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ABSTRACT  
Some regions of Mexico have recently in-
creased their population significantly, due to 
locally economical growths. Because of this 
situation, an accelerated growth in the construc-
tion of certain type of “economic” dwellings 
takes place. These houses vary from 36 to 45 m2 
of construction area. The behavior of these 
types of dwellings in warm-dry climates has 
been analyzed. In these climates, an adequate 
architectonic design, considering thermal as-
pects, is indispensable, in order to obtain the re-
quired comfort conditions. Simulation results of 
these dwellings located in northwest Mexico are 
shown, using PowerDoe and Ecotect programs. 
The building has been analyzed under its current 
conditions, and changing its orientation, apply-
ing shadow devices on windows and optimizing 
the construction materials, with the purpose of 
improving the thermal comfort indoors. The 
heat gains through the different constructive 
elements have been obtained, to analyze the im-
pact of them on global thermal comfort. Also, 
the viability of using the exergy methodology in 
the analysis of building elements is demon-
strated. 

1. INTRODUCTION 
In dry warm climates, such as in north-west 
Mexico, where sensible heat loads are high, 
spaces without air conditioning are uncomfort-
able and unhealthy. In these climates, tempera-
ture control is a determinant factor in comfort 
and significant air conditioning processes. 

However, in climates with high solar radia-

tion, like Hermosillo, Sonora, Mexico, are able 
to take benefit of favorable natural lighting con-
ditions for energy savings and visual comfort in 
dwellings. Nevertheless, a bad design of win-
dows and envelope can increase the thermal 
loads producing an extra load to air conditioning 
systems. Adequate design strategies and ther-
modynamic concepts have to be applied to make 
comfortable dwellings. Thermal comfort can be 
defined as a mental condition or sensation in 
which one expresses satisfaction with the ther-
mal conditions of the environment. The comfort 
zone is the range of ambient conditions with 
which most people express satisfaction, (ASH-
RAE, 2001).  

Recently, there has been an increasing inter-
est in incorporating daylight in the architectural 
and building designs (Li et al., 2005). And other 
authors have related exergy analysis with ther-
mal comfort to reduce energy in buildings (Saito 
and Shukuya, 2001). The exergy analysis is a 
methodology that allows determining if a sys-
tem has energy losses due to irreversibilities. 
Exergy analysis is not a substitute for first law 
analysis, rather a supplement. It can thus indi-
cate possibilities for improvement of a process 
but cannot indicate the practicality of any possi-
bility (Bejan, 1997). In this paper the main ob-
jective is to contribute to the improvement of 
dwellings design for warm dry climates by us-
ing exergy analysis of humid air and its influ-
ence inside the dwelling based on the methodol-
ogy used by Alpuche et al, 2004. In addition, we 
want to find out the influence of daylight on 
comfort range.  



2 International Workshop on Energy Performance and Environmental 
Quality of Buildings, July 2006, Milos island, Greece 

 
 

2. DESCRIPTION OF THE DWELLINGS 
Recently, an accelerated growth in the construc-
tion of certain type of “economic” dwellings has 
taken place in Mexico. These houses have 36 to 
45 m2 of constructed area on 118 m2 total land 
area. Two “economic dwellings” in the region 
have been selected as case study for daylight 
and exergy analysis. Both have two bedrooms, a 
dinning room, a kitchen, a bathroom and a liv-
ing room. The dwellings are shown schemati-
cally in Figure 1. The construction materials are 
locally manufactured blocks for the walls, rein-
forced concrete roofs and concrete floors with a 
ceramic floor tiles and sand/cement mixture 
plastering on the other interior surfaces. They 
are originally constructed without insulation 
materials. Case study 1 represents the actual 
situation. 

Also, the dwellings have been designed 
without daylight considerations. Nevertheless, 
for this study, insulation in walls and ceiling are 
proposed for the second case. The Table 1 

shows a brief description of base case dwelling 
(current conditions).  

Commercial air conditioning packaged units 
are used for inside conditioning, resulting in 
significant electricity consumption. A packaged 
single zone system was analyzed for both dwell-
ings. 

2.1 Building simulation and Daylight analysis 
PowerDoe® software was used to calculate the 
heat gains, temperature and relative humidity 
through the dwellings envelope and daylight 
levels have been simulated with Ecotect® soft-
ware. Meteorological data has been obtained 
from Meteonorm® software, using one year 
with hourly time step.  

2.2 Exergy balance 
The exergy analysis of the building was carried 
out in the simplified open system, where humid 
air enters at the input condition and crosses the 
wall arriving at the output condition (Alpuche et 
al, 2004). The exergy at the inlet condition is 
zero since it is identical to the reference condi-
tion. To evaluate an air conditioning system 
used in the case studies, the equation of the sec-
ond law efficiency is applied, defined as: 
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where  
exout is exergy at oulet, 
exin is exergy at inlet,  
exmout is the mass exergy,  
exQLat is latent heat exergy,  
exQSen is sensible heat exergy and  
exW is work exergy. 

Table 1: Brief description of base-case dwelling (current conditions).

(Latitude 29º 06' N, longitude 110º 58' W)

Walls (sand/cement mixture plastering, concrete blocks) U-value = 3.74 W/K-m2

Economic dwellings

Hermosillo, Sonora, Mexico 

Floor areas
Building type
Location

Air-conditioned area = 45 m2

Windows ( 3mm commun single glazing) U-value =  6.31 W/K-m2
U-value = 1.32 W/K-m2

Total floor area= 45 m2

Roof  (Reinforced concrete with polyurethane block, sand/cement mixture plastering) 

Construction of building envelope

 

 
Figure 1: Schematic representation of the dwellings. 
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3. RESULTS 

3.1 Thermal and daylight simulation 
The results of the thermal and daylight simula-
tion have been limited to the living-dining 
room, which is the largest space (Fig. 1).  

As first results, a comparison of heat gains 
for each dwelling component is carried out be-
tween the first dwelling in its current conditions 
and the proposed dwelling (Fig. 2). For a better 
visualization of values, only the highest heat 
gain hour is shown, which was August, 9th, 6 
p.m.  

Comparing the heat gains of both buildings, 
the proposed dwelling reports decrease to 26% 
lower heat gains, than the current dwelling, at 
same hour. The dwelling component with higher 
heat gain is the wall without insulation which is 
the actual situation in current dwelling.  

Figure 3, shows total cooling loads of both 
dwellings during 24 h. The values show that the 
current dwelling has higher cooling loads to re-
move from the living space, than the proposed 
dwelling. The effect of the use of insulation ma-
terials in the dwelling envelope, is shown more 
clearly in the reduction of cooling loads, 

The next step of the present research is to 

analyze the daylight levels inside the dwelling 
and the effect on cooling loads. Daylight levels 
have been calculated in two reference indoor 
points: point 1 at 1.50 m from the window and 
point 2 at 4.20 m. Daylight levels have been 
calculated at each point according to the win-
dow size showed in Figure 4. The window 
transparent material is regular glass 5 mm thick, 
visible transmittance of 0.898, solar transmit-
tance of 0.840 and reflectance of 0.080. 

As expected, daylight levels change accord-
ing to the distance between the reference points. 
The Figure 5, shows that at the most distant 
point (2), the daylight level is higher than 400 lx 
during 7 hours (the minimal recommended is 
300 lx), while at the nearest point (1) there are 
more than 1400 lx daylight level during 6 hours. 

The values show that the relationship be-
tween the dwelling orientation and the window 
area in this particular case indicates an appro-
priate daylighting design to obtain an adequate 
visual comfort. Also, the heat gains won over 
the window have not an important influence on 
the total cooling loads, as can be seen in Figure 
2. 
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Figure 2: Heat gains for each dwelling component. 
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Figure 3: Cooling loads for both dwellings. 

Figure 4: Sketch of space plan and analyzed window. 
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Figure 5: Daylight levels at the current and proposed 
dwellings. 
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3.2 Exergy analysis 
After the thermal simulation above pre-

sented, a packaged air conditioning unit, Pack-
age Single Zone (PSZ), was analyzed, this is 
usually used for inside conditioning in dwell-
ings. The same system was analyzed for the cur-
rent and proposed dwellings. The performance 
of the systems in achieving comfort conditions 
was first determined and then their exergy effi-
ciencies were compared. 

Tables 2 and 3, show the number of hours for 
a complete year, that indoor conditions in dwell-
ings are inside the comfort zone. With the PSZ-
1, Table 2, 5307 hours inside the comfort zone 
can be achieved, and while with PSZ-2, Table 3, 
7392 hours. 

The total annual energy consumption of the 
same air conditioning systems located in differ-

ent dwellings is compared in Figure 6. 
The energy consumption for both systems 

has a high influence over the small exergy effi-
ciency obtained like was observed in Figure 7.  

The Figures 6 and 7, show that, as expected, 
the air conditioning systems in the proposed 
dwelling has low electricity consumption and 
better exergy efficiency during a complete year 
than the air conditioning system in the current 
dwelling.  

The data obtained, reflects that the annual 
energy consumption for air conditioning sys-
tems has been excessively to get the thermal 
comfort conditions. 

The results of exergy efficiency show that the 
type of air conditioning system analyzed is not 
the bet to obtain the comfort level inside the 
dwellings in warm dry climates.  

Table 2: Hours inside the comfort zone in the interior of the current dwelling with PSZ-1. 

Temp.(°C) x<10 10<=x<20 20<=x<30 30<=x<40 40<=x<50 50<=x<60 60<=x<70 70<=x<80 80<=x<90 90<=x
10<=x<12 0 0 0 0 0 0 0 0 0 0
12<=x<14 0 0 0 0 0 0 0 0 0 0
14<=x<16 0 0 0 0 0 0 0 16 1 0
16<=x<18 0 0 0 0 0 0 11 97 0 0
18<=x<20 0 0 0 0 0 0 46 302 0 0
20<=x<22 0 0 0 0 0 1 150 621 0 0
22<=x<24 0 14 15 2 1 2 255 897 0 0
24<=x<26 3 244 284 277 2982 1297 491 751 0 0
26<=x<28 0 0 0 0 0 0 0 0 0 0
28<=x<30 0 0 0 0 0 0 0 0 0 0
30<=x<32 0 0 0 0 0 0 0 0 0 0
32<=x<34 0 0 0 0 0 0 0 0 0 0
x>=34 0 0 0 0 0 0 0 0 0

5307 Total Comfort Hours

Relative Humidity (%)

 
Table 3: Hours inside the comfort zone in the interior of the proposed dwelling with PSZ-2. 

Temp.(°C) x<10 10<=x<20 20<=x<30 30<=x<40 40<=x<50 50<=x<60 60<=x<70 70<=x<80 80<=x<90 90<=x
10<=x<12 0 0 0 0 0 0 0 0 0 0
12<=x<14 0 0 0 0 0 0 0 0 0 0
14<=x<16 0 0 0 0 0 0 0 0 0 0
16<=x<18 0 0 0 0 0 0 0 0 0 0
18<=x<20 0 0 0 0 0 10 51 0 0 0
20<=x<22 0 0 0 0 2 26 341 12 0 0
22<=x<24 0 0 0 0 3 34 963 185 0 0
24<=x<26 1 215 246 207 2946 1853 1386 279 0 0
26<=x<28 0 0 0 0 0 0 0 0 0 0
28<=x<30 0 0 0 0 0 0 0 0 0 0
30<=x<32 0 0 0 0 0 0 0 0 0 0
32<=x<34 0 0 0 0 0 0 0 0 0 0
x>=34 0 0 0 0 0 0 0 0 0

1 215 246 207 2951 1923 2741 476 0 0
7392 Total Comfort Hours

Relative Humidity (%)
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4. CONCLUSIONS 
Results obtained show that adequate insulation 
in economical dwellings envelope can decrease 
substantially the heat gains inside and that a 
medium size well located window can be 
enough to reach users lighting needs, without 
gaining a relevant heat. 

The exergy analysis method has been ap-
plied, to study the same air conditioning system 
in different dwellings, and the method provide 
an important benchmark for the study of this 
system. It is necessary to locate a better air con-
ditioning system that can provide thermal com-
fort conditions at inside of dwellings and have 
low consumption energy for using in the warm 
dry climates. 

The type of analysis here presented, that re-
lates to daylight, thermal comfort and exergy is 
not usual, and is able to provide a benchmark 
for improvement of the dwellings design. 
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