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Why is it important to study water consumption in 
buildings? 
•  balance between the demand and the availability 

of resources; 
• the prediction of water consumption in buildings 

is indispensable in the management of water use 
in cities. 

Introduction 



Introduction 

• studies on the subject have been conducted 
around the world (some of them have been 
published on Journal of Cleaner Production in 
recent years). 
 

• study that reflects the reality of water 
consumption in Brazil? 
 
 
 



• Identify the factors that may influence water 
consumption in residential buildings in the city of 
Joinville (Southern Brazil), through the analysis of 
socioeconomic and constructive variables.  

Objective 



• Data were collected from 47 buildings located in 
the city of Joinville, Southern Brazil; 

• These buildings contain 1422 housing units; 
•  4346 inhabitants. 

Material and Methods 





In the sample there are low-income buildings and 
high-standard buildings 

Material and Methods 



Socioeconomic aspects were investigated, as well as 
the constructive characteristics of the buildings: 
• Distance from the building to the city downtown; 
• Neighborhood income;  
• Percentage of men; 
• Age of the district's population (60 and over); 
• Educational level of the residents;   

Material and Methods 



• Percentage of renters; 
• Presence of public sewage system; 
• Number of apartments; 
• Average area of the apartments; 
• Number of blocks; 
• Number of floors; 
• Age of the building; 
• Number of rooms;  



• Number of bathrooms; 
• Presence of rooms for employees; 
• Bathtubs in the apartments; 
• Elevator; 
• Average number of residents per apartment; 
• Type of water consumption measurement system 

(Individual or Collective); 
• Time elapsed since the last renovation in the 

plumbing system; 
 



• Pool(s); 
• Playground; 
• Alternative water supply system (well, water reuse 

or rainwater harvesting system). 
 



• Two models were elaborated with the following 
dependent variables:  
– Per capita water consumption (liters/person/day); 
– Total building water consumption (m³/day). 

Material and Methods 



• the multiple linear regression method was used. 
due to the fact that the model has more than one 
regressor (independent variable) and the 
(dependent) response variable is quantitative. 
 

          y = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +.... + 𝛽𝑘𝑥𝑘 + Ɛ 

Material and Methods 



• Water consumption (n=47 buildings): 

Results 

Variable Min 1st Quartile Median Mean 3rd Quartile Max 
Standard 
Deviation 

Building water 
consumption 
(m³/day) 0.6338 5.0380 5.9890 9.4320 8.1020 64.9300 11.378020 
Per capita water 
consumption 
(L/person/day) 12.1900 76.0900 104.9000 108.9000 128.7000 243.0000 43.538970 



• Building water consumption (m3/day): 
– The results indicate significant coefficients for 

variables related to the information regarding the 
socioeconomic and constructive aspects of the 
building, as follows: 

Results 



Estimate   Std error     t           p-value 
Intercept -113.05105  25.74192    -4.392         0.000109 *** 

Porcentage of men 2.05536        0.51730        3.973         0.000363 *** 

Number of apartments 0.24850        0.07148         3.476        0.001445 ** 

Average apartment area 0.03236        0.02292         1.412          0.167267 

Number of blocks 2.38848         0.50850       4.697          4.49e-05 *** 
Number of floors 0.73977        0.19889         3.720        0.000740 *** 
Age of the building 0.36392        0.09180         3.964        0.000372 *** 
Number os rooms -0.11036       0.04094        -2.696       0.010970 * 
Number of bathrooms 0.21223        0.03699        5.738         2.09e-06 *** 

Rooms for employees -4.44656        2.42577       -1.833         0.075829 . 

Inhabitants per 
apartment 

0.76836        0.43325         1.773         0.085381 . 

Time since renovation in 
the building 

2.15705        0.96865          2.227        0.032894 * 

Pool -4.74863       1.84940        -2.568         0.014956 * 
Alternative water 
supply system 

-5.12371        1.19486       -4.288       0.000147 *** 

Significance level  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
F = 108.7   p-valor = 2.2e-16 
R² = 97.72      adjusted R² = 96.82%. 
 



• The model residuals are independent and normally 
distributed.  

• Normallity test – Shapiro-Wilk (p-value = 0. 09991) 

Histogram  residuals – building water consumption 



• Model for Building water consumption (m3/day):  

𝑊𝑊 =  −113,05 + 2,06(%𝑚𝑚𝑚) + 0,25(𝑛𝑎𝑎𝑎𝑎) + 0,03(𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)  
+ 2,39(𝑛𝑏𝑏𝑏𝑏𝑏)  + 0,74(𝑛𝑓𝑓𝑓𝑓𝑓𝑓) + 0,36(𝑎𝑎𝑎𝑏𝑏𝑏𝑏) − 0,11(𝑛𝑟𝑟𝑟)  

+ 0,21(𝑛𝑏𝑏𝑏𝑏𝑏)  − 4,44(𝑟𝑟𝑟𝑒𝑒𝑒)  + 0,77
𝑖𝑖𝑖𝑖𝑖
𝑎𝑎𝑎𝑎  

+ 2,15(𝑡𝑡𝑟𝑟𝑟𝑟) − 4,74(𝑝𝑝𝑝𝑝) − 5,12(𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 

 
          



• The analysis presented significant coefficients for 
the following variables: 

Per capita water consumption (L/person/day) 



  Estimate   Std  error    t           p-value 
Intercept 2.6493       37.4446          0.071       0.944022     

Distance downtown 15.5101      5.5567           2.791       0.008662 **  

Educational level 14.1742      10.0776         1.407       0.168922     

% renters -21.4488    16.0911         -1.333      0.191675     
Sewage system 30.0629      15.2234         1.975        0.056709 .   

Number of blocks -8.6713        4.0432         -2.145        0.039437 *   

Number of floors 2.3352         1.7845           1.309        0.199707     

Age of the building 4.9715         0.7020          7.082       4.16e-08 *** 
Number of rooms -0.2331        0.1474         -1.582        0.123237     
Number of bathrooms 0.8783         0.2903          3.025         0.004791 **  

Rooms for employees 33.0921      19.2833         1.716       0.095518 .   

Bathtub -41.0755     17.8881        -2.296      0.028148 *   
Inhabitants per 
apartment 

-12.1967      3.5470          -3.439     0.001602 **  

Aternative water supply 
system 

-41.2361     10.8477         -3.801    0.000589 *** 

Level of significance 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
F = 17.85   p-value = 2.694e-11 
R² = 87.55     Adjusted R² = 82.65%. 
 



• Model residuals exhibit a normal distribution, 
supported by the Shapiro-Wilk test (p-value 
0.9732). 

Histogram  residuals – per capita water consumption 



• Model for Per capita water consumption 
(L/person/day): 

𝑃𝑃𝑃𝑃 =  2,65 + 15,51(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) + 14,17(𝑒𝑒𝑒𝑒𝑙𝑙𝑙) − 21,45(%𝑟𝑟𝑟𝑟𝑟𝑟𝑟)  

+ 30,06(𝑠𝑠𝑠𝑠𝑠𝑠𝑠) − 8,67(𝑛𝑏𝑏𝑏𝑏𝑏) + 2,34(𝑛𝑓𝑓𝑓𝑓𝑓𝑓) + 4,97(𝑎𝑎𝑎𝑏𝑏𝑏𝑏)

− 0,23(𝑛𝑟𝑟𝑟) + 0,88(𝑛𝑏𝑏𝑏𝑏𝑏)  + 33,09(𝑟𝑟𝑟𝑒𝑒𝑒) − 41,08(𝑏𝑏𝑏𝑏𝑏𝑏)

− 12,20
𝑖𝑖𝑖𝑖𝑖
𝑎𝑎𝑎𝑎

− 41,24(𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 

 



• In the face of water scarcity problem that has  
been perceived, there is a need to identify which 
factors influence the consumption of water in 
residential buildings.  

• Also, how these factors affect consumption. 
• Only through the knowledge of these factors and 

characteristics, strategies for saving water in the 
built environment can be developed. 

Conclusions 



• Model was developed with data from 89 buildings, 
3171 housing units and 9112 inhabitants. 

• The results are promising and will be tested in a 
building outside the sample. 

The work continues... 

THANK YOU! 
Andreza Kalbusch, Dr. Eng. 

andreza.kalbusch@udesc.br 
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