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Introduction

 Modern research in exploitation of houses was 
primarily directed towards energy efficiency, 
thermal comfort (quality) of living, and 
conservation of environment. This paper 
examines the ways to create houses of such 
characteristics.

 The motivation for this research comes from a 
need to define parameters which enhance the 
quality of low-rise housing exploitation from the 
aspect of energy efficiency, thermal comfort, and 
environmental impact. 
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Introduction

 To achieve such results, it is necessary to use software 
for finding optimal solutions. In this research, a multi-
criteria optimization was done by using Design Builder 
software. 

 The optimization was performed on four types of 
houses of approximately the same base area. The 
investigated houses were houses with gable and hip 
roof, and that with square and L- base.

 The used variables are the following: the house 
orientation from north,  the heating type, the window 
area, the window type, the shading coefficient, and 
the overhang depth. 
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Problem statement

 This research would determine whether houses with 
different roof types have the same energy efficiency. 
Furthermore, the question would be whether houses with 
the same base area, but different base shape have equal 
energy efficiency. The paper is based on real house 
projects, for the research to be directly practically 
applicable.

 Consequently, four houses were studied, of similar base 
areas. The houses were designed, simulated and optimized 
by using Design Builder software. The first two houses had 
different roof types, gable and hip (with square bases). The 
other two houses had different base shapes, square and L-
shaped bases (with hip roofs).

 The total floor areas of these houses were 60m2.
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Problem statement

 Geometric characteristics of the analyzed houses: a) floor 
plan, b) gable-roof house, c) hip-roof house
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Problem statement

 Models of analyzed houses: a) square-base, b) L shape-
base

 Floor plan a) unit with square base; b) unit with L base
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Results of Optimization

 Values of CO2 emission and discomfort for houses with gable and hip roofs 
prior to optimization Roof Variable name Value

Gable CO2 emission 6569 kg/year

Hip CO2 emission 6393 kg/year

Gable Discomfort 2486 h/year

Hip Discomfort 2548 h/year

For the optimization results for the house with gable roof, the CO2 
emission was in the range of 6569 to 6685 kg/year, while the 
discomfort ranged from 2486 to 2506 h/year. This means that the 
most favorable characteristics were in a very small range and that 
the chosen optimizations did not have a large influence on them.

Optimization results for the house with gable roof
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Results of Optimization

The CO2 emission for the optimized house was 6351 kg/year, 
while the discomfort was at about 2410 h/year.
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Optimization results for 
the house with hip roof
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Results of Optimization
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Pareto optimums: square-
based house

The Pareto optimization of the square-based house showed that the 
CO2 emission varied from 6483 kg/year to 8915 kg/year, and the 
number of discomfort hours varied from 1747 h/year to 2559 h/year. 
As a The Pareto optimum according to the lowest CO2 emission of 
6483 kg/year with 2559 h/year of discomfort.
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Results of Optimization

Pareto optimums: 
L-based house
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The Pareto optimization of the L-based house yielded the CO2 
emissions varied from 6242 kg/year to 8808 kg/year. Then, the 
number of discomfort hours varied from 1799 h/year to 2571 h/year. 
The Pareto optimum according to the lowest CO2 emission of 6242 
kg/year with 2571 h/year of discomfort.
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Results of Optimization

 The houses attained through optimization had lower CO2 emissions 
than the initial houses with gable roof about 3.4%, and hip roof 
around 0.6%. The houses made by using optimization were better by 
discomfort criteria from that of house with gable roof by about 3.2%, 
and from that of house with hip roof  by about 5.7%. Due to the 
decrease in CO2 emissions, the optimized houses had proportional 
decrease in energy consumption.

 The CO2 emissions value for the L-based house and square base 
house are similar prior to optimization. The discomfort hours were 
almost equal for both houses. The CO2 emissions for houses with 
square-base were decreased by 27% after optimization, while the L 
based house has a decrease of 29% after optimization. The discomfort 
hours stayed almost equal for both houses. After optimization, the L-
based house had about 4% lower CO2 emissions than that of the 
square-based house.
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Conclusion

 The basic conclusion is that there is a realistic possibility of 
maximizing beneficial, and simultaneously minimizing negative effects 
in construction and exploitation of low-rise houses.

 From the completed optimizations, it may be concluded that to 
minimize CO2 emissions it is better to construct the L-shaped house 
with hip roof. A big advantage of this house compared to the other 
three houses, is in the decreased costs for the heating system. In 
addition, after optimization, the energy consumption of the L-based 
house was 6% lower than that of the square-based house.

 It can be noticed that there was an increase in low-rise house 
performances through implementing the optimization process in the 
process of their design. The improvement in its performance was not 
drastic, however overall characteristics of the house were largely 
improved. This approach yielded to higher thermal comfort in house 
and environmental conservation.
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Thank you all for your 
attention!

Benefits of optimizing low-
rise buildings
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