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Background and Motivation

Machine Learning and Neural Networks

In the modern era it is not only important to produce energy from
alternative energy sources, but to increase energy consumption
efficiency. The precise prediction of energy demand of buildings
is essential to achieve increased efficiency.
Main Goals:

Artificial Neural Networks (ANNs), one of the approaches of
Machine Learning, have the ability to solve nonlinear and very
complex problems and offer a relatively high accuracy.

• Optimize energy prediction demand in office buildings with
supply of energy produced by photovoltaic panels
• Optimal use of electricity storage system installed in buildings
• Avoiding of load peaks

Although heavily dependent on the quality of data used to train,
when trained properly they can make high speed predictions and
generalizations. Their advantage is that they don’t require
detailed information about the system and they are fault tolerant.
Fig. 2 shows the architecture of a consumption forecast system.

• Island operation in case of black outs

System Overview
The planned intelligent system (see Fig. 1) for this case study
uses the weather forecasted data in combination with the past
production and consumption values to predict the net energy
demand of the building. This information can be used for
optimizing the state of charge of a battery storage system and to
minimize the peak loads of the grid.

Figure 1 System Overview

Energy Production and Consumption Forecast
Efficient and optimized planning of an Energy Management
System is heavily dependent on energy production and
consumption forecasts. The effect of weather to energy produced
by photovoltaic systems and to energy consumption in office
building systems is significant and therefore when the weather
data are included in prediction models more precise forecasting
is achieved.
Consumption forecast method classification categories:
• Engineering methods and physical modeling
• Data analysis through statistical and mathematical methods
• Machine Learning
Engineering methods usually introduce a very long process and
require a long development time.
Physical models can be very accurate. However, to provide an
accurate model, very specific, detailed information must be
present and usually physical models are not easily transferable.
Data analysis through statistical and mathematical methods is
based on periodicity and autocorrelation of data. Resulting
models can be accurate. Their inability to adapt to new
conditions is strongly affected by quality of data.

Figure 2 Forecast consumption system architecture

The general energy consumption in office buildings such as
lighting, heating and cooling, and the energy production of
photovoltaic systems, are directly affected by solar radiation and
outside temperature. Current energy consumption of buildings is
also strongly correlated with future energy consumption.
Therefore historical and present values of solar radiation, along
with energy consumption were used as features. The accuracy
of prediction is increased further with use of short-term future
weather data retrieved from open weather APIs.
All current data are stored in a database to be used not only as
inputs for the ANN, but also for periodical retraining of the
network. The retrained network is kept or discarded according to
its relative performance.

Results and Upcoming Tasks
In the current phase of the project, the ANN model has been
created and produced promising results. The next step is to
implement the controller based on this model and compare
theoretical with real performance. This will also lead to a better
understanding of how often the model should be retrained and
which parameters should be periodically fine-tuned.

Outlook
Prediction models are a great contribution to the proactive
energy management of buildings.
The selection of the modelling method and its parameters is an
important step in the development of the model.
Challenge is to design prediction models that are precise
enough to deliver reliable results but also generalized enough to
be applied to various buildings.
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