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ABSTRACT

In Brazil the housing deficit is around 5.5 million houses. To address this need, the government created a
programme called “My house, My life”. The main subsidies of the programme are for families earning up
to three times the minimum wage. In order to formulate strategies for more energy efficiency buildings,
it is necessary to understand the thermal and energy performance of what is being built. This article
defines representative projects for typologies being built in the Brazilian social housing sector through
the analysis of 108 projects considering two groups of income levels and investigates the thermal and
energy performance of the representative projects in relation to the Regulation for Energy Efficiency
Labelling of Residential Buildings in Brazil for two bioclimatic zones. Five representative building models
were defined. Considering the most common features found on the sample, the study suggests the
importance of addresing energy efficiency measures on the sector since current building techniques for
social housing shows a tendency towards a low performance in relation to the thermal and energy
performance criteria of the Energy Labelling especially for lower income projects. This provides a basis
for future policy and allows for more in depth studies within the sector.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In Brazil 46.4% of primary energy is generated from renewable
sources, mainly hydropower (13%), wood (9.5%) and sugar cane
(19.1%) (Brazil, 2014). However, the situation is changing. The in-
stalled capacity of thermal generation in Brazil has increased by
41.2% between 2006 and 2010 due to an escalation in energy de-
mand (Brazil EPE, 2013). The residential sector in Brazil accounts
for 24.2% of the 48.5% of the total electric power consumption,
which is attributed to the building sector (Brazil, 2014).

Brazil's housing deficit is estimated at 5.5 million homes, being
approximately 83.5% urban (Brazil, 2011). 89.6 % of the deficit is
among the population with income up to three times the minimum
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wage (Brazil, 2011) and Southeast and Northeast regions account for
the majority of housing needs (Brazil Mincidades, 2012a).

1.1. Social housing plan "My House, My Life"

In 2009 the National Housing Plan (PlanHab) introduced a
long-term plan for 2023 for the housing sector. This plan included
the "My House, My Life" Programme (Programa Minha Casa,
Minha Vida - PMCMV) to address the housing deficit. The Pro-
gramme on its second phase has subsidies based on fixed values
by family income Band. The first family income Band was up to R$
1600.00 per month'; 2nd Band up to R$ 3275.00; and 3rd Band
between R$ 3275.01 and R$ 5000.00 (Brazil, 2013a). The

11 US$ = around R$ 2.70 in December 2014 and the minimum national wage
in 2014 was R$724.00.
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Programme intends to subsidise home ownership for families in
Band 1st and facilitate access conditions to property for families
with income up to R$ 5000.00 (Brazil, 2015).

In the Programme, social housing projects for lower income
families (1st Band) are mainly implemented through Housing
Companies and State Agents, which, in most cases, are responsible
for the projects and sometimes subcontract private companies to
implement and/or design the projects, operating the municipal
government in cooperation with the State or the Federal govern-
ment. On the other hand, housing for people with higher incomes
(2nd and 3rd Bands) are developed largely by private companies
or entrepreneurs (UNEP, 2010). There are 34 Housing Companies
and Financing Agents in 18 Brazilian States (ABC, 2013).

Among the projects prioritisation criteria for the Programme,
especially for the 1st Band is the "lower cost of the housing units" as
set out in Annex I? of “Portaria No. 465" of October 3rd 2011 (Brazil
Mincidades, 2011). The minimum specifications (regarding unit area,
windows dimensions, among others) required for the projects and the
maximum value and subsidies of the units in 1st Band are determined
by the housing typology according to the Programme strand and fi-
nancing adopted (FAR, FDS or Public Offer) (Brazil Mincidades, 2012a).
In relation to sustainability, for this Band, the programme only de-
mands items such as individual metering of water and gas, and the
mandatory use of solar heating is implemented mainly in detached
and two storey houses projects of 36 m? and 39 m? financed by the
FAR, and of 38 m? financed by the FDS. There are some differences in
requirements that are mandatory for the building projects according
to the Programme strands attended that affect thermal and energy
performance, but it is observed that there are not significant differ-
ences regarding floor area, number of rooms or layout of the re-
quirement projects within the diverse Programme strands.

The limited budget available for the significant number of houses
to be built often results in low build quality and thermal performance,
and the absence of energy efficiency measures (Bodach and Ham-
haber, 2010) in particular for projects aimed at lower income families
(Almeida et al., 2013; Linck et al., 2013; Silva et al., 2013; Curcio et al.,
2013). Especially in this sector, the current situation of housing policy
in the country tends to prioritise capital costs, without much con-
sideration on the long term benefits and thermal performance.

For projects of Bands 2 and 3, rules are for more general
guidelines with issues like accessibility, compliance with en-
vironmental preservation standards, municipal ordinances re-
garding the quality of building and participation of companies
holding the SiAC> (Brazil Mincidades, 2012b). Resources from FGTS
are mainly used in these Bands. Recently, criteria were defined for
application of environmental and social guidelines for housing on
the Programme financed with this resource (CAIXA, 2015). Mea-
sures recommended related to energy efficiency and eligible to be
financed are renewable energy systems like solar water heating
and micro-generation for electricity and white roofs for multi-
family buildings, among others. Also, incentive could be given for
national environmental certification process.

1.2. Building typologies as a basis for policy

Projects in Brazil should respond to the different climatic
needs. NBR 15220-3 (ABNT, 2005a) divided the country in eight
bioclimatic zones. Zone 1, includes climates in the southern part of
the country with more necessities for heating; zones 2 and 3,
especially in the south and southeast have similar requirements
for summer and winter; zones 4, 5 and 6 have necessities for

2 Provides guidelines in the National Program of Urban Housing (PNHU) for
projects in PMCMV with FAR resources for Band 1st.
3 Certificate of Assessment System of Services and Works Compliance.

summer and winter strategies, but the differences between them
is less pronounced than on the previous zones. Zones 7 and
8 mainly located on the north and northern part of the country,
need only strategies for summer (CAIXA, 2010).

To encourage energy efficiency in buildings, Inmetro with the
support of Procel Edifica launched in 2010, the Regulation for
Energy Efficiency Labelling of Residential Buildings (RTQ-R) in
Brazil as a voluntary scheme, for now on called here Energy La-
belling. The aim is the identification of the energy efficiency level
of residential buildings and houses, with levels ranging from A
(most efficient) to E (least efficient) focusing on naturally venti-
lated buildings.

Considering the impact and growth of the social housing, it is
critical to address this sector in order to achieve Brazil's govern-
ment energy reduction targets. A characterization of the projects
that are being built today, with the formulation of typologies and
analysis of their thermal and energy performance, would help in
forming the basis for effective policy in the housing industry.

Building typologies can be used to assess the energy perfor-
mance of buildings. The International Energy Agency (IEA) defines
two fundamental modelling methods to analyse aspects of energy
use from buildings: bottom up and top-down method. The top-
down modelling tends to be used to investigate interrelations
between the energy sector and economy (Kavgic et al., 2010). In
the bottom-up model are two approaches, one based on statistical
and, other based on the physics of buildings which include con-
sideration of samples of representative buildings (Shorrock and
Dunster, 1997). Carlo and Toccolini (2005) argue that a re-
presentative building should be determined considering similar
features representing characteristics of the sample.

Studies of the existing building stock are numerous (Balaras
et al., 2007; Dall'O’ et al., 2012; Nik, Sasic Kalagasidis 2013;
Theodoridou, et al., 2011) but usually do not address building
typologies of recent buildings with much detail.

In Brazil, some research has resulted in representative models
of the residential sector. Tavares (2006) proposed a methodology
for measuring the energy life cycle of Brazilian residential build-
ings, including five models as representative of the sector based on
a top-down approach. However, floor areas assumed for the lower
income models do not match the average areas that are delivered
today within the PMCMV.

Schaefer and Ghisi (2012) developed a representative model of
existing social housing in Florianépolis, south of Brazil to be used
in computer simulations based on data from 10 buildings. Later,
Schaefer et al. (2012) collected data from 30 homes resulting in
two typologies models considering family income up to R$
1600.00 and between R$ 1600.00 and R$ 5000.00. Data were
processed with statistical methods through mean values, standard
deviation and confidence interval considering the most recurrent
features of the sample. These projects are a sample of existing
social housing in Floriandpolis, however, not necessarily what is
being built in PMCMV. In particular, the model for lower income
shows only one room, outside the requirements of the Programme.

Thus, the purpose of this paper is to define representative models
of new projects currently being built in Brazilian social housing
sector and to evaluate the thermal and energy performance of these
projects against the Energy Labelling considering two Brazilian
bioclimatic zones. This provides a basis for future policy and allows
for a more in depth study of the impacts and benefits of in-
corporating energy efficiency measures within the sector.

2. Methods

To develop and evaluate representative projects of social
housing being built through the PMCMV based on real data with
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focus on thermal and energy performance, the following stages
were undertaken:

® Characterization of social housing based on 2010 Census
information.

® Mapping and characterization of project typologies by income
levels.

e Development of representative buildings models by income
levels.

e Thermal and energy performance analysis of representative
models against the Energy Labelling in Brazil considering two
bioclimatic zones.

2.1. Characterization of social housing based on the 2010 Census
information

The Census of 2010 (Brazil IBGE, 2010) was used as an initial
information source for the typologies constructed differentiated by
income level, based in urban permanent private housing. Data
related to the most frequent typology was sought and its char-
acteristics were identified.

2.2. Mapping and characterization of project typologies by income
levels

The sample of projects was determined from the guidelines
placed by PMCMV, focusing on the established income Bands and
the way the projects are developed. A division by income level was
defined, considering two levels: Level 1 - projects for family in-
come up to three minimum wages, but focusing up to R$ 1600.00
(Band 1 - PMCMV) and Level 2 - projects for family income from R
$1.600,01 to R$ 5000.00 (Band 2 and 3 - PMCMV). 2nd and 3rd
bands were put together because many projects built for these
levels attended both bands with difference in the subsidies given
for the families. Different methodologies were adopted for each
level.

For projects in Level 1, the compilation of information was
made from three different sources constituting 2 samples:

a. Sample 1: identification of main typologies built on PMCMV
using a list of the projects contracted for the 1st Band (CAIXA,
2014) released by CAIXA, Programme's financing agency.

b. Sample 2: architecture projects requested from Housing
Companies/Public Agents, municipalities and construction
companies active in this income level.

For Sample 1, a list of projects funded through PMCMV for Band
1st from the beginning of the programme until April 30, 2014 was
used. The intention was to do visual identification of the main
typologies being built in general basis, without considering pro-
jects in detail, since it was not possible to obtain all project's de-
tails. Only urban multiple unit projects funded between 2013 and
2014 were selected, as more recent projects could have some in-
formation available on Internet. For 2013, projects with 1000 units
or more were selected, giving a total of 51 projects. For the year
2014, it was decided to select projects with 300 units as fewer
developments had been completed by the data collection date of
April 2014, and by including smaller developments similar data
sample sizes could be selected for the two years. A total of 40
projects were selected for 2014 making a grand total of 91 projects
for visual analysis in this sample.

Sample 2 constitutes a total of 29 projects from different re-
gions, for which full construction details were obtained via email
from the Housing Companies and Public Agents (16 projects) and
builders and municipalities (13 projects) responsible for the pro-
jects. Of the 29 projects, 21 projects could be grouped into the

three main typologies chosen for analysis.

The data collected in the projects were divided into: a) general
data, including bioclimatic zone, typology, accessibility consideration,
floor areas, heights, existence of cross ventilation, number of rooms,
floors, typical units, project extension if applicable; b) hot water
system; c) rooms' floor areas, exterior and interior walls, integration
between rooms; d) envelope's data, materials of walls, roofs and
floors, thermal capacity and transmittance, exterior walls colour; e)
openings' data (windows and doors), quantity, area, material, venti-
lation and daylighting factor, type, form of operation, existence of
shutters and type of glass. Ventilation and daylighting factors for
windows were taken from Annex II from the Energy Labelling (Brazil,
2012a). Physical properties of the envelope components were spe-
cified through calculations using NBR 15220-2 (ABNT, 2005b), also
using data from Annex V of the Energy Labelling (Brazil, 2013b) and
NBR 15220-3 (ABNT, 2005a).

The sample of projects for level 2 in the country tends to be
much larger than sample for level 1 and more difficult to select
and obtain. At this level, projects are led by smaller construction
companies, but when the Programme was released, bigger
companies accounted for 13% of the projects approved in that
year (Pereira, 2011). Since the end of 2013 a drop in participa-
tion was observed (Brodbeck, 2013), however, some major
construction companies maintain their involvement with pro-
jects for the Programme and information can be obtained from
their websites. The ITC-Ranking 2013 (ITC, 2013) was used to
select and identify projects from construction companies that
built for the Programme. Projects from nine companies were
identified, of which six were in the top 10 ITC Ranking and the
other 3 are known as companies that work in the sector. The ITC
Ranking shows the 100 largest construction companies in the
country. The 10 largest construction companies in 2013 ac-
counted for around 44% of the total that were built in the
country that year by the main 100 companies. The projects se-
lected were located in the capitals or the largest cities of the
Brazilian states considering projects being launched or under
construction. A total of 79 projects made up the sample for this
income level. In level 2, the projects that belong to typologies
with greatest number were analysed in detail, and consequently
67 projects were included divided in 2 typologies. The analysis
considered apartments with standard designs (i.e. no duplexes
or accessible apartments).

2.3. Development of representative buildings models by income
levels

The representative projects were established based on aver-
age and mode of the most common features found in the sam-
ples. Average with standard deviation was used for parameters
that include inaccuracies such as floor areas, and mode was
applied in the case of envelope components, commercial ele-
ments like openings or data that tend to repeat. Data for floor
area was normalised using Kolmogorov-Smirnov test for sam-
ples with up to 30 cases, and with QQ Square for sample with
more than 30. For smaller samples the t student distribution
was applied to square deviation to find the intervals required to
adopt for the representative project with a maximum probable
error with 95% confidence. This follows the method adopted by
Schaefer et al. (2012). For bigger samples the interval was
adopted as the standard deviation. For the detached house ty-
pology the representative project was adjusted when necessary
to meet the Brazilian Accessibility Standard - NBR 9050 (ABNT,
2004), one of the current programme requirements in 1st Band.
This enables to represent more accurately what is currently
required in PMCMV.
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2.4. Thermal and energy performance analysis of representative
projects according to the Energy Labelling in Brazil considering two
bioclimatic zones

Finally, the representative projects were analysed using the
Brazilian Energy Labelling methodology (Brazil, 2012a). The ana-
lysis for both income levels was made in two bioclimatic zones
that represent extremes of weather in the country and higher
housing deficit: Bioclimatic zone 3 (BZ3) and bioclimatic zone 8
(BZ8).

The Energy Labelling can be evaluated through the prescriptive
method, a more generic approach established on multiple linear
regression equations that were developed based on simulations
(Sorgato and Lamberts, 2011) and/or through thermal and energy
simulation, for a more detailed analysis. Bearing in mind the aim
of the study the prescriptive method was used.*

On the Energy Labelling methodology, the evaluation is done in
stages with the identification of levels ranging from A to E, con-
sidering only main rooms.” First the living and bedrooms are
evaluated in terms of degree hours for cooling considering a
naturally ventilated building, and secondly the main rooms are
evaluated in respect of heating requirements measured in
kWh/m?. The second evaluation applies to Brazilian bioclimatic
zones one to six only. The air conditioning needs for bedrooms
only is also estimated in kWh/m?, but is for information only and
does not count towards the final energy performance level. A
further evaluation is done for the envelope as a whole, which
combines summer and winter performance weighted according to
the bioclimatic zone. A final evaluation combines the envelope
performance and the hot water system performance.

For the evaluation of the envelope, the compliance with some
pre-requisites in each of the main rooms, the characteristics of the
envelope and possible extra credits are considered. The pre-re-
quisites are regarding limits by bioclimatic zone for thermal
transmittance, thermal capacity and solar absorptance of external
walls and roof; limits for minimal percentage of ventilation in
main rooms in relation to room area (8% for BZ3 and 10% for BZ8);
cross ventilation and natural daylighting. The envelope char-
acteristics considered are among others the room's floor area,
thermal properties of roof and external walls and window venti-
lation factor. Extra credits can be obtained related to special fea-
tures for ventilation, enhanced daylighting, rational use of water
and others (Brazil, 2012a). All representative projects comply with
two of those possible extra credits related to enhanced daylighting
associated to the room's depth and also higher reflectance of the
ceiling which accounts for 0.3 points, influencing sometimes only
the unit's final evaluation.

The hot water system's evaluation considers as a pre-requisite
the duct’s insulation and assesses the system. Solar and gas water
systems have the potential to gain A rating while electric water
system can only achieve level D or E depending on the power. In
this study an assumption is made that when an electric system is
used the power is more than 4600 W, rating the system level E.°

The methodology used on the Energy Labelling is more detailed

4 It is observed that in the prescriptive method, evaluations for BZ3 takes as
reference for the weather the city of Floriandpolis, south of Brazil and for BZ8, the
weather file of Salvador in the Northeast. More detail analysis through energy and
thermal simulations using other weather files from the same bioclimatic zones
could lead to different results.

5> Room:s for extended stay (i.e. bedrooms, living and kitchen if integrated with
the living).

6 According to the consumption table of INMETRO from January 2015 (IN-
METRO, 2015), 82% of the electric water system labelled had the power over
4600 W. An electric water system with a power less than 4600 W will be rated D on
the Energy Labelling and therefore changes could be observed for the final eva-
luation combining the envelope and hot water system performance.

Table 1

Data on households and percentage of typologies in relation to total number of
urban households for incomes up to 10 times the minimum wage (M.W) based on
(Brazil IBGE, 2010).

Urban 0to3 More than3 Between 5 and 10
Mw to 5 MW M.W (%)
House (%) 49.2 16.3 11.6
House part of a gated commu- 0.9 0.3 0.3
nity (%)
Apartment (%) 2.8 2.2 33
Number of bathrooms - average 1 1-2 2-3

per income level

in Scalco et al. (2012).

According to this, the results levels were shown graphically
using the parameters of the Energy Labelling considering all
stages:

a. thermal performance of main rooms in summer for BZ3 and
BZ8, and in winter for BZ3;

b. the envelope considering summer and, winter together (for
BZ3);

c. the unit considering the envelope plus the hot water system;
and

d. the bedrooms in case artificial cooling is used.

Only in income level 1 where the hot water system used was
possible to identify, the rating of the unit includes the level ob-
tained by the envelope with the hot water system.

The external colour of the walls is a parameter not usually
defined on the projects (especially in Level 1). To address this,
three thermal absorptances () were considered for the evalua-
tion: 0.3, 0.5 and 0.7 considering one azimuth (0°). Also, in this
sector it is common for the same project to be used in various
orientations disregarding a bioclimatic approach. Thus, an eva-
luation was performed for 1st Level typologies in four orientations
considering azimuths 0°, 90°, 180° and 270° with wall absorptance
0.6. This absorptance represents the limit for higher or lower
transmittance accepted for the walls in the Energy Labelling and
therefore was used for analysis of the behaviour in different or-
ientations. For the buildings typologies, an apartment with opti-
mal North and East facade orientation was chosen for analysis.

3. Results and discussion
Results are presented in relation to:

e Establishment of representative projects by income level
® Characterization of typologies for social housing, and
® Analysis of their performance in relation to the Energy Labelling

For urban permanent private households and considering all
income groups, houses represent 85% of all dwellings in the
country, while apartments represent 12.5% (Brazil IBGE, 2010).
When analysed in relation to family income, the detached house
represented the most common typology for families with income
up to 3 minimum wages. Some characteristics from the Census
data are presented in Table 1.

3.1. Results for income level 1
From sample 1, it was only possible to identify the typology of

47 projects out of the 91 that constitutes the initial sample. A total
of 54.591 units were calculated covering all regions in the country.
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Table 2
Values on the sample and for the representative project of detached house.

Values on the sample

Values to adopt

Adopted value

Areas (m?) Min. Max. Deviation Average Interval t Min. value to Max. value to Value® of representative project
student adopt adopt

Net area 32.72 4449 335 37.27 2.36 34.91 39.64 39.75

Area with walls 37.84 54.57 5.06 43.36 3.56 39.80 46.92 44.99

Living 705 13.98 2.88 10.18 2.03 8.15 12.21 17.83

Kitchen 336 862 176 6.13 1.24 4.89 736

Bedroom 1 72 10.01 0.86 8.34 0.61 7.74 8.95 8.07

Bedroom 2 6.81 8.58 0.63 7.61 0.44 716 8.05 7.54

Bathroom 267 472 0.78 3.51 0.55 2.96 4.06 4.09

Circulation space between 0 293 1.03 119 0.73 0.46 192 2.21
rooms

Windows bedrooms 090 168 1.50°

Windows living 090 4.03 1.50"

Windows kitchen 040 144 1.20"

% Some values were adjusted to meet the requirements for the accessibility Brazilian Standard NBR 9050.

b Adopted mode value.

The main typologies identified with most frequency of occurrence
were single detached house (35%) and apartment building with an
H shaped floor plan of 4 and 5 floors (29%). Terrace single storey
and maisonette 2 floors linear were around 10%.

In sample 2, 29 projects were obtained. Out of them, 16 projects
were acquired from eight housing companies covering the eight
bioclimatic Brazilian zones. The most common typology was the
detached house, followed by the single storey terrace. The other 13
projects were achieved by contacting construction companies and
city halls, most were single storey terraces and apartment building
with H shaped floor plans of four or five floors. Considering
samples 1 and 2, the typologies adopted as representative models
for this income level are detached house, terrace single storey and
building in H format plan of four or five floors. This is coherent
with the data obtained from the Census 2010.

Of the 29 projects in sample 2, just 21 projects corresponding
to the three main typologies were analysed, being 11 projects
detached houses, 6 projects were single storey terraces and
4 projects were 4 to 5 storey apartment building. The character-
istics and thermal and energy analysis of these representative
projects are presented below.

3.1.1. Detached house

The 11 projects of the sample covered regions North, Centre-
West, South-East and South of the country. Most of them are used
for the whole State and some on municipal basis. The project's
year ranges from 2012 to 2014. Six of them addressed accessibility
requirements and all had cross ventilation. Only four specified
solar water heating system, the others electric shower and only
four had external shutter for bedrooms with two of them being
also for the living room. Most projects were financed by FAR, the
remaining were either financed by Public Offer or did not specify
the source. Most projects (7) offer the possibility of enlargement,
one of the requirements of PMCMV in this type of housing. The
most common is the enlargement of 1 bedroom and circulation by
9.0 m? and 1.18 m? respectively. Table 2 shows values from the
sample and for the representative project adopted for this
typology.

Externals walls of the sample were specified primarily as per-
forated brick and roofs mostly of red clay tiles.” The walls colours
were not specified in most projects. The floor is in most cases floor

7 In this study the absorptance of the red clay tile is being considered 0.6 based
on Brazil (2012b) bearing in mind the water absorption property of this kind of tile
(Cani et al., 2012).

tile on 2 to 3 cm mortar, 4 to 5 cm concrete subfloor and 3 to 5 cm
of gravel bed.

The percentage of ventilation and daylighting per m? floor area
of the main rooms had significant variations in the sample. The
Energy Labelling considers the minimal percentage for windows
ventilation of 8% of the room floor area for BZ3 and 10% for BZ8. In
comparison, the Standard for minimal performance for the re-
sidential sector in Brazil, NBR 15575 (ABNT, 2013) requires a
ventilation area equivalent to at least 7% of the floor area in BZ3
and 8% in BZ8.2 While some projects achieved this percentage or
more, others failed to achieve these requirements in some or all
main rooms. For daylighting, the Energy Labelling set for window
daylighting area a minimum of 12.5% of room floor area as pre-
requite for main rooms for both zones and some of the analysed
projects failed to achieve these requirements (Fig. 1).

The representative project for the detached house with the
most frequently occurring layout and its main characteristics, floor
plan and 3D image is presented in Table 3.

For the energy evaluations considering BZ3 and azimuth 0° the
results are very similar for all wall absorptances (Fig. 2) with a
slight difference in the summer results in bedroom 1. Only bed-
room 1 obtained level C with wall absorptance 0.3. For the other
spaces and with absorptances 0.5 and 0.7 the classification for the
individual rooms in summer performance is between levels D and
E. The rating for the envelope and the envelope together with hot
water is always level D. The best performance is for the winter,
when the spaces achieve between levels B and C. Also, if artificial
cooling is used in the bedrooms, the level is C in most cases. When
adopting the absorptance of 0.6 for the wall (Fig. 4), the perfor-
mance is very similar for most orientations with exception of
changes observed in azimuth 270°, but nonetheless the final
ranking for the envelope is D in all cases. A further exploratory
analysis done for different orientations with lower absorptances
showed azimuths 90°, 180° and 270° being level C on the envelope
evaluation. Some pre-requisites of the Energy Labelling are not
met, including minimum percentage for ventilation and day-
lighting in the living room. Another factor affecting the perfor-
mance is lack of shading on the windows. And for the whole
house, the hot water electric system is affecting the rating level.

The same evaluation for BZ8 (Figs. 3-5) shows a lower perfor-
mance, with the envelope achieving level E in all orientations with
absorptances 0.5, 0.6 and 0.7. If artificial cooling was used in the
bedrooms, a level D would be obtained in all cases. The project

8 Considering North-East region.
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Fig. 1. % of ventilation (a) and daylighting (b) in relation with the floor area for the main rooms for the detached house sample. OBS: in figures regarding ventilation and
daylighting percentages, projects are identified by region in the country (N=North, ND= Northeast; CO=Centre-west; SD=Southeast; S=South).

Table 3

Main features and floor plan of the representative project for the detached house, with future enlargement.

-Cross ventilation;

-Roof overhang: 50cm;

-Floor to ceiling height: 2.50m
-Electric heating for hot water,
considering power of the equipment >
4600 W;

-Project extension with 1 bedroom and
circulation;

-Windows: Living and bedrooms:
1.50m? — 2 Slide sashes horizontal,
sill=1.10m (VF=0.45, LF= 0.8);
Kitchen: 1.20m? — 2 Slide sashes
horizontal (VF=0.45, LF=0.80);
Bathroom: 0.48 m” — framed glass
louvres, sill=1.50m, VF=0.90;
LF=0.65. No external shutters;

-Not external living area;
-External service area;
-Floors: Ceramic tile 1cm + 2 cm mortar

-Glass: 4mm transparent;
-Frames in aluminium or steel;

LI N
bedroorﬁ

T

+ 5cm concrete subfloor + 3c¢m concrete
ballast gravel;

-Walls: 13 cm (perforated clay brick
9x14x19 cm with internal and external
plastering) with U=2.43W/m?K and
Thermal capacity=132kJ/m*K;
-External doors: 2 of 0.80x2.10 m? in

|

B2

metal;

-Internal doors: 0.80x2.10 m? in wood;
-Roof: 2 pitches, red clay tile + attic with
PVC ceiling. Slope of 23.6°. Wooden
roof structure, U =1.75 W/m?K, Thermal
Capacity=21.4kJ/m>K; Absorptance=0.6;

OBS: Ventilation factor =V.F; Lighting Factor =LF.

always achieves level D when evaluating the fabric together with
the hot water system. Some features affecting the performance of
the envelope include lack of shading, the pre-requisites for ven-
tilation are not met in the three main rooms and the daylighting
pre-requisite is not met in the living room. Also, for BZ8, the pre-
requisite of the roof considering transmittance and absorptance is
not met.

In this typology the use of solar hot water system is mandatory
for some cases, so even though in reality not all housing projects
include it, the same evaluation was made with the use of the
system, to identify the effect on the final evaluation. This was done
for azimuth 0° with the three absorptances for the two bioclimatic
zones. Results show that the performance of the house considering
the envelope plus hot water system improves on BZ3 from D to
level C with wall absorptances of 0.5 and 0.7, or even to level B
with wall absorptance 0.3, showing the importance on the use of

solar water heating.

This performance represents the representative project set out
with frequency of occurrence characteristics from the sample.
Differences on programme strands specifications or other char-
acteristics of singular projects, in practice could affect the perfor-
mance of the unit.

3.1.2. Single storey terrace
From the six projects of this sample, three were from con-

struction companies in the North and South-East, located on bio-
climatic zones 8 and 4 respectively and the other three came from
Housing Companies on the South covering BZ 1, 2 and 3.The
projects’ year ranges from 2010 to 2014. All had cross ventilation,
accessibility requirements were not addressed for most, and five
projects had electric water heating system with only one solar.
Table 4 shows characteristics of the sample, limits for values to
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Fig. 3. Results for BZ8 with azimuth 0° and 3 (a) of the wall 0.3-0.5 and 0.7 for the
detached house.

be adopted and the adopted value for the representative project.
Features found with at least 50% of occurrence were adopted for
the project.

The predominant features include internal and external walls
of 13 cm made of clay brick of 4 or 6 holes or concrete block, both
with internal and external plaster. Another kind of wall included
10 cm concrete walls. Roofs had red clay tiles and attic with PVC or
8 cm concrete slab ceiling. There were more layouts than for the
previous sample and the most frequently occurring layout was
adopted. It can be observed that the percentage required for
ventilation on the Energy Labelling is not met in some rooms and
the 12.5% required for daylighting is met by half of the projects
(Fig. 6).

The main characteristics adopted for the representative project,
the floor plan and 3D image of the terrace single storey are shown
in Table 5.

Results of the energy evaluation for BZ3 with azimuth 0° are
shown in Fig. 7. The evaluation for each room in summer, with
walls absorptance 0.3 and 0.5 achieves a level between C and D,

Cooling for Heating for E}? \/telo;ZrJr If artificial
summer in winter in Envelope : s‘:,em cooling
each room each room YSer used
(electric)
Azimuth 0°
e
y c
Azimuth 90°
. BB |
S T C
Azimuth 180°
© C
=
Azimuth 270°
. o] T
S
C|C

Fig. 4. Results for BZ3 with 4 azimuths and the («) of the wall of 0.6 for the de-
tached house.
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Fig. 5. Results for BZ8 with 4 azimuths and the () of the wall of 0.6 for the de-
tached house.

1=

and with wall absorptance 0.7 between D and E. The evaluation in
winter is always C for the living and B for the bedrooms. With
cooling a C level rating is achieved regardless the absorptance. For
the final evaluation of the envelope and also considering the hot
water system a C or D rating is achieved depending on the ab-
sorptance. For the analysis of different orientations and consider-
ing external walls with absorptance 0.6 (Fig. 9) the level for
summer cooling in every main room varies between C, D and E
depending on the azimuth. The other results are for all orienta-
tions: levels B and C for winter, mainly C for the envelope and D
for the final note with the water system. Also level C if artificial
cooling were used in the bedrooms. For BZ8, the evaluation
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Table 4
Values of the sample and values adopted for the representative project of terrace single storey.
Values of the sample Values to adopt Adopted value
Areas (m?) Min. Max. Standard Average Interval t Min. value to Max. value to Value of representative project (m?)
deviation student adopt adopt

Net area of unit 352 4041 1.98 37.35 1.61 35.74 38.95 38.12
Area with walls 39.8 4455 2.09 41.98 1.70 40.28 43.68 43.24
Living 6.75 1414 291 10.70 2.37 8.33 13.06 10.90
Kitchen 397 6.75 0.99 517 0.81 4.36 5.97 5.87
Bedroom 1 7.68 9.00 0.50 8.59 0.40 8.18 8.99 8.58
Bedroom 2 6.96 9 0.92 7.88 0.75 712 8.63 7.80
Bathroom 2.04 3.88 0.76 311 0.62 2.50 3.73 3.00
Circulation between 09 216 057 1.49 0.47 1.02 1.96 1.96

bedrooms*®

¢ Only considering the projects that have circulation between bedrooms.

H % ventilation bedroom 1 8
180 = % daylighting bedroom 1 5| Cooling for Heating for Envelope + | If artificial
' =% ventilation bedroom 2 2| summerin winter in Envelope hot water cooling is
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AN c e ] e ]
% ventilation
ZB3 c B | B clc
vy
8 Oa ¢ | | € | O
B | B C|cC
=
S
12N 13N 145D 158 168 178 J (o) J
Fig. 6. Percentage of ventilation and daylighting regarding the floor area for the
main rooms for the terrace single storey sample. Fig. 7. Results for BZ3 with azimuth 0° and 3 (a) of the wall of 0.3-0.5 and 0.7 for
the terrace single storey representative project.
Table 5

Main features and floor plan of the representative project for the terrace single storey.

-Cross ventilation; -Windows: Bedrooms and
-Roof overhangs: 50 cm; living:1.50m? 2 slide sashes
-Ceiling height: 2.50 m; horizontal (VF =0.45; LF=
-Electric shower for hot 0.80); ||
water > 4600 W; Kitchen: 1.20m? 2 slide sashes
-Service area: external; horizontal (VF = 0.45; LF=
-Walls: 13cm (clay brick 0.80);

6 holes with internal and Bathroom: 0.36m? framed
external plaster) U=2.43 glass louvres (VF=0.90 and
W/m?K; Thermal LF=0.65);
capacity=132kJ/m*K; -No external shutters;

-Roof: 2 pitches, red clay -Glass: 4 mm transparent;

tile + attic with PVC -Frames in iron;

ceiling, Structure wooden -External doors: 2 metal

roof, U= 1.75 W/m?K, 0.80x2.10m? in the living and
Thermal capacity =21.4 kitchen;

kJ/m>K, Absorptance=0.6,  -Internal doors: 0.80x2.10m? in
slope 21.36° wood,;

-Not external living area. -Project without enlargement;

OBS: In the floor plan the unit highlight is the one being assessed.
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Fig. 9. Results for BZ3 with 4 azimuths and the () of the wall of 0.6 for the terrace
single storey.

achieves lowest levels compared to BZ3 analysis, especially for the
envelope. Only for wall absorptance 0.3 (Fig. 8) the level of the
envelope and the envelope with hot water are C, while for ab-
sorptances 0.5, 06 and 0.7, the results are D for all azimuths
(Fig. 10). For artificial cooling the level is D.

Factors affecting the performance of the envelope are lack of
shading on windows and the pre-requisite of the roof regarding
transmittance and absorptance not being met for BZ8. Daylighting
pre-requisites are not met in both zones and ventilation pre-re-
quisites are not achieved for the living and bedroom 1 in BZ3 and
for all windows in BZ8.

The construction components and openings of the single storey
terraced and the detached house are very similar, but the terrace
typology tends to performs better than the detached house in both
bioclimatic zones.
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Fig. 10. Results for BZ8 with 4 azimuths and the («) of the wall of 0.6 for the terrace
single storey.
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3.1.3. Building in H format of 4 or 5 floors

This sample was composed of four projects, with all presenting
only one typical apartment, 4 apartments per floor and electric
water heating system. Projects were located on regions Southeast,
South (BZ3) and North (BZ8). Table 6 shows the values of the
sample for the typical apartment unit and adopted values for the
representative apartment project.

Almost half of the sample fails to achieve the pre-requisites for
daylighting and ventilation in particular for the living room. The
features adopted for this representative project with the typical
apartment, floor plan and 3D image are shown in Table 7.

For the energy evaluation three positions of apartments were
considered: ground floor, intermediate floor and top floor apart-
ment, as this is mandatory on the Energy Labelling methodology.
The analysis made for the typical apartment (A) considering azi-
muth 0° is discussed below.

For BZ3 (Fig. 11), the ground floor apartment has better perfor-
mance for all absorptances compare to the upper floor apartments,
obtaining for the envelope evaluation and envelope plus hot water
system level C, being level D for the last evaluation with wall ab-
sorptance 0.7. The top floor apartment has the poorest performance
as expected, being in all cases E for all main rooms considering
cooling for summer, level D for the envelope, for the final evaluation
considering the envelope and hot water system and also if the
bedrooms used artificial cooling. In general all apartments are
performing better in winter than for summer, obtaining level C.

The performance for BZ8 (Fig. 12), is inferior than in BZ3
especially for the top floor apartment. The ground floor apartment
is for most evaluations level C, except with higher wall absorp-
tance and if artificial cooling is used, in which case it obtains level
D. The intermediate apartment is mostly C level with low ab-
sorptance and mainly level D with wall absorptances 0.5 and 0.7.
The top floor apartment is mostly level E for all evaluations with
wall absorptances 0.5 and 0.7; being level D with wall absorptance
0.3.It achieves mostly level D if artificial cooling is used. Factors
affecting the performance of this representative project are walls
and roof that do not meet the Energy Labelling criteria for the
bioclimatic zones in terms of absorptance, transmittance and
thermal capacity. Furthermore, in both zones, the criteria for
natural ventilation is not met by the three main rooms and the
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Table 6

Values for the sample of the typical apartment unit for the representative project of the multifamily building with H shaped floorplan for income level 1

Values on the sample Values to adopt Adopted value
Areas (m?) Min. Max. Standard Average Interval t student Min. value to Max. value to Value of representative project
deviation adopt adopt
Net area 38.24 45.07 3.14 42.61 3.16 39.45 45.76 43.07
Living 10.54 16.06 2.39 12.80 240 10.39 15.20 12.81
Kitchen 6.06 7.75 0.69 6.93 0.70 6.23 7.62 6.84
Bedroom 1 819 915 042 8.60 0.42 8.18 9.03 8.70
Bedroom 2 812 875 027 8.46 0.27 8.18 8.73 8.28
Bathroom 280 3.69 0.40 3.22 0.40 2.82 3.62 313
Circulation between 098 3.23 1.09 1.24 1.09 1.51 3.70 2.97
bedrooms
Table 7

Main features and floorplan of the representative apartment (a); representative typical floor (b) and 3D image (c) for the apartment unit with H shaped floorplan - 1st level.

-Cross ventilation;

-Ceiling height=2.50m;

-Electric shower heating for hot water >4600 W;
-Integrated service area with the kitchen;

-Dining/living integrated;

-Floor: ceramic;

-Walls: concrete panel of 10cm; U= 4.4 W/m?K; Thermal
capacity =240kJ/m?K;

-Roof: fibre cement tile, 4 hipped roof average slope 4.33°
with metal roof structure and attic space with concrete slab
of 10 cm; U=2.06 W/m?K, Thermal capacity =233kJ/m*K,
Absorptance=0.7

-Windows: Bedrooms: 1.44 m?, 2 horizontal slide sashes
(VF=0.45; LF=0.8).

Living: 1.60m? 2 horizontal slide sashes with a fixed part
underneath (VF=0.375; LF=0.8);

Kitchen: 1.20m?, 2 horizontal slide sashes (VF=0.45;
LF=0.80);

Bathroom: 0.36 m? top hung tilting window, sill 1.50m;
-External shutters: Not;

-Glass: 4 mm transparent;

-Window frames in iron or aluminium;

-Doors: 0.80x2.10cm? of wood;

-Accessibility: no;

-Balcony= No;
T 0] X m j”#ﬂ i
%/,/ - - = A ]
7bedroon12/ \\bedrooml @ D lil iiA
U—‘ I | “ bathroom G| n EUIU
- L ’ C ” \[ B
living 0 i/‘ ) ‘/—n "J
D UIH kitchen W

(a) (b)

(©)

daylighting criteria for the living. Also, lack of shading for the
windows has an impact and, the roof performance as expected,
influences most the top floor apartments.

For the typical apartment an exploratory evaluation was also
done on the same azimuth and position D (Table 7) to evaluate
differences on performances. More differences were observed
for BZ8, being with a slightly lowest performance than the
apartment on position A.

Also, the sample had equal numbers of projects with and
without external shutters on the bedrooms. Further study of this
option was undertaken. It was observed in the two bioclimatic
zones the improvement of the performance, especially for the
intermediate and top floor apartments were the envelope eva-
luation was only level E for bioclimatic zone 8 with wall absorp-
tance 07. For the other cases, the envelope evaluation was between
level C and D, not being better because the pre-requisite of lighting
percentage is not met, since the shutters that are usually used only
let to enter the daylight through half of the window.

3.2. Results for income level 2

The distribution by region and typology of the projects ana-
lysed in this income level is shown in Table 8.

From the sample of 79 projects, the main typologies found were
linear and apartment block with H shaped floor plan (considering
together the H and H linear) and those were the typologies chosen
as representative projects for this level. The results were analysed
initially from the whole sample and later just for the two main
typologies that summed together 67 projects.

For these projects it was more difficult to identify the materials
of walls and roof, ceiling height, height of openings and hot water
system based on the information available via institutional web-
sites. Also, the floor areas of some projects were not clearly stated
on the plans, so dimensions were scaled from drawings. Due to lack
of specification detail, the hot water system is not considered on the
energy evaluation, the walls and roof were assumed to be as the
ones with most frequency of occurrence based on the projects that
were possible to identify, the ceiling height is assuming to be
2.60 m. For the openings, external shutters were usually not used in
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Fig. 11. Analysis of the Energy Labelling for typical apartment of multifamily
building in H format for 1st Band - BZ3.

all regions and the dimensions were based on the drawn informa-
tion with the height assessed visually from the facades proportion,
shown on the institutional websites of the projects.

3.2.1. Results for linear typology

42 projects were identified of this typology. The main char-
acteristics of this sample with more frequency of occurrence are
complexes of 5 to 10 housing blocks; 5 floors, and mainly 6-8
apartments per floor. The sample showed three types of sig-
nificantly different and more recurrent apartments, regarding the
number of bedrooms, bathrooms and position on the floor plan
(corner or middle) that differentiate cross ventilation access. The
most common apartments found were in first place two bedrooms
and one bathroom that could be on the corner of the building
(apartment type 1) or in the middle (apartment type 2). Apartments
with the characteristics of apartment 1 were identified in 42 pro-
jects and apartments with the characteristics of type 2 in 41 pro-
jects. The other type of apartment identified had two bedrooms and
two bathrooms mostly located in the middle of the building
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Fig. 12. Analysis of the Energy Labelling for typical apartment of multifamily
building in H format for 1st Band - BZ8.

(apartment type 3). This type of apartment was found in 24 projects
of the sample.

Table 9 shows general data of the three main apartments’
types.

When identified, the most recurring materials were ceramic floor
tiles, walls in concrete block with total width around 14-15 cm self-
structure, roof in fibre cement with concrete slab ceiling and light
and medium externals colours. The main characteristics for the
3 apartment’s types are described in Table 10 showing data from the
sample and the values adopted for the representative apartments.

In relation to the percentage of ventilation for bedrooms
(Fig. 13) comparing with the Energy Labelling pre-requisites, it can
be seen that for bedroom 2, most projects achieve the 8% venti-
lation area in relation to floor area, while for bedroom 1 some of
them do not achieve the requirements, especially in apartment
types 2 and 3. For the daylighting percentage most of them
achieve 12.5% or more in the two bedrooms.

The floor plan for the three main apartments, the whole floor
typical plan and 3D image of this representative project for the
linear typology can be seen in Fig. 14.

The energy evaluation of the apartments in BZ3 (Fig. 15), done in
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Table 8

Sample for projects by region and typology for level 2 with floor plan of the typologies for identification.

535

Number of Projects analysed - Total per region Total
North NorthEast Center-West SouthEast South
6 19 9 33 12 79
Number of Projects by tipology
Linear oy - H format and Terrace single
(building) Tower (building) H format (building) linear (building) storey (houses)
—‘ hL ‘ Total
gl |
42 5 18 7 7 79

Table 9
General data for the three main types of apartments for the linear typology based
on the sample of 42 projects.

Type of apartment Mode % of occurrence
Apartment 1 Position Corner 93
Cross ventilation Yes 95
No. of bedrooms 2 95
No. of bathrooms 1 95
Apartment 2 Position Middle 93
Cross ventilation Not 93
No. of Bedrooms 2 93
No. of bathrooms 1 88
Apartment 3 Position Middle 92
Cross ventilation Not 92
No. of bedrooms 2 100
No. of bathrooms 2 96
Table 10

only one azimuth, shows the ground floor of all apartments being
level C for almost all evaluations, considering the three absorptances.
For apartments 2 and 3 - intermediate floor - also level C is achieved
in most of the cases and for apartment type 1 on the intermediate
floor between level C and D. The top floor has always the lowest
performance of all apartments, especially for cooling in summer
obtaining always for the envelope evaluation level D. Also top floor
apartments performed better in winter, than in summer.

The performance of the three apartments for BZ8 (Fig. 16) is
slightly inferior compared with BZ3 especially with higher ab-
sorptances. The top floor apartment performs lower of all, being E
for the envelope evaluation in apartment 1 with wall absorptances
0.5 and 07, and for apartment 3 with wall absorptances 0.7. The
performance is due in part to a failure in achieving the pre-re-
quisites for the Energy Labelling, such as not having cross venti-
lation for the apartments type 2 and 3, minimal ventilation

Main characteristics for the three main apartment types in the linear typology sample and for the adopted representative project — income level 2.

Average/mode of the sample

Standard deviation Adopted on the project

Ap1 Ap2 Ap3 Ap1 Ap2 Ap3 Ap1 Ap2 Ap3
General Average net area (m?) 38.64 39.24 42.46 2.87 2.66 2.81 38.46 39.04 4373
Mode - balcony/(m?) 0 0 0 0 0 0
Living Area (m?) 11.43 11.10 12.04 1.54 0.99 145 11.42 1.1 12.77
Living/dining together - mode Yes Yes Yes Yes Yes Yes
Kitchen/ Integrated Yes Yes Yes Yes Yes Yes
Service area Area (m?) 6.45 6.49 6.35 0.51 0.56 0.47 6.58 6.58 6.57
Bedroom 1 Area (m?) 7.95 9.02 9.48 0.64 0.98 0.78 7.94 9.52 9.90
Window - mode (m?) 144 1.44 1.44
Bedroom 2 Area (m?) 741 7.72 7.81 047 0.75 0.74 741 7.77 7.80
Circulation be- Area (m?) 119 1.78 1.78 0.22 0.26 030 1.28 1.86 1.82
tween bedrooms
Bathroom 1 Bwc area (m?) 244 2.46 243 0.19 0.25 0.21 2.44 2.52 2.40
Bathroom 2 Area (m?) 2.59 0.32 2.59
Entrance hall Area (m?) 1.57 Mode 0 Mode 0 0.25 153 0 0
Roof Adopted: fibre cement tile with concrete slab ceiling (10 cm), U=2.06 W/(m? K); thermal capacity=233 kj/m? K
Walls Adopted: concrete block with internal and external plaster; U=2.78 W/(m? K); thermal capacity =209 kj/m? K
Doors (Mode - adopted) Access door of 1.68 m?; bedrooms doors of 1.47 m?; bathrooms doors of 1.26 m?, all in wood
Windows Bedrooms, living and kitchen  (mode) 2 sashes slide horizontal VF=0.45 LF=0.80. Living: 1.80 m?; bedrooms and kitchen: 1.44 m?

Bathroom

External shutters (mode) not

(mode) hung tilting window VF=0.8 LF=0.8 Area:0.36 m?

OBS: Some service area has no windows, just the opening, but this was not the most common to be found.

Thermal properties of walls and roof from Brazil (2013b).
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requirement not being met in all rooms in BZ8 and in BZ3 mainly
in the living room and occasionally in bedroom 1. Also, thermal
transmittance limits are not being met considering higher ab-
sorptances for roof or walls.

3.2.2. Results for apartment building in H format plan for income
level 2

The representative project of this typology is based on a sample
of 25 projects. The number of housing blocks with most frequency
of occurrence is up to 5, number of floors between 4 and 6, being
mostly 4 floors (52%), apartments per floor are 4 (76%) and just one
typical apartment per floor (64%). When identified, the most

common materials use were fibre cement tile for the roof, espe-
cially in the south and southeast and in the north region some
projects used ceramic tile. The typical apartment has 2 bedrooms
and 1 bathroom. Table 11 shows the main features found for the
typical apartment sample and the values adopted on the re-
presentative project for the building in H format, for Level 2.

Fig. 17 shows the typical apartment, the typical floor and a 3D
image.

The energy analysis for BZ3 (Fig. 18) shows the ground floor
apartment achieving level C for almost all evaluations. The inter-
mediate and top floor apartments achieve in most cases D level for
the performance of the envelope except for the intermediate floor
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Fig. 16. Energy evaluation of three apartments in BZ8 considering the (a) of the wall of 0.3-0.5 and 0.7 in the three apartment positions for linear typology, level 2.
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Table 11

Main characteristics of the typical apartment in the H format typology building for the income level 2.

Average Interval t student Min. to adopt Max. to adopt Standard deviation Mode/adopted on the

project
General data Position Corner
Total net area (m?)  40.54 1.67 38.86 42.21 2.6 41.28
Cross ventilation Yes
No. bedrooms 2
No. bathroom 1
Balcony/m? 0
Living Net area (m?) 12.54 0.88 11.66 13.43 14 13.08
Living/dining Yes
integrated
Kitchen/service area Integrated Yes
American type Not
Net area (m?) 6.51 0.42 6.08 6.93 0.65 6.58
Bedroom 1 Net area (m?) 8.76 0.44 8.32 9.20 0.67 8.97
Bedroom 2 Net area (m?) 8.05 0.56 749 8.60 0.85 8.48
Circulation between Net area (m?) 130 0.14 115 144 0.22 121
bedrooms
Bathroom Net area (m?) 2.86 0.36 2.49 3.22 0.6 2.94
Entrance hall Net area (m?) 0
Roof Adopted: fibre cement tile with concrete slab ceiling (10 cm), U=2.06 W/(m? K); thermal capacity =233 kJ/m? K
Wall Adopted: concrete block with internal and external plaster; U=2.78 W/(m? K); thermal capacity=209 kJ/m? K
Doors 1.68 m? in wood
Windows Bedrooms, living and (mode) 2 sashes slide horizontal VF=0.45 LF=0.80; living and bedrooms: 1.44 m?; kitchen: 1.20 m?
kitchen
Bathroom (mode) hung tilting window VF=0.8 LF=0.8; area:0.36 m?
External shutters (mode) not in 92%

OBS: Thermal properties of walls and roof from Brazil (2013b).
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Fig. 17. Floor plan of the typical apartment (a), typical floor (b) and 3D (c) for the building in H format representative project for level 2, highlighting the apartment being

analysed.
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Fig. 18. Energy evaluation of representative apartment in multifamily building in H format for level 2 in BZ3 considering the (a) of the wall of 0.3-0.5 and 0.7 in the three

apartment positions.

with wall absorptance 0.3 obtaining C level. Looking at individual
performance of each main room for summer, the top floor apart-
ment gets an inferior rating, being in most cases level E for all

rooms.
For BZ8 (Fig. 19), the envelope ranges in most cases between D

and E levels, with the exception of C level for the ground apart-
ment considering wall absorptance 0.3. The top floor apartment's
envelope is always level E regardless wall absorptance. Some
parameters influencing the performance are lack of shading, roof
and walls that with higher absorptances (0.7) do not meet the
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Table 12

Comparison of compliance of the representative projects against minimal requirements for NBR 15575- Minimal performance Standard

Income Representative wall Roof Windows ventilation requirement
level project
[BZ3 and BZ8 if « < 0.6 then U<3.7 and [BZ3 if < 0.6 then U< 2.3 and [For BZ3 A > 7%] [For BZ8 (Northeast) A > 8%]
if a > 0.6 then U < 2.5] [Thermal capacity if a > 0.6 then U< 1.5] [BZ8 if
> 130 for BZ3 and no requirements for «a<0.4 then U<2.3 and if
BZ8] a> 0.4 then U< 1.5]
BZ3 BZ8 BZ3 BZ8 BZ3 BZ8
Liv. Bed.1 Bed.2 Liv. Bed.1 Bed.2
Level 1 Detached house
Terraced
Building H shape @ 7]
Level 2 Linear building - @’ z?
Ap. 1
Linear building - @’ v? 7] @ %] @ %]
Ap. 2
Linear building - @’ v
Ap. 3
Building H shape ui v’ @

w=Attend the criteria. m=Not attend the criteria. This study is considering for BZ8 the Northeast region.

2 Attend the criteria for a < 0.6.

criteria of thermal transmittance and absorptance for the pre-re-
quisites. Moreover, in both zones, all main rooms do not meet
ventilation percentages and daylighting percentage is not meet
only by the living rooms.

For comparison of compliance, the representative projects were
compared (Table 12) with the minimal requirements of the Stan-
dard NBR 15575 (ABNT, 2013) regarding wall, roof thermal prop-
erties, and ventilation requirements for the 2 bioclimatic zones.
The criteria of compliance for each bioclimatic zone are specified
on the table. Results show highest compliance in more criteria
with the minimal performance of NBR 15575, especially regarding
ventilation requirements when compared to the pre-requisites
from the Energy Labelling, as addressed in Sections 3.1 and 3.2.
Criteria not attend are especially for the roof requirements in BZ8
for the houses typologies and in both zones for the buildings
typologies. Also, for the walls in the income level 1 building.
Windows' ventilation requirements for the living are not meet in
typologies for level 1 in both zones and for some typologies oc-
casionally in one bedroom for BZ8.

4. Conclusion and policy implications

Knowing the status quo of social housing sector being built is

very important, since public policies can be based on that
knowledge. This information could be used for policy makers to
decide what to address on the national housing programme cri-
teria and what need more research in order to achieve a better
performance of the housing sector.

New buildings should encourage energy efficiency, since
minimising energy consumption can have impact over the life
cycle in terms of environmental, economic and social benefits. For
the country, environmental and economic benefits include a more
rational use of resources. Social benefits can include financial
savings and better comfort levels, and consequently better health
and well-being, for the building occupants.

This study defines representative projects being built in the
social housing sector in Brazil nowadays and assesses its energy
performance in relation to the Brazilian Energy Labelling con-
sidering the prescriptive method. It identifies representative pro-
jects considering two groups of income levels, for which main
features that affect energy performance were raised. It has to be
emphasised that these results do not represent the evaluation of
any individual project of the sample, but instead represent the
evaluation of representative projects considering the main fea-
tures found in the collected samples and, differences could be
observed using more detail analysis through simulation with
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specific weather files.

The initial database collected comprises 108 projects with
typologies in both income levels. Out of them, 88 were used to set
the representative projects. For level 1 (1st Band of PMCMV) from 21
projects with characteristics in detail, three typologies were identi-
fied to be representative: detached house, single storey terrace and
apartment block in H floor plan format with four or five floors. For
the income level 2 (2nd and 3rd Bands of PMCMV) from 67 projects,
two typologies were identified as representative: linear multi-family
building of five floors and building in H format of 4 floors.

For the representative projects, the roof performance in terms
of absorptance and thermal transmittance in level 2 and in level
1 for BZ8, the window's ventilation area in BZ8 and often for the
living in BZ3, usually do not meet the pre-requisites of the Energy
Labelling. Also, although there is mandatory use of solar water
heating for some projects at level 1, electric shower is still used as
hot water system in some projects, which negatively affect the
energy rating.

In level 1, the detached house is still the most common typol-
ogy being built and the representative project shows a lower
performance comparing to other typologies, particularly for sum-
mer evaluation.

Typologies for Level 2, although with a better performance on
average than the projects for Level 1, are nonetheless rated med-
ium and low in relation to the Energy Labelling depending on the
apartment type and specially position. Ground floor and inter-
mediate floor apartments in BZ3, obtained level C in most cases for
the envelope. The top floor apartment performs inferior than all
other apartments, usually achieving level D. As this is often due to
lack of insulation at roof level, it also presents realistic potential for
building with better performance.

At both level for BZ8 a lower performance compared to BZ3 is
observed, especially with the use of higher solar absorptances for
the walls.

Since the evaluation for summer in the Energy Labelling con-
siders natural ventilated buildings, the results indicates that cur-
rent building techniques for social housing show a tendency to fail
to provide comfort for users specially in the lower income sector,
which could lead to the need for greater use of air conditioning,
consequently increasing energy demand throughout the country.

The study shows the need to improve thermal and energy
performance of buildings in social housing sector, as the most
common features found in projects currently being built, show a
tendency towards a low performance by the Brazilian Energy La-
belling, especially for lower income projects (Level 1).

From the results some recommendations can be drawn in
terms of energy policy implications:

® [nvestments in national housing programmes should have a
long-term performance perspective, acknowledging operational
energy use today and its likelihood to increase in future. For
this, parameters for projects prioritisation particularly for the
lower income sector should be addressed in a different way and
not be based on minimal costs but in performance considering
the building's life cycle.

® Results tend to suggest that current minimal standards are in-
sufficient to achieve a good thermal performance. Income level
1 is the one presenting an inferior performance and the level
with the highest housing deficit. This suggests that funding can
be insufficient and that more ambitious compelling standards
are needed as goals for social housing or more ambitious
minimal criteria in the standard already accepted as
compulsory.

® The Brazilian Energy Labelling could be used to set compulsory
minimal levels of performance for buildings financed in the
sector.

® Projects need to be adapted for each bioclimatic zone. The
mapping of the projects highlighted the use of similar designs in
different bioclimatic zones and the analysis identified that the
representative projects usually have an inferior performance in
BZ8. This shows the importance of considering building features
in relation to the context to optimise performance.

® The lower performance is often observed for summer, being
better in winter, which suggests a problem, due to the im-
portance for summer comfort in most of the country.

e The study only analysed representative typologies for social
housing and not individual projects, but it is clear that for these
typical projects there is an urgent need to introduce energy
efficiency measures, that could also lead to changes in typolo-
gies, and provide incentives to implement them.

e There are some features that need to be prioritised. Measures
identified to improve the thermal and energy performance of
the projects could be divided into two groups. The first refers to
measures that can be accomplished without much effort and
the second that implies greater changes to the projects. The first
group includes adequate windows that fulfil natural ventilation
needs and daylighting pre-requisites of the Energy Labelling,
colour absorptance of walls and in some cases for roofs. The
second group, includes changes in project design that allow
cross ventilation in the units, reduced thermal transmittances of
roofs, reduced transmittances for walls for higher solar ab-
sorptances, windows shading (external shutters) or the im-
plementation of solar water heating, among others. The later
can also include energy generation on the house through the
integration of photovoltaic panels, which could be encouraged
from the energy sector. Further study will be required to
quantify and categorize potential improvements.

Representative projects of the social housing sector would al-
low for future analysis to inform public policy, although quanti-
fying the impact of energy efficiency measures in the sector
through building simulation, will be addressed in further research.

Finally, policies for the Brazilian social housing programme
should also consider that measures to be incorporated in these
projects should address impacts from a more holistic point of
view, including energy, environmental and socio-economic im-
pacts. This implies the need for further studies in this sector, to
develop design guidelines or mandatory design regulations for
projects that are being built by the national programme.
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