenarios of protective 

façade passive systems of one story type space. We 

calculated the amount of incident radiation that would be 

blocked from getting to the façade and from increasing 

the structure’s heat loads. From there, we chose the two 

best case scenarios in protecting the building façade from 

direct solar radiation and evaluated the indoor light levels 

in terms of reaching the standard of the minimum 

illumination required for laboratory used. These three 

studies and analysis were done using the software 

Ecotect 2010 as a tool, which is a ray-tracing program.  

 

CASE SCENARIOS 

The four case scenarios of a protected Northeast and 

Southwest façades were compared with a base case 

scenario (the envelope of the building with no 

protection). The protected façades scenarios are the 

following: 

 

- Case 1. Forty-five degree tilted louvers 0.60m wide, 

located at every 0.60m along the vertical axis and 

covering all Northeast and Southwest façades. The 

louvers are tilted outwards and pointing downwards to 

the outdoor space (refer to Figure 2).  
 

- - Case 2. Horizontal louvers 0.60m wide, located at 

every 0.60m along the vertical axis and covering all 

Northeast and Southwest façades (refer to Figure 3).  

 

- Case 3. Double façade covering all Northeast and 

Southwest façades, that comprises solid panels 

covering the opaque surfaces (e.g., walls, parapets) and 

panels with perforations 0.05m diameter every 0.1m 

all over the transparent surface. This protection façade 

is separated from the building envelope 0.25m to allow 

air circulation between the two façades (refer to Figure 

4). 
 

- Case 4. Double façade   covering   all   Northeast and 

Southwest façades, that comprises solid 

panelscovering the opaque surfaces (e.g., walls, 

parapets) and 0.30m wide horizontal louvers along the 

vertical axis of the windows. This protection façade is 

separated from the building envelope 0.25m to allow 

air circulation between the two façades (refer to Figure 

5). 
 
 
 

 

 

 

 

 

 

 

 

Figure 2: Case 1 
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Figure 3: Case 2 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Case 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Case 4 

 

 

SHADOW STUDY 

We did a qualitative shadow study of different design 

scenarios to determine the area of direct radiation getting 

inside the building spaces along the day and the 

distribution of shadows projected from the analyzed 

architectonic elements and the sun’s trajectory. This 

study was done both for equinoxes and both solstices.   

 

First, we compared the amount of direct radiation 

getting into the spaces when using horizontal elements 

such as louvers with the amount of radiation when using 

vertical elements such as sun breakers.  The first result 

showed that the sun protectors that better blocked direct 

sun radiation on the Northeast and Southwest façades 

were the louvers as opposed to the sun breakers that did 

not blocked much of the direct radiation from reaching 

the façade and getting into the spaces through the 

windows.  For this reason, 3 case scenarios include 

louvers as in case 1, 2, and 4 as described in the previous 

section. 
 

A second result that applies for equinoxes and 

solstices is the following: 

 

- In Case 1, the interior of the building receives 

approximately 2 to 3 hours of direct radiation and 

shows small areas of direct radiation compared with 

the other cases. 

- In Cases 2 and 4, the interior of the building receives 

approximately 3 to 4 hours of direct radiation per day. 

- In Case 3, the interior of the building receives 

approximately 6 to 8 hours of direct radiation per day. 

It is important to mention that even this case show 

more hours of direct radiation exposure than the other 

cases, the areas where the direct radiation fell were 

much smaller than the other cases. 

 

Because one of the objectives of this study is to avoid 

direct radiation passing through the windows and walls 

into the building, Cases 1, 2, and 4 were shown as better 

candidates than Case 3 in terms of the amount of time 

during direct radiation reached the interior of the 

building.  

 

After doing the shadow study and discarding sun 

breakers as sun protector elements for the laboratories, a 

quantitative analysis of how much incident radiation is 

blocked from passing to the building envelope for Cases 

1, 2, and 4 was done.      

 
 

INCIDENT RADIATION BLOCKAGE ANALYSIS 

For the analysis of incident radiation blockage over the 

building envelope both direct and diffuse radiation were 

taken into account. Climate data was calculated by the 

software Meteonorm for one typical year. This analysis 
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was done for one floor as the rest of the floors are 

identical in dimensions, area, and orientation. 

 

 First, the area of the building exposed to the radiation 

was calculated. Only the vertical surfaces (i.e., walls and 

windows) were taken into account; neither floor nor 

ceiling areas were calculated. The sum of the areas of 

walls, parapets, and windows was 434 m
2
; the area that 

the software calculated was of 430 m
2. 

 

For this analysis, Cases 1, 2, 3, and 4 were compared to a 

base case scenario (building envelope without any kind 

of protection). The total monthly incident radiation on 

the vertical faces of the building envelope per story were 

calculated. The results are shown in Figure 6, where it 

can be observed that the four types of protections (Cases 

1 to 4) significantly reduce the incident radiation respect 

to the base case, especially for the months of greater 

radiation. 

 

The results of the total incident annual on the vertical 

faces of the building envelope per story were the 

following  

- In the Base Case, 97.2MWh. 

- In Case 1, 37.6MWh; in Case 2, 49.2MWh; in Case 3, 

49.1MWh; and in Case 4, 38.9MWh. 

 

The percentages of the radiation blockage given by the 

sun protections is defined as  

blockage % = 100[1 – (studied case radiation/base case  

radiation)]. 

 

 
 

 
Figure. 6: Total Monthly Incident radiation on the vertical 

faces of the building envelope per story. Note: lines 

representing case 2 and case 3lap on top of each other due to 

the fact that their values are similar. 

 

 

The blockage percentage of each case are the following: 

61.3% for Case 1, 49.3% for Case 2, 49.5% for Case 3, 

and 60% for case 4 (refer to in Figure 7).  

 

 

 
Figure. 7: Incident radiation blockage percentage for case 1, 2, 

3 and 4. 

From the shadow study and the incident radiation 

blockage analysis, we have the following: 

- In Case 1, direct radiation hits the interior during 2 to 3 

hours and the solar protection of the façade envelope 

blocks 61% of incident radiation. 

- In Case 2, direct radiation hits the interior during 3 to 4 

hours and the solar protection of the façade envelope 

blocks 49% of incident radiation. 

- In Case 3, direct radiation hits the interior during 6 to 8 

hours and the solar protection of the façade envelope 

blocks 49% of incident radiation. 

- In Case 4, direct radiation hits the interior during 3 to 4 

hours and the solar protection of the façade envelope 

blocks 60% of incident radiation. 

 

Taking into account these results, Cases 2 and 3 were 

discarded because these cases block 10% less radiation 

than Cases 1 and 4 and one of the main objectives of this 

study was to find an architectonic passive system that 

blocks direct incident radiation from hitting the building 

envelope. Besides blocking more than half of the incident 

radiation, cases 1 and 4, let direct radiation hit the 

interior of the building during few hours (2 to 4) 

compared with the base case scenario (8 to 10 hours) 

(refer to Table 1). Thus, Cases 1 and 4 were chosen as 

possible candidates as a passive solution for diminishing 

heat loads on the building. The following step was to 

evaluate these two cases in terms of visual comfort in 

order to take this factor for the solution election. 

 
Table 1: Number of hours when direct radiation is received and 

the incident radiation % blockage, for cases 1, 2, 3, and 4. 

  Number of hours during 

which direct radiation is 

received  

% of incident 

radiation 

blockage 

    

Case 1        2 to 3     61.3 

Case 2       3 to 4    49.3 

Case 3       6 to 8    49.5 

Case 4       3 to 4    60.0 
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INDOOR ILLUMINATION LEVELS ANALYSIS 

One of the parameters that must be taken into account 

when doing a façade study and designing sun protections 

is visual comfort, and therefore, indoor illumination 

levels. The sun protections help to stop direct and diffuse 

radiation to get through the interior of the building 

spaces.  Sun protections can also serve as architectonic 

spaces that improve the indoor illumination quality, 

although sometimes, these distort the physical properties 

of the visual radiation in a negative way by decreasing its 

quality for the visual system. This is one of the main 

reasons for the purpose of this analysis. 

 

The daylight factor (DF) of indoor spaces was 

calculated. A virtual mesh for capturing the data was 

located at 0.90 m from the floor, 0.5m from the Northeast 

façade, 1.5m from the Southwest façade, 0.5m from the 

Northwest façade, and 0.5m from the Southeast façade 

(refer to Fig. 8). It was assumed that the illumination 

given by the sky was uniform and of 13,000lx and the 

window’s transmittance was of 90%. 

 

 

 
 

 
Figure 8: Representation and location of the virtual mesh for 

capturing data. 

 

 

The DF data corresponding to the transversal section 

of the building, located 6m from the northwest façade are 

considered for the analysis, because this section 

represents the behaviour of the DF in the indoor spaces 

of the building, the values as function for the transversal 

position measured from the Southeast façade are shown 

in Figure 9. In this figure it can be observed that, 

 

- For the Base Case, at 1.5m from the Southeast façade, 

the DF is about 15% and descends to a minimum value 

of 4.7% towards the longitudinal centre of the space and 

ascends to a 12% at 0.5m from the northeast façade. 

- For Case 1, at 1.5m from the Southeast façade, the DF 

is about 5.52% and descends to a minimum value of 

3.3% towards the longitudinal centre of the space and 

ascends to a 8.12% at 0.5m from the northeast façade. 

- For Case 4, at 1.5m from the Southeast façade, the DF 

is about 11.71% and descends to a minimum value of 

3.8% towards the longitudinal centre of the space and 

ascends to 8.62% at 0.5m from the northeast façade. 

 

The Illumination Engineering Society of North 

America (IESNA), points a 4% as the minimum DF 

value required in a space used for laboratories.  In case 1, 

the DF is 7 decimals below the minimum required, and in 

case 4, the DF is just 2 decimals below the minimum 

required and that is only at the longitudinal centre of the 

space.  

 

The value of the DF for Cases 1 and 4 can be elevated 

by placing white mate partition walls along the 

longitudinal axis of the floor (refer to Figure 10).  Since 

Cases 1 and 4 mostly meet with the requirements of 

indoor illumination then both are recommended as 

adequate from the illumination point of view. 

 

 

 
                                                 

 
Figure 9: Daylight Factor at the transversal section of the 

building shown in the previous figure, for cases 1 and 4. 

 

 
Figure 10: Partition walls with high diffuse reflectance as a 

strategy to elevate the DF at the centre of the space.  

 
 

RESULTS AND DISCUSSION 

The results obtained from the study and the analyses are 

the following: Case 1 lets direct radiation pass through 

the windows during 2 to 3 hours and Case 4 during 3 to 4 

hours, in comparison with the Base Case scenario, which 

lets full window area of direct radiation during most of 

the morning and most of the afternoon.  In Case1, a 61% 

of incident radiation on windows on Northeast and 

Southwest façades is blocked and in Case 4, 60% is 

blocked. In Case 1 and 4 the indoor light levels reach a 

Daylight Factor higher than 4%, the minimum required 
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by the IESNA for laboratory use spaces, through most of 

an area that covered the floor.  Some spots at the 

longitudinal centre of the analysed area reported to have 

DF below this minimum but only by 0.7% in Case 1 and 

0.2% in Case 4.  

 

The way light behaves from its reflection behaviour 

point of view, suggest that the amount of these spots 

where the DF is below 4%, can be increased by 

implementing white mate partition walls along the 

longitudinal axis of the floor of the story type.   

 

 

CONCLUSIONS 

One main objective of this study was to reach an 

architectonic solution that would protect the building 

envelope from solar radiation by using a double skin 

façade, by protecting the building envelope from solar 

radiation, by maintaining a satisfactory natural 

illumination level and by decreasing the need to use 

artificial cooling air systems and reducing the energy 

demand [2].  

 

 From a shadow study, an incident radiation blockage 

analysis, and an indoor illumination levels analysis, we 

concluded that Case 1, a forty-five degree tilted louvers 

0.60m wide, located at every 0.60m along the vertical 

axis and covering all Northeast and Southwest façades 

and Case 4, a double façade covering all Northeast and 

Southwest façades, separated 0.25m, that comprises solid 

panels covering the opaque surfaces and 0.30m wide 

horizontal louvers along the vertical axis of the windows, 

were the most viable solutions from the thermal and 

illumination point of view with the suggestion of a white 

mate partition wall along the longitudinal axis of the 

floor of the story type.   

 

In this façade study case it was found that the 

protections on the façade helped the building diminish 

thermal loads by blocking up to 61.3% of incident 

radiation over the building façade and by blocking more 

than half of the direct radiation entering through 

windows. Although this direct radiation restriction, the 

indoor illumination levels were kept, in almost all of the 

interior area, within the daylight factor values 

recommended by IESNA for laboratory use areas. 
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