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Abstract 

 

This doctoral thesis presents a heuristic approach to Active Demand Side Management (hereinafter 

ADSM) in the Off-Grid systems with a set of specific requirements, while the requirements are the same like 

in the Smart-Grids. This doctoral thesis introduces develop, test and analyse the concept of the sophisticated 

automated dispatcher system of family house power level. The tests were performed on the smart house 

platform developed at the campus of VŠB - Technical university of Ostrava, Czech Republic in order to 

accomplish the effective design, testing, operation and analysis of the proposed system. These results 

consequently consist of a perquisite for the development of new leading-edge power distribution system in 

the Off-Grid environment and for improvement of the efficiency, security and reliability of the existing 

systems. Moreover, the results are scalable, and then applicable to the different energy levels, such as Smart 

house communities, Smart cities, Smart-Grid regions or can also help with electrification in rural or island 

application in developing countries. This doctoral thesis deals with the physical platform of Active energy 

unit as a hardware part and ADSM as a software part of the system, next Techno-Economic Analysis is 

carried out and practical experiments are evaluated. Scientific contributions, added value and benefits of 

proposed ADSM are summarized in conclusion.  
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1. Introduction & Motivation 

 

At present time, electricity is an integral part of human society. The electrical energy 

dependency has increased with a rising standard of living in the developed countries. The major 

part of the electric energy production is formed by the combustion of coal, oil and natural gas 

together with the energy obtained from the atom’s core using fission reactions, radioactive decay 

and thermonuclear fusion. Renewable energy sources of electricity (RES), such as wind power 

plants (WPP) and photovoltaic power plants (PV) have been used as an alternative to fossil non-

renewable resources [1]. 

These ecological sources of electrical energy in the case of power supplying to the distribution 

system have for the distribution and transmission systems operator a several negative effects due 

to their stochastic character, non-continuous of power supplying to the connection point. These 

negative effects significantly jeopardize the reliability and stability of the distribution network [2], 

[P4] - [P9]. 

One of the ways how to make maximum use of the potential and minimize the negative effects 

of renewable energy sources is the local consumption of generated energy, e.g. in the power closed 

system, such as in Smart-Grids. The Smart-Grid can be regarded as an electric system that uses 

information, two-way, cyber-secure communication technologies, and artificial intelligence across 

electricity generation, transmission, substations, distribution and consumption to achieve the 

system, which is clean, safe, secure, reliable, durable, efficient, and sustainable. In the recent years, 

the development of the Smart-Grid technology has been posed as one of the greatest achievement 

in the power sector, due to deployment of RESs and the application of sophisticated control 

algorithms on the power converters for grid interconnection [3] - [5], [P11].  

In case of the Smart-Grid system, that is district distribution grid with possibility of autonomous 

running in an island-mode (Off-Grid) and running in parallel with an external distribution system 

(On-Grid). The Smart-Grid is an evolved grid system that manages electricity demand in a 

sustainable, reliable and economic manner, built on advanced infrastructure and tuned to facilitate 

the integration of all involved. The Smart-Grids possess demand response capacity to help balance 
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electrical consumption with supply, as well as the potential to integrate new technologies to enable 

energy storage devices and the large-scale use of electric vehicles [6], [P21]. 

The basic block scheme of a typical Smart-Grid is shown in Fig. 1 and consists of several basic 

elements: power sources, power consumption and transmission elements, where co-generation unit 

takes care about the medium voltage (MV) network parameters and creates the backbone of Smart-

Grid voltage network together with (Low Voltage) LV / MV network transformers allowing bi-

directional power flows. Another part of Smart-Grid are RESs (e.g. PV and WPP). Consumption 

parts create office buildings, households and industrial objects. The energy storage system or 

superior (external) power grid can cover the actual consumption in the time of a lack of energy. 

 

Fig. 1 Block scheme of Smart-Grid 

PVs and WPPs are used as an addition for the electric energy generating according to 

meteorological and geomorphologic condition in specific place of Smart-Grid. 
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 There are several tools which are needed in order to obtain the benefits we envision from 

Smart-Grids. To deserve the attribute “Smart”, the grid has to be operated under a specific set of 

requirements, namely:  

 

I. Autonomous operation without a dependence on energy from external power grids,  

II. Operation with an equable generation-consumption balance,  

III. Possibility of energy storage,  

IV. Predominant use of RESs, 

V. Capability to serve non-traditional loads, 

VI. New type of grid protection allowing for a bi-directional power flow, and  

VII. The Active Demand Side Management [7] - [13], [P1]. 

 

Due to the stochastic nature of RESs, one of the key problems associated with the RESs is that 

the time period in which the RESs produce energy often does not coincide with the period when 

the energy is demanded. There are many concerns about the flexibility, variability, non-

controllability of these sources, and they have an impact on the ability maintain the power balance 

between supply and demand [7]. We usually manage the demand side to help balance the supply. 

Currently, we use the set of supply-side generation reserves, known as ancillary services, to 

regulate the supply-demand mismatch. However, rapidly increasing of penetration of RESs 

decreases the controllability of the supply side. The rise in the needed balancing power can be 

managed by utilizing the flexibility potential in demand and energy storage along with RESs so-

called, Distributed Generation (DG) [8]. The introduction of Distributed Energy Resources (DERs) 

(e.g. household, industrial consumers and electric vehicles with energy storage), together with the 

introduction of additional Information and Communication Technology (ICT) in the electricity 

system provides interesting and novel automated Demand Side Management (DSM) opportunities 

at the end user level.  
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The goal of the “standard” DSM is to encourage the consumer to use less energy during peak 

hours, or to move the time of energy use to off-peak times such as night-time and weekends. Peak 

demand management does not necessarily decrease total energy consumption, but could be 

expected to reduce the need for investments in networks and/or power plants for meeting peak 

demands. An example is the use of energy storage units to store energy during off-peak hours and 

discharge them during peak hours [14], [15]. 

The combination of DSM with the automatic control of the DERs demand can be called “Active 

Demand Side Management” [16], [P1]. ADSM can modify the demand profile to reduce the losses 

in the grid, maximize consumption while RESs are available, decrease congestions, and save 

energy. ADSM uses forecasting models based on artificial intelligence techniques for power 

generation from RESs such as WPP [17] and PV [18]. The system also uses the power consumption 

forecasting model for different types of consumers, power quality forecasting tool [P14] and 

implements new adaptive protection systems [P2], [P13], [P26]. The main benefit of this active 

management system is to make the Off-Grid system independent from the external power grid for 

year-round operations, improve the comfort of the living as well as reduce and optimize the power 

consumptions or decrease the price of installation with cheaper/smaller batteries or smaller power 

plants, and maximize consumption when production from RESs is the highest [3], [4]. 

Another extremely important goal of ADSM is hidden in the word “ACTIVE” in the title. The 

“ACTIVE” means, that the users can change the priority of the appliances based on their own ideas 

regarding living comfort as well as the possibility of the dynamic changes in the individual 

appliances time scheduling over time. The primary goal of the ADSM is to meet the basic 

requirements of house inhabitants, such as keeping food fresh, food reheating and cooking, thermal 

comfort, etc. The benefits of ADSM can also be achieved with different techniques, such as peak 

clipping, valley filling, strategic conservation, strategic load growth, load shifting, flexible load 

shape, direct load control, frequency regulation, etc. [19]. 

From my point of view, the proposed Off-Grid system operated under the ADSM could be 

considered the basic cell of the entire Smart-Grid system, because households, office and industrial 

buildings make up the energy consumption backbone of the Grid. The Off-Grid systems can be 

operated in a true autonomous mode, but also as a semi-autonomous unit – with external grid 
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interaction. The semi-autonomous operation would be the basic solution for the Smart-Grid, 

because these intelligent power networks will make use of the de-synchronization and 

resynchronization of part of the network up to an individual energy object in order to maintain an 

equable generation-consumption balance, blackouts avoiding, etc. [20]. This doctoral thesis 

presents, however, analysis and experimental work in an Off-Grid area with the primary goal being 

to make the Off-Grid system independent from the external power grid for year-round operations, 

when the grid interaction is not considered – pure Off-Grid system operations. 

As a testing platform has been selected the (family house) household platform developed on a 

university campus, because it allows for effective testing and makes the necessary changes in HW 

or SW parts extremely promptly.  

The potential scalability of the system lies in the changing of the system inputs and outputs 

(power sources, loads, energy storage system, etc.), while the next project where I participate is to 

operate an industrial building – the Automated Traffic Centre at the university campus (multilevel 

car parking), as an Off-Grid system operated under the ADSM. The planned aim is to create a 

Smart-Campus, which is in fact, Smart-Grid community.  

The utilizing of the ADSM with RESs and energy storage systems can also help with 

electrification in rural or island applications in developing countries [21] - [25] or for humanitarian 

aid [26]. 

With regard to the results of the available research in the literature it should be noted that most 

of the research works deals with the issue of controlling the power flows using ADSM or only 

DSM not in a comprehensive and all-purpose meaning.  

In Ref. [12], the authors used the DSM and optimal energy consumption strategy to minimize 

the peak load by transferring a suitable load to off-peak hours. In Ref. [27], the authors have 

focused on the Smart Home Controller strategy to determine the best time to run the smart 

household appliance and take into account the actual power threshold and consumption forecasts. 

The method descripted in [28] presents the results of classifying the load curve patterns to choose 

the most suitable DSM policies for each type of consumers using the artificial neural network tool. 

In Ref. [29], an innovative method to manage the appliances on a house during a demand response 
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event has been proposed. Nevertheless, the results presented in [27] - [30] do not take into account 

that the RES are implemented in these kind of systems. In contrast, in [31], the authors have 

proposed the ADSM in the terms of using artificial intelligence techniques tuned by a genetic 

algorithm implemented in an actual operated system with a battery bank and installed PV, however, 

the authors only solved the maximization of the self-consumption in the residential sector and did 

not solve the case of a lack of the energy in the object over the long term. There are also publications 

[32], [33] and [34] which discuss the general approach, future development and trends for DSMs, 

micro-grid and Smart-Grids.  

To be precise, the proposed research work in this doctoral thesis involves developing a novel 

method and approach for ADSM in Off-Grid system operated in a Smart-Grid environment. The 

proposed method combines artificial intelligence techniques along with deterministic algorithms 

in cooperation with software and hardware parts to complete the Active Energy Unit (AEU) [P27]. 

Off-Grid system operated under the proposed ADSM can significantly reduce the power outage 

as a result of intelligent scheduling. The tests are performed on the smart house platform developed 

at VŠB – Technical University of Ostrava campus, Czech Republic to accomplish the effective 

design, testing, operations and analysis of the proposed system. Furthermore, the simulations 

results are presented here based on practical experiments with AEU platform operation and 

computer simulations with actual weather conditions, power consumptions, etc. The proposed 

ADSM demonstrates the ability to intelligently spread out the energy requirements over the day in 

order to achieve the maximum living comfort while energy independence is guaranteed. 
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1.1. Objectives of doctoral thesis 

This doctoral thesis is elaborated in accordance with the accepted thesis of the state doctoral 

examination and the objective of doctoral thesis is the development of Active Demand Side 

Management for Energy units.  

The Active Demand Side Management is understood as a sophisticated automated dispatcher 

control system which is able to control the power flows inside any energy unit based on input 

information. Specific properties of the AEU include energy independence, prioritizing of 

appliances, and implementation of forecasting tools or applying of innovative solutions.  

The individual phases of solution can be summarized in following points: 

 

I. Phase – The development of Active energy unit testing platform 

• Design and realization of source part 

• Design and realization of part of energy conversion and transfer  

• Design and realization of energy storage device 

• Design and realization of energy consumption part 

• Measure and control system  

 

II. Phase – The Active Demand Side Management 

• Correlation analysis 

• The development of Active Demand Side Management 

• Testing, implementation and validation of developed Active Demand Side Management 
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2. Description of the physical platform of the Off-Grid system 

 

This chapter describes the each component of the AEU platform in details in accordance with 

the accepted thesis of the state doctoral examination (I. Phase).  

The term Off-Grid is currently extremely widespread topic and has several meanings. It is a 

lifestyle, when people try to separate from the conventional way of life and be in harmony with 

nature, simply said “Off the Grid”. On the other hand, it is about energy independence on the 

distribution network, because of the financial costs associated with the construction of the electrical 

connections or the impossibility of this electrical connection. 

The Off-Grid systems are usually composed of hybrid renewable energy sources, more 

precisely wind and photovoltaic power plants, which are supplemented by a backup source of 

electrical energy in the form of power generators for various kinds of fuel – gasoline, natural gas 

(NG), Liquefied Petroleum Gas (LPG), diesel, etc. In order to ensure the continuity of supply of 

electricity at all time, it is necessary to add a source where can be the energy stored in the time of 

low energy demand and cover the energy peak, when needed. In autonomous applications are most 

commonly used Lead-Acid, Nickel-Cadmium and Lithium-based batteries [P12], [P18]. 

The developed physical platform of the Off-Grid system for intelligent distributed power 

systems with Active Energy Unit (AEU) at VŠB-Technical University of Ostrava campus is shown 

in Fig. 2.  

 The developed system is mainly specified for working in an autonomous mode (Off-Grid) 

without dependence on energy supplied from an external power grid. This system can also be 

operated with the cooperation of the external power grid. However, the main goal of this doctoral 

thesis is to develop the tools and methods which provide the operations of this physical platform 

in a true Off-Grid mode in the framework of year-round operations. There is an assumed use of an 

additional power source with the mentioned RESs (PV and WPP) the LPG generator, which uses 

environmental-friendly fuel - LPG or NG in this true Off-Grid mode. 
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This platform creates a physical model of AEU, which can be operated under various operating 

conditions of WPP and PV and various demands of electric power without connecting appliances 

to the standard AC distribution grid.  

AEU physical platform is composed of 2 rooms (laboratories) in one of the buildings (in 

building “L” – Heavy Laboratories) at the campus of VŠB – TU Ostrava, Czech Republic. The 

“living” area of these 2 rooms is approximately 50 m2. The building can be found at 49°50'00.9"N 

18°09'32.0"E. Each room is equipped with a motion detector, light switches, window and door 

contacts and actuators. It is also composed of RESs such as a wind (WPP in Fig. 2) and PV (PV1 

and PV2 in Fig. 2) system with a central Off-Grid inverter (CI in Fig. 2), battery bank (BATT in 

Fig. 2), LPG Generator (LPG/GRID in Fig. 2) and Active Demand Side Management unit (ADSM 

in Fig. 2), etc. A weather station (WS in Fig. 2) outside the building supplies local environmental 

measurements of ambient temperature, wind speed, wind direction, relative humidity, atmospheric 

pressure and solar irradiation. The electrical loads of the building consist of heating, lighting, hot 

water supply and various household appliances, such as a refrigerator and a coffee machine (Loads 

in Fig. 2). The combined peak load is close to 20 kW. 

 At VŠB-TU Ostrava was developed physical model of energy unit, which is able to simulate 

different operating and fault conditions inside this system, and is capable of respecting the specific 

requirements of the Smart-Grid as defined above. Physical model consist of several parts: 

I. Source part 

II. Part of transfer and conversion of electric energy 

III. Energy storage part 

IV. Consumption part 

V. Monitoring system 

VI. Control system 

 

Fig. 2 depicts schematic diagram of used tested platform of AEU. Individual elements will be 

descripted in following sub-chapters. 
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Fig. 2 Schematic diagram of the Active Energy Unit 

 

3. Correlation analysis between variables 

 

This chapter describes the correlation analysis between variable in accordance with the 

accepted thesis of the state doctoral examination. Correlation analysis is extremely important to 

understand the relations and dependencies between electric power parameters, meteorological 

parameters and power quality parameters in Off-Grid system.  

The development of autonomous energy systems is accompanied by a number of challenges 

related to the specific characteristics of these systems, which need to be successfully solved to 

become a real and viable system. The Off-Grid systems are very specific in many ways and aspects. 

As has been mentioned above, in most cases are generally discussing the benefits and proactive 

development directions of these concepts only, but as usually with every product, there is no longer 

mentions the issues of the operations in long time term and disadvantages of operation in some 

cases.  
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Table 1 List of variables used in the correlations analysis 

Input Parameters Type of Variable Description Value 
WD Input Wind Direction (°) 
WS Input Wind Speed (m·s-1) 
GSR Input Global Solar Radiation (W·m-2) 
Temp Input Air Temperature (°C) 
Hum Input Relative Humidity (%) 
AtmP Input Atmospheric Pressure  (hPa) 

P_Consump Input / Output Power Consumption (W) 
P_PV Output PV Output Power (W) 

P_WPP Output WPP Output Power (W) 
Plt1 Output Long Term Flicker Severity (-) 

THDU Output Total Harmonic Voltage Distortion (%) 
THDi Output Total Harmonic Current Distortion (%) 
Freq Output Power Frequency (Hz) 

 
The basic technical problems of mentioned Off-Grid and Smart-Grid systems are the issues of 

power flow control inside the energy units, development of new protection systems, power quality 

and last but not least the ADSM. As it was mentioned in previous chapter, there has been developed 

comprehensive monitoring system, and data from this system such as weather conditions like 

humidity, temperature, global solar radiation, user’s consumption, power production etc., are used 

to find the relations between variables (summarized in Table 1). 

For better understanding of the operation problematic it can be helpful to use the statistical 

correlations to evaluate the strength of the relations between variables in the Off-Grid system.  This 

analysis deals with the relation strength between variable, such as weather conditions and power 

production and consumption as well as for power quality variables [P16], [P17]. Following 

equation (1) has been used to obtain the correlation coefficient: 

22 )()(

)()(
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∑∑

∑

−−

−−

=
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yyxx
YXCorrel ,     (1) 

 where ̅ and  are the sample means of average data array 1 and of data array 2.  
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Fig. 3 Graphical correlation analysis between weather and power input/output variables 

Fig. 3 depicts relations between weather and power variables, while higher point in the picture 

means deeper relations between selected variable, e.g. GSR and P_PV are close related, because 

when is the sunny day, the GSR value is high what causes the high PV output production. Same 

situation occurs in the case of WPP, when the wind speed is high the WPP power output increase 

as well. The correlations with value lower than zero does not stands for strictly uncorrelated 

progress, only sais that move of one variable could leads to move of other variable but in opposite 

direction. 

These exogenous variables were obtained with hypothesis, that using variables that describe 

the conditions will be leading forecasting as a result [P3], [P14], [P22].  This approach comes to 

first task – to filter the variables with zero-impact to the predicted variables. To compute the 

relations between these time series, there was used simple correlation computation as well as in 

previous Weather-Power analysis and results was arranged into matrix where each row represents 

the amounts of correlations to one predicted time set, see results in Fig. 4. As it can be seen, the 

highest correlation level was found between global solar radiation level and the frequency.  
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Fig. 4 Graphical correlation analysis between weather and power quality variables 

The correlation values close to zero means that combination of that particular time set is not 

correlated at all and their progress does not depend on each other. 

 

4. Description of the Active Demand Side Management  

In this chapter will be descripted the control algorithm and the methods, which enable the 

intelligent rescheduling of the appliances during time periods. This chapter presents the unique 

approach for developed Active Demand Side Management solution for energy units and is the most 

important part of this doctoral thesis.  

The ADSM consists of 2 basic parts, which are essential for its proper functioning. The 1st part 

of ADSM consists of weather forecast, energy forecast and consumption forecast and in the near 

future will be the ADSM extended of Power Quality predictor and new protection concept. The 

2nd part of ADSM is control module and used Algorithm. 
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4.1. Weather and Energy Forecast 

Weather forecast is very complicated and complex discipline and it is not easy to implement. 

At present time the system uses data from the national information systems that provide a localized 

prediction according to the position of the system. The weather forecast is particularly important 

for the prediction of solar radiation and the amount of clouds due to use of solar panels and the 

wind speed prediction for wind power plants.  The weather forecasting module is connected to the 

national/regional weather forecasting agency and periodically downloads the data for the weather 

forecast at the specified locations.  

 
Fig. 5 Comparison between predicted and measured values of PV power output and GSR 

Such as example of Energy forecast tool see Fig. 5, where are compared real measured and 

predicted values of GSR and PV power output. The differences are caused by PV forecast model, 

because the developed forecast tool is based on the grid-connected PV database and PV power 
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output in the Off-Grid system is influenced by actual Battery SoC, current user consumption, power 

frequency, etc. The important task in the near future will be the optimization of PV power output 

prediction, especially for the Off-Grid system, which is more complicated than for grid-connected 

PV. 

 

4.2. Consumption plan – forecast 

Consumption plan is another very imported input, which is essential for proper functioning of 

ADSM. The consumption plan is expressed with sum of power inputs of individual appliances 

during the time. This sum of power inputs during the day creates the Daily Load Curve (DLC). 

Fig. 6 shows the real-measured waveforms of appliances power inputs (Refrigerator and 

Washing machine) and their conversion in to a simplified power blocks, when the integration of 

the areas under the curve are equal in both cases, i.e. it is the substitution of actual power input 

curve to the power blocks. The block substitution was used to simplify the energy calculation in 

the computing hardware as well as to set the same time stamp in the ADSM, because a 5min interval 

is suitable throughout the data, which is used in, e.g. the appliance cycle, data measuring, time 

needed to recalculate if certain changes in the consumption plan occur, etc.  
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Fig. 6 Simplified load diagram for selected appliances (Refrigerator & Washing machine 

 

The results of the power consumption and power output forecast, as well as a timetable for 

turning on of appliances are the entry for the control module. 

Next very important rule is implemented in the ADSM – Manual Appliance Start (Fig. 7). There 

can occurs the situation, when the user would like to e.g. do a coffee quite earlier or later, or came 

later from the work and just want to reheat some food in the microwave, etc. Web pages of 

appliance control system has been developed for this reason (in version 1.0), to see which appliance 

is running and with possibilities to change outputs to “DIS” (disable), “OFF” and “ON” status. 

Based on the output status is send information to the ADSM in Appliance. The plan and the control 

algorithm have to recalculate the available energy and in following time period switch on the 

output. Next version of the Manual appliance web pages will be more user-friendly and then can 

be converted to current smart phones operating systems such as Android, IOS or Windows Phone 

as an application.  
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Fig. 7 Web pages of manual appliance start 

4.3. Control module and Algorithm 

The Control module uses a deterministic algorithm and backtracking. This algorithm is 

designed as a universal scheduling algorithm which plans the appliances at the time when the 

production of the power sources is sufficient. First, the input data will be described and then the 

scheduling algorithm itself. Each power source is described by name along with the history of the 

power production. This information is used for power output prediction. The output prediction is 

used as a good approximation of the actual power output based on the actual weather forecast.  

Each appliance has a name, priority, flags and a definition of a typical run of a one cycle of the 

appliance. The typical run is divided into blocks. The length of the blocks is fixed and it is a 

constant among the entire module and scheduling process. With the decreasing length of the block, 

the precision of the scheduling process increases, but also increases the requirements on the 

precision of the power output forecast and also the time of the scheduling slightly increases. 
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Several types of the appliances exist in a system. The first type is a regular one. These 

appliances are scheduled regularly in a day such as heating, refrigerator, air condition etc. The 

second type is random type such as lights, which cannot be scheduled at all but has a different 

probability in each day of week (e.g. cleaner) or a day time (e.g. night). The last type is occasional 

appliances which may be moved among a day such as washing machine or dish washer. The regular 

appliances are planned as they require but they may be moved in a small interval around the planned 

time. The random appliances cannot be moved, but fortunately, such appliances have usually small 

consumptions and/or short running time. The occasional appliances may be moved in large interval 

around the planned time and even between days.  

Each occurrence of appliances is called appliance cycle. The cycles are scheduled in a plan.  

The 1st step of the algorithm is the sorting of the appliance plan according to the appliance’s 

priorities. I distinguish between three levels of priority 0, 1, 2. Priority “0” is the most important 

and appliances in this priority are necessary for human life, e.g. heating for thermal comfort, a 

refrigerator to keep the foods fresh, etc. Priority “2” is the lowest and the appliances in this priority 

are mostly for comfort such as a TV. The appliance cycles are sorted according to the priority from 

the highest to lowest in importance. The presented ADSM concept is actually used in a pilot testing 

laboratory, where the priorities are somewhat different than in regular households – e.g. TV is on 

priority level “2”, because is it a displaying tool for a security system and is not used for regular 

TV watching. It should also be noted, that the priority of the individual appliances are selected 

based on user requirements and can be dynamically changed.  In order to increase the user comfort 

level as much as possible, there is a possibility to switch on an individual appliance through a web 

interface for a selected time period and control the current appliances status. In this case, this 

information is dynamically imported to the ADSM computing core and the selected appliance is 

temporarily assigned priority level “0”. However, this can cause a lack of energy to the power 

supplying of e.g. a refrigerator, a microwave, etc. in the worst case scenario. 

The 2nd step is iteration through the periods and in each period sums the total energy required 

by the appliances, the total energy produced by the power sources and the available energy in the 

battery bank. When the amount of required energy is lower than the total amount of available 

energy from the power source and battery bank, then no operation occurs and the algorithm moves 
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to the next interval. When the required energy is even lower than the energy produced by the power 

sources, the remaining energy is used for charging of the battery bank. When the required energy 

is higher than the amount of energy produced by the power sources and lower than the total 

available energy, than the battery bank is used as an additional power source and its energy level 

is decreased.  

The ADSM function can be descript in a model situation, where the system will control the 

power flows in the energy unit with expected changeable weather. Block scheme of AEU is shown 

in Fig. 8. Individual sequences of control system can be defined as: 

 

1. The weather forecasting tool determines the 2days weather forecast and the expected 

scenario of electricity consumption with different appliances throughout the day. 

2. The energy forecasting tool determines the value of available energy from PV, WPP and 

determines, if this amount of energy is enough to cover the expected power consumption 

scenarios.  

3. ADSM accepts all three information inputs (weather forecast, consumption forecast, energy 

forecast) and spreads out the energy over this period using the energy storage device. The 

surplus of energy will be stored and the energy deficit will be covered from the energy 

storage device.  

4. The priority of individual home appliances is respected in the switching process based on 

the supervision and their nature. 

5. In the event of a lack of energy in the system in the selected consumption scenarios, the 

Active demand side management system has to suggest different consumption respecting 

the load priorities – e. g. a delayed start to the selected appliances – kettle, washing machine, 

dishwasher, TV, etc.) 
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Fig. 8 Block scheme of the active energy unit 
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Fig. 9 ADSM Main Algorithm Flowchart  

Fig. 9 depicts the basic flowchart of used algorithm in the ADSM. This algorithm is designed 

as a universal algorithm and can be implemented to any energy self-sufficient objects using 

input/output modification. The inputs and initial operations are included in “Initialization Sub-

Algorithm” below. If the initialization operation was successful the main algorithm can continue 

in the calculating the power requirements such as total energy generation represented by EGEN 
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variable, total energy consumption represented by ELOAD variable and available energy in battery 

bank summarized in EBAT. In the case when (2), 

LOADGENBAT EEE ≥+       (2) 

and all blocks are covered, ADSM store the energy surplus into battery bank. In the case when 

the requested energy is lower than available, the ADSM must choose different energy strategy 

(scenario). 

 

5. ADSM verification using practical experiments 

The ADSM concept as well as the entire platform of the Off-Grid system was evaluated using 

practical experiments. The results from these specific practical experiments are compared with the 

computer simulation in this chapter to verify the developed algorithm and entire concept of AEU.  

The year-round actual operating conditions of the Off-Grid system operated under the ADSM 

have been used. Over these 12 months have been used the complete laboratory equipment – 

appliances and both power sources PV and WPP. I compared the actual obtained data from the 

measuring system and from the ADSM log file with the computer simulations in order to obtain 

the differences between the systems operated with ADSM and without ADSM and even between 

the systems operated exclusively with PV and with PV and WPP. 

5.1. The Active energy unit verification 

The developed physical platform of AEU in university campus is primary intended for testing 

and research and development. Based on the real data and simulated operation of AEU is carry out 

the evaluation and verification of the proposed ADSM. Fig. 10 shows the technical background of 

the real-operated AEU platform. 
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Fig. 10 Technical background of the real-operated AEU platform 

All the results are obtained using practical experiments and are compared with the computer 

simulations. Data used in the simulations are the same like in the database of measured values for 

the given time period (year 2014). 

 

Fig. 11 ADSM forecast Application in sample days 
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The work of the AEU is compared with and without ADSM in Fig. 11. You can see details 

from May (from 2014/05/15 to 2014/05/20) where I compare the systems. The system operated 

under ADSM can use the available energy better based on the inputs which corresponds with the 

longer time of the comfort usage duration, i.e. there are no time periods where the appliance cycle 

is postponed or removed. I tested the behaviour of the AEU with ADSM each month of the year 

when both energy sources were used and when only the photovoltaic power plant was used. The 

computer simulation was carried out for the same months and the results were compared in the 

following Table 2. The following table depict the results for each month with and without the wind 

power plant and with and without the ADSM. The features evaluated in my experiments and 

depicted in the table are: “Missing Energy” is the sum of energy which was missed in the entire 

system during the time interval. “Differences” are the proportional differences between the Off-

Grid system operated without ADSM and with ADSM. The term “Missing Energy” is used for the 

energy which comes from the LPG generator in the worst case, when the battery bank is discharged 

and the renewable power sources are powerless. This additional source serves as a “back up” 

energy source to maintain fresh food, thermal comfort, etc. It should be noted that the following 

tables present achieved results of AEU operation in comparison with a computer simulation. 
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Table 2 Annual data of ADSM evaluation and comparison in AEU platform 

Month 

PV only a PV and WPP b 

Missing Energy (kW·h) Missing Energy (kW·h) 

With 
ADSM a 

Without 
ADSM a 

Differences 
(%) 

With 
ADSM b 

Without 
ADSM a 

Differences 
(%) 

January 333 512 35 197 311 37 

February 374 524 29 219 356 38 

March 342 474 28 132 298 56 

April 189 297 36 72 149 52 

May 155 234 34 9 92 90 

June 67 157 57 0 47 100 

July 82 197 58 11 72 85 

August 106 209 49 17 96 82 

September 113 221 49 67 108 38 

October 141 215 34 72 104 31 

November 279 399 30 145 228 36 

December 569 745 24 268 383 30 

Total 2,750 4,184 34 1,209 2,244 46 

a - Computer simulation results 

b - Results obtained from practical experiment (measuring system) 
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Fig. 12 Overall comparison of proposed systems 

The above interpreted results correspond with the original idea about the electricity savings. 

The ADSM is able to significantly reduce the amount of missing energy in the system and can 

better manage with the available energy in comparison with the system without the ADSM. This 

argument is well-founded by the achieved results in Fig. 12. The next step in the evolution of this 

sophisticated dispatcher management system is its refinement of inputs in the form of increasing 

the accuracy of forecasting of electrical power production, shortening the computational intervals, 

decrease the LGP Generator run time, etc., which will contribute to the overall increase in the 

usefulness and effectiveness of the system. 
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As you can see from Fig. 12, the system benefit lies in the energy managing during the time 

and number of sources. Because more sources means in this case better managing of available 

energy.  

6. Conclusion & Discussion 

This doctoral thesis presents a novel method and approach for the Active Demand Side 

Management (ADSM) in real-operated Off-Grid system operated in a Smart-Grid environment. 

This proposed method combines artificial intelligence methods along with deterministic algorithms 

in cooperation with software and hardware parts to complete the Active Energy Unit (AEU). The 

Off-Grid system operated under the ADSM can significantly reduce the power outage due to 

intelligent scheduling.  

The developed intelligent ADSM system recommends the users the consumption plan which is 

based on the database of the operating conditions, consumption analysis, battery bank state of 

charge, information from monitoring system, the relevant meteorological forecasts and energy 

forecast from renewable sources. The entire control system recommends and manage the power 

circuits or individual appliance according to the developed algorithm. Nevertheless, the users are 

informed about the current status of the system and have an option to change the status of individual 

appliances/circuits in real time, if needed. 

The practical and simulation results are presented in this doctoral thesis based on actual weather 

conditions, power consumptions, etc. and demonstrate that the proposed ADSM is able to 

intelligently spread out the energy requirements during the day to achieve the maximum living 

comfort while the energy independence is guaranteed.  

Using the proposed ADSM algorithm, the AEU is able to solve the lack of energy during the 

energy peaks, shift the loads in time, increase the loads or even fill up the valley when the power 

production is predominately increases over the consumption. In addition, the proposed ADSM 

further increases the RES efficiency and reliability, maximizes the self-consumption at an 

appropriate time, and shortens investments costs with lesser energy payback time. 
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In the case of commercialization of this unique system from the test environment to the 

commercial realm, it can be reached the self-sufficiency of any object – from households to Off-

Grid communities up to the micro-regions using the ADSM inputs/outputs modification. Therefore, 

the current energy policy has to be collectively adjusted to prevent the abuses over the World. The 

building-up of the technological background for the commercialization of AEU would include the 

creation of new jobs, with an emphasis on local conditions - the reduction of unemployment in the 

regions where it is most needed. The part of the financial profit would be invested back into the 

regional development and the necessary infrastructure. The investment costs of energy storage and 

the size of installed electric sources can be significantly reduced using optimized operation with 

ADSM, at the same time the ADSM minimize the impact of supplementary source(s). As an 

example of the positive environmental benefits of the AEU can be mentioned the significant 

reduction in the harmful pollutants production, especially in industrial regions that suffer from 

SMOG situation and pollutants overproduction. To realize this, it would be achieved the improving 

the quality of the environment in the most critical regions for keeping the landscapes for next 

generation. 

ADSM can be understood in a wider sphere as a basic tool for managing energy flows within 

modern intelligence networks, so-called Smart-Grids. In case of the application ADSM in Off-Grid 

systems there is a need, however, to expand the computational core of ADSM with a tool which 

will also provide (i) parameters for quality electric energy within established limits and (ii) a safe 

and reliable functioning of the Off-Grid in relation to the concept of protection. The provision of 

the parameters of quality electric energy is essential for proper functioning of appliances. The 

concept of protection has to ensure the safe and reliable operations of the Off-Grid system both in 

terms of the equipment and in terms of the person living in the given Off-Grid system. The 

development of these kinds of tools is a major challenge at present as there is a need to ensure its 

functionality in the specific conditions of the Off-Grid system which is marked by a time change 

of a short-circuit power and a multiple lower value with the On-Grid systems. Both mentioned 

tools are being developed and tested at present. 

The actual ADSM algorithm can also be used after relevant adaptations for managing the 

micro-region with more tools and with various appliances. The management of the micro-region 
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can be presented with a model example. In the same fashion as with a residence, ADSM can 

manage energy flows, not of course by means of individual appliances but through entire energy 

objects. These objects, in the same fashion as appliances, will have various predictable characters 

of consumption and various priorities, for example, “0” will have a hospital, “1” production 

facilities, “2” offices and “3” particular households. Another support tool such as Electromobility 

will be serve, apart from providing transport, as another source of electric energy when there is a 

lack or in contrast as an accumulation instrument when there is an excess. 

6.1. Contributions of this doctoral thesis  

 

The following points summarize the highlights of my scientific and research contributions: 

• A universal algorithm has been developed to control the power flows inside the energy units  

• An innovate solutions has been applied using artificial intelligence techniques 

• Pilot testing and practical verification has been validated 

• A Heuristic approach for Active Demand Side Management system (ADSM) has been developed 

• Achieved results make prerequisite for new development of leading-edge power distribution 

systems in a Smart-Grid environment 

• ADSM has been developed with a comprehensive approach to all aspects of sustainable energy 

development. 

 

The following points summarize the highlights of my industry contributions: 

• The ADSM model is verified by conducting a long-time operation 

• Efficiency and reliability of Renewable energy sources has been enhanced 

• The proposed ADSM reduces the power consumption and decreases the energy platforms’ price. 

• Active energy unit is suitable solution for using as a basic cell of Smart-Grids  

• Energy, economic and environmental aspects with social impact has been defined 
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