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ABSTRACT: The “Quality Technical Requirements for the Energy Efficiency Level of Commercial, Services and Public 

Buildings” (RTQ-C) established by the “National Program for Energy Efficiency of Buildings” – PROCEL Edifica - 

considers the modeling of the surroundings of the building optional to evaluate its energy efficiency by computational 

simulation. In this research it is analyzed the influence of the surroundings on the use of daylight in a building and 

thereafter on its energy efficiency label by means of computer simulation. A theoretical model of a non-residential 

building was conceived and simulated using the softwares Energy Plus and Daysim with different surroundings and three 

distinct electric lighting systems. The first one remains activated during working hours. The second is activated by the 

user when needed and the last one is controlled by dimmers with passive users. Results show that the total energy 

consumption of the analyzed model with no surroundings decreases with the proximity of the surrounding buildings. 

However, with the use of daylight only, it is possible to raise the level of energy efficiency of the theoretical model. 
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INTRODUCTION  

The lack of environmental quality has led to high 

energy consumption in large cities in order to provide 

lighting and thermal comfort to users. This condition has 

been changed by the availability of new technologies and 

the consciousness of the scarceness of natural resources 

resulting in strategies for better energy performance and 

comfort. 

The energy performance of a building should be 

analysed from the urban scale [1]. However, existing 

models and simulation techniques are not able to 

represent the whole phenomena present on urban areas 

that affect the energy consumption of the buildings. 

New buildings on the urban texture cause 

economical, social and environmental impacts on its 

surroundings and these are related to the society lifestyle 

[2]. One of the environmental impacts is on the solar 

access as buildings can obstruct the solar radiation and 

daylighting access from others. 

Daylighting as a passive strategy for energy 

efficiency should be applied carefully: a balance between 

lighting and solar gains deriving from it should be found 

[3]. 

Recent survey brings forward the high consumption 

of electricity for air conditioning and lighting systems in 

Brazilian buildings. Measures addressed to motivate 

energy efficiency practices in designing non-residential 

buildings have been established by PROCEL EDIFICA 

(National Program for Energy Efficiency of Buildings) 

through the publication of the RTQ-C (Quality Technical 

Requirements for the Energy Efficiency Level of 

Commercial, Services and Public Buildings). 

The RTQ-C is based on two methodologies to 

evaluate and classify the energy efficiency of these 

buildings: the prescriptive and the simulation methods. 

The last one considers parameters as geometry, thermal 

properties, pattern of use and occupancy, nevertheless, 

modelling the surrounding buildings is optional. 

Integrated simulation (thermal, energy and lighting) 

to evaluate energy efficiency have proved that the 

shading from devices or surrounding buildings can raise 

or decrease the energy consumption of air conditioning 

or lighting systems [4]. 

This research was motivated by the influence of the 

urban geometry on the energy consumption of buildings 

and the public enterprise to evaluate their level of energy 

efficiency. Its purpose was to quantify the impact of the 

shading from surrounding buildings on the level of 

energy efficiency of a non-residential building within the 

context of the Brazilian Labelling Program by integrated 

simulation.  

 

 

BACKGROUND 

The thermal and energy performance of a building 

depends on many variables existing in different scales, 

from its utilization to the urban texture where it is located 

in and the local climate (Figure 1). The interaction 

between the city texture and meteorological factors 

results in specific climatic conditions that differ from 

surrounding rural areas [5]. Indoor conditions and energy 
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consumption are under influence of the configuration of 

the buildings, streets, constitution of the surfaces and this 

specific microclimate in order to provide comfort to the 

users [5]. 

 

 

 

Figure 1 – Parameters that influence on the building 

performance. 

 

 

Use of daylighting can save energy but its availability 

is restricted in large cities due to the building density, 

height and width of streets. The arrangement of the 

buildings should allow a minimum solar access to 

provide energy gains and daylighting indoors to reduce 

artificial lighting needs [2]. 

In cold climate countries, the solar radiation is a good 

source to provide lighting and heat to indoor 

environment resulting in energy savings with heating and 

electric lighting. Although, this is an incompatible 

strategy with the reality of tropical climate countries, as 

Brazil. 

Solar radiation is an external factor whose availability 

depends on urban geometry (due to shading from 

surrounding buildings) and whose use depends on the 

own building (property of materials, openings, geometry 

and shading devices). This natural source provides 

daylighting but, on the other hand, undesired heat gains 

during some periods of the year, resulting in high 

consumption for cooling. 

National researches investigate the importance of 

solar radiation on energy consumption and highlight its 

careful study during the design process. The exposed 

area of façades, time shading and Sky View Factor 

(SVF) [6], and design factors, as the shading of openings 

[7], can have significant influence on the energy 

consumption of buildings. 

The energy efficiency of a building must be evaluated 

taking into account not only the own building but the site 

where it is located. Thinking about existing phenomena 

in urban scale can improve the energy performance of 

buildings [1]. 

The practices to motivate energy efficiency in 

buildings can be split into regulation and rating. 

Regulation is the establishment of minimum criteria to be 

accomplished from material properties to environmental 

or energy performance. Rating systems can be based on 

accomplishment to the regulation or comparison of the 

proposed building with a reference one through 

simulation or measurements. 

 

 

NATIONAL OVERVIEW 

Brazilian buildings account for 44% of the total 

amount of electricity consumption in the country [8] and 

most of it is intended to supply lighting and air 

conditioning needs (Figure 2). 

 

 

 

Figure 2 – Final use of electricity by commercial sector [9]. 

 

 

In 2001 the Law n°10.295 [10] was published and 

resolved that should be developed measures to promote 

energy efficiency of existing buildings. In 2003 it was 

officially published the Quality Technical Requirements 

for the Energy Efficiency Level of Commercial, Services 

and Public Buildings (RTQ-C) which embraces technical 

requirements and methods to evaluate and classify the 

energy efficiency of these buildings. 

The evaluation consists on comparing the total annual 

energy consumption of 5 models: the proposed building 

and 4 reference models that represent the same building 

but with properties in accordance with the levels of 

efficiency: A, B, C or D (level “A” is the most efficient, 

while “D” is the least). The total annual energy 

consumption of the proposed building should be the 

same or smaller than the reference model. 

Nowadays, according to RTQ-C, including the 

surroundings in the simulation method is optional, and it 

must be simulated only in the proposed model. In this 

case, when the surroundings are modified, the energy 

efficiency and thereafter, the label might changes. 

 

 

METHODOLOGY 

The methodology applied to evaluate and classify the 

level of energy efficiency was based on the simulation 

method of RTQ-C. The aim of this paper was to evaluate 

the impact of the surroundings on the level of energy 
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efficiency of an office building with different lighting 

systems with or without the use of daylighting. 

Therein a hypothetical model of an office building 

located in São Paulo, Brazil, was created with openings 

facing North and South. Different lighting systems were 

modelled as three distinct surroundings: isolated and 

neighbouring buildings 10 m and 5 m away from North 

and South façades of the analysed building and with the 

same height of the studied building (Figure 3): 

 

 

 

 

 

Figure 3 – Configurations of the studied model. 

 

 

With Daysim it was possible to predict the use of 

each lighting system due to different surroundings along 

the year and their energy consumption was estimated 

with Energy Plus. The lighting systems simulated were: 

 electrical lights active during working hours; 

 electrical lights activated with manual 

switches by active users when needed; 

 electrical lights triggered by passive users  

(who keep the electric lighting switched on 

throughout the working day) and controlled 

by dimmers. 

The occupancy was defined as weekdays from 8am to 

5pm. Each room is occupied with 9 people each with a 

computer and air renovation rate 27m³/hour/person. 

The heat gains from the computers (including desktop 

and monitor) was estimated at 95W and from people at 

130W (office activity level). 

The minimum level of illuminance on the work plane 

(85 cm height) was established in 500 lux (as 

recommended for office activity [ABNT, 1992]). 

The envelope, lighting and air conditioning systems 

were modelled within the limits prescribed for level B of 

energy efficiency in order to verify the possibility of 

level change (Table 1): 

 

 

Table 1- Properties for envelope, lighting and air conditioning 

  U-value 

(W/m².K) 

Solar 

absorptance 

Roof    

 conditioned areas 1,18 0,70 

 un-conditioned 

areas 
1,40 0,70 

External walls 2,49 0,40 

  Solar 

Factor 
WWR

1
 

Glazing 0,83 19% 

 LDP
2
 

(W/m²) 
 

Lighting   

 offices 12,3  

 aisle 7,3  

 wc/store 5,2  

 COP
3
 

(W/W) 
 

Air conditioning 2,8  

 

 

The properties for the envelope, lighting and air-

conditioning of the reference models were defined as 

recommended by RTQ-C according to each level of 

efficiency. Some specific features should be the same as 

for the proposed model: weather file, geometry, 

orientation, use and occupation, equipments and air 

conditioning system type (Figure 4). 

 

 

  
 

  

Figure 4 – Reference models for levels A, B, C and D of energy 

efficiency (from upper left to lower right). 
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3
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The WWR of the reference models (Table 2) was 

calculated by an equation provided by RTQ-C for the 

particular climate and shape. This equation takes into 

account geometry, Solar Factor, WWR and shadings 

(from the devices and the self building). 

 

 

Table 2 - Window-Wall Ratio for reference models 

Level A Level B Level C Level D 

0,17 0,29 0,41 0,53 

 

 

RESULTS AND DISCUSSION 

The models were named with letters in order to 

simplify its citation in text and graphs: 

“B” refers to the studied building, “REF_A” to the 

reference model (in this case, level A). 

Letters referencing the lighting system are “d” for 

dimmer with passive user and “i” for manual switch and 

active user (no “d” or “i” means electric lights active all 

working hour). For the surroundings: “e” is for 

neighbouring buildings 10 m away from façades and 

“e2”, buildings 5 m away from façades. 

The models which take advantage of the daylight by 

the control of electrical lights (by active users or 

dimmers) are classified as level “A”, as their energy 

consumption is smaller than the reference model level 

“A” (Figure 5). The same condition can be noticed even 

when these models are surrounded by other buildings. 

The lighting system with dimmers was set to be 

operated by passive users which led to higher levels of 

energy consumption than the manual switch operated by 

active users. 

 

 

 

Figure 5 – Total annual electricity consumption of all analysed 

models. 

When the models are surrounded, the proximity of 

the other buildings can reduce or increase the total 

energy consumption, depending on the demand of 

lighting and air conditioning systems, as other 

equipments are set to invariable use (Figure 6). 

The use of the lighting system is almost invariable 

along the year in the models “B”, “Be” and “Be2”, so the 

reduction on the total use of electricity with the 

proximity of the surroundings is a result of the air 

conditioning demand. Regardless of this reduction, it was 

not enough to improve the level of energy efficiency 

(Figure 6). 

 

 

 

Figure 6 - End use of electricity by the models 

 

 

The correspondent parcel of the use of air 

conditioning in the isolated models varies from 12.86% 

to 20.85% (Figure 7 to Figure 9). The contribution of the 

lighting system varies from 48.6% in the model with no 

daylight use (Figure 7) to 30.14% and 15.87% in models 

with daylight use (Figure 8 and Figure 9). 
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Figure 7 - End use for the isolated model with lights on during 

working hour. 

 

 

 

Figure 8 - End use for the isolated model with dimmers. 

 

 

 

Figure 9 - End use for the isolated model with manual switch. 

 

 

The WWR of the studied building contributed to the 

models using daylight to achieve a better level of 

efficiency. The WWW for the studied building was 19% 

while for the reference model level “A”, 17%. This 

confirms the results obtained by national researches 

[Rocha 2007, Lima 2007] that highlight the relevance of 

the relation between solar radiation and openings in the 

energy performance. 

 

 

CONCLUSION 

In this particular case, the shading from surroundings 

contributed to reduce the energy consumption in most of 

the simulated models, although not enough to raise the 

level of energy efficiency. 

The chosen lighting systems, which have taken into 

account the contribution of the natural lighting, allowed 

high energy savings when compared to a system 

activated along the working hours (which is typically 

seen in office buildings). 

Beyond the lighting system modelled, the energy 

savings are directly related to the WWR and the results 

confirm its relevance on the energy performance. But this 

is a particular case, as the demand of the air conditioning 

system did not show a great variation.  
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