What is the likely future
of real-time transient stability ?
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Abstract—Despite very intensive research efforts in the field of their system. Another explanation for this lack of success i
transient stability during the last five decades, the large rajority  that to migrate to the industry, the new tools produced by
of the derived techniques have hardly moved from the resealt  ogearchers should at least offer significant advantages ov

laboratories to the industrial world and, as a matter of fact, imole i d . imulati e d i ol
the very large majority of today’s control centers do not make S'MPI€ time-domain simuiation Software used in a ‘clever

use of any real-time transient stability software. On the oher Way'. Often the advantages put forward were in terms of
hand, along all these years the techniques developed for rea computational performances, but at the price of accurdcy. |
time transient stability have mainly focused on the definiton may be that the researchers have given too much value to
of stability margins and speeding-up techniques rather tha on computational savings - possibly due to the fact that they ha
preventive or emergency control strategies. In the light ofthe t anticipated I h the t d d f th
above observations, this paper attempts to explain the reass not anticipate _We enoug € tremen OUS_ ecrease of the
for lack of industrial interest in real-time transient stability, and ~ COSt of computing power over the years. To this awkwardness
also to examine an even more fundamental question, namelys i to trade accuracy for computer savings is also added the fact
transient stability, as has been stated many decades agoilisthe  that researchers in transient stability have mostly preter
relevant issue in the context of the new power systems morpho to develop analysis tools, rather than control tools which,

ogy towards more dispersed generation, higher penetratiorof h db int ting t i i
power electronics, larger and more complex structures, andin 'OWEVEr, could bé more Interesling to power system op&ator

addition, of economic and environmental constraints ? Or, raybe, While it is difficult to predict what is going to be the
there is a need for techniques different from those develogkso future of real-time transient stability - especially sin@ih
far ? the changing structure of the electrical power systems émor

power electronics, distributed generation, etc.) the taoises
behind the loss of synchronism phenomena may soon appear
Since the late sixties, when the first control centers whegéferent from those of the past - it is important that power
put in operation, there has been a sustained research effggtem researchers avoid redoing mistakes of the past. We
aiming to develop methods for real-time transient stabilitsuggest that this could be achieved if every researcherein th
While these methods have evolved over the years, their méigid of transient stability defines his project while keapin
focus has steadily been to define appropriate stability margmind the following two questions: "Does transient stapititill
and to speed-up computation so as to comply with real-tinngatter ?” and, if yes, "What does the industry really expect
constraints, and much less to address preventive or en@rgen terms of transient stability assessment and controbkt@bl
control strategies. This paper aims to encourage researchers to question turren
On the other hand, despite very intensive research effpractices and past research efforts, as well as to invéstiga
in this field world-wide, the large majority of the derivedintrinsic assumptions behind the approaches that have been
tools have hardly moved from the research laboratorieseo ttieveloped for transient stability and control over the past
industrial world and, as a matter of fact, the very large mgjo 30 years, so as to see whether these latter approaches still
of today’s control centers does not make use of any real-tirheld under the perspective of current and future evolutimins

|. INTRODUCTION

transient stability software. electric energy systems.
Several hypotheses about this lack of industrial success of
real-time transient stability can be proposed. The first tha Il. RECALL OF THE CURRENT CONTEXT

comes to mind is the mild interest that system operators havePower system security has always been essentially and
for real-time transient stability tools. Indeed, it seerhatt intrinsically in conflict with economic and, more recenthjth
around the world, power systems tend to be relatively immueavironmental requirements. Power systems security aontr
to transient instability and, if they are not, power systeiimdeed aims at making decisions in various time horizons so
engineers have managed to design - often by relying on tines to prevent the power system operation from internally un-
domain simulation software and simple trial and error méthodesired situations, and in particular to avoid large cedasiic

- some well-working strategies (these strategies are @&rgé/ outages, such as blackouts and brownouts. To do this implies
nature but can usually be assimilated to operational ginielel to sacrifice to some extent economy and ecology; the main
or special protection schemes) to ensure a safe operatiorpadblem is to arbitrate among these three criteria (sggurit



economy, ecology). Traditionally, security control hasibe despite significant research on transient stability duabgut
divided in two main strategies: preventive and emergendy years (a rather long period), notable progress in system
control. In preventive security control, the objective & ttheory and information technology (not to say), and sigaific
prepare the system when it is still in normal operation, savestments from industry to support these efforts (despit
as to make it able to face future (uncertain) events in rastructuring), not much has changed in the everyday jpeacti
satisfactory way. In emergency control, the disturbingnése be it in preventive or in emergency mode of control. Second,
have already occurred, and thus the objective becomeswe believe that it is worth to re-discuss the question of Wwlet
control the dynamics of the system in real-time in such a wasansient stability is indeed still a problem of paramount
that consequences are minimized, in spite of what has alregutactical importance, at least in the way it has been posed
happened to it. over the last 50 years, or more positively, whether it should
Preventive and emergency controls differ in many respecks posed in a different way.
among which we list the following three [4], [5]:
I1l. STATE OF THE ART IN TRANSIENT STABILITY
ASSESSMENT AND CONTROL RESEARCH

1) Types of control actionsgeneration rescheduling, net-
work switching reactive compensation, sometimes load

curtailment for preventive control; direct or indirecttba 4 current state of the art has been mostly driven by the
shedding, generation shedding, shunt capacitor or reagialy for methods appropriate for rapid contingency assess-
switching, network splitting for emergency control. o |y the race, competition has been between time-domain

2) Uncertainty in preventive control, the state of the SySgin 1ation and so-called direct methods. The latter, based
tem is well known but disturbances are uncertain; i

state of the system is.difficult to measure in real-timea. mplifying assumptions; on the other hand, they are poten-
hence often only partially known; in both cases, dynamig, hroviding richer information (for control and setisity
behavior is uncertain b(_ecause many details ab‘?m_tﬁﬁalyses; e. g., see [1], [3]). The time-domain methods, on
system c_omponents are ignored and because the intringig oiher hand, have been taking advantage of computational
complexity of _the system leaves many d_oors open fﬁ?)rrogress and synergy with other simulation domains, which
unexpected failures and abnormal behaviors. led them to become the “state of the art” in the field; but
3) Open versus closed loopreventive control is generally 4me gomain simulation is not providing directly guidelger
of the open loop feed-forward type; emergency contrl, | and sensitivity analyses. Nevertheless, theselation
may be CIC_)S?d loop, and hence mor(_a_r_obust with r_esp%qd direct approaches strongly rely on the validation oirthe
o unce_rtalntles. In _the past, many ut|I_|t|es have relied Hodels, which in the context of power system transient ktabi
preventive control in order to maintain system Securify, may in most cases not be ascertained. More recentlyjdhybr
at an acceptable level. In other words, while there aff, o main direct methods have been proposed, able to rela
many emergency control schemes installed in reality, hoct methods from simplifying assumptions, to combine th
Ob]eCt'Ve_ has been to pr_event th_ese sphemes as m tionalities of both, time-domain and direct methods],a
as possible from operating, by imposing rather h'gnjrther, to extend them [2].

abjectives ta preventive security conirol. As to any rule, The need for designing fast enough methods for contingency

there are exceptions: for example controlled generati% sessment, while real several years ago, is not anymore a

shedding has been used more or less extensively in No\r/ uable motivation for research. Costs of computers, and

America to handle_tranS|ent stability problems;_ n th?echnologyfor easy parallel computations, make it moress |
same way, corrective c_ontrol has be_en used in ma %’raightforward to carry out transient stability assessnieven
systems as an alternative o preve ntive control in trfSr large scale systems) in real-time with existing timewadn
context of thermal overload mitigation. or direct methods. Thus it is up to the industry to determine
Nowadays, where the pressure is to increase trading ambether these solutions are effective from an economictpoin
competition and to reduce environmental impact in the powef view.
system field, preventive security control is being con®der Hence, the open question for the research community con-
more and more as an impediment with respect to these otBerns the development of preventive and emergency control
objectives in competition with security; in turn, this bdse strategies, able to face potential problems of transiestabil-
strong incentives to resort less on preventive control antem ity. This turns out to be a much more difficult issue, we bediev
often on emergency control, but poses also the questionvef hepen for further research. In this context, hybrid methods
to design future power systems so as to meet their essengigvide today a partial answer, although maybe too paial f
objectives (security, economy and ecology) over the mediysractical use. Indeed, these methods can determine gemerat
term (ten or twenty years) or the longer term. rescheduling (active power), but reactive power managémen
The disappointment and positive motivation behind thand power system topology have not yet been addressed in a
paper are essentially the following. First, we observe thsatisfactory way.



Possible directions for future research concern the appli-The question we want to raise is whether the proper criterion
cation of optimal control theory, model predictive controlfor exploiting such future systems is indeed the constthiatt
and more generally optimization-based formulations of th® individual (or small group) of generators loses synchsmn
control problem. Some of these directions have already beenwhether it would be more appropriate to define a system
proposed in the research community, but they have not yeide criterion that would in particular take into accouné th
been considered as serious alternatives by the industry. propagation of the loss of stability.

More fundamentally, we raise the question of whether the Some arguments show that these two points of view cannot
transient stability problem, as it has been posed many @scale aligned.
ago, is still a relevant issue, in particular if we take into a
count the evolution of power systems towards more dispersed
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