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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 report, an energy use modeling (EUM) methodology will be described that will 
highlight user behavior rather than building physics. The methodology will be able to 
estimate, with an hourly resolution, electricity use, price and cost. In addition, it will be 
simpler than typical BES approaches and can be applied, with little overhead, to expanded 
scopes, such as districts, neighborhoods, municipalities, as well as other utilities (e.g. water 
use and pricing) where the former approaches are clearly not realistic. The methodology 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. Besides the use modeling approach, the 
simulator includes also hourly production models. Based on both estimated production and 
consumption, energy sourcing decisions can then be optimized. Interesting to note, just as in 
the case of electricity and along a completely similar rationale, a model based consumption 
simulation can be developed also for non-electric energy use (oil, gas, etc.). In this technical 
paper, however, we will restrict solely to the electricity use modeling and simulation. We will 
present how both the electricity use and the electricity pricing are modeled; these then can 
jointly be used to provide an estimation of the electricity cost. The resolution of the exercise 
will be that of an hour. In this way, insight may result to wasteful (high energy use) as well as 
costly (high energy price) user practices. The EUM simulation approach will be presented in 
its conceptual and algorithmic details. 
 
Concept	
 

When estimating energy use the following broad approaches may be used [7,8]: 
 
1. The selection of an established, literature based, benchmark value. This value is mainly 
based on the building type and its geographic location. The benchmark value can be typically 
used to estimate the expected energy consumption of a building before it is built. It is useful 
and viable for buildings that are in a design phase, when it is not possible to audit an existing 
building or to use actual consumption data. 
 
2. The conduct of an energy audit. This approach requires the registration of all parameters 
affecting energy consumption (e.g. size, users, activity, number and type of energy 
consuming devices, etc.). This is achieved by means of an audit of the equipment being 
installed (KW) along an estimation of how long they will be running. The energy audit 
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approach, closely reflects the actual energy infrastructure in place, and results to a more 
accurate estimation when compared to the above, simple, benchmark values. 
 
3. The use of actual building consumption data. Here real consumption data need to be used. 
Typically, these may be available in a time interval of one, two, three, etc. months. 
Obviously, for the method to be used, data, for at least a year, must be available. Also, 
besides building level energy bills, other sources of actual energy consumption data, such as 
smart energy meters, may provide actual consumption data at device level and at various 
sampling rates ranging from seconds to days. Estimates of appliance usage times, required in 
the previous energy audit method, may now be eliminated by “sub-metering”. This implies 
usage of energy metering devices on specific, usually energy consuming, appliances within 
the building with the aim to determine both their component of the energy consumption as 
well as their usage profile in time [9]. 
 
The energy use model (EUM) that will be presented below has been designed to be of an 
hourly resolution. This applies to both the electric energy use (kWh) and the applicable, 
within every hour, electricity price (c€/kWh). The applicable electricity tariff will often 
require to consider electricity price as dependent on the energy use itself. The methodology 
includes an energy audit component, while the simulation results are calibrated by means of 
actual consumption data, to improve accuracy. Last, the new concept of “use profiles” is 
introduced to allow for a radically increased accuracy of the simulation. 
 
Methodology	
 
The EUM methodology will now be presented as a conceptual framework as well as a 
calculation procedure. 
 
Energy	use	profiles	
	
Energy use profile is a concept used to identify distinct building energy use patterns. User 
behavior is one of the most important input parameters influencing the results of building 
performance simulations [10–12]. The energy use profiles, in the EUM methodology, is 
essentially the concept introduced to model user behavior. Energy systems and devices 
installed in a building can then be easily allocated to one or more of these energy use profiles. 
For instance, outdoor lighting may be switched on during the night hours. Thus, the “night 
hours”, need be defined as a specific use profile. Personal computers, in a school, may be 
switched on only during daytime on working days. The “working hours” would then be the 
respective, required, use profile for these electric devices. 
 
The user can define as many profiles as she wishes. A status bit (ON/OFF) serves to define 
whether the use profile refers to devices switched on (ON status) or switched off (OFF status) 
during the selected hours of the profile. 
 
An energy use profile is, technically, a matrix of 8760 (hours of a year) binary values. For the 
“ON” profiles, the selected hours will be set to 1, while all the rest will be set to 0. For the 
“OFF” profiles the selected hours to be set to 0, while the rest of them will be 1. 
 
Every electric device may now be allocated to one or more use profiles. Device use profiles 
are essentially a combination of simple energy use profiles. For example, a school is normally 
closed during summer months. Thus, its electric devices will be influenced by both the 
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“working hours” use profile and the “summer” use pro-file. The methodology allows 
constructing the device profiles from any number of use profiles, previously defined. 
 
Energy	audit 
 
A breakdown of the electric equipment installed in the building needs to be prepared by 
means of a classic audit exercise. This will be used by the EUM methodology to calculate 
hourly energy use values. Electrical energy use refers to lighting, appliances (cooker, 
washing machines, etc.) and equipment (PC, TVs, printers, etc.) as well as heating/cooling 
equipment. In the case of a renewable energy system installed, energy use models may also 
greatly assist renewable sizing and installation decisions by providing a good estimation of 
the hourly energy demand. Ideally, besides the use models, hourly production models would 
be also required to best optimize the renewable set-up and support decisions on storing, 
selling and using renewable energy. 
 
Electric	energy	pricing 
 
The pricing application has been designed to support the two main current tariff practices, 
either separately or in combination. These are time period pricing and load zone pricing. 
 
In period pricing the price of electricity may differ from hour to hour, day to day, or month to 
month. A number of pricing periods are usually applied and the price is discriminated among 
them. The Italian case study, described in Section 6.2 involves this type of energy pricing.  
Load zone pricing, differentiates energy prices based on the consumption level within 
particular billing periods. Two types of load zone pricing are possible: 
 

 The price is generated from the total consumption within the billing period. Thus, it 
may only be known and applied after the end of the billing period. 

 The price varies according to specified load zones within the billing period. The 
Greek case study, described in Section 6.1, involves this type of energy pricing. 

 
It should be mentioned that in cases where period and zone based pricing are both part of the 
tariff scheme, priorities must be assigned for cases of potential conflict. For example, if 
period pricing requires a high tariff or on the load zone one. From investigated cases the 
period seems to be taking priority over the load; however in the simulator the option to select 
and assign the priority is provided. 
 
It is important to stress that the energy use models will affect the pricing simulation in the 
case of load zone pricing since the tariff will change every time consumption crosses over the 
higher zone. Thus, in the simulation it has been necessary to use the energy use model 
estimations as a basis for estimating the applicable hourly consumption zone level and 
therefore retrieve the correct price. 
 
Calculations	
 
When an energy audit is carried out, all the energy devices/systems in place as well as their 
nominal figures [power: Pn, W] should be identified. The wattage labeled is the power drawn 
by the appliance. Since many appliances have a range of settings (for example, the volume on 
a radio), the actual amount of power consumed depends on the setting used, at any particular 
time. Devices such as speakers rarely work on their full power. Therefore, the auditor should 
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make a relatively accurate approximation of the actual power as a percentage of the 
respective nominal one. A special, device level coefficient [act nom, actual to nominal 
coefficient], is introduced to model this difference between the nominal and actual figures.  
 
The percentage of the running time [time %, use time percent-age] of all devices is now 
required. Even if this could be possible in a yearly level, it would be difficult to provide an 
hourly distribution of the figure throughout the year to essentially match the resolution of the 
simulator. In other words, even if one succeeded in an estimation of the hours per year a 
particular energy system runs, how could these hours be possibly distributed at the hourly 
level. The concept of the use/device profiles is pivotal in reaching a realistic estimation of 
this distribution. For example, if the selected profile for a lamp is night, and night is defined 
by the user, from 10 pm to 6 am every day, then a time % = 100% means that lamp is 
switched on from 10 pm to 6 am every day. On the contrary, 50% use means that device is 
used for about 4 h during night hours. 
 
The simulated energy use within the [i] hour by the [j] electric system is then calculated as 
follows: 

Ej[hi] = Q × Pn × act_nom × time_perc × UP × 1 h 
 

where Q is the number of devices of the electric system; Ej [hi] is the energy consumed 
within the referenced hour by the specific device; Pn is the nominal power of the specific 
device; act_nom is the ratio of actual to nominal power; time_perc is the time percentage of 
use, when the system is used; and UP = 1, if the device profile has the referenced hour set at 1 
or UP = 0 if the device profile has the referenced hour set at 0. 
 
Overall, the simulated energy consumed by all the electric systems is calculated as follows: 
 

E[hi] = 


n

j 1

Ej[hi] 

 
where n the number of electric systems identified. 
The total annual building energy E used by all the electric systems identified, is calculated as 
follows: 

E = 


8760

1i

E[hi] = 


8760

1i



n

j 1

Ej[hi] 

 
Verification	and	calibration	of	the	proposed	methodology 
 
Energy	bills	
 
The last phase of the simulation is the calibration. Calibration is performed using actual 
monthly consumption data. On this stage, the simulator predictions are compared with the 
actual consump-tion data and two mechanisms have been incorporated to manage the 
deviations between actual and predicted consumption and cost. Energy use (kWh) is 
calibrated by adjusting the time use percent-ages, while energy cost (€) is calibrated by 
shifting loads into cheaper/more expensive device profile hours. 
 
The energy use for a billing period (m hours) by all the devices identified is calculated as: 
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Ep = 


m

i 1

E[hi] = 


m

i 1



n

j 1

Ej[hi] 

 
where Ep is the total energy use for the billing period and m is the hours of billing period.  
Energy cost for a particular hour is estimated as:  
 

C[hi] = E[hi] × P[hi] 
 
where E[hi] is the energy use for the particular hour and P[hi] is the energy price for the 
particular hour by considering the tariff schemes. 
 
Energy	use	calibration:	adjustment	of	the	time	coefficients	
 
For every billing period the EUM simulator calculates the over-all consumption within the 
billing period via the above equation (kWh) and compares the overall simulated consumption 
with the real consumption during the billing period. Any deviation is taken account of by 
adjusting the time coefficients, within the specific billing period. In this way, by means of 
this adjustment of the use time percentages, the simulated consumption can be made equal to 
the actual one. 
 
Energy	cost	calibration	by	load	shifting 
 
The second calibration step compares the total energy cost, predicted by the methodology 
within the billing period, with the amount paid in to the electric utility as shown on the bill. 
This is done by means of shifting loads to a higher or lower pricing zone, depending, 
respectively, on whether the cost was underestimated or overestimated [13]. 
 
Let us consider: 

Eo(hi) = the electricity demand, estimated by the simulator 

Po(hi) = the estimated price, calculated and applied to the hi hour 

Co(hi) = the cost of the electricity consumed in the hi hour 

Eo = the electricity demand, as estimated by the simulator, for the whole billing period 

Co = the electricity cost, as estimated by the simulator, for the whole billing period 

Ea = the actual electricity consumption for the period 

Ca = the actual cost of electricity for the specific period 

Pw = the weighted price for the billing period, i.e., the total electricity cost divided by the 
total load for the period, Pw = Ca/Ea 

Epeak = electricity consumed in higher prices than Pw 

Eoff-peak = electricity consumed in lower prices than Pw 

minC = Eo × Pmin = minimum energy cost for the billing period 

EPmin = the amount of energy consumed during minimum price hours within the period 

E_(hi) = the electricity demand after calibration in the hi hour 

C_(hi) = the electricity cost after calibration in the hi hour 
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For every billing period, the EUM calculates the cost difference (Co − Ca) and the weighted 
price Pw. If the energy cost in this period is overestimated, EUM calculates the required 
amount of energy (Eshift) to be shifted for Ca cost as a ratio of the total load within the 
period. 

Eshift = (Eo − EPmin) × (Co − Ca) Co – minC 
 
EUM calculates the calibrated energy consumption for every hour via following equations: 
 

E_(hi) = Eo(hi) − _Eo(hi) Epeak  _× Eshift , if P(hi) > Pw 
 

E_(hi) = Eo(hi) + _ Eo(hi) Eoff −peak _× Eshift , if P(hi) < Pw 
 
Finally, EUM calculates the new cost of energy for the period as: 

 
C_ = ˙C_(hi) = ˙E_(hi) × Po(hi) 

 
A similar process applies to the case of an underestimated energy cost with reverse signs in 
previous equations and using the maximum price instead of the minimum in the Eshift 
calculation. maxC and EPmax should be now calculated and used in the appropriate 
evaluation instead of minC and EPmin. 
 
Conclusion	
 
The EUM approach distinguishes from the traditional building simulation in the focus is 
presents on 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 energy use and cost it is also promising in identifying hours 
of extreme energy costs as well as tracing back their origin. 
 
A further advantage is that the method implementation is far simpler than the usual dynamic 
models used in building simulations (EnergyPlus, etc.). The method is based on device and 
energy use pattern auditing, a process that can complete far easier than CFD based 
simulations. 
 
Furthermore, although in buildings, there will eventually be a tradeoff between building-
based and user-based simulation techniques, the EUM approach has significant potential to 
cover expanded contexts such as the neighborhood, or the urban area. These may include a 
large set of buildings and outdoor energy infrastructure and any building related methodology 
would fast run out of realism. Similarly, the EUM approach seems promising for deployment 
in the case of other types of energy (oil, gas, etc.) as well as building resources (water, etc.).  
Emerging smart grid intelligent electricity pricing practices may also increase the usefulness 
of the EUM simulator. The impact of pricing changes may be now accurately evaluated and 
used to sup-port decisions on favorable suppliers, etc. 
 
Significant progress is currently made in the direction of a powerful dynamic EUM simulator 
that would make use of real time energy data, would be trained by a neural engine and would 
provide increased simulation accuracy and a foundation for more rational building energy 
decisions. 
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Review of technical solution 
ENERGY USE MODEL FOR COMPLEX, MULTI-PURPOSE, 

FACILTIES 
 

 
The revised technical document presents the development of generic energy use model applicable for 
use in complex, multi-purpose, facilities. This is epically important module within the SOFIA’s micro-
grid simulator (µGS) as it provides the necessary means for accurate micro-grid sizing and 
dimensioning. 
 
The valuable novelty that this model is based on the hourly-based use profiles of the user instead of 
relying on the building physics, its geometry or number of occupants, traditionally used in such models. 
Beside, the energy consumption, this model provides also the estimation of the energy cost having in 
mind a specific billing scheme. The developed methodology is far simpler, requires much smaller set of 
input parameters and can be easily extended to a much wider context of district, neighborhood or even 
cities with very small changes, comparing to the existing energy use models. Furthermore, this 
methodology is equally applicable to different energy carriers such as electricity or natural gas. 
 
The model itself can be logically divided into two main sections, the consumption of electricity and 
consumption of thermal energy, thus, hot water for use and for heating. There is option for definition of 
unlimited number of use profiles, used for the description of the time and the amount of energy required, 
and their appropriate integration. 
 
Finally, since the two domains, electrical and thermal, are not entirely independent, this holistic 
approach provides for total energy consumption of the facility. It should be emphasized that modeling of 
the energy consumption is one of critical elements when it comes to the modeling of the operating 
micro-grid and has a huge impact on the overall accuracy of SOFIA micro-grid simulator. 
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