
BUCHAREST UNIVERSITY OF ECONOMIC STUDIES 

Doctoral School of Economic Informatics 

 

 

 

 

Informatics solutions for decision support 

regarding electricity consumption optimizing 

within smart grids  
 

SUMMARY OF DOCTORAL THESIS 
 

 

 

 

 

 

 
SCIENTIFIC COORDINATOR: 

PHD PROESSOR LUNGU ION 

 

  PHD STUDENT: 

OPREA SIMONA-VASILICA 

 

Bucharest, 2017 

 

 



2 
 

Thesis contents 

 

 Page 

 Introduction 4 

Chapter 1 Decision support systems 6 

1.1 Decisional processes  6 

1.2 Decision support systems – support for  decisional processes 13 

1.3 Typology of decision support systems 16 

1.4 Architecture of decision support systems 17 

1.5 Developments of decision support systems 19 

1.6 Decision support systems in energy field 20 

Chapter 2 Study of the smart grids 24 

2.1 Smart grids 24 

2.2 Components of the smart grid 25 

2.3 Smart metering systems 27 

2.4 Characteristics of  the smart metering systems 29 

2.5 Role of the smart metering systems 30 

2.6 Architecture of the smart metering systems 33 

2.7 Advanced tariff systems implemented in the smart metering systems 35 

2.8 Implementations of the smart grids  40 

Chapter 3 Methods applied in electricity consumption management decision support 44 

3.1 Electricity consumption optimization methods  44 

3.2 Electricity consumption profiles performing methods 54 

3.3 Electricity consumption forecast performing methods 64 

Chapter 4 Informatics prototype architecture for electricity consumption 

management decision support  

68 

4.1 Management of the electricity consumption 68 

4.2 Prototype requirements modelling 72 

4.3 Proposal of the informatics prototype architecture for electricity 

consumption management decision support  

78 

Chapter 5 Informatics solutions for data management 84 

5.1 Design of the data extraction, transform and load process 84 

5.2 Database design 85 

5.3 Data warehouse design 91 

Chapter 6 Informatics solution for implementing methods for electricity 

consumption optimization 

97 

6.1 Importance of the electricity consumption optimization 97 

6.2 Electricity appliances classification 101 

6.3 Modelling of the electricity consumption optimization problem  102 

6.4 Setting of the electricity appliances 109 



3 
 

6.5 Development of the electricity consumption optimization model with 

MILP 

112 

6.6 Development of the electricity consumption optimization model with 

multi-objective function 

116 

6.7 Modelling of the distributed generation and storage devices. Their impact 

on the load curve 

118 

6.8 Development of the electricity consumption optimization model with 

game theory 

124 

Chapter 7 Informatics solutions for analysing and extracting knowledge from data at 

the prosumers and grid operators level 

126 

7.1 Proposal and development of load profile methods based on data mining 

algorithms  

126 

7.2 Load forecast at the grid operators level  145 

7.3 Micro-generation forecast at the prosumers level  154 

Chapter 8 Implementation of the prototype interface 161 

8.1 Informatics prototype components integration 161 

8.2 Implementation of the prototype interface through web portal  164 

8.3 Evaluation of the informatics prototype 175 

Chapter 9 Conclusions. Dissemination of the results 177 

9.1 Conclusions 177 

9.2 Dissemination of the results 180 

 Bibliography 185 

 List of abbreviations and acronyms 194 

 List of figures 195 

 List tables  199 

   

  

 

 

 

  



4 
 

Keywords:  

Informatics solutions, electricity consumption optimization, load profiles and forecast, prosumer, 

informatics prototype for decision support, mixed integer linear programming, optimization 

decision  

 

Summary 

In the current context of technology evolution and sustainable development, decisions 

support in managing electricity consumption through informatics solutions has become 

increasingly necessary. 

On the one hand, as a result of the implementation of the concept of smart grids, 

respectively smart metering systems and the recent development of sensors and communications, 

electricity consumers are involved in optimizing consumption and are becoming more and more 

active. 

On the other hand, grid operators are interested in reducing losses and minimizing the 

consumption peak in order to avoid or at least postpone onerous investments in the reinforcement 

of power grids, and suppliers are interested in making competitive offers on the electricity market 

based on consumption forecasts with high accuracy, as well as setting appropriate advanced tariff 

schemes based on the consumer profiles. 

In this respect, the motivation of research and the necessity of developing informatics 

solutions for the optimization of the electricity consumption are obvious. 

The main objective of this thesis consists in designing and implementation of the 

informatics solutions to assist suppliers and consumers in deciding on the management of 

electricity consumption by modelling consumer appliances in order to optimize, forecast and 

achieve consumer profiles. 

This objective has been accomplished through the following steps: analysis of decision-

making process and decision support systems, study of the smart grids, identification of methods 

used in electricity consumption management, proposal of the prototype architecture, organization 

and processing of data, modelling of the electricity consumption optimization problem, consumer 

profiles and consumption forecasts, integration of the prototype components and implementation 

of its interface. 

In essence, the doctoral thesis addresses decision support systems for optimizing electricity 

consumption of the consumers powered by smart grid that include smart metering systems so as 

to obtain the following goals: reducing losses, minimizing peak consumption, reducing the 

electricity bill expenditure. 

The IT solutions proposed in this thesis are embedded in a informatics prototype that 

provides decision support to consumers, providers and grid operators. It has as main objectives the 

integration of consumer data and their analysis in order to efficiently plan resources. 

The thesis is structured into nine chapters. Starting from the purpose of this thesis, to 

propose the informatics solutions for decision support in order to optimize the electricity 

consumption in smart grids, in chapter 1, I have presented some aspects of decision-making 
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process, decision support systems, their typology and architecture. I have also described some 

broad decision support systems with a wide scope of applicability, as well as some energy decision 

support systems. 

At the same time, in chapter 1, starting from several concepts such as decision-making 

process and decision support systems, as defined by the most prominent researchers in this field, I 

have defined the decision support system as a set of interconnected elements (databases, models, 

knowledge and rules) that automate decision-making process, providing a set of decision 

alternatives that help decision-makers make informed decisions in the shortest possible time. 

Regarding the typology of the systems, based on the previous classifications, I consider 

that, from the point of view of the domains of use, the decision support systems can be divided 

into two categories: universal decision support systems, applicable in several fields and decision 

support systems dedicated to various fields of activity, such as medicine, agriculture, aeronautics, 

energy, construction, finance, insurance, telecommunications, transport, etc. 

In the current socio-economic context, I believe that the architecture of decision support 

systems must be constantly adapted to new environmental requirements and decision-makers. 

Thus, the decision-making process faces a series of challenges, such as: heterogeneity of data 

sources; dynamics of the models and knowledge base of the decision support systems; ability to 

implement decisions using mobile phones and tablets. 

At the same time, from the currently available platforms, I briefly outlined some platforms 

for plug-in or add-in decision support system, desktop decision support systems, web-based and 

cloud-based decision support systems. 

At the end of chapter 1, I have studied and presented some energy decision support systems. 

Out of these, SAD Optimus is a pilot decision support system for optimizing energy use in three 

European cities (Savona - Italy, San Cugat - Spain and Zaanstac - The Netherlands), with the 

extension of its implementation so that to include the widest possible region. 

In chapter 2, I have analysed smart grids through which it is possible to optimize electricity 

consumption as a result of the introduction of smart metering systems mainly in the form of 

electronic meters capable of reading, storing and transmitting consumption at hourly intervals of 

time. Indirectly, smart metering systems have revolutionized the concept of optimization through 

countless benefits such as: reducing grid losses, consumer spending on electricity consumption, 

peak consumption, onerous investment in grid capacities, the integration of renewable resources 

and stepping up energy efficiency measures. 

Starting from the definitions of entities such as IEC, NIST, IEEE, etc., I believe that smart 

grids are those electricity grids capable of managing generation, distribution, transport, including 

interconnections with other power systems, supply and consumption of electricity, to store 

electricity and to automatically react for the efficient and secure operation of the energy system, 

using information and telecommunication technology. 

In my view, smart metering systems are an essential component of smart grids including 

smart meters, which are electronic devices that measure power consumption, ensure the secure 
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bidirectional transmission of information from / to the final customer and provide more 

information than a conventional meter, using forms of electronic communication. 

Starting from the common features of the studied architectures, I have proposed a 

simplified architecture for smart metering systems. In this architecture, consumption data is 

recorded at hourly intervals or even at shorter intervals by smart meters, transmitted in 

concentrators located at the power station level, then centrally managed in a relational database 

and integrated with other informatics systems of suppliers / operators to enable: forecasting and 

consumption profiles, optimization of consumption, resource planning, electricity billing, quality 

monitoring, defect identification etc. 

At the end of chapter 2, I have conducted a comparative analysis of the features, benefits 

and disadvantages of the three pricing systems studied: time-of-use tariff, critical time-of-use tariff, 

and real-time tariff. 

In chapter 3, I have studied the methods used to optimize electricity consumption, perform 

consumer profiles and achieve the electricity consumption forecast. The analysed methods for 

optimizing electricity consumption are the linear programming, the integer linear programming, 

the multiple objective functions optimization method. 

At the same time, in order to understand previous research in the field of electricity 

consumption optimization, I have studied and analysed various approaches both at national and 

international level to optimize electricity consumption, intensified in the recent years by the energy 

efficiency measures and integration of renewable energy sources. 

Also, in this chapter I have studied methods for performing the consumption profiles such 

as: multiple regression method, autoregressive method and C-Means fuzzy clustering method. In 

this sense, I have carried out a comparative analysis of the studied methods for the performing of 

the consumption profiles. Also in this chapter, I have studied several methods for achieving the 

consumption forecast, such as autoregressive methods and neural network based methods. 

Starting from the need to optimize the consumption of electricity at the level of the 

household consumers, in chapter 4, I have formulated the requirements of the informatics 

prototype, identified the prototype functionalities, the users and their activities, made the use case 

diagrams, the class diagram and the activity diagram. Finally, I have proposed the architecture of 

the informatics prototype structured on the following three levels: data level, model level and 

interface level. 

Starting from electricity consumption management, I have identified a number of 

components that are involved in optimizing consumption, such as: smart metering system, 

programmable or non-programmable electrical devices, sensors, electricity consumption 

management instance, control centre managed by the supplier and accessible by the grid operators 

and national energy regulator. 

Data entered by the consumer through the electricity consumption management instance 

regarding home appliances and consumer preferences are optimized at the control centre level, 

thereby obtaining the operating schedule of the electrical appliances, being stored in the database 

and subsequently in the data warehouse. 
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In chapter 5, I have identified and analysed the data sources from the electronic meters. 

Then I have presented the data flow, in which the smart meter data files are imported into the local 

database at the level of the concentrators located at the distribution power substations. For data 

security reasons, the date is transmitted also to a centralized database managed by the electricity 

supplier. From this, the data is extracted, transformed and loaded to a data warehouse for advanced 

analysis and representation of electricity consumption indicators. 

Starting from the system analysis, represented by the detailed class diagram, I have 

developed and described the database schema. If the communication line between the consumer 

and the central database server is interrupted, the data is transmitted to the local database. This is 

synchronized at certain time intervals with the central database, thus avoiding the loss of vital 

records regarding consumption data, providing an increased level of security. 

For the multidimensional data analysis required at the level of the electricity supplier/ grid 

operator and the consumer, I have designed and implemented a data warehouse in the Oracle 

Business Intelligence Administrator on three levels: physical (warehouse mapping with data 

sources - materialized virtual tables of the relational database), logical or business (defining 

dimensions, facts and hierarchies based on virtual tables) and presenting the data in the warehouse 

(defining how the data is viewed). The data warehouse is used to perform advanced analytical 

reports and supplier dashboard. 

The main objective of this chapter is to propose the data model as an integral part of the 

decision support system for optimizing electricity consumption. 

In chapter 6, I have developed and applied the mathematical model for optimizing 

electricity consumption by modelling the appliances of a particular household consumer defined 

by consumer behaviour. To model the electrical appliances, I have specified: hourly consumption, 

daily consumption and operating restrictions. Considering the two proposed objectives: 

minimizing the peak consumption and minimizing electricity consumption expenses, I have 

applied the mixed integer linear programming function and the multi-objective function, 

performing a comparative analysis of the results. 

In addition to classical consumer appliances, I have added some modern appliances, such 

as storage and power generation (photovoltaic panel) equipment. Finally, I have evaluated the 

impact of the additional equipment and compared the results, suggesting the best solutions for 

optimizing electricity consumption. 

I have also proposed the adaptation of signalling game of the game theory to express the 

relationship between the grid operator or supplier known as the transmitter and the electricity 

consumers acting as receivers. They will react to the message in the form of the tariff scheme 

implemented by the supplier, anticipating the rewards. Finally, I have simulated a game involving 

more consumers. 

In chapter 7, I have proposed informatics solutions for analyzing and extracting 

knowledge from data, building algorithms based on classification and clustering techniques, and 

artificial intelligence (self-organizing maps) to perform consumer profiles. From this analysis, it 

can be concluded that for dynamic consumption profiles, which surprising also a series of 
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consumption patterns, the optimal variant is the clustering method, and for clearly defined profiles, 

the most appropriate method is the neural networks self-organizing maps. 

I have also conducted consumption forecasts based on autoregressive statistical methods 

and neural networks (algorithms: Levenberg-Marquardt, Bayesian Regularization and Scalar 

Conjugate Gradient). The accuracy of the algorithms presented is better (about 95%) compared to 

the autoregressive integrated mobile average models. Also, the Levenberg-Marquardt and 

Bayesian regression algorithms are also superior from the mean square error – MSE point of view. 

The R coefficient and error distribution for neural network algorithms are better than those 

obtained when using the AR, MA, ARMA and ARIMA models. Among the algorithms of the 

neural networks, Bayesian regularization algorithm is noted, and from the stochastic methods the 

autoregressive method - AR is noted. 

At the same time, I have also achieved forecasts for the generation of a wind turbine and 

photovoltaic panels that can partially power the residential consumption. Compared to the results 

obtained by similar analyses for the generation forecast of wind turbines, the nature of the primary 

source of photovoltaic panels is more suitable for autoregressive models (absolute mean error in 

percent is below 3.64%). Based on the errors obtained, it results that the mobile media is not 

recommended for estimating the output of the photovoltaic panels. 

In chapter 8, I have described how to integrate components of the informatics prototype 

and implement its interfaces. 

The prototype presents a high degree of originality as a result of integrated complementary 

models that offer advanced functionality and decision support to both electricity consumers and 

suppliers. Finally, I have evaluated the informatics prototype by considering a series of 

performance criteria (such as: decision support, interactive interface, scalability, data integration, 

accessibility and implemented models) and their degree of accomplishment. 

In chapter 9, the conclusions present the main personal contributions, analyses and 

recommendations regarding the proposed informatics solutions. 

For further research, I propose to extend the prototype functionality for other categories of 

users (retailers, shopping centres, industrial consumers, etc.). In this case, the challenges are 

mainly related to the performing of the consumption profiles specific to each category of users and 

the modelling of particular electricity appliances. 

The research results were disseminated in over 22 articles, of which 3 published in ISI 

indexed journals, the rest in BDI indexed journals and national and international conferences. Also, 

during the doctoral training period, I worked on writing five books. 

At the same time, since 2016 I am coordinating the research project "Informatics solutions for 

analyzing and optimization of electricity consumption within smart grids” (SMART-OPTIM), 

Competition PN-III-P2-2.1-BG-2016-0286, Program Increasing the Competitiveness of the 

Romanian Economy through Research, Development and Innovation, Subprogram 2.1. 

Competitiveness through Research, Development and Innovation Bridge Grant Competition 

(Transfer of Knowledge to Economic Agent), Domain 3 - Energy, Environment and Climate 

Change, Total Budget 450.000 RON, No. Contract 77BG / 2016, project duration 24 months.  
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At the same time, during the doctoral research, I have collaborated in the team with of some 

research projects won by the Bucharest University of Economic Studies in competitions. 

To achieve this thesis, I have consulted over 125 bibliographic references. 

 


