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One of the main characteristics of the flexibility of the electric power system is to maintain 

the efficiency of EPS when changing internal and external factors. 

Depending on the purpose of flexibility application, all studies of flexibility can be divided 

into two groups: long-term planning and real time. Flexibility metrics can be probabilistic (IRRE) 

and deterministic [1]. 

The scientific articles describe different metrics of flexibility, among them: 

1. Determination of the range of maximum uncertainties within which the system 

remains flexible for specified time horizon and cost threshold [1]. 

2. Calculation of IRRE (the insufficient ramping resource expectation). The probability 

distribution of available flexibility resources for each direction and time horizon is formed [2]. 

3. Calculation of the flexibility residual, which is the difference between the available 

flexibility and the expected load ramps for each observation and horizon. Then, the probability that 

the residual flexibility will be less than zero is determined, which means the probability of insufficient 

resources in the system [3]. 

4. Calculation of the ramping rate (ΔR), power (ΔP), energy (ΔE). These values are used 

to determine flexibility in EPS [4]. 

5. Calculation of flexibility sets, which determine the allowed deviations from the current 

state of the EPS. The method is based on computational geometry using polytopic projections, 

requires a limited amount of information exchange between two EPSs, can do without central 

coordination [5]. 

EPS flexibility is obtained via increasing and properly utilizing power reserves. 

Additional capacity is provided either online or in on standby mode for use in the case of load 

increases or generation decreases due to unpredictability or variability of the conditions. In EPS with 

a large number of sources of variable generation (wind, solar), which can unexpectedly increase or 

decrease output power, it is important to have both upward and downward reserves [6]. 

When calculating the flexibility of EPS, it is necessary to have accurate information about the 

available power reserves in the EPS and the rules for using these capacities. 

Scientific articles provide an overview of the operating reserves used in America and Europe 

[7]. Methodologies are presented with an emphasis on how reserve requirements can change with 

significant penetration of the generation variable in EPS [6]. In [8] methodology for determining the 

minimum required volumes of active power reserves of EPS of Russia is given. 

In this study the flexibility of a 5-node EPS using the IRRE method is calculated. In the proposed 

network bus 1 is a wind turbine, bus 2 is a generation unit, bus 3 and 4 are loads, bus 5 is the BESS. 

Bus 2 is a slack bus. 

  

 



References 

 

[1] Jinye Zhao, Tongxin Zheng, Eugene Litvinov, "A unified framework for defining and measuring flexibility 

in power system," IEEE Transactions on Power Systems, vol. 31, no. 1, pp. 339‐347, 2016.  

[2] E. Lannoye, Damian Flynn, Mark O’Malley, "Evaluation of Power System Flexibility," IEEE Transactions on 

Power Systems, vol. 27, no. 2, pp. 922‐931, 2012.  

[3] K. F. Krommydas, A. C. Stratigakos, C. Dikaiakos, G. P. Papaioannou, E. Zafiropoulos3, and L. Ekonomou, 

"An Improved Flexibility Metric Based on Kernel Density Estimators Applied on the Greek Power System," 

in International Symposium on High Voltage Engineering, Budapest, Hungary, 2019.  

[4] Matthias,  Bucher,  Stefanos  Delikaraoglou,  Kai  Heussen,  Pierre  Pinson  and  GЁoran  Andersson,  "On 

quantification of flexibility in power sytem," in IEEE PowerTech, Eindhoven, 2015.  

[5] Matthias, Bucher, Spyros Chatzivasileiadis and GЁoran Andersson, "Managing  flexibility  in multi‐area 

power systems," IEEE Transactions on Power Systems , vol. 31, no. 2, p. 1218–1226, 2016.  

[6] Erik Ela, Michael Milligan, and Brendan Kirby , "Operating Reserves and Variable Generation," Technical 

Report NREL/TP‐5500‐51978 Contract No. DE‐AC36‐08GO28308, 2011. 

[7] Yann Rebours, D.s. Kirschen, Marc Trotignon, Sbastien Rossignol, "A survey of  frequency and voltage 

control ancillary services – Part I: technical features," IEEE Transactions on Power Systems, vol. 22, no. 1, 

pp. 350‐357, 2007.  

[8] "Methodology  for  determining  the minimum  required  volumes  of  active  power  reserves  of  EPS  of 

Russia,"  in  Moscow  2014.  »  www.so‐ups.ru.  https://so‐

ups.ru/fileadmin/files/company/markets/2014/metodika_opredelenija_1114.pdf.  

 

 

 


