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INFLUENCE OF OPTIMAL HEATING 

SYSTEM CHOICE ON ENERGY SAVING 

AND DECREASE OF NEGATIVE 

ENVIRONMENT IMPACT 
 

Abstract: In this paper an analysis of the multi-criteria 

optimization, in Design Builder software, was performed. The 

analysis is oriented towards the process of achieving, processing, 

and choosing an optimal solution of heating system for a specific 

house. Optimization criteria and parameters of use are presented 

in the paper. For the created object, intended for testing, a 

minimization of CO2 emission, minimization of building and 

installation costs, while maximizing energy efficiency was 

performed. A choice of the optimal heating system has also been 

done, depending on previously set goal functions. Variables 

chosen are only the systems which are considered to have the 

largest influence on the optimization process. Using a Pareto 

optimum specific values of the most suitable model were achieved. 

This approach has perspective for analysis and prediction of 

energy efficiency behavior of a housing unit, in order to have 

their exploitation benefit the overall living comfort. 

Keywords: energy efficiency, exploitation, comfort, thermal 

comfort, optimization, Design Builder 
 

1. INTRODUCTION  
 

 Designing and building of housing units is 

at a high level today. Housing units are being 

built which are comfortable for living, energy 

efficient, and easy to build. In order to achieve 

this in the design phase a large number of factor 

must be taken into consideration which 

influence the three aforementioned parameters. 

An appropriate choice of all these factors which 

influence building and exploitation of housing 

units can be made by implementing multi-

criteria optimization. Beside optimization, 

implementation of renewable energy sources in 

building housing units should be made to 

minimize the negative impact and converge 

towards a zero-net consumption. 

 In order to achieve the best effects, 

researchers have used multi-criteria 

optimization. One of the most important criteria 

is most usually the heating system. In order to 

achieve the best thermal comfort in a house the 

type of heating system is very important, [1]. 

Bojic and Kostic [2] have experimented with 

ventilation systems using COMIS software. 

With heating efficiency aside from ventilation 

and heating systems a large part is played by 

the floorplan layout of interior walls, [3]. The 

goal of these types of experiments is to have a 

house approaching zero-net emissions as much 

as that is possible, considering external 

conditions, [4]. A very important aspect for 

achieving good results is adapting the house to 

the climate region based on planning the use of 

electricity [5, 6]. The combination of these 

parameters in single-criteria or multi-criteria 

optimization is possible through the use of 

Design Builder, [7].  

 For the purposes of this research two 

house models were created. One model had an 

optimized heating system with the addition of 

PV panels and solar collectors while the other 

model was optimized for exploitation. Both 

models were chosen to be representative of the 

building style in Serbia. Models are created in 

Design Builder software and optimized using 

multi-criteria optimization.   

 

 

2. PROBLEM STATEMENT  
 

This research is based on a real project for 

a house, therefore it has its use in practical 

applications. The base motivation for this paper 
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comes from a need to create a model of a house 

which would be optimized according to the 

lifestyle of the people living in Serbia. 

 

2.1 Basic assumptions  

 

Every housing unit has specific 

characteristics. The first step of this research is 

determining the characteristics of the designed 

object. The next step is derived from the 

assumption that these characteristics can be 

improved through multi-criteria optimization in 

the design process. 

The first thing was to determine the initial 

characteristics of both representative houses. 

After that an optimization of the heating system 

was completed on the first house as well as an 

optimization of exploitation of the second 

house. Finally the optimization results were 

compared to initial characteristic values for 

both objects. 

 

2.2 Initial characteristics of the house whose 

heating system will be optimized  

 

Geometrical characteristics of the house 

whose heating system was optimized is shown 

in Figure 1. 

 

 

 
Figure 1 - Geometrical characteristics of the 

analyzed housing unit  

The total area of the model shown in 

Figure 1 is 58m2. The chosen heating system 

for the designed house is radiators in 

combination with natural ventilation. The 

heating system in the second phase are 

optimized to enable the determination of the 

type of system which would give the best 

resulting characteristics of the house.  

Possible heating systems offered by 

Design Builder software are: 

 fan coil unit, 

 hot water radiator heating, mixed mode with 

natural ventilation and local comfort cooling, 

 hot water radiator heating with natural 

ventilation, 

 storage heaters with natural ventilation, and  

 underfloor heating system with natural 

ventilation. 

Weather data for the simulation was taken 

for the area of Belgrade. The number of tenants 

is two. All household appliances were 

integrated according to suggestions for a two 

tenant house. The initial orientation of the 

house is north-south, where the front door is 

oriented south.  

 

2.3 Initial characteristics of the house whose 

exploitation will be optimized 

 

 This house is designed as a low-rise 

housing unit with a net area of 76.5 m2. The 

house has two bedrooms, living rooms, kitchen 

with dining room, a bathroom and hallway. The 

house is intended for a two to five member 

family. In front of the house there is a porch. 

The house is intended for flat or slightly sloped 

terrain. The most commonly used windows are 

aluminum without thermal block. External 

window wall coverage is up to 30%. 

Building materials for the walls and siding 

are chosen according to common practice. A 

view of the house model is given in Figure 2. 

 

 
Figure 2 - View of analyzed housing unit 



 

                                                  9
th
 IQC June, 2015                                               233 

 

The floorplan is modeled so that the house 

is adapted to the three to five tenants. The 

floorplan is given in Figure 3. 

 The house model is created so as to 

provide all rooms with at least one window. 

Thermal isolation of the house is done with 

siding bricks, so the house is adapted for all 

types of climate. From the front of the house as 

an additional exit from the bedroom there is a 

door to the porch. The porch is covered. The 

roof has a wooden frame and is covered by roof 

tiles at an angle of 300 relative to the ground. 

 

 
Figure 3 - Floorplan 

  

 

3. OPTIMIZATION METHOD  
 

With multi-criteria optimization the most 

common case is to have the quality of the 

solution, represented by the goal function, is 

not attainable through just one criteria. Through 

independent deter-mination of optimal 

solutions for various criteria is uncoordinated. 

Essentially, the usual improvement of one 

criteria directly influences the deterioration of 

another (at least one of the other criteria). 

During solving optimization problems of multi-

criteria optimization an interaction with the 

user is implied. A Pareto optimum, which the 

software is based on, can be defined on an 

intuitive assumption that the acceptable point X 

is Pareto optimal if no other objective function 

can be improved without deteriorating at least 

one of the other criteria. 

For optimization criteria this software 

allows the choice of co-dependence of two of 

three possible criteria. Criteria which can be 

combined are CO2 emissions, total cost and 

discomfort, while these values can be 

minimized or maximized. 

Figure 4 shows the definition of 

optimization criteria. 

  

 
Figure 4 - Interface for defining optimization 

criteria 

 

 Figure 5 shows the view and means of 

defining optimization criteria.  

 

 
Figure 5 - Interface for defining optimization 

variables 

 

For single-criteria optimization one 

solution is obviously the optimum and does not 

require the user’s analysis. An optimal solution 

of the multi-criteria optimization is a set of 

values (solutions) usable (values of every 

variable individually) for which all objective 

functions are involved in the optimization – 

criteria achieving their extreme values. For 

determining the optimum with multi-criteria 

optimization it is necessary to consult an expert 

in the field for a valid solution choice. 

   

 

4. RESULT ANALYSIS 

 

4.1 Analysis of optimization results for the 

house whose heating system was optimized  

 

 The initial model is designed with a 

heating system using thermo-accumulative 

heaters. Values of the calculation for the 

designed house are presented in table 1. 
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Table 1. CO2 emission values, discomfort and 

price of designed unit  

Name Value 

CO2 emission 9998 kg 

Discomfort 2202 hrs 

Price 154070 GBP  

  

For determining better house 

characteristics a single criteria optimization was 

first conducted for optimizing each of the 

criteria individually. Results of the optimization 

are shown in Figure 6. 

 

a)  

b)  

c)  

Figure 6 - Optimization results for housing 

object according to criteria of: a) CO2 

emission, b) Discomfort, c) Price 

 

 Comparative values for finding the real 

increase in performance are shown in table 2. 

 

Table 2 –CO2 emission values, discomfort and 

price by completed single-criteria optimization  

Criteria CO2 Discomfort Price 

CO2 6830 2236 162972 

Discomfort 8630 1742 161503 

Price 10241 1960 154070 

 

 This approach obviously improves one 

criteria while the other two clearly deteriorate. 

For this reason a multi-criteria Pareto 

optimization was preformed, and the criteria 

was chosen as most influential from table 2. 

Results of this optimization are shown in Figure 

7. 

  

 
Figure 7 - Multi-criteria optimization results 

 

 Optimization values for CO2 are 8575 kg, 

for discomfort 909hrs, and for the price 

161503GBP. It can be noticed that all these 

values are improved compared to single criteria 

optimization. 

 The final solution implies the 

implementation of a system for exploitation of 

solar energy (PV panels and solar collectors). 

For the correct choice of HVAC system in 

combination with solar energy optimization 

was implemented with a goal of finding the 

best solution for this low-rise housing unit. The 

placement of a solar system oriented south for 

their efficiency is important for this analysis. 

Optimization results for the house with 

implemented solar system are shown in 

Figure8. 

 

 
Figure 8 - Optimization results with PV panels 

and solar collectors  

 

 Values achieved through this optimization 

are CO2 8548 kg, 890 hrs of discomfort, for the 

price of 165116 GBP. It is noticeable that these 

values are favorable to the previous results. 

This approach emphasizes the importance of 

renewable energy, in this case, solar energy, in 

designing and exploitation of low-rise housing 

units. 
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 Based on optimization results conclusions 

are drawn and the importance of this process 

was presented. 

 

4.2 Analysis of optimization results for the 

house whose exploitation was optimized 

 

Multi-criteria optimization of this house 

was done by the objective function to minimize 

CO2 emissions, and minimization of price. 

Aside from minimizing the price, the comfort 

should be unchanged while maximizing 

utilization. Optimization variables used are 

parameters which influence comfort and 

maximize space utilization: 

 number of tenants in the house, 

 occupancy during a week, 

 external wall window coverage, 

 type of windows, 

 type of heating system,  

 heating system efficiency. 

Occupancy of the house is chosen so that it 

varies dependent on the number of between 

three and five tenants. Occupancy during the 

week is set to vary from four to six days. 

Window coverage of external walls is set 

between 30 and 50%. Window types can be: 

aluminum without thermal break, aluminum 

with thermal break, PVC windows, lacquered 

wood frame windows and simple wood frame 

windows. Heating systems which vary are: fan 

heaters, six types of radiators, and floor 

heating. While optimizing the house price is 

limited to not go over 160000 GBP and the CO2 

emissions do not go over 10000 kg yearly. 

Optimization is done in 125 iterations. 

Optimization results are shown in Figure 9.  

 

 
Figure 9 - Optimization diagram  

 

 Figure 9 shows four types of points: 

white, yellow, blue and red. Yellow points 

represent solutions which exceed the set 

constraints. White points are solutions which 

are in the acceptable set. Blue points present the 

last iteration, while the red is the optimal 

solution. In this case the optimal solution which 

is the minimization of CO2 emission and price 

has the following parameters: 

 four tenants  would be optimal for use of 

space, 

 tenants should be in the house 5.3 days per 

week, 

 window coverage of external walls should 

be 44%, 

 windows should be with lacquered 

wooden frames  

 heating should be with hot water radiators 

and natural ventilation  

 the heating system should have an 

efficiency of 0.94  

A house of this configuration has CO2 

emissions of 7798 kg yearly, while its price 

would be 151800 GBP. Invested energy in 

heating which gives these A house of this 

configuration has CO2 emissions is 16.3 kW. 
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With other solutions which are close to optimal, 

the cost is the same while CO2 emissions are 

decreased. With solutions close to optimal 

variations arise in the efficiency of the heating 

system, occupancy and number of days spent in 

house per week. These variations compared to 

the optimum are very small. 

 

 

5. CONCLUSION 
 

This research verifies the necessity of 

implementing multi-criteria optimization in the 

process of designing low-rise housing units.  

In this paper the design of two practically 

usable houses with different optimization 

variables has been done. Aside from that the 

process through which a significant 

improvement can be achieved was presented. 

Different single-criteria optimizations have 

been performed based on which it can be 

concluded that there is an improvement, but 

deteriorating values of criteria which are not 

covered are logically creating a need for multi-

criteria optimization. A Pareto optimization of 

two most influential criteria was performed. 

After this the object was optimized by installing 

a solar system. Upon achieving these results a 

comparison of initial and final optimal house 

characteristics was conducted.  

 The obvious result is that the optimal 

solution, with an optimized heating system has 

better CO2 emission by 14% compared to the 

initial house, the discomfort value is improved 

by 59%, while the price of both houses is 

similar, with the optimal solution costing 7% 

more. 

Comparing results before and after 

optimization for determining optimal 

exploitation conditions, this is best illustrated 

through showing how much traditional habits 

are worse than optimal. A house of this 

configuration has CO2 emissions of the optimal 

solution is decrease by 35% compared to the 

initial values. The price of building and 

installation of systems is decreased by 2% 

compared to traditional building. In order to 

achieve an optimal solution and maximize 

utilization the number of tenants is raised from 

two to four. The window type is changed from 

aluminum to wooden frame windows. The 

window coverage of external walls increased 

from 30% to 44%. The heating system is 

unchanged, however due to the decrease of 

CO2 emissions based on natural ventilation. 

Efficiency of the heating system is increased 

from 0.3 to 0.94. Due to the increase window 

area the designed energy needed to heat the 

house is insignificantly increased. 

Based on the presented results the 

conclusion that is prominent is that using the 

optimization process and renewable energy 

sources the performance of a house can be 

significantly improved. 

The further direction of research is 

determining all processes which contribute to 

the improvement of designing houses, where 

through minimal invested effort the most 

beneficial effects can be achieved. This 

approach contributes to the comfort of living 

and energy savings as well as preserving the 

environment.  
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