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Abstract— The paper focuses on flexibility as a new 

property of electric power systems (EPSs). The 

definitions of EPS flexibility are analyzed. The 

enhancement of the flexibility of generation, network, 

load, protection and control systems is considered as 

measures to provide EPS flexibility. Current trends in 

changes in EPS flexibility are discussed. The necessity of 

a comprehensive study on negative and positive factors 

to increase EPS flexibility is emphasized. 
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I. INTRODUCTION 

Electric power systems (EPSs) are constantly 
evolving complex entities that use innovative 
electricity production, transmission, distribution and 
storage technologies, and that are affected by a variety 
of objective factors. The process of the evolution  
alters the properties of these systems and causes the 
need to update new properties of the transformed 
power systems. This is associated with the new 
problems arising in the operation of these systems and, 
accordingly, with the need to use new means to ensure 
normal operation of EPS. 

II. DEFINITIONS 

In the past few years, authors of some publications 

have been actively discussing a new term reflecting 

the transformation of EPS properties. This is 

flexibility [1 – 3, etc.]. Let us consider several 

definitions of EPS flexibility. 

Flexibility of operation – the ability of a power 

system to respond to a change in demand and supply 

– is a characteristic of all power systems with high 

levels of grid-connected variable renewable energy 

(primarily, wind and solar) [1]. 

Operational flexibility is the capability of the EPS 

to absorb disturbances in order to maintain a secure 

operating state. Locational flexibility is the 

operational flexibility available at a given bus in the 

grid [2]. 

As more variable resources are integrated into 

EPS, supply and demand uncertainty increases 

dramatically. This requires the system to have the 

ability to react to a sudden change and accommodate 

new status within acceptable time period and cost [3]. 

 Technical system is flexible when the design 

parameters are determined so that with the aid of 

control system it can meet all requirements and 

constraints at each time instant of operation under 

any uncertain factors [4].  

As we see, there is a common understanding of 

flexibility as an important EPS property. Generally, 

taking into account the basic sense of the above-

mentioned and other papers, it is possible to consider 

the following definition and content of the EPS 

flexibility. 
The flexibility of the electric power system is its 

ability to maintain normal state when exposed to 
internal (sudden changes and fluctuations of load, 
power flows through tie lines, and generation) and 
external (sudden disturbances) random (undetermined, 
uncertain) impacts. Sudden changes in load are caused 
by its random irregular fluctuations due to the 
variability in electricity demand of many consumers 
and activity of consumers managing their own 
electricity consumption online. Power flows along tie 
lines can be changed online unpredictably under the 
influence of random irregular load fluctuations and 
changes in electricity prices and contracts for 
electricity sale/purchase in the spot (balancing) 
electricity market. Random changes in generated 
power are characteristic of renewable energy sources 
(primarily, wind turbines, as well as small hydropower 
and photovoltaic plants). Sudden disturbances include 
a wide range of different effects: short circuits for 
various reasons, failures and false operation of 
protection and emergency devices, erroneous 
personnel actions, etc. 

III. MEASURES 

The flexibility of an electric power system can be 
provided through the capabilities to increase the 
flexibility of generation, electrical network and load, 
and to use the possibilities of protection and control 
system. Let us discuss these ways in more detail. 

 Frequency characteristics of speed regulators 
and inertia of rotating machines play an 
important role in ensuring flexibility of 
traditional generation as the measures of self-
adaptation to uncertain factors [5]. Generation 
flexibility can be provided by increasing the 
speed of units loading and unloading and their 
range, by maintaining the necessary level of 
operational generation reserve, and by 
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increasing reliability of fuel supply to power 
plants [1 – 3]. 

 Flexibility of transmission and distribution 
electrical networks can be enhanced by 
eliminating weak points in the network and 
improving the transfer capabilities of tie lines, 
in particular, by applying smart grid 
technologies providing the required level of 
transfer capability margins. There are new 
opportunities to increase flexibility of active 
electrical networks by dynamic and adaptive 
topology reconfiguration [6, etc.]. 

 Load flexibility can be  increased by using 
voltage and frequency regulation effects as the 
measure of self-adaptation to uncertain factors 
[5]; by involving load management and using 
local electricity storages, distributed generation 
facilities at consumers, and other local devices 
[1, 2, 7, etc.]. New possibilities of increasing 
load flexibility can be used by prosumers [8]. 

 Integrated multi-energy systems open up new 
additional possibilities of increasing EPS 
flexibility through the use of heat storages, heat 
pumps and electrical boilers [9, 10, etc.]. 
Innovative integrated electric power and gas 
system is a good solution to meet electric 
power system flexibility requirements by using 
more effective distributed generation units [10, 
11]. 

 Efficient protection and control systems play a 
key role in increasing EPS flexibility [12, 13], 
including optimization and control of EPS in a 
multi-energy system [14]. The effectiveness of 
the EPS control system can be enhanced by 
improving the forecast accuracy of state 
variables, reducing the time spent on 
generation of control actions and increasing 
their frequency, etc.) [1 – 3]. 

Modern electric power systems are characterized 
by a sufficient level of flexibility owing to their above-
mentioned internal properties of self-adaptation, self-
stabilization, and control of operating conditions. Self-
adaptation of an electric power system, i.e. its ability 
to withstand internal and external destabilizing 
impacts, is achieved due to the existence of load-based 
voltage and frequency regulation effects and frequency 
characteristics of generation. Another factor ensuring 
the self-adaptation of electric power system is its 
inertia determined by the inertia of rotating 
mechanical mass of rotors of power generators. Owing 
to these effects, electric power system can adapt to a 
certain extent to sudden changes in its state and 
external impacts, meanwhile the control systems cope 
with these changes and impacts when the state 
variables of the system go beyond certain limits, by 
bringing these variables within the specified 
boundaries of the feasibility region of EPS operation 
[5]. 

IV. TRENDS IN EPS DEVELOPMENT 

The electric power systems of the 21-st century are 
expected to face dramatic changes in their internal 
structure and properties that will significantly reduce 
the level of self-adaptation and resilience, and hence 
the flexibility of these systems. Internal impacts are 
associated with the massive use of power electronics 
and rectifier-inverter systems for connecting high-
frequency small gas-turbine plants, wind turbines, 
photovoltaic systems, energy storage devices, DC 
lines and links, frequency-controlled motors, and local 
rectifiers of many electrical loads to electric power 
systems. This significantly reduces the above-
mentioned load-based voltage and frequency 
regulation effect and generation-based frequency 
regulation effect, as well as the EPS inertia. On the 
other hand, the planned rapid growth in the number of 
intermittent generators, especially wind turbines, will 
lead to a significant increase in the negative impact of 
power output fluctuations on the power system self-
adaptation capabilities, and, accordingly, reduce their 
flexibility [5]. 

At the same time, the control systems of many 
devices with power electronics (FACTS, energy 
storage systems, DC lines and links, etc.) are highly 
efficient and their wide use will significantly increase 
the controllability of future electric power systems. 

V. CONCLUSION 

Thus, there is a tendency towards a reduction in 
the flexibility of future power systems, an increase in 
the level of instability of these systems, and at the 
same time, towards an improvement in their 
controllability. The combination of individual factors 
and their levels vary depending on EPS structure, 
however, the above-mentioned general trends are the 
same. The prevalence of negative factors and 
underestimation of positive ones in the process of 
electric power system development and operation will 
lead to an unacceptable reduction in the flexibility of 
these systems, an increase in their failure rate, a 
decrease in the reliability of electricity supply to 
consumers and deterioration in power quality. 
Thorough comprehensive studies are necessary to deal 
with the negative factors and effectively use the 
positive ones. 
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