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Introduction 
 
Currently, a number of building energy simulation (BES) tools serves a variety of building 
energy management purposes. Depending on the modeling methodology, the input data 
required to develop energy models include information on the building physical 
characteristics, its occupants and appliances, historical energy consumption patterns, climatic 
conditions and macroeconomic indicators [1]. Heating and cooling loads are usually 
addressed by dynamically modeling the building physics (envelope materials), the building 
geometry and number of users. Meteorological data are also imperative for the performance 
of these approaches. Complex computational fluid dynamics programs can further add to 
their accuracy at the cost, however, of an increased complexity [2,3]. Building energy 
efficiency related legislation in the EU, enacted during the recent years [4,5], has resulted in a 
new wave of interest in and use of BES tools and approaches. EU member states now have to 
set-up elaborate national calculation methodologies, in order to determine the energy 
performance of housing and non-domestic buildings. 
 
In this technical report, an energy use modeling (EUM) methodology leveraging on user 
behavior rather than building physics will be described through a range of screens from the 
developed EUM simulator. The simulator is able to estimate, with an hourly resolution the 
following: 

• Electricity use 
• Heating/Cooling 
• Hot water 

Thus, all the components of the overall energy demand were considered. The EUM simulator 
has been developed and integrated in a broader context of micro-grid simulator (µGS) within 
SOFIA framework. The µGS aims at providing full support for renewable technology 
deployment decisions in the building domain and therefore an accurate simulation of the 
overall energy use is of critical importance. 
 
Electricity demand 
 
Following is the electricity demand part which aims at providing insight to the user’s hourly 
electricity needs. In order to define hourly use profile user is offered with advanced form for 
inserting the energy consumers and their corresponding working or non-working hours, as 
depicted in Figure 1. 
 
The first step is to enter relevant holidays for desired location which will be used for creating 
some of the corresponding Use profiles. Following is the creation of the Use profiles, for 
which the required fields include profile name, type, which suggests exactly on which days 
this profile refers to, the range of dates in which the profile is used and the relevant hours for 
each day within the selected dates and finally to mark whether the selected hours will be 
working or non-working. An additional optional field is foreseen for the description of each 
use profile. The Use profiles can easily be added or deleted without any restriction and 
regardless of their number. 
 
Once the set of use profiles is defined, one should proceed to the definition of the list of 
consumers. Adding a new consumer requires entering name, number of units, rated power of 
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a single unit, actual to nominal power ratio and a time of use coefficient, suggesting the 
percentage of time the consumer is working with its full power. Finally, in order to take a 
specific consumer into account during the simulation, it should be assigned with at least one 
use profile or their respective combination, as indicated in figure. 

 
Figure 1: Electricity demand inputs 

The first step is to enter relevant holidays for desired location which will be used for creating 
some of the corresponding Use profiles. Following is the creation of the Use profiles, for 
which the required fields include profile name, type, which suggests exactly on which days 
this profile refers to, the range of dates in which the profile is used and the relevant hours for 
each day within the selected dates and finally to mark whether the selected hours will be 
working or non-working. An additional optional field is foreseen for the description of each 
use profile. The Use profiles can easily be added or deleted without any restriction and 
regardless of their number. 
 
Once the set of use profiles is defined, one should proceed to the definition of the list of 
consumers. Adding a new consumer requires entering name, number of units, rated power of 
a single unit, actual to nominal power ratio and a time of use coefficient, suggesting the 
percentage of time the consumer is working with its full power. Finally, in order to take a 
specific consumer into account during the simulation, it should be assigned with at least one 
use profile or their respective combination, as indicated in figure. 
 
Following to the definition of all consumers and the corresponding use profiles, intermediate 
hourly energy consumption results can be reviewed, as in Figure 2. 
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Figure 2: Hourly electricity demand 

However, before exporting results to the rest of µGS components, user is offered with 
calibration option which considers entering energy bills, if they exist.  

 
Figure 3: Electricity demand calibration using electricity bills 
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Again, the entry form for energy bills considers definition of name, dates range for which the 
bill is valid for and of course the quantity and price, as depicted in Figure 3. It is especially 
important to emphasize that calibration procedure can be performed either for whole one year 
period or partly, taking into account only available electricity bills. 
 
Heating/Cooling demand 
 
Following is the space heating/cooling demand part which aims at providing insight to the 
user’s hourly heating and cooling needs. In order to define hourly use profile user is offered 
with advanced form for inserting user requirements for space thermal comfort, as depicted in 
Figure 4. 

 
Figure 4: Heating/Cooling demand inputs 

 
The relevant holidays, previously defined in the electricity demand part, are also applicable 
for the heating/cooling part. Similarly as in previous case, following is the creation of the Use 
profiles, for which the required fields include profile name, type, which suggests exactly on 
which days this profile refers to and the range of dates in which the profile is used. For each 
of these use profiles a set of hourly values for space thermal comfort is assigned. An 
additional optional field is foreseen for the description of each use profile. The Use profiles 
can easily be added or deleted without any restriction and regardless of their number. 
 
Once the set of use profiles is defined, one should proceed to the selection of the appropriate 
RET technology that will be used to satisfy the loads. For this purposes, the two options were 
considered, a solar thermal system and geothermal system. It should be noted though that in 
case space heating both options are available whereas for cooling loads, only geothermal heat 
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pump is feasible. Finally, once the selection is made, hourly energy heating and cooling 
demand can be reviewed, as in Figure 7 and Figure 8 respectively. 

 
Figure 5: Hourly cooling demand (kWh) 

 
Figure 6: Hourly heating demand (kWh) 
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Hot water demand 
 
Finally, the hot water demand was assessed. This part aims at providing insight to the user’s 
hourly hot water needs. Unlike previous case, the hot water considered in this part is meant 
only for end use of hot water, meaning user’s sanitary needs. In order to define hourly use 
profile, user is offered with advanced form for inserting user hot water requirements, as 
depicted in Figure 5. 

 
Figure 7: Hot water demand inputs 

Again the relevant holidays, previously defined in the electricity demand part, are also 
applicable for the hot water demand part. Similarly as in previous case, following is the 
creation of the Use profiles, for which the required fields include profile name, type, which 
suggests exactly on which days this profile refers to and the range of dates in which the 
profile is used. For each of these use profiles a set of hourly values for hot water demand is 
assigned. The only difference is that for hot water demand both water temperature as well as 
volume are required. An additional optional field is foreseen for the description of each use 
profile. The Use profiles can easily be added or deleted without any restriction and regardless 
of their number. 
 
Once the set of use profiles is defined, user can proceed to review hourly energy demand (in 
kWh) that is required to satisfy the requested hot water needs, as in Figure 6. 
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Figure 8: Hourly hot water demand (kWh) 

 

Conclusion 
 
An integrated energy use modeling (EUM) simulation tool leveraging on user behavior was 
presented. The simulator is able to estimate, with an hourly resolution, all critical components 
of the overall user energy demand. Therefore, a breakdown of functionalities is made towards 
the modeling of demand of Electricity (for end use), Heating/Cooling and Hot water. 
 
Key features of the EUM simulator were presented through a range of screens-shots taken 
from one interactive session, suggesting the necessary inputs and delivered outputs. Since the 
EUM was developed and integrated in a broader context of micro-grid simulator (µGS) , 
within SOFIA framework, these outputs will used as a critical input in the µGS operation. As 
a reminder, the µGS aims at providing full support for renewable technology deployment 
decisions in the building domain and therefore an accurate simulation of the overall energy 
use is of critical importance. 
 
The developed EUM simulator distinguishes itself from the traditional building simulation in 
its focus towards energy using patterns, rather than building physics. Thus, it is more a 
behavioral rather than a physical approach. Besides the key goal, i.e., to provide credible as 
possible hourly estimations of the electric, heating/ cooling and hot water energy use, it is 
also promising in identifying hours of extreme energy costs as well as tracing back their 
origin. 
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Review of technical solution 

SOFTWARE SIMULATOR FOR ENERGY 
DEMAND IN MICRO-GRID 

 
 
 
 
The technical solution under review represents an integrated energy demand 
modeling simulation tool, leveraging on user behavior instead of building 
physics, which was commonly used method until now. The simulator is able 
to estimate, with an hourly resolution, all critical components of the overall 
user energy demand. A breakdown of functionalities was made towards the 
modeling of demand of Electricity (for end use), Heating/Cooling and Hot 
water (for end use). 
 
Through a range of screens-shots taken from the simulator itself the 
necessary inputs and delivered outputs were suggested, thus revealing the 
key features of the simulator. Since the simulator was developed and 
integrated in a broader context of micro-grid simulator (µGS), within SOFIA 
framework, these outputs could be used as a critical input in the µGS 
operation. 
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