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ABSTRACT

The energy power consumption in Brazil grows at
rates similar to GDP. Aiming to promote the energy
conservation in commercial buildings, the Brazilian
Government developed a regulation to classify such
buildings by their energy efficiency level. The
regulation allows the energy efficiency level of a
building to be rated by a prescriptive method, or
alternatively, by building simulation method. This
paper describes the methodology used to evaluate the
energy efficiency level of a commercial building for
the Brazilian classification process using the building
simulation method. A commercial building has been
selected to showcase the application of simulation
method and its results.

INTRODUCTION

The continuous growth in living standards of certain
segments of the populace in the developing countries
is paralleled by energy consumption in buildings
(Rosa et al, 2004).

The energy power consumption in Brazil grows at
rates similar to GDP. In 2010 the energy power
consumption raised 7.8% compared to the year
before (EPE, 2011a). According to Brazilian Energy
Research Company (EPE, 2011b), it is estimated an
annual increase rate of 4.8% for the next 10 years,
largely due to commerce and services sectors, which
will grow at 6% per year. In 2009, the residential,
commercial and government sectors were responsible
for 47.6% of total electricity consumption, with the
commercial and government sectors consuming
23.7% (BEN, 2010). Due to its mild climate, energy
consumption for heating is not common. However,
50% of the electricity produced in Brazil is
consumed not only in operation and maintenance of
buildings, but also in artificial systems for
environmental comfort (lighting, air conditioning and
water heating) (Amorim et al, 2010).

In 2001, after an energy crisis struck the country,
after 10 years in Congress, the Brazilian Government
finally approved law number 10295 on October 17,
2001 (Federal Government, 2001) promoting
efficiency initiatives for equipment and buildings.

This made possible the creation of a committee to
develop regulations for energy efficiency in

buildings, such as national standards and building
codes (Carlo et al, 2003).

Aiming to promote the energy conservation in
commercial buildings, the Brazilian Government
developed a regulation to classify such buildings by
their energy efficiency level. The Quality Technical
Requirements for Energy Efficiency Level of the
Commercial, Service and Public Buildings - RTQ-C
(INMETRO, 2010), released in 2009 as part of the
Brazilian Labeling Program, specifies technical
requisites and the methods to classify commercial
buildings regarding their energy efficiency.

The building labeling process in Brazil is non-
mandatory and is achieved in two phases: project and
built building. In an early stage, the project of
proposed building is evaluated, rated and labeled
through five possible levels (crescent efficiency, A to
E). After completion of the building construction an
inspection is carried out for confirmation or
reevaluation of the label.

The building energy efficiency level can be
determined either by prescriptive method or by
simulation method.

The current paper presents an introduction to the
process of Energy Efficiency Labeling for Brazilian
Commercial Building using the simulation method
and the application of a user case. A brief description
of the prescriptive method is also presented.

PRESCRIPTIVE METHOD

Fundamentals

In the prescriptive method, the building envelope
performance, the lighting system efficiency and the
air conditioning efficiency are evaluated separately
and classified into one of five possible levels of
efficiency. Then, the general classification of the
building is determined considering the following
weighting: building envelope (30%), lighting system
(30%) and air conditioning system (40%). Also, there
are bonuses that can increase the building’s overall
energy efficiency level. A building energy efficiency
label by prescriptive method is shown in Figure 1.
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Figure 1 Building Energy Efficiency Label —
Prescriptive Method

Envelope

Envelope energy efficiency rating by the prescriptive
method is carried out by means of a consumption
index (IC), which is obtained by a specific equation
according with the building projection area and the
bioclimatic zone where the building is inserted
(Brazil is divided in 8 different bioclimatic zones
(ABNT, 2005)). There are two equations for each
bioclimatic zone, one for building projection areas no
larger than 500m? and the other for buildings with
projection areas larger than 500m?. For instance, the
equation for buildings with projection area no larger
than 500 m? and located in bioclimatic zone 3 is
shown below.

IC =-175.30x FA-212.79x FF +21.86 x PAFy
+5.59x FS —0.19x AVS +0.15x AHS

+75.19 x%+ 213.35x FAx FF

—0.04 x PAFT x FS x AVS (1)
—0.45x PAFT x AHS +190.42

Where,

IC: Consumption Index, adimensional;

AVS: Vertical Shadowing Angle, angle measured
in a vertical plane perpendicular to the
window, which is formed between the
window plane and a line that passes through
the inferior border of the window and the
overhang border;

AHS: Horizontal Shadowing Angle, angle
measured in  the horizontal plane
perpendicular to the window, which is
formed between the window plane and a
line that passes through the fin border and
the consecutive fin base;

FF: Shape Factor. It is given by the ratio
between the building envelope area and the
total building volume;

FA: Height Factor, given by the ratio between
the roof area and the total floor area;

FS: Glazed Solar Fator;

PAF:: Total Windows Wall Ratio, adimensional.

The envelope consumption index (ICn,) must be
compared with a numerical scale divided into
intervals that represent a performance level ranging
from A to E. The lesser the obtained indicator is, the
better (more efficient). In order to obtain the numeric
scale, it is necessary to calculate the consumption
index limits for the geometry (upper limit 1Cup,
lower limit ICyy,). These indexes are calculated
through the same equation IC,, using the same
values for FF and FA, altering the parameters
according to the tables 1 for ICyaxp and 2 for ICyp,.

Table 1
IChaxo Parameters
PAF; FS AVS AHS
0.60 0.61 0 0
Table 2
ICin Parameters
PAF; FS AVS AHS
0.05 0.87 0 0

The interval size of each efficiency level is defined
by the following equation:

. (lCméxD - |Cmin)
= )

The upper and lower limits of each envelope
efficiency level being analyzed are defined by Table
3. The comparison between the calculated value of
the envelope consumption index (ICe,) and such
limits allows the identification of the envelope
efficiency level of the proposed project.

In order to endorse the efficiency level obtained by
the calculation of ICg,, the building must comply
with pre-requisites in accordance with the efficiency
level obtained; otherwise the efficiency level is
decreased. Such pre-requisites refer to the maximum
heat transmittance for roof and external walls,
maximum absorptance for outer finishing materials
and roof and maximum solar factor for glasses of
skylight roof openings.
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Table 3

Energy Efficiency Envelope Interval Limits
Level | Lower Limit Upper Limit

A - IChaxp - 3i

B ICmaxp - 31 + 0,01 | ICmaxp - 2i

C ICmaxp - 2i + 0,01 | ICaxp - i

D IChaxo — 1+ 0,01 | IChap

E IChaxp + 0,01 -

Envelope energy efficiency rating by the prescriptive
method is presented in detail in the paper of Batista
et al (2011).

Lighting system

The rating of the lighting system efficiency level by
the prescriptive method can be performed by the
method of building area or the method of building
activities.

The method of building area takes into account all
the building zones and attributes one limit value for
efficiency rating.This method must be used for
buildings with at most 3 main activities or for
activities that occupy more than 30% of the building
area. The procedure consists in identifying the
building’s main activity (for instance, office) and the
corresponding power density for each of the five
levels of efficiency (listed in the methodology
tables). Therefore the comparison between proposed
building global lighting power density and each these
limits allowing identify the lighting system efficiency
level.

The method of building activities evaluates
separately each building zone and must be used when
it is not possible to apply the previous method in the
building. The procedure consists in identifying the
activities in the building and their corresponding
lighting power density limits for each efficiency level
(also tabulated in the methodology). The product
between the floor area of each activity and the
corresponding density limits results in a power limits
for each activity. The building power limits will be
the sum of the activities power limits. By comparing
the proposed building global power lighting with the
power limits, it is possible to identify the efficiency
level of the lighting system.

Similar to the envelope, the lighting system
efficiency level obtained by any of the
aforementioned methodologies will only be ratified if
the corresponding pre-requisites are met. Such pre-
requisites refer to the division of the system’s electric
drive circuit and the existence of feedback control for
automatic system shutdown.

Air Conditioning Systems

The efficiency of the air conditioning system in the
prescriptive method is rated according to the

Brazilian Labeling Program (PBE/INMETRO) for
individual air-conditioners (window and split
models), and all others according to the parameters
based on chronological versions of ASHRAE 90.1
(2007 for A and B level, 2004 for C level and 1999
for D level).

In circumstances when the air conditioning system is
composed of equipment whose energy efficiency has
already been rated by PBE/INMETRO, the system
efficiency level is defined based on the equipment
efficiency level shown by the Label (A to E). If there
is equipment with distinct labels in the same
building, the efficiency level of the system will be
obtained by the weighted mean of the equipment
efficiency and their corresponding electrical power.

In cases when the air conditioning system is
composed of unlabeled equipment, the energy
efficiency level will be defined by the equipment
efficiency according to methodology tables. The
RTQ-C (INMETRO, 2010) contains tables with the
minimum efficiency required for each equipment
(direct expansion conditioners, chillers, cooling
towers, condensers) for rating in levels A, B, C or D.
These tables were based on chronologic versions of
ASHRAE 90.1 Standard (ASHRAE, 2007). The
efficiency level E is assigned when the system does
not fit in any of the others.

Similar to the envelope systems, there are also pre-
requisites for the conditioning system that must be
complied in order to obtain the Label, especially for
obtaining Label A.

SIMULATION METHOD

Obtaining a building efficiency level by the
simulation method consists in comparing the
performance of the proposed (real) building with a
similar building (reference) whose features comply
with the desired efficiency level. Therefore, two
models must be built: the model representative of the
real building (in accordance with the proposed
project) and the reference model (in accordance with
the desired efficiency level). It must be proven that
the annual energy consumption of the proposed
project is equal or lesser than the annual consumption
of the reference building. A building energy
efficiency label by simulation method is shown in
Figure 2.

Simulation program

The simulation computational software must have, at
least, the following features:

e Be a software for
consumption;

Comply with ASHRAE Standard 140;
Model 8760 hours per year;

e  Model hourly occupancy variations, lighting
and equipment power and air conditioning
systems, defined separately for each
weekday and holiday;

building energy
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Model thermal mass effects;

Be able to perform thermal multi-zone
modeling;

Be able to simulate bioclimatic strategies if
adopted in the project;

If the building has air conditioning, the
program must be able to model the systems
listed on ASHRAE 90.1 Appendix G;
Autosizing of the air conditioning system;
Generation of reports with hourly energy
usage.
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Figure 2 Building Energy Efficiency Label —

Simulation Method

Weather file
The weather file must have, at least, the following

features:

Provide hourly values for all relevant
parameters required by the simulation
software;

Bioclimatic data must be representative of
the bioclimatic zone wherein the building is
located;

Must be used weather files and formats
published at www.eere.gov.

Modeling
The model of the proposed building and the reference

building
L]
L]

must be simulated using:

The same simulation program

The same weather file

The same orientation in respect with the
geographic north

The same end use and system operation
(real building values)

The same power electric
equipment

The same type of air conditioning system
(projected for the building). In the reference
model, COP (coefficient of performance)
values must be chosen according to the
tabulated values in the prescriptive method
for the intended efficiency level

The same cooling setpoint and heating
setpoint

density for

Real Building Model
The model that represents the real building must:

Use all the building characteristics in
accordance with the proposed project (wall
and roof transmittance, WWR, wall and roof
absorptance, geometry etc)

Model all different air conditioning systems
of the building

Contemplate the option of window opening
when the strategy of natural ventilation is
used

Use lighting power density of the proposed
project

Consider shadowing apparatus when they
are attached to the building

Optionally, contemplate the shadowing
coming from the surroundings of the
building

Reference Building Model
The reference model must be simulated considering:
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Always using a 3-mm thick simple glass
with solar factor of 0.87

The absence of any shadowing devices
(attached or in the surroundings)
Constructive  materials  that  provide
maximum transmittance and absorptance
limits indicated in the pre-requisites of the
prescriptive method for the intended energy
efficiency level

Lighting power density that equals the
maximum limit indicated in the prescriptive
method for the intended energy efficiency
level

An air conditioning system that is the same
as the real model, except when the
equipment efficiency must adopt maximum
limits tabulated in the prescriptive method
for the intended energy efficiency level

A 2% skylight percentage of roof area using
glass with FS=0.87, for cases in which the
intended level is A or B and the skylight
percentage of roof area is greater than 5% in
the real model

The biggest possible area of glazed vertical
openings (windows) that results in an
intended efficiency level when the
corresponding  equation (prescriptive
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method) for the respective bioclimatic zone
is used

The maximum number of unmet hours in the models
(real and reference) is 10% of the air conditioning
system working hours. Therefore, the air
conditioning system must be dimensioned to meet
this requirement. Bonus can be computed as a way to
improve the building overall labeling when they are
not present in the simulation.

SIMULATION METHOD APPLICATION

To present the application of the aforementioned
simulation method in this paper, a commercial
building has been selected. The simulation software
used was EnergyPlus (EP), developed by the United
States Department of Energy (EnergyPlus, 2011),
approved by BESTEST as required by RTQ-C.

To run the EP model simulation a climate file had
been used, TRY (Test Reference Year) Weather File
from Florianopolis, including bioclimatic data from
this region and representing an average climate year
from a series of 10 years.

Selected Building

The selected commercial edification is a three-floor
building of rectangular geometry, compounded by a
main office building and an annex with restrooms
and circulation areas. The main office has total area
of 871.29 square meters. The annex has a plus shaped
geometry with 676.44 square meters totaling 1547.73
square meters. Both areas have the first floor with 3.8
meters height and the other floors 3.5 meters.

Real Building Model Envelope

The envelope model of the real building was created
based on the detailed project, using the same
geometry and the following material properties:

e 6.0 mm thick clear glasses with solar factor
of 0.83;

o roof materials thickness and properties
providing a 0.40 W/m?.K transmittance;

e exterior walls materials thickness and
properties providing a 0.34 W/m?.K thermal
transmittance;

e exterior walls and roof with solar
absorptance of 0.30 and 0.5, respectively.

The main building envelope had 24.19% total
window wall ratio (PAFy), with 32.8% of glazed
openings in the North and South facades, no glazed
openings in the East and West facades. Also had
shading devices in the North and South facades with
respective angles: 46.8° and 39.7° vertical (AVS),
3.0° and 27.0° horizontal (AHS).

The annex building envelope had 19.33% total
window wall ratio (PAFt), with 25.88% of glazed
openings in the South facade, 29.20% North and
11.57% glazed openings in the East and West
facades.

The entire facility envelope had 21.9% total window
wall ratio (PAF;). The proposed building model
envelope used in the simulation is shown in Figure 3.

Figure 3 - Real Building Model Envelope

Internal Loads

The building typical use is partially related to office
and documentation areas and School use. The
adopted lighting power density levels were 15.0
W/m? for the main building and 10.0 W/m? for annex
building with restroom and circulation areas.

The internal electric equipment was modeled
considering for the main building loads of 6.0 W/m?
in the first floor, 16.0 W/m? for the other floors and
no usage in the annex building.

Occupation

The occupation used considered a total of 140
persons, 35 people in the first floor of the main
building, 45 per floor in the main building and 5 per
floor in the annex building, according to a typical
schedule of working hours (8:00-12:00 and 14:00-
18:00), the same used for air conditioning. The
lighting power density used a schedule with full
density from 8:00-19:00. Electric equipment used a
more detailed schedule, varying the percentage of
internal gains for weekdays, 100% from 8:00-12:00,
60% until 14:00, 100% until 18:00, 40% until 19:00
and 2% for the rest.

Air Conditioning Systems

According to the referred typical use, the main
building was of permanency area, thus conditioned
and the annex building considered non-permanency
and circulation area, therefore non-conditioned.

The air conditioning system adopted for the main
building was air cooled direct expansion split system,
using high wall and cassette evaporators distributed
in each floor and the condensers on the roof.

The proposed model used the coefficient of
performance (COP) designed in the air conditioning
system project (COP=3.4). The proposed system
used the air conditioning project capacities. The first
floor units had total capacity of 63 kW; second floor
38.5 kW; and third floor 42.0 kW. The rest of the
properties apply to all units: supply fans operating
continuously with total efficiency 0.7, motor
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efficiency 0.9 and delta pressure 75 Pa, rated sensible
heat ratio 0.75.

The outdoor air flow rate provided is 0.33 m*/s per
floor area. The setpoint temperatures were 20°C for
first floor and 24°C for the second and third floors.
There was no heating system designed.

Reference Building Model Envelope

Four reference models (each representing an
efficiency level) were created. However, for didactic
purposes only the calculations for the reference A are
going to be demonstrated.

The envelope of the reference model was created
using the same typology of real model, but with the
following material properties:

e 3.0 mm thick clear glasses with solar factor
of 0.87;

o roof materials thickness and properties
providing a 1.00 W/m?.K transmittance;

e exterior walls materials thickness and
properties providing a 3.7 W/m?.K thermal
transmittance;

e exterior walls and
absorptance of 0.40.

These values are determined by methodology for
level A and bioclimatic zone 3.

In order to meet the requirement of the biggest
possible area of glazed vertical openings (windows)
that results in an intended efficiency level, some
calculations must be done. According to the Brazilian
Labeling Program, the reference building glazed area
must be obtained by the use of an equation to obtain
the consumption index limits. In this particular case,
for Bioclimatic Zone 3 (Florianopolis) and building
projection area lesser than 500 m? the selected
equation is the equation 1, presented in the beginning
of this paper.

The maximum consumption index (IC..x) can be
obtained through the use of pre-determined values for
the parameters (table 1): PAF=0.6, FS=0.61, AVS=0
AHS=0 resulting in 1C=383.41. Analogously, the
minimum consumption index, through the use of the
values from table 2: PAF;=0.05, FS=0.87, AVS=0.05
and AHS=0.05, obtaining 1C,,;;=371.85. The interval
size of each efficiency level is obtained by equation
2, where 1=2.89, allowing to determine the
consumption index for each level as showed in table
4,

Once the consumption index limits for each building
reference model level is calculated, the equation 1 is
used to obtain each reference PAF1. Considering the
reference A, the upper limit consumption index is
374.74, FA=0.3333, FF=0.3263, AVS=0, AVH=0,
FS=0.87 resulting in PAF1=13.71.

As PAF; for A reference is 62.62% of proposed

PAF+, the main building envelope had 13.7% total
window wall ratio (PAFt), with 20.53% of glazed

roof with solar

openings in the North and South facades, no glazed
openings in the East and West facades. It had no
shading devices in any facades (AVS=AHS=0°). The
annex building envelope had 12.1% total window
wall ratio (PAF+), with 16.21% of glazed openings in
the North facade, 18.28% in the South facades and
7.25% of glazed openings in the East and West
facades with no shading devices in any windows.

Table 4
Energy Efficiency Envelope Interval Limits

Level | Lower Limit | Upper Limit
A - 374.74
B 374.75 377.63
C 377.64 380.52
D 380.53 383.41
E 383.42 -

Figure 4 shows the reference A building model
envelope used in the simulation.

Figure 4 Reference A Building Model Envelope

Reference Building Model Usage

As stated in the RTQ-C, the reference building
should be modeled using the same end use, systems,
and operations as the proposed building. The main
difference relies on lighting power density values and
air conditioning system performance (COP).

Using the building area method of the prescriptive
method for the reference building lighting power
density levels, the main usage of the selected
example is school/university, thus the maximum
acceptable level is 10.7 W/m? (for Level A), value
used for the entire edification (both main building
and annex).

The air conditioning system modeled in the reference
A building is identical to the one used in the
proposed building model, with a slight variation in
the performance coefficient (COP). The minimum
efficiency required by RTQ-C for air cooled direct
expansion split systems classified as A Level is
COP=3.2.

Although the other building reference models
calculations (B to D references) are not presented,
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their parameters could be obtained using the same
methodology. Table 5 shows the difference between
the proposed model, reference A model and reference
B model.

Table 5
Comparison Models

ITEM REAL REF.A | REF.B
MODELED | MODEL | MODEL | MODEL
PAF; [%] 21.9 13.71 26.93
Shading yes no no
Roof
Transmittance
[W/m?K] 0.4 1.0 1.5
Exterior
Walls
Transmittance
[W/m?K] 0.34 3.7 3.7
Window 6 mm 3 mm 3 mm
Glasses FS=0.83 | FS=0.87 | FS=0.87
Lighting
Power
Density main=15
[W/m?] anex=10 10.7 12.3
Air
Conditioning
Performance
(COP) 3.4 3.2 3.0
Results

The obtainment of building energy efficiency level
by simulation method relies on the comparison of
energy consumption between the proposed building
model and the reference building model. The energy
consumption values are presented in the table 6
divided by end uses.

Table 6
Consumption Results
REAL REF.A | REF.B
MODEL | MODEL | MODEL
[KWh] [KWh] [KWh]
Air
Conditioning 28,782 29,910 52,944
Lighting 56,229 46,945 53,965
Electric
Equipments 28,332 28,332 28,332
Fans 2,159 2,159 2,159
TOTAL 115,502 | 107,346 | 137,400

The total annual energy consumption of the proposed
building model is slightly higher than the reference A
building model, and lower than the reference B
building model, obtaining the Label Level B.

The energy consumption by end uses clearly shows
the weak characteristic of the proposed building
lighting system compared to the reference models.
This particular system, with energy consumption

similar to a Ref. C Model lighting system, was the
preponderant factor to raise the building’s global
consumption and lower the energy efficiency level.

The air conditioning system presented great results,
with a consumption even lower than the reference A
air conditioning system. However, still not enough to
surpass the negative weight of the lighting system.

According to the RTQ-C, the adoption of confirmed
methods and techniques to improve the building
efficiency, such as renewable energy systems, water
rationalization equipment, cogeneration systems and
natural lighting techniques could add bonus points to
the labeling evaluation, raising the Building Energy
Efficiency Label.

Even though the lighting system is not efficient
enough to obtain Label A, it is still possible to
achieve this label. One possible strategy is to
compensate it by using other more energy efficient
systems, such as the air conditioning. Additionally,
the use of shading devices and the adoption of
alternative techniques that add up bonus points can
also contribute to achieving Level A.

CONCLUSION

It is common knowledge that building simulation is a
useful tool to evaluate building energy efficiency.
The building simulation as an alternative method in
Brazilian energy efficiency labeling of commercial
buildings is a powerful tool in building projects due
to the capability of quantification of different
techniques and strategies to save energy resources,
thus enabling to measure the influence of each of
those techniques solely or combined in the final
results.

The simulation method also permits a more flexible
project development environment in comparison with
the prescriptive method, allowing some prescriptive
pre-requisites not being fulfilled and compensated by
other energy efficiency strategies and adjustments.
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