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ABSTRACT: Building energy simulation is being increasingly used as architectural design research tool, since it 

allows a detailed comfort and energy consumption evaluation. In Brazil, the simulation practice has begun by 

professionals in the construction industry, encouraged by Procel/Eletrobrás public agency, which aims to consolidate 

energy efficiency practices and was one of the promoters of the energy label for buildings launched in 2009. This 

paper discusses some of the modeling criteria required from the energy label regulation for a naturally ventilated 

educational building in Brazil. It also indicates some solutions not previewed in the regulation, as well as some 

simulation limitations of the adopted software, Energy Plus, and some valid simplification decisions which improved 

simulation speed. The building is composed of a complex spatial arrangement, with zones of different uses and 

different height and area. The analysis was performed in the perspective of the regulation comfort indicator: occupied 

hours of comfort in each zone and in the building, using ASHRAE 55 as the comfort criteria. Temperature gradients, 

neighborhood shading and zoning decisions are some of the discussed features. The model resulted in label B for the 

building, in a five level scale which A is the most efficient.  
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INTRODUCTION  

The building energy efficiency labeling programs are a matter 

of interest worldwide, adopted in many countries and under 

development in others [1]. The energy consumption of 

buildings accounts for 40% of annual global energy 

consumption and labeling programs and are the top-performing 

options for obtaining fast improvements [2]. In Brazil, the 

Quality Technical Requirements for Energy Efficiency Level of 

the Commercial, Service and Public Buildings (QTR-C) [3] 

contains the requirements to label commercial buildings based 

on two methods, the prescriptive and the simulation methods.  

 

The use of computer simulation of buildings for compliance 

to energy efficiency programs is adopted in several labeling 

programs. The QTR-C simulation method presents the 

simulation basic requirements such as software compliance 

with ASHRAE Standard 140 [4] and hourly multizone 

simulation. It presents two different modeling procedures 

according to the building conditioning mode: for buildings with 

any HVAC system and for naturally ventilated buildings. For 

the first conditioning mode, a comparative analysis must be 

performed with the energy consumptions of a proposed model 

based on the building design and a similar reference model 

based on the prescriptive method. For the latter, the percentage 

of hours with occupation in thermal comfort must be obtained 

[3, 5].  

 

Several building energy simulation softwares are available, 

and differ from each other in their potentials and limitations. 

Crawley et al [6] presents specific and general analysis of the 

major simulation tools. One of the most used software is 

EnergyPlus, which was used to develop the QTR-C prescriptive 

method [7]. It is not a user friendly software and, besides some 

universities efforts, simulation is seldom practiced, used in less 

than 5% of labeled buildings and restricted to some energy 

consultants and universities [1, 2]. Also, simulations usually 

aim air conditioned buildings. However, for most of Brazilian 

weather conditions, naturally ventilated buildings can used to 

obtain thermal comfort while maintaining low energy 

consumption [8].  

 

Until the present moment, QTR-C modeling procedures for 

naturally ventilated buildings were not evaluated since they 

were not used in a complete building. The discussion regarding 

natural building simulation is large and complex. The bestest 

method for multi-zone airflow was not significantly improved 

since 2008 [9], when IEA final report was published. Other 

simulations focus on wind drafts or HVAC airflows simulation 

softwares [20].  

 

Crawley et al [6] also points out that only a few tools 

claims to deal with natural ventilation and fewer support 

airflow via a wind pressure network model, which difficult the 

study of naturally ventilated buildings. Also, due the great 

complexity of factors that influence the ventilation, the 

softwares usually incorporate it in a simplified way [10]. 

 

This paper discusses some of the modelling criteria 

required to label a naturally ventilated educational building 

according to the Brazilian Labeling Program. It also discusses 

some solutions not previewed in the regulation, as well as some 

simulation limitations of the adopted software - Energy Plus - 
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and some valid simplification decisions which improved 

simulation speed while did not affect the efficiency level. The 

discussed issues are the modelling of wind pressure coefficients 

and the surrounding obstructions for an airflow network model, 

internal equipment loads and schedules and thermal zones 

impacts on efficiency.  
 

 

THE BUILDING AND THE EVALUATION 

METHOD 
This paper is the result of the analysis of the modeling process 

and simulation of the Engineering Laboratories building of the 

Federal University of Viçosa, located in Viçosa city, in Brazil, 

20.8oS 42.9oW. The energy performance evaluation by the 

simulation method followed the parameters specified in QTR-C 

[3]. 

 

 The building is naturally ventilated and presents 

architectural features such as skylights, sheds and high thermal 

inertia. Figures 1 and 2 presents the model in Open Studio 

Plugin for Google Sketchup of the 4986 m² floor area while 

lighting and equipment internal loads and occupation are 

presented in Table 1.  

 

Figure 1 - North view of the building. 

 

Figure 2 - South view of the building. 

Table 1 - Internal heat gains and occupation. 

 

Lighting 

[W/m²] 

Equipment 

[W/m²] 

People 

 [m2 per person] 

Total 5.0 41.2 12.0 

Maximum 12.4 876.8 50.6 

 
In QTR-C, the simulation method is an important 

alternative evaluation method due to its capability of 

quantification of different energy efficiency strategies 

resources, enabling to measure their influence of those 

strategies solely or combined in the final results [5].The 

EnergyPlus software performs the integrated simulation of the 

airflow network model and thermal loads in a multizone model 

calculation [6, 8, 11], which is appropriate to the needs of the 

QTR-C. Although it is not quantified by any national survey, it 

is known that a large number of Brazilian non-residential 

buildings are naturally ventilated. 

 

 For the presente simulation, operative temperatures were 

obtained, for the hours with occupation during the whole year, 

and the hours in which comfort was met according to ASHRAE 

Standard 55 [12] indicated the efficiency of the ventilated 

building. Therefore, the indicators used in this paper are 

operative temperature of the thermal zones, hours in which 

comfort was met and the efficiency level reached by the 

building or by the zones.     
 

 

WIND PRESSURE COEFFICIENTS 

Natural ventilation through the building envelope influences 

building heat loss and moisture transfer [10], which is an 

important strategy to achieve thermal comfort and to provide 

passive cooling in the spaces [13]. It is one of the main energy 

conservation measures in warm and humid climates [14], 

considering that it reduces energy consumption and it improves 

air quality and thermal comfort [13].  

 

In buildings, the air flow is related to the openings design 

and differences in air pressure between two spots. The 

aerodynamic effects on the façade are affected by the building 

geometry and surroundings arrangement which results in zones 

with positive and negative pressures [14]. Thus, the correct 

detailing of the wind pressure coefficients (WPC) is essential 

for the accuracy in the calculations related to the natural 

ventilation [15], although it was observed that different sources 

provide high uncertainties in airflow multizone models [10]. 

The solution to reduce uncertainties was the use of the same 

sources adopted by the development team of the building 

labeling program [15]. 

 

In EnergyPlus, the airflow system is modeled using one 

node for each thermal zone and one node for each façade, or 

even each fenestration or opening [14]. All these nodes are 

connected by interior and exterior openings, creating a network 

of pressure fields. EnergyPlus may estimate the pressure 

coefficients for the building, but this option has some 

limitations: it applies for buildings with rectangular floor plans 

and does not consider surrounding obstructions [16]. The 

manual option was then used to insert the exterior pressure 

coefficients.  

 

Some tools used to calculate the pressure coefficients are 

developed from databases of studies in wind tunnels, as 

CpCalc+ or TNO CpGenerator. However, the methods to 

estimate the WPCs usually perform calculations using 

rectangular solids [14] and there is no effective method for 

evaluating the wind pressure coefficients for complex cases 

[10]. This creates a great difficulty for an accurate evaluation of 

naturally ventilated buildings with non-rectangular floor plans, 

such as the Engineering Laboratories building. 

 
The chosen method to overcome this limitation was the 

fragmentation of the building geometry in three other 

rectangular geometries (Fig. 3). WPCs were calculated using 

the TNO CP Generator [17], an online tool which estimates 

WPCs for facades and roofs of buildings considering the 

surrounding obstructions. The tool calculated the WPCs for 

facades of one of the rectangular geometries, while the other 

two were described as surrounding obstructions, along with 

other existing obstructions (Fig. 4). The procedure was repeated 

for each of the three rectangular geometries of the building and 

for all façades. 
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Figure 3 - Representation of the volumetric simplifications, 

used in the calculation of the wind pressure coefficients. 

 

Figure 4 - Volume representations of the first step of the 

procedures of WPCs calculations. 
 

 

INTERNAL HEAT GAINS FROM EQUIPMENT 
As mentioned, the simulation method for buildings with air 

conditioning systems is based on a comparative approach. The 

equipment internal loads are identical for the proposed and for 

the reference models, which guarantee the similarity for the 

comparison. However, equipment internal loads in naturally 

ventilated buildings present an active role on thermal comfort 

and the QTR-C doesn´t indicate any method to model such 

parameters, neither provides standard parameters to be inserted. 

This last option isn´t a statement, since the building 

performance must be related to its own internal loads, but is 

one of the solutions usually adopted in simulation procedures 

[3]. Actually, the equipment loads must be modeled according 

to the design, but equipment loads are easy to be changed and, 

more, it is not clear the decisions or simplifications that may be 

adopted in the modeling process.    

 

Some studies in Brazil provided the energy use pattern in 

Brazilian commercial and educational buildings [18]. Other 

publications and standards indicate default values to be used in 

calculations of internal loads [19]. The Engineering 

Laboratories building, however, contains a complex spatial 

array which includes eleven research laboratories in 36% of the 

building total area. Table 2 presents the main uses of the rooms 

in the building. The laboratories present different purposes and 

areas and consequently several equipment with unique loads 

and schedules. This condition leads to questions about the 

accuracy of simulation results in the case of using standard 

equipment internal loads. 
 

A survey based on interviews with the professors in charge 

of each laboratory provided their typical loads and schedules, 

as presented in Table 3 and 4. It must be noted that some 

laboratories have high densities of equipment loads which is a 

result of the type of equipment used in indoors, as in the lab 5, 

with 876.8 W/m², which is a welding laboratory and, among 

other equipment, have two welding power sources, with a 3-

phase input power and, respectively, 37.4 kW and 23.8 kW. 

 

 

Table 2 – Main internal uses of rooms. 

 

Amount Area (m²) 

Labs 11 1809.4 

Classrooms 4 226.0 

Auditorium 1 131.4 

Offices 23 527.9 

Meeting Room 1 65.4 

Table 3 - Loads of equipment for each laboratory and their respective 
areas. 

Thermal 

Zones 
Area (m²) 

Loads of equipment in the model with 

data from the interviews (W/m²) 

Lab. 1 327.4 27.6 

Lab. 2 92.2 6.5 

Lab. 3 89.2 27.2 

Lab. 4 89.2 99.2 

Lab. 5 86.8 876.8 

Lab. 6 18.2 114.6 

Lab. 7 72.9 48.0 

Lab. 8 72.9 8.2 

Lab. 9 182.9 304.0 

Lab. 10 182.9 182.5 

Lab. 11 594.9 73.0 

Table 4 - Schedules of the percentage of the equipment loads in use on 

the working hours. 

Thermal Zones 8h - 10h 10h - 12h 14h - 16h 16h - 18h 

Lab 1 20% 60% 80% 40% 

Labs  2, 3 and 4 60% 30% 20% 80% 

Labs  5 and 6 20% 60% 80% 60% 

Lab 7 25% 50% 50% 50% 

Labs 8 and 11 50% 50% 75% 75% 

Labs 9 and 10 25% 50% 75% 50% 

 

Then, simulations were performed with three different 

models to evaluate the relevance equipment loads upon hours 

of thermal comfort in the laboratories. In Model 1, the thermal 

zones corresponding to the laboratories were set up with 

equipment data from the survey according to Table 3. In Model 

2, the average load density of 133 W/m² was used in all 

laboratories and in Model 3, no equipment load was inserted.  

The schedules were not modified from model 1 to model 2. 

 

Figures 5 show what was expected, that the equipment 

loads have significant influence on the comfort level. The 

increase in equipment load density resulted is an improvement 

in the comfort level and the decrease caused a decrease in those 

levels. But the average load density resulted in higher hours in 

which comfort was met, except in lab 5, which model 1 

presents the higher density (table 3). It is worth to note the lab 

3, which average density resulted in an increase of 105.8 W/m² 

from the model 1 for the model 2 and improved the percentage 

of hours of the year in comfort from 66% to 86%. Then, in 

general, the average density adopted in model 2 resulted in 

higher thermal loads. 
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Figure 5 - Percentage of hours of the year in comfort from the 

tree models for the laboratories. 
 

 

THERMAL ZONES 
The building presents a set of three integrated laboratories 

which occupy a large floor area, 722 m², and have a mutual 

ceiling height of 9.2 m with vertical openings of 1.5m at the 

roof. Their partitions are 3 m high walls, resulting in a large 

shared volume of air above (Fig. 6). They are naturally 

ventilated by openings located in opposite sides, some 2.35 m 

high in one side and others 4.80 m high in the opposite side. 

This peculiar configuration led to questions about the 

appropriate method of modeling their thermal zones. 

 

 

Figure 6 - Representation of the space of three laboratories. 

As thermal zones usual modeling procedures, each zone 

represents one thermal condition, or one node. In this case, four 

main phenomena may present different effects on the building 

performance according to the zoning method: (1) thermal 

radiation from roof, (2) solar beam radiation from windows, (3) 

crossing ventilation from the exterior environment to adjacent 

rooms, like corridors and offices, and, finally, (4) the chimney 

effect. Considering the first phenomena (1), thermal radiation 

from roof affects the thermal zone in which it is located. For 

(2), EnergyPlus presents different solar distribution calculation 

models defined according to the simulator needs. The present 

simulation used an option in which solar beam radiation from 

windows is distributed to walls and floor. For crossing 

ventilation (3), the number of openings raised the doubt if an 

unique node could perform the appropriate air changes and, 

consequently, if the rooms achieve the appropriate 

performance. Several openings in contact with the outside 

environment and with several others internal spaces, at different 

heights and in the ceiling, represent an oversimplification, 

which could result in inaccurate levels of comfort. And finally, 

for the chimney effect (4), the software does not combine it 

with the airflow network in one simulation. This last limitation 

could not be solved and the chimney effect was excluded from 

the evaluation. For the other limitations, (1), (2) and (3), the 

raised question was if it is necessary to split very large 

environments into several thermal zones.  

 

The accuracy of the result is related to the evaluation 

regarding the simulation purposes. Considering the use of a 

thermal comfort index, the focus must be the user and the zone 

(or node) - in which occupation actually occurs - must be used 

to calculate the efficiency level. On the other hand, if the 

building is evaluated, an index based on an average of all 

nodes, which are part of the laboratory(ies), must be used. In 

this case, it is a comfort index, but another index could be used 

since the focus is building performance and not the user 

comfort. In this work, the average index was adopted when 

necessary.  

 

Simulations were performed in three different models in 

order to obtain more detailed information of the thermal 

performance throughout the room and to evaluate the best 

modeling option. Model 1 has just one thermal zone for all the 

described space of figure 6. Model 2 has three thermal zones - 

one for each laboratory-, while Model 3 has nine thermal zones, 

which were based in Model 2, but split in three other zones 

along its height (Fig. 7). In Models 2 and 3, the horizontal 

connections between the thermal zones were guaranteed with 

large vertical windows placed in 99% of its partitions and 

configured to be always opened. In Model 3, the vertical 

connections between the thermal zones were guaranteed with 

large horizontal windows placed in 99% of its ceilings and 

floors and configured to be always opened, as seen in figure 8.  

 

Figure 7 – Representation of Model 1, Model 2 and Model 3. 
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Figure 8 – Representation of large vertical and horizontal 

windows that connect the zones. In the example, two 

laboratories are shown. 

Tables 5, 6 and 7 present the results of the percentage hours 

of the year in which comfort is met and the operative 

temperatures in the laboratories, in ventilated mode and free-

floating mode (no natural ventilation of HVAC system). 

 

They show that the differences between the models are 

minimal in the evaluation of the hours in which comfort is met. 

The maximum difference of annual mean operative temperature 

is 0.2ºC (22ºC in model 1, 21.9°C in model 2 and 21.8°C in 

model 3) and the maximum difference in percentage hours of 

the year in comfort between the models is 3% (88% in model 1, 

87% in model 2 and 85% in model 3) considering the ventilated 

mode. For free-floating mode, the maximum difference is 4% 

(from model 1 to model 3).  

 

However, the results show significant differences in the 

efficiency level reached by the building. Table 8 present the 

results of the efficiency level reached by the laboratories and by 

the building, for each of the tree models. The difference 

between the efficiency index of long term occupation rooms of 

model 1 and 2 is 0.05, which  is not enough to modify the 

efficiency level, but the difference in the efficiency index from 

model 1 to model 2 of the complete building is 0.12, which 

results in a decrease on the efficiency level from A to B. The 

differences in the efficiency index between models 1 and 3 are 

0.29 for the long term occupation rooms and 0.38 for the 

complete building, resulting, in both cases, in a decrease of the 

efficiency level from A to B. Then, although the modeling 

method does not require any procedure, it is preferred to model 

a single zone in order to save modeling and running time. 

Table 5 - Simulation results of model 1 for the three laboratories as one 

single thermal zone. 

 Model 1- Ventilated Model 1 – Free-floating 

Modeled 
Zones 

Percentage 

of hours in 
comfort 

Mean annual 

operative 
temperatures 

Percentage 

of hours in 
comfort 

Mean annual 

operative 
temperatures 

Zone 1 88% 22.0 89% 22.3 

Table 6- Simulation results of model 2 for the three laboratories as 

three thermal zones. 

 Model 2 - Ventilated Model 2 – Free-floating 

Modeled 

Zones 
Percentage 
of hours in 

comfort 

Mean annual
 operative 

temperatures 

Percentage 
of hours in 

comfort 

Mean annual 
operative 

temperatures 

Zone 2.1 88% 22.1 88% 22.2 

Zone 2.2 86% 21.7 86% 21.9 

Zone 2.3 87% 21.8 87% 22.0 

Average 87% 21.9 87% 22.0 

Table 7 - Simulation results of model 3 for the three laboratories as 
nine thermal zones. 

 Model 3 - Ventilated Model 3 – Free-floating 

Modeled 

Zones 

Percentage 

of hours in 
comfort 

Mean annual 

operative 
temperatures 

Percentage 

of hours in 
comfort 

Mean annual 

operative 
temperatures 

Zone 

3.1.1 
88% 21.8 89% 21.8 

Zone 
3.1.2 

86% 21.9 87% 22.0 

Zone 

3.1.3 
81% 21.6 81% 21.6 

Zone 
3.2.1 

82% 21.4 82% 21.5 

Zone 

3.2.2 
86% 21.9 86% 22.0 

Zone 
3.2.3 

82% 21.7 82% 21.9 

Zone 

3.3.1 
86% 21.8 86% 21.9 

Zone 
3.3.2 

89% 22.2 89% 22.4 

Zone 

3.3.3 
83% 22.1 83% 22.2 

Average 85% 21.8 85% 21.9 

Table 8 – The efficiency index for comfort and the efficiency level (A is 
the higher and E the lower efficiency), reached by the building, for 

each of the three models. 

 
Model 1  Model 2  Model 3  

Rooms of  

long term 
occupation 

4.66 A 4.61 A 4.37 B 

All Building 4.56 A 4.44 B 4.18 B 

 

 

SURROUNDDING OBSTRUCTIONS IN 

SIMULATION 
The inclusion of the surroundings obstructions by other 

buildings and by the topography is optional in the simulation 

method [7]. This flexibility allows testing both possibilities, 

with and without the surroundings obstructions, to achieve the 

best result. 

 
The simulation was performed with two models, 1 and 2, 

with and without surrounding obstructions respectively, in 

order to evaluate the relevance to consider the surrounding of 

the building in the comfort levels. The surrounding was 

modeled as shading devices in the EnergyPlus geometry model 

(Fig. 9) and as ventilation obstructions in the WPCs calculation 

(Fig. 4) for the airflow network model. The solar distribution 

calculation model of EnergyPlus considered the diffuse 

radiation gains by reflections on ground and vertical 

obstructions. The WPC modeling was discussed previously.  

 

 Figure 9 - EnergyPlus model with the surrounding. 
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Table 9 shows that shadings and obstructions were relevant 

in the comfort of the long term occupancy rooms. Energy 

efficiency index increased from model 1, with the surrounding, 

to model 2, without the surrounding. The average difference of 

efficiency caused by ventilation obstructions wasn´t relevant, as 

seen in Table 10. However, the differences in solar incidence 

are high, especially in winter and autumn (Table 11). 

Considering that the hours in which comfort were not met 

happened due to low temperatures, shading may affect the 

thermal comfort and, consequently, the energy efficiency label.  

Table 9 - The equivalent number of comfort by area and the efficiency 

level, reached by the building, for each model. 

 
Model 1 - With the 

surrounding 
Model 2 - Without the 

surrounding 

 

Equivalent 

number of 
comfort by 

area 

Efficiency 
Level 

Equivalent 

number of 
comfort by 

area 

Efficiency 
Level 

Areas of 

Prolonged 
Permanence 

4.61 A 4.66 A 

All Building 4.44 B 4.53 A 

Table 11 - Differences between the sunlit area of exterior surfaces from 

model 1 for model 2. 

 
Summer Autumn  Winter Spring All Year 

Percentage 
Increased 

5% 10% 10% 5% 7% 

Table 10 - Mean annual surface exterior convection coefficient. 

 
Model 1 Model 2 

Mean Annual Surface Ext 
Convection Coeff 

3.44 3.43 

 

 

 

CONCLUSION 
This paper discussed some assumptions for the simulation a 

naturally ventilated building according to the Brazilian 

Labeling Program.  

 

It presented some tests performed in order of some 

limitations in the simulation software, EnergyPlus, or due to the 

labeling requirements. Internal gains, ventilation and shading 

impacts and thermal zoning methods were discussed in the 

viewpoint of the labelling requirements and objetives.   

 
 The assumptions were tested by simulation and some 

simplifications were pointed out, as the use of one thermal zone 

or the consideration of the importance of solar incidence upon 

ventilation obstructions. Other procedures were not presented 

as a final conclusion, like the adoption of real equipment 

internal loads or standard loads from literature, but they were 

discussed and information was added to the existing issues.  
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