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Abstract. Achieving thermal comfort inside buildings in a region with a hot de-

sert climate is challenging, especially in social housing, which is generally not 

designed or built suitably for these climates. Two well-known architectural strat-

egies for reducing heat stress in these houses are thermal insulation and solar 

protection by shading. However, under free-running conditions, doubts arise 

about the effectiveness of these strategies. The social housing of the city of Her-

mosillo is exclusively single-family housing. The city has a hot desert climate 

with an average annual temperature of 25ºC and a mean oscillation of 15ºC. Dur-

ing the hot season, there are recurring peaks above 48ºC. This study aims to eval-

uate three low-cost architectural strategies to reduce heat stress in a single-family 

social house under free-running conditions; adding thermal insulation to walls 

and windows, adding sun protection to windows, and solar protection to the roof. 

The results show that both the use of thermal insulation and solar protections 

achieve improvements in the indoor thermal conditions of the house. However, 

when considering the warmer months, the solar protection strategies perform bet-

ter in reducing indoor heat stress in terms of discomfort hours. 

Keywords: Thermal Behavior, Social Housing, Hot Desert Climate Architec-

ture. 

1 Introduction 

Climate change is taking us to an increase in ambient temperatures and the frequency, 

duration, and intensity of extreme heat events worldwide [1]. This effect is particularly 

severe in the desert climate regions. At present, more than 40% of the Earth's surface 

is considered dryland and concentrates about one-third of the world population; further, 

approximately 70% of the drylands are located in developing countries. Within the dry-

lands, the arid and hyper-arid regions (deserts) are home to almost 6% of the world's 

population [2]. The extreme conditions of desert climates pose a series of challenges 

from an energetic and social development perspective.  

Achieving thermal comfort inside buildings is complicated in regions with extreme 

climates, such as hot deserts. There are several studies on different strategies to improve 

the indoor environment in this climate. Some of the strategies are the increment of the 
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reflectance of surfaces [3,4] and solar protection on both windows and roofs [5,6]. 

Other passive design strategies such as evaporative cooling, natural night ventilation, 

solar chimneys, wind towers, and thermal mass [7] have also been studied. Regarding 

the use of thermal insulation, these studies usually consider the presence of refrigera-

tion, while the parameters analyzed are usually its placement and thickness [8-10].  

This task is even more challenging when it comes to social housing, usually poorly 

built and equipped, since the owners of these single-family houses are low-income cit-

izens. These houses have characteristics that make them unsuitable for the climate, gen-

erally lacking thermal insulation and solar protection. This problem persists despite the 

existence of different official standards on the energy efficiency of buildings, such as 

NORM-020-ENER-2011 [11] that establishes the U-values and solar protection factors 

for different regions of Mexico and is not put into practice by the social housing private 

developers.  

Since a large part of this population cannot afford the installation and the use of air 

conditioning systems, it is necessary to provide economical and robust solutions to im-

prove the thermal conditions of the house in free-running conditions. 

2 Objective 

This study aims to compare the effectiveness of three common low-cost architectural 

strategies to improve indoor thermal conditions: thermal insulation and two different 

approaches to solar protection. In a hot desert climate, solar radiation is the main source 

of heat gains in buildings, making it a key parameter to consider in achieving indoor 

thermal comfort [12]. The study is carried in a dispersed and low-density city with a 

hot desert climate, characterized by almost exclusively single-family houses with a high 

air conditioning demand during the hot season [13]. 

3 Case study 

3.1 Site description 

This study takes place in Hermosillo (lat. 29N), a city located in the Sonoran desert in 

northwestern Mexico (see Fig. 1). This city has a hot desert climate (BWh in the Kö-

ppen climate classification), with an average annual temperature of 25ºC, a mean oscil-

lation of 15ºC, and precipitation of 387 mm (Table 1) [14,15].  

Although Hermosillo's climate may seem mild on average, it presents extreme cli-

mate conditions for more than half the year. During the hot season, which lasts between 

May and October, the average maximum temperatures range between 34ºC and 40ºC, 

and peaks above 48ºC are recurrent. As a desert city, it has high levels of solar radiation. 

Hermosillo has an annual mean solar radiation of 5,85 kWh/m2 per day. Though, during 

the hot season, the mean solar radiation is 6,7 kWh/m2 per day. 
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Fig. 1. Location of Hermosillo in relation to Mexico (left), and the urban area of the city (right). 

Author’s elaboration on Google Earth. 

Table 1. Monthly data of average maximum temperature (AMT), mean temperature (MT), aver-

age minimum temperature (AmT), relative humidity % (RH), and global horizontal radiation 

(kWh/m²). 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

AMT ºC 24.2 25.8 28.7 32.3 36.3 39.8 39.3 38.3 37.5 33.9 28.6 24.0 

MT ºC 17.2 18.5 20.9 24.1 27.9 31.8 32.5 31.9 31.0 26.9 21.3 17.1 

AmT ºC 10.2 11.3 13.1 15.9 19.4 23.8 25.8 25.6 24.6 19.8 14.0 10.2 

HR (%) 48 44 40 34 31 34 48 53 48 42 43 49 

kWh/m² 3.88 4.76 6.34 7.45 7.73 7.59 7.07 6.88 5.74 5.23 4.11 3.25 

 

For the last century in this region of North America, there has been an increase in 

the average temperature. In Hermosillo, this increase is more noticeable during the hot 

season. In the last fifty years, there has been an increase of around 2ºC in the average 

temperature this season (see Fig. 2). 

 

Fig. 2. Chart that shows the mean temperature change, from 1966 to 2014. There is an increase 

of almost 2ºC. Authors’ elaboration with data from the Municipality of Hermosillo [16]. 
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3.2 The single-family social house 

Hermosillo has a high percentage of social housing built in the last three decades, made 

up exclusively of single-family homes. A worker can acquire a house through a loan 

granted by the government (INFONAVIT, FOVISSSTE) and pay for it through 

monthly installments taken from the worker's salary. These houses are classified into 

three basic categories: social-interest, medium-interest, and residential housing. The 

one with the greatest presence and the largest number of inhabitants is the social-inter-

est housing [17]. These houses are the smallest (25 - 90 m2) and the construction is cost-

effective since they are produced in mass, causing that the quality of the house and an 

efficient energy design are not a priority, resulting in excessive use of energy with high 

air conditioning costs [18]. This represents a serious problem for the 41% of the popu-

lation that lives with less than 3 minimum wages monthly (less than 300 euros), and 

the 23% receives a monthly income between 300 – 500 euros [19]. 

The house analyzed in this work is located in a plot 8 x 14 m (112 m2). It has a living 

area of 51 m2 and an interior height of 2,5 m. Like most houses, it has light colors on 

its façade and white roof, an outdoor parking space, and a backyard. The lack of vege-

tation to shade the living areas, the façade and the parking area is a constant in this type 

of housing (see Fig. 3). 

 

Fig. 3. Photograph of a social housing neighborhood, our model is based in these houses. Photo-

graph taken from Google Earth. 

4 Methodology 

This study assesses the thermal behavior of a single-family social house during the hot 

season (May 1st – October 31st) in four different cases: 

1. Base case (walls of concrete block of 0,15 m thickness, the roof has a 0,12 m of 

thickness, and consists of precast concrete joists and EPS vaults that act as ther-

mal insulation, and simple 4 mm clear glass for the windows); 



5 

2. Case “A”: Adding thermal insulation on walls and windows (roof + walls + 

windows); 

3. Case “B”: Adding solar protection on windows;  

4. Case “C”: Adding solar protection over the roof. 

The analysis consists of dynamic thermal simulations using DesignBuilder (with En-

ergyPlus as the calculation engine) [20]. The parameter used to analyze the results is 

the indoor air temperature. The weather data used from the EPW file is from the Her-

mosillo International Airport. We evaluated the performance of each intervention based 

on the number of hours of discomfort and the accumulated degree-hours. These mean 

the number of hours with an indoor temperature exceeding a temperature value consid-

ered “neutral” for people acclimated to this climate (32ºC) [21] and the degrees accu-

mulated for each hour above 32ºC. We quantified these values throughout the hot sea-

son and during the two warmest months (July and August). 

The geometry, materials, orientation, and the architectonic distribution of the model 

used for the simulations, respond to the predominant building typology (see Fig. 4). 

The thermal transmittance, U (W/m2K), of the different elements of the house envelope 

is as follows: for the Base Case, the walls have a U-value of 2,75 W/m2K; the roof has 

a U-value of 1,35 W/m2K; the ground floor U-value is 2,80 W/m2K, and the U-value 

of the windows is 5,80 W/m2K. For Case A, these U-values are modified in the walls 

(0,91 W/m2K) by adding a 0,025 m XPS plate (extruded polystyrene); and on windows 

(3,08 W/m2K) by changing the 4mm single clear glass to a 6mm double clear glass + 

6mm air gap. We decided not to insulate the ground floor since its effect is counterpro-

ductive in non-conditioned buildings in a hot desert climate [22]. 

 

Fig. 4. Simulation model. It has a north-south orientation, with no adjacency between houses. 

In Case “B”, we used a system of gray color metal louvers, overhangs, and side fins 

to provide solar protection on the windows. In Case “C”, for the solar protection of the 

roof, we added a double roof (a white light metal hat), large enough to protect the con-

crete roof and south façade windows (see Fig. 5). This system also allows for ventilation 

between the roofs.  

The level of solar protection on windows provided by these two strategies is differ-

ent. In Case B, with the louvers system, the house receives 209 kWh of direct solar 

gains throughout the hot season, while in Case C, the windows have a solar gain of 
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1185 kWh during the same period. Thus, considering that the Base Case receives 1793 

kWh, these strategies represent a reduction of 88% and 34% respectively. 

 

Fig. 5. Windows solar protection system for Case “B” (used in all windows), and simulation 

model with a double roof used for Case “C” (shading the roof and south-facing windows). 

We utilized the work that Irene Marincic [23] carried out in Hermosillo during Au-

gust and September (daily from 8:00 to 19:00) to validate the simulations in this study. 

They measured and collected hourly data on indoor air temperature, relative humidity, 

wind speed, and mean radiant temperature from 143 houses and calculated the operat-

ing temperature (see Fig. 6). In all cases, the measured values are in a range between 

25ºC and 40ºC. We used the air temperature (Ta) and the operative temperature (Top) 

data to validate our simulations. To do this, we utilized two models of social housing 

with different living areas (51 m2 and 41 m2), and we simulated their thermal behavior 

during August and September. To calculate the operative temperature, we used the sim-

plified formula Top = (Ta +MRT)/2, where MRT is the mean radiant temperature. 

 

Fig. 6. Simulation results of two houses (R2=0,9958, R2=0,9965) contrasted against the data 

measured in 143 houses (R2=0,959) during August and September. 

The graph on the right shows the mean indoor air temperature and operative temper-

ature data for the two houses. Both houses have similar behavior to the measured data 
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(chart on the left). In these cases, the values obtained through simulations are also in 

the same temperature range (25ºC – 40ºC). 

5 Results and discussion 

To ease the discussion the four cases analyzed will be referred to as the base case, case 

“A” (insulation in roof, walls and windows), case “B” (solar protection on windows), 

and case “C” (solar protection over the roof). All the cases present the same occupation 

(4 users, as the only internal gain) and a ventilation rate of 4 ac/h, with an infiltration 

rate of 0,7 ac/h. It was necessary to analyze the indoor thermal behavior of the four 

cases during the entire hot season. Figure 7 shows that the three thermal improvement 

strategies have similar performance, with a seasonal mean indoor air temperature of 

30,2ºC. The base case averages an indoor air temperature of 30,5ºC. 

 

Fig. 7. Chart with the outside air temperature, the 32ºC for indoor “neutral” temperature, and 

the indoor temperature behavior for all cases. 

These similarities are more evident during July and August. Figure 8 shows that in 

the three interventions, the house is out of comfort (hours above 32ºC) for around 30% 

(1.288-1.325 hours), while the base case is for 37% (1.570 hours) of the season. Nev-

ertheless, when analyzing the accumulated degree-hours, the differences among the 

strategies can be observed. Case “A” represents a reduction of 40% to the base case, 

the case “B” a 25%, and the case “C” reduces a 30%. 

 

Fig. 8. These charts show the results of the two comfort indicators for the entire hot season. 

However, when considering only the warmest months (July and August), different 

results are produced between the three thermal improvement strategies (Figure 9). The 
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two interventions that increase solar protection, whether on the windows (case “B) or 

roof (case “C”), manage to decrease discomfort, passing from the 63% (941 hours) of 

the time out of comfort in the Base Case to a 56% (844-851 hours) in the refurbished 

scenario. In contrast, the intervention with higher thermal insulation maintains the ini-

tial 63% (938 hours) over the neutral temperature of 32°C. 

 

Fig. 9.     These charts show the results of the two comfort indicators for July and August. 

Nonetheless, when comparing the accumulated degree - hours, the results are differ-

ent. Case “A” (+ thermal insulation) reduces this indicator by around 28% regarding 

the base case. Cases “B” and “C” represent a reduction of 20% and 25% each in order. 

Based on the results obtained, some doubts about the use of thermal insulation arise. 

On the one hand, the use of thermal insulation (case "A") reduces the oscillation of the 

indoor air temperature (see Fig. 10), thus is beneficial when considering the number of 

accumulated degree-hours (above 32ºC). However, on the other hand, thermal insula-

tion does not allow an easy heat dissipation in the house, thus maintaining an indoor air 

temperature above 32ºC for more hours. This behavior is more noticeable during the 

warmest months, though is present in the last 4 months of the hot season (see Fig.7). 

 

Fig. 10. These two charts show the range of mean air temperature during the hottest months. 

In the case of architectural strategies based on solar protection, it can be said that 

case "C" with a double roof, has a slightly better performance than case "B" (solar pro-

tection on the windows). During the hot season, both have a similar number of hours 

above 32ºC (“B” 1.325 and “C” 1.312), and a difference of around 5% in the number 

of accumulated degree-hours in favor of case “C”. In July and August, case “B” has 
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844 hours and case “C” 851, but the latter maintains the difference of 5% in the number 

of degrees accumulated. 

6 Conclusions 

This paper studied the effectiveness of three low-cost architectural strategies to reduce 

heat stress in social housing under free-running conditions in a hot desert climate.  

The methods used to evaluate the strategies' performance (hours of discomfort and 

accumulated degree-hours) are useful to understand the difference in the thermal be-

havior of each case. The results obtained indicate that before making a decision, it is 

necessary to analyze the socio-economic situation and the user's profile of each house-

hold. 

On the one hand, thermal insulation may not be the best option for a home that can't 

afford air conditioning. Although the temperature peaks are not as high as in the other 

strategies, the thermal insulation itself favors maintaining a high indoor temperature. 

On the other hand, solar protection strategies allow an oscillation of the indoor temper-

ature, reaching higher temperatures, but at the same time, arriving to lower tempera-

tures than a house with thermal insulation. However, if the house is refrigerated, the 

strategy based on thermal insulation will be the most effective. It will maintain a suita-

ble indoor temperature and lower energy consumption. 

The findings of this paper help to prioritize architectural interventions aimed at im-

proving thermal conditions in social housing. Analysis under free-running conditions 

is essential to decrease the risk of energy poverty in vulnerable populations. 
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