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ABSTRACT: Most buildings consume large amounts of electricity for lighting. This consumption can be reduced if the 

building is properly oriented and the window openings designed and located according with the local climate aimed at 

achieving adequate illuminance lighting conditions and suitable luminous and visual comfort ambient for the 

appropriate performance of the visual tasks of the occupants. Some buildings are designed with vertical open spaces, 

courtyards or patios to provide natural light and ventilation to the adjacent architectural spaces. However, this 

solution is usually unsuitable and does not comply with the local standards. This work presents the results of the 

evaluation of a high efficiency sunlighting device implemented in a courtyard of a building, as a prototype with low 

illuminance levels and lack of luminous comfort conditions. This device was evaluated in a case study building that 

presented illuminance levels under the values recommended by the standards. Experimental work was conducted in 

three-dimensional physical scale models under exterior clear and cloudy sky conditions and the results showed a 25% 

increase in the illuminance levels in the lower floors and 30% in the upper floors. A 1:1 prototype of this device was 

built and implemented in a real buildings and the results showed consistency with those obtained in the physical scale 

model experiments. The simplicity, versatile design, relative low cost and adaptation to any location or geographical 

latitude of Mexico, with a simple design adjustment, are important attributes of the device investigated. It is expected 

that the results of this work can be applied in some other similar buildings of the country and to contribute to achieve 

luminous and visual comfort conditions for the occupants, reduction of energy consumption and eventually, a 

favourable global sustainable effect. 
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INTRODUCTION. GLOBAL SITUATION OF 

ENERGY USE AND ENVIRONMENTAL IMPACT  

At present, the high consumption of conventional energy 

sources, coming mainly from fossil fuels, is provoking a 

severe damage to the environment, affecting the 

ecosystems of planet. These forms of energy are 

consumed irrationally in most sectors of the population; 

as a result, great amounts of fuels are burned out and 

emitted as toxic greenhouse gases (GHG) to the 

atmosphere,  that trigger the so called global warming and 

climate change, among other phenomena. Certainly, 

energy consumption and population increase are two of 

the main factors which have provoked a harsh ecological 

damage in the planet.  Recent information has reported 

that world primary energy consumption in 2010 was       

12, 002 million of tonnes of oil equivalent (mtoe), 

representing a 5.6% increase relative to the previous year, 

the strongest energy growth since 1973  [1].            

As to global population, there has been an exponential 

growth since the beginning of the 20
th

 century, to reach at 

present an estimated raise of more than 7,000 million 

people [2].  Each day the world population increases by 

over 200,000, demanding the equivalent of a new city for 

more than a million inhabitants every week. The total 

passed seven billion in October 2011 and will almost 

certainly reach eight billion in 2025. As a result of the 

interaction of the two factors mentioned before, pollution 

levels emitted to the atmosphere have risen enormously. 

The increase in global pollution in 2010, according to 

latest statistics [3], confirmed that a record amount of 

30.6 gigatonnes (Gt) of carbon dioxide were poured into 

the atmosphere, mainly from burning fossil fuels – a rise 

of 1.6 Gt on 2009 levels. This states that GHG emissions 

increased by a record amount in 2010, to the highest 

carbon output in history, putting hopes of holding global 

warming to safe levels all but totally out of reach.  

Therefore, this huge rise means the goal of preventing a 

temperature rise of more than 2 degrees Celsius – which 

scientists claim is the threshold for potentially "dangerous 

climate change" – is likely to be just "a kind utopia".  

 

http://www.ipsnews.net/news.asp?idnews=55479
http://www.ipsnews.net/news.asp?idnews=55479
http://www.guardian.co.uk/environment/2009/dec/18/copenhagen-five-climate-scenarios
http://www.guardian.co.uk/environment/2009/dec/18/copenhagen-five-climate-scenarios
http://www.guardian.co.uk/environment/2009/dec/18/copenhagen-five-climate-scenarios
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THE ROLE OF BUILDINGS IN THIS ENERGY-

ENVIRONMENTAL SCENARIO. LIGHTING USE 

IN BUILDINGS 

On the other hand, more than half of the energy 

commercially available in the world is consumed in 

buildings for heating, cooling, lighting, water heating and 

cooking, among other requirements. Therefore, the 

buildings are an important niche of opportunities to 

reduce the global energy consumption and have the 

potential to provide favourable side benefits which this 

situation is attached to. One of the most significant 

consumption uses in the building sector is for providing 

lighting in the architectural interior and exterior spaces. It 

is possible to reduce large amounts of energy for electric 

lighting in buildings based on the appropriate use of 

natural light and the implementation of innovative and 

highly efficient sunlighting systems, as well as the 

integration of leading edge electric energy efficient 

components. This approach should be aimed at providing 

adequate illuminance levels and luminous and visual 

comfort conditions for the occupants. 

 

 

SITUATION OF BUILDINGS RELATIVE TO THE 

PROVISION OF NATURAL LIGHT IN MEXICO. 

ALTERNATIVE SOLUTIONS 

Most buildings in Mexico usually incorporate an open 

central space or atrium to illuminate and ventilate the 

adjacent spaces; however, this design approach is not 

usually a suitable solution as the provision of natural light 

is frequently inadequate for the occupants to perform their 

visual tasks. Therefore, it is necessary to look for other 

solutions to this situation. A suitable alternative is the 

implementation in these buildings of highly efficient 

innovative sunlighting systems, based on the use of the 

direct component of solar radiation as an effective 

illuminant aimed at providing a suitable lighting 

environment for the sake of the luminous and visual 

comfort conditions of the occupants as well as for 

achieving a significant reduction of energy consumption 

used for illumination of the architectural spaces. 

Therefore, the implementation of an effective optical 

sunlighting technology has the potential to deliver natural 

light to a space in a building where daylight is typically 

limited.  

 

Previous studies have reported the potential of sunlighting 

systems to provide suitable and adequate illuminance 

levels in different types of buildings [4, 5, 6, 7 and 8]. 

 

 

OBJECTIVES OF THIS RESEARCH 
The main objective of this work is aimed at evaluating the 

performance of a sunlighting system whereby natural 

light can be used as an effective illuminant in open spaces 

of relative high rise buildings for providing suitable and 

adequate illuminance levels to the adjacent spaces to 

generate visual and luminous comfort conditions for the 

occupants. 

 

 

EXPERIMENTAL METHODOLOGY 
The methodology of this work included three stages. The 

first one was developed to identify the current conditions 

of the illuminance levels of the case study building in the 

adjacent areas, which confirmed the inadequate lighting 

levels in these spaces. The subsequent stage consisted of 

constructing a 1: 25 three dimensional physical scale 

model with exact optical and physical properties as the 

internal real building envelope. Calibration of this model 

was carried out to validate that the geometrical and 

physical properties of the model were the same as the case 

study building. Concurrently with these two stages, 

several sunlighting systems were evaluated to obtain the 

best alternatives. The next stage of the work consisted of 

evaluating the sunlighting alternatives in the physical 

model under clear sky and cloudy sky conditions using an 

artificial sky and through outdoors assessments. This 

process included the monitoring of the illuminance levels 

of the case study building, comparing the conditions in 

the adjacent spaces of the model with and without the 

sunlighting strategy implemented. 

 

 

DESIGN VARIABLES OF THE SUNLIGHTING 

SYSTEM INVESTIGATED 

The parameters examined in the sunlighting systems 

included: Dimensions (length, width and height) of the 

building open atrium; illuminance levels, construction 

materials, solar angles reflectance values, glare potential 

due to specular surfaces, illuminance levels in the 

adjacent space to the atrium. The qualitative results of the 

sunlighting system including uniformity ratios and glare 

index probability were also analyzed. 

 

 

CASE STUDY  
The case study building is located in the Mexico City 

Metropolitan Area (MCMA) and is representative of a 

building with a central atrium with inadequate 

illuminance levels and lack of luminous and visual 

comfort conditions, situation which was corroborated in 

the initial analysis of this work (Figures 1 and 2). 
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Figure 1. Case study building. Main facade 

 

 

The building has six stories; the lower illuminance levels 

are located in the inferior levels. These conditions are 

below those recommended for the international standards 

[9 and 10], and as previous studies have also reported [11] 

(Figure 3). 

 

 
Figure 2. Central open space of case study building 

 

          
Figure 3. Illuminance Levels on inferior stories 

SUNLIGHTING SYSTEM SELECTION 

 

The selection procedure of the sunlight system included 

the evaluation of the performance of several design 

alternatives (Figure 4) of which two variables were the 

geometry (convex and concave shapes), and three 

different materials: stainless steel, white aluminium and 

silver aluminium. The dimensions of the materials used 

for the assessment were based on commercial values of 

61 cm, 91.5 cm and 122 cm width. 

 

 

 

 

 
Figure 4. Sunlighting systems investigated 

 

EVALUATION OF THE SUNLIGHTING SYSTEM 

IN THE PHYSICAL MODEL AND IN THE REAL 

BUILDING 

After a quantitative evaluation of illuminance of the 

design alternatives in the physical model, the 91.5 by 61  

cm stainless steel design strategy was selected as the 

most promising one, based on the illuminance values 

recorded ; whilst the aluminium strategy with the same 

dimensions presented the lowest illuminance values.  

In the next stage of the research, the sunlighting 

strategies made of aluminium and stainless steel were 

built on scale 1.1 and implemented in the upper part of 

the parapet of the open space of the real building 

(Figures 5, 6, 7 and 8 ). 
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  Figure 5. Sunlighting system implemented on the upper         

part of the building´s atrium. Aluminium design alternative 

91.5 x 61 cm. 

 

Figure 6. Sunlighting system implemented on the upper part of 

the building´s atrium. Stainless steel design alternative 91.5 x 

61 cm. 

Figure 7. Figure 7. View of the sunlighting system made of 

aluminium implemented on the upper part of the building´s 

atrium 

 

Figure 8. View of the sunlighting system made of stainless steel 

implemented on the upper part of the building´s atrium 
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ANALYSIS AND INTERPRETATION OF THE 

RESULTS OF THE DESIGN ALTERNATIVES  

The two design alternatives presented before were 

implemented in the real building and illuminance and 

Daylight Factor (DF) values recorded. Results showed 

that the design alternative of the stainless steel system 

presented the best performance as the illuminance values 

obtained in the middle point at 70 cm height working 

level, showed an approximate 25% increase in the first 

two levels of the building, 30% in the first and second 

levels and up to 40% n the third and fourth levels. 

The results indicated that the increase in illuminance 

levels can lead to a reduction in electricity consumption, 

which in turn can also reduce the emission of pollutants 

to the atmosphere.  

Some other luminous qualitative parameters such as 

uniformity ratio, contrast, glare index and visual comfort 

probability were also evaluated. Uniformity ratio (UR), 

defined as the minimum DF /Average DF, was calculated 

in the adjacent spaces to the atrium. Values of UR over 

0.4 were recorded, with a minimum point DF of 1.2. 

Visual comfort probability (VCP), is a rating on a scale 

of 0-100, given to indoor fixtures (in a uniform system 

with identical fixtures) to indicate how well accepted 

they are likely to be by the area's occupants.  

A VCP rating of 75, for example, indicates that 75% of 

the occupants in the poorest location would not be 

bothered by direct glare. Interviews with the occupants 

were conducted after the implementation of the system 

concurrently with the application of questionnaires, 

which showed a VCP of 87%, which was considered as 

acceptable.  

On the other hand, glare was also evaluated in this work. 

This condition is defined as the particular situation that 

could cause discomfort or could reduce the visual 

performance, the visibility and the capability to define 

details and objects, caused by a not suitable luminance 

distribution or by high luminance contrasts within the 

visual field. The effect associated to the reduction of the 

visual performance, but not necessarily coupled with 

discomfort sensations, is defined as “disability glare”, 

whereas the discomfort sensation perceived and not 

necessarily coupled with the possible reduction of the 

visual performance, is defined as “discomfort glare”. The 

particular location, of the sunlight device, its geometry 

and design prevented the glare problem into the adjacent 

spaces of the building investigated. Therefore, the 

occupants do not have views to high luminance contrasts 

within their visual field. 

LIFE CYCLE AND COST OF THE SUNLIGHTING 

SYSTEM 

The life cycle of the sunlight system was estimated of 

about 25 years. If this system is industrially built, its cost 

can be reduce up to 30%, to give a total cost of $ 360 US 

Dollars, and considering the annual energy savings in 

electricity bills for the building for lighting ($ 135 US 

Dollars), the payback period has been estimated in 2.7 

years. 

 

 

CONCLUSIONS 

The research and application of an  innovative 

sunlighting system must be aimed at solving the 

quantitative and qualitative requirements of the 

building´s occupants so that their visual tasks are carried 

out properly. The results obtained in this work 

demonstrated the potential of this sunlight system for 

implementation on both in new and existing buildings, 

taking into account variables such as the latitude of the 

location and the geometrical characteristics of the 

building. Therefore, this work concludes that optical 

sunlighting systems can provide adequate visual comfort 

and can save energy, provided it is suitably and carefully 

designed, whilst eventually reducing the emission of 

GHG to the atmosphere. It is expected that a sunlighting 

system such as the one examined in this work can be 

applied in similar buildings aimed at providing economic 

and global environmental benefits, which in turn can 

improve the productivity, efficiency and health of the 

occupants, and eventually develop a more appropriate 

quality of living for the present and future generations. 
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