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Abstract—This paper proposes a framework for multi-level
reliability evaluation of electrical energy systems. Redbility,
independent of the criteria (deterministic or probabilistic) used
to measure it, is often treated as a binary variable, i.e, theystem
is considered to be reliable if it meets some intended funan
and unreliable otherwise. This binary approach is approprate
in systems with a single intended function or in which degradd
performance is not allowed. Electrical energy systems areighly
distributed and have multiple functions, i.e., deliver pover to dif-
ferent loads. Furthermore, electrical energy systems areythamic,
both in operational conditions and physical structure, whih
has an additional impact on system performance, and therefe
on reliability. In this context, the paper presents multiple levels
of reliability and defines the concept ofdegraded performance
for power systems work. The proposed multi-level reliabilty
evaluation framework explicitly models both structural and
operational uncertainty. It will become increasingly impartant
as user-based reliability considerations become more proment
in electric power systems.

I. INTRODUCTION

of reliability and performance, is not completely undeosto
Other sources of uncertainty in the design are caused by the
integration of intelligent loads such as plug-in vehiclesth as
loads and as potential distributed energy storage), andomic
generation.

The effect of uncertainty has substantial impact on system
performance, and therefore on reliability. In general ®rm
reliability can be defined as the ability of a device or system
perform a required function under stated conditions foagest
period of time [2]. In this regard, the definition of reliabyl
is binary, i.e., either the system meets its intended fonabir
it does not. However, it is not clear that this binary defoniti
of reliability is suitable for analyzing electric power $gmis.

The grid is a highly distributed system. Reliability can be
measured, among other ways, as the ability of the system to
deliver the total demand. However, if a contingency occuads a
not all demand can be supplied, the grid usually continues to
deliver functionality to a subset of the load, and can be said

The 2030 smart grid vision calls for the construction ofo operate in alegraded mode
the future US electric system to provide clean, affordable, The question that arises, and that other researchers have
efficient and reliable electric power [1]. To accomplishgbe addressed in the context of electrical systems [3], is the
objectives, several features have been identified as kéylexsa necessity to define different levels of reliability or what i

of this smart grid: self-healing from power disturbancesiva

established in this paper gerformance levelsThe purpose

participation by customers, resiliency against physicadl aof this paper is twofold. First, the need for revisiting the
cyber attack, asset optimization, and new product defmitiobinary definition of reliability is discussed. Second, anfiet
The introduction of these features requires a redesign foimework for multi-level definition and evaluation of ratiil-
the electricity grid to integrate new technologies, such &y in electrical energy systems is proposed. This framé&wor
electrical generation based on renewable energy, advanegglicitly includes models for both structural and operaél
power electronics, and smart metering devices. The intiegra uncertainty.

of these technologies poses great challenges as they willThe idea of treating performance and reliability issues
modify the structure and operation of the grid in fundamkentpintly was first proposed in the 1970s in the field of fault-
ways. In this regard, integration will introduce new elesentolerant computing, where it was acknowledged that, for
of uncertainty at all levels, thus increasing the difficulty distributed systems in which degraded performance was ac-
provide efficient and reliable system design and operakon. ceptable, reliability and performance issues must notdmted
example, the penetration of renewable-based generatitbn weparately [4], [5], [6]. In this context, Meyer coined theerh

increase operating uncertainty on the supply side.

performability to refer to this idea of jointly quantifying, in

The integration of advanced power electronics systerttee presence of faults, performance degradation and dveral
for power flow control, including both FACTS devices andomputer reliability, and laid down a rigorous probabidist

distribution-level devices, is another source of uncatyain

framework for performability analysis [7]. The framework

system design and operation. Despite extensive researcipiiesented in this paper has been inspired by the work on
the area, the impact on system operation, particularlyrimse performability of computer systems, although there areva fe



fundamental differences between performability and the prmeasure of system performance under uncertain conditions,
posed framework. First, the proposed framework is expficitboth operational and structural. In this section, the nmaani
formulated in the context of dynamic systems that can loé reliability and how reliability is quantified using both
described by state-space models. Second, instead of usieterministic and probabilistic approaches is discussed.
probabilistic descriptions of operational uncertainty set- A. Definitions of Reliability

membership approach to uncertainty modeling developed in he | , q hods f liabili
control theory is employed. Third, the definition of perfor- The interpretation and assessment methods for reliability

mance measure is not treated as probabilistic as a prcmi]biligep?nd on fthIeEEaEppgcatl(;)n ddo_rpaln.sf In thflaJthlorltaEve
description of the structural uncertainty is not required. ictionary o tandards Termsior example, there

The structure of this paper is as follows. Section I disesss?'® three _general definitions of reliability and severa!e(_)'Fh
the sources of uncertainty in an electrical energy syste 'ma}m-.o_rlented ones. [2].' Among these general definitions
Section Il discusses the meaning of reliability and gives Y reliability are the following quoted from [2].
overview of approaches to quantify reliability using bo#tet-
ministic and probabilistic criteria. In Section IV, a framerk
is presented for assessing reliability using a multi-ledefi-
nition of system reliability. Section V discusses the ptitn
applications of the proposed framework for achieving the®0
Vision. Concluding remarks are presented in Section VI.

Reliability (1) is theability of an item to perform aequired
functionunderstated condition$or a stated period of time.
Reliability (2) is the probability that a system will per-
form its intended functionsvithout failure, within design
parameters, undepecific operating conditionsand for a
specified period of time.
Il. SOURCES OFUNCERTAINTY IN ELECTRICAL ENERGY

SYSTEMS There is a fundamental difference between these definitions

The operation of electrical energy systems is subject gat definition 2 defines reliability as a probability, imjsly
uncertainty. This uncertainty can be classified ioperational & Method to measure reliability, whereas definition 1 dogs no
uncertaintyandstructural uncertaintyOperational uncertainty SPecify any method to quantify reliability. This has an irapa
is usually associated with changes on the demand or 8f the design criteria. Whereas the first definition does not
the supply side. For example, in the simplified dc powdmPply whether deterministic or probabilistic criteria a®be
distribution system of Fig. 1, the power demanded by tt¢sed to measure reliability, the second one does by defining
three loads is not fixed but can change over time. Witho[fliability in probabilistic terms. o
control over these fluctuations in the load, this variapilit Different engineering fields have more specialized
is considered a source of operational uncertainty. The safiffinitions of reliability. For example, In the context ofeth
is true on the supply side of this example, where theRuUIK power system, the_North American Electric Reliability
could be uncontrolled fluctuations in the value of the dgorporation (NERC) defines reliability in [8] as follows.
voltage. Structural uncertainty is associated with charige
the physical structure of the system. For example, in Fig. 1, Reliability is the degree of performance of the elements
if a fault causes the line linking buses 1 and 4 to open, the ©f the bulk electric system that results in electricity twein
system structure changes. Other faults may also result in elivered to customers within accepted standards and in the
structural modification. It is important to note that sturet amount desired.
uncertainty is not always caused by faults. In the same dc
power distribution example, the system might be designddie definition is complemented by two additional concepts:
such that whenever the combined demand falls below som@éequacyand operational reliability which are defined also
threshold, one of the sources switches off. in [8] as follows.

In a more general context, generation based on stochastic
renewable resources, such as solar or wind, can be regardefdequacy is the ability of the electric system to supply
as a source of operational uncertainty. Solar resourcebtmig the aggregate electric power and energy requirements of
be designed to switch in and out to follow the day-night the electricity consumers at all times, taking into account
cycle, which could produce structural uncertainty. Altghu  scheduled and reasonably expected unscheduled outages of
these types of uncertainty are not at all new to electric System components.
power systems, the extension of operational uncertainig to Operational reliability is the ability of the electric system
significant portion of the generation capacity has been aeau to withstand sudden disturbances such as electric short
of concern, while the need to support structural reconfignma  circuits or unanticipated loss of system components.
to lower power levels presents a major design challenge.

None of these definitions imply a method to measure relia-

. RELIABILITY AS THE MEASURE OF THEIMPACT OF  pjjity- however, it is common practice to use frequency and

UNCERTAINTY ON SYSTEM PERFORMANCE duration methods to measure reliability in bulk power sys-

The sources of uncertainty discussed in Section Il wittms, which implies that a probabilistic method for measyiri

affect system performance. Reliability is often used ahajl reliability is in place.



bus1 R;s bus 5

Fig. 1. Abstraction of dc power distribution system.

B. Deterministic vs Probabilistic Measure of Reliability its intended function withprobability 1. If this requirement

Two approaches can be taken when measuring reIiabiIiE/. relaxed to allow some likelihood that th(_e_system will not
On the one hand, a deterministic approach, given worst-cdgtform afterk cor_np(_)_nent faults, a probabilistic measure to
operational conditions and deterministic contingencjecia, 2SS€SS system reliability emerges.
can be used to measure system reliability. In this regasd, th When using probabilistic criteria to measure system re-
system is consider to be reliable if it delivers its intendelpbility, less conservative designs result than when gisin
function for the highest possible load demand and for afigterministic criteria. However, it is important to noteath
combination ofk component outages, whete= 1,2,...N there are trade-offs between deterministic and probébilis

with N the number of components in the system, and unrefgliability criteria in terms of, for example, maintenanmest.
able otherwise. A less conservative design will most likely need service enor
In the context of the dc power system of Fig. 1, consid@ften that the more conservative design. Of course this also
that the intent of the system is to deliver the power demandé@pends on how the more conservative system is designed.
by the three loads, maintaining the voltages at each load Bt example, if component redundancy was used to achieve
within some tolerance. The loads are uncontrolled but wiite IV — & contingency criteria (with probability 1), then even
not exceed a known limit. Then, based on a deterministicthe more conservative design is less likely to fail, itateas
N — k contingency criterion, the system must be designed fRore components, thus increasing the likelihood of indieid
such a way that, for all combinations bfcomponent outages COmponent outages and raising maintenance needs.
and worst-case operational conditions, the sources aestabl It is also possible to think about using both deterministic
deliver the required power and the voltage at all load busesd probabilistic criteria to assess reliability. For exéen it
are kept within the predefined tolerances. From this exampie common to impose aV — 1 deterministic criterion, i.e., the
it is clear how considering worst-case operational coonddi system must continue full function in the event of any single
combined with deterministic reliability criteria is likelto fault, and then impose some probabilistic criteria underamo
result in an extremely over-designed system. severe conditions, e.g., the overall probability of sysfaitre
On the other hand, instead of using deterministic criterimjust be smaller that some predetermined requirement. $his i
a probabilistic measure of reliability could be based, fahe usual procedure in aircraft and aerospace system design
example, on assessing the likelihood that for any comlwnati where system design emphasizes tolerance of any first (and
of k or fewer component outages and all possible operatiors@imetimes second) component fault with probability 1; and
conditions, the sources are able to deliver the requiredepowhen some probabilistic target is imposed on the overatesys
and the voltages at all load buses are kept within the prestefineliability, e.g.,10~° catastrophic failures per operating hour
tolerances. In the previous paragraph, for the system to &&the upper limit for commercial aircraft [9]. In a powerdyri
reliable, it must deliver its intended function afiecomponent two other probabilistic measures of failure relate to thenpo
outages under worst-case operational conditions, which asend use: the probablity that any given user is without powe
equivalent to say that the system is reliable only if it delss at any given time, and the fraction of total load not served at



a given moment in time. Without some consideration of a6 modeled using set-membership uncertainty modeling-tech
these measures, an individual customer may experience poigues commonly used in control for verification of reacleabl
service with many extended outages that occur in a systegts in switching systems. The traditional definition ofael
otherwise assessed as highly reliable. bility is substituted by a multi-level definition by dividinthe
o state space in disjoint regions, each of which has a defined
C. Need for a New Framework to Evaluate Reliability level of reliability. In order to measure reliability withithis
Current reliability evaluation techniques in power syssenmulti-level reliability framework, a global measure is defil
do not include explicitly operational uncertainty. Rellap is that will quantify the extent to which the system will be
evaluated for worst-case results based on a set of pre-definperating on each performance level.
operational conditions. However, if useful global measwé . o .
repliability are to be obtained, it is necessary?to includeclal A. Operational and Structural Uncertainty: Reachabilitgt$
of system operational uncertainty. A binary approach iguise Dynamic systems that can be described by a family of
for first contingencies, but more generally is not suited f&ontinuous-time dynamic models with discrete transitions
evaluation of grid reliability given the distributed fuimtality. among members of the family are called switched systems,
In this regard, the system is still useful operating in a delgd Where the switching among members can be controlled or
mode serving part of the load. The use of probabilistic religncontrolled [10]. Many electrical systems can be desdribe
bility criteria is challenging. The probabilities of compent as controlled or uncontrolled switched systems. For exampl
outages are usually difficult to estimate. Even if estimat@buck dc-dc switching converter has two configurations, and
exist, there is uncertainty in the validity of these prolitibs the switching between them is controlled in any of a number of
and especially in contigent probabilities that reflect ealfng Ways to regulate the output voltage. A power distributios-sy
failures. tem can be thought of as having several configurations, where
A system that allows for degraded performance operati§# Switching between them can be controlled, e.g., a sosirce
can achieve higher levels of flexibility in system design angPnnected or disconnected as needed, or uncontrolledae.g.
operation. For example, consider again the dc power systéafdom fault causes some element to disconnect from the rest
of Fig. 1. Think of each-labeled load and source, controlle©f the system. Thus, uncontrolled switching can be regarded
and their corresponding interconnecting elements as desingS @ source of uncertainty in the system configuration. The
control area. For example, control area 1 comprises powRrPose of many electrical systems is to deliver power tdsoa
source 1, controllerf;, and the line linking buses 1 andat & specified voltage. The uncontrolled loads are a bounded

4. Under nominal conditions, the voltage at each load $9urce of uncertainty in the system inputs.

controlled by its own control area voltage source. However, Here the focus is on electrical systems that can be described
the voltage at load 1 is also monitored by the controller eharPy @ family of continuous-time dynamic models with con-
2. If a failure were to occur in any of the elements of contrdfolled or uncontrolled transitions among them and subject
area 1, it would immediately alter the voltage at load 1. 8iné0 Unknown but bounded inputs. These systems can be rep-
controller I, is continuously monitoring the voltage at loadesented using a family of state-space representationiseof t
1, it would detect this fault. Depending on the loading lesiel form
source 2,K, could adjust its settings to “help” load 1. If the i = fu(z,w),
power delivery capability of power source 1 is close to being ek weo (1)
maximum when its assistance to load 1 s needed, two options ’ w

are possible based on a “priority-deferral” scheme. Filslad  wherez € R", K = {1,2,...,1}, andQ,, C R™ is bounded.

1 is more critical than load 2, could switch off load 2 (the Furthermore, the model will be specialized to the class of
corresponding switches and information flows frdif3 are electrical systems where eagh(x, w) is linear and the set,,

not displayed) and help load 1 immediately. Second, if loadid defined by an ellipsoid. This specialization is not crljcia

is not as critical as load 2, it could defer until the loadirfg cout supports analytical solutions to the model. If nonlinea
source 2 decreases and assistance to load 1 becomes possitddels are to be used, then it is necessary to apply numerical
To implement and evaluate schemes like the one describsgthniques. Given LTI system models, dynamic behavior can
it is necessary to change current thinking about religbdit be described by a family of state-space represntationseof th
electrical systems. form

IV. A FRAMEWORK FORMULTI-LEVEL RELIABILITY dx(t) = Agz(t) + Brw,
EVALUATION dt

n thi i . ‘i » _ i ke K={1,2,...,1},

n this section, a framework is proposed for assessing-relia PN

bility based on a multi-level definition of system perforroan weW={w:wQ w1}, (2)

The framework is formulated using state-space represensat where x € R"™ represents the system state variables (e.g.,
of the system dynamics used in switching system theory,lwhigoltage and currents), and € R™ represents uncontrolled
allows explicit description of structural uncertainty. tRer inputs, such as variations in load demands. Matridgsand
than using a probabilistic approach, operational unagstai B; are constant, and represents the number of possible




configurations the system can adopt due to component fauitswhich there is a deterministic input and the system is to

or other controlled switching actions. operate as close as possible to the trajectory that resalts f
For eachk € K, the steady-state set of reachable stdgs this deterministic input.

is to be computed. This reachability problem was solved in It is important to note that although ellipsoids centered at

[11] by computing a family of ellipsoids, the intersectioh othe origin were used here to define the regions for (6), it is

which yieldsRy: possible to partition the state-space using other criterach

will depend on the nature of the system.
Ri =) X(n), Vn: n'n=1. ®3) P Y
n

C. A Global Measure of System Performance

where, for each particulay, the ellipsoid; () is defined by For every configuratiork, the reachability seR; could

X (n) = {x: x’\ygl(n)x <1}, (4) span several regionH;, therefore there is uncertainty asso-
, . . , ) ) ciated with the performance levé in which the system is
with Wy.(n) is obtained by solving the nonlinear Riccatlyherating. Therefore, in order to quantify the extent toakhi
equation given by the system will be operating in each performance level, a

. V'BrQBn measure of system performance needs to be established. It
AWy (n) + P (n) A"+ W\I’k(”) + might be possible to establish a probabilistic measuretcodd
- g this, probabilistic descriptions of the switching processd the
MBQB'. (5) system state are needed. Instead, assume that no information
V' BrQByn is available on such probabilistic descriptions. This tetma
The reader is referred to [11] for a detailed explanatiorhef t more general measure of performance? — R, where for
derivation of (5) and (3). eachj € P

B. Multi-Level Reliability Definition: Performance Levels vol(Ry, N1L;)

l

As discussed before, there are systems intended to fulfill wi) = Zw’” ' vol(Ry) (8)
a single intended function, which can be defined by a set =1
of dynamic performance requirements. In these systems, thleere vol() is the generalization to an-dimensional space
performance requirements constrain the state vegtaio of the concept of area in &-dimensional space or volume
a region of the state space. In these systems, it may ibea 3-dimensional space. Then (8) is just a weighted sum of
appropriate to define reliability as a binary variable, vehethe portion of volume of eacRy, Vk = 1,...[ that intersects
the system is considered to be operational and deliverig \itith the region of the state-space defining jiie performance
function whenever the state vectois within the region of the level.
state-space and failed otherwise. In most electrical syste  The choice of the weight; ;, can be based on engineering
the system can deliver its intended function only partiallppdgment, experimental data, and economic factors. Depend
under all possible conditions. In this case, it is possilole tng on the choice ofv; ;, the resulting performance measure
think of having not a single set of performance requirementsill have very different significance. For example, if theme
but several sets of performance requirements, constathien  only two performance levels and only the first one is accept-
state vector to various regions of the state space. able, then the traditional frequency interpretation oiatality

Following this rationale, and depending on the system cowill result if weights are chosewy, ;,Vk € K proportional
figurationk and the inputw, a multi-level reliability definition to the fraction of time the system spends in configuration
emerges, where the system intended function is divided intooperating in regionll; and w2 = 0,Vk € K. In order
differentperformance levelsto formally define these differentto enable the definition of other performance measuresewrit
performance levels, divide the state-space intdisjoint sets wy, ; as

given by 12 q 9)
Whj = T iTh i« Tp s 9
T x/Pflx <1, forj=1 J ki Tk,j k.
I;={ z:2/Pla>1 2P la<1l, forl<j<s wherer;, ;77 ., ... 7} ; are associated with metrics of interest
' I o—1 ' ) for assessing system performance. Then, consider thenfollo
r:x'P x> 1, forj=s (6) . i
ing cases:
Then, performance level® = {.1,2,...,5} are established 1) Case 1: Chooser;, ; proportional to the fraction of
through the magF : R™ — P defined by time the system spends in configuratioperating in region

II;, and w,%yj,...,wg_’j = 1,Yk € K,¥j € P. Then the
performance measurg is an extension of the traditional
where it is assumed that the lower the value7fis, the frequency interpretation of reliability to the case whesreesal
better the system is performing. In other words, perforreantevels of performance are allowed, and can be interpreted
levels with lower indexes are preferred to performanceléeveas the fraction of time the system spends operating at each
with higher indexes. The idea can be generalized to the camaformance level.

P =j,Vx €1lj, @)



2) Case 2: Choosew,C as in case 1zr,C as the economic  One important factor that must be captured as this work
benefit (or loss) to operate in reng[} when the system is in progresses is the time basis of utility grid reliability. Ghre
configurationk andw,”, ce, T j =1,Vk € K,Vj € P, then one hand, loads differ greatly in their sensitivity to imtgr-
the performance measugecan be mterpreted as the expectetions, from industrial processes with only a cycle or so of
economic benefit (or loss) resulting from system operation @apability to manage power loss to bulk heating application
a particular performance level. or time-shfitable battery charging that can move around by

3) Case 3:Another, more generalized measure of systeseveral hours. Today’s user base perceives a vast differenc
performance can be obtained by choosirig and7; ; as in between ten one-second outages and one ten-second outage.
case 2, and choosn’@ to be a measure of social welfareOn the other hand, reliability requirements tend to differ a
when the system is in conflguratldn various times each day. A one-second outage at 3:00 am has
much different system-wide impact than the same outage at
3:00 pm. An important challenge is to expand the proposed
framework for time-aware reliability levels.

The proposed framework is intended to help realize some
of the key enablers of the 2030 vision such as new product
definitions and asset optimization. In terms of asset opti- The need for revising binary-based techniques definitions
mization, the proposed framework, by enabling the definitidor evaluating reliability of electric power systems hasibe
and quantification of multiple levels of reliability, willlaw ~discussed. It has been argued that the power grid is highly
system planners to address degraded performance critélifgributed, and therefore it is not possible to define alsing
at the design stage, as opposed to worst-case and birl@¥g! of reliability. An approach that establishes mukipl
reliability criteria. Designers can optimize system dasimd levels of performance instead appears to be more suitable.
operation to accommodate loads that may require differefft tackle this problem, a multiple-level reliability framerk
levels of reliability. A critical load such as the computelvas proposed based on concepts used in system theory, such
server room in a financial institution is likely to have mor@s switching system representations and reachabilitysisal
stringent time-based reliability requirements than dsyiera
laundromat business, for example. A power glitch lastirg ju
one second might have very different impacts on these IWB] Department of Energy. Grid 2030 vision. A natienal visifor electric-

ity’s second 100 years. [Online]. Available: http://www.energy.gov
loads. However, it would not be unusual today to have botfy; The Authoritative Dictionary of IEEE Standards TerrtSEE Std. 100-
such loads on a single distribution feeder, leading to simil 2000, 2000.

P : [38] R. Kurlinski, L. Lave, and M. llic, “Creating reliabiljt choice: How
levels of reliability from a source perspective (and theref building less reliability into electric power grids couldnprove the

requiring the financial business to purchase separate power weifare of all customers” irProc. IEEE Power and Energy Society

support equipment at considerable expense). This is a good General MeetingPittsburgh, PA, July 2008. _

example where the multiple-level reliability criteria ddbe [ B. Borgerson and R. Freitas, “A reliability model gracky degrading
L . and standby-sparing system$EEE Transactions on Computersol.

used to optimize the power supply system design and operatio ¢-24, no. 5, pp. 517-525, May 1975.

to provide different levels or reliability_ [5] J. Meyer, “Computation-based reliability analysi$Z2EE Transactions

il : : on Computersvol. C-25, no. 6, pp. 578-584, June 1976.

. The_ proposed framework for r_ehablhty design and opemuq [6] M. Beaudry, “Performance-related reliability measurf®r computing

IS an ImpOI’tant tOOI as StOChaSUC resources gI’OW as admCtI systems”’|EEE Transactions on ComputergoL (:.27Y no. 6Y pp. 548—

of supply. New large loads such as plug-in vehicles can 560, June 1978. _ y _

be time-shifted based on reliability targets, for exampla. 7] J- Meyer, “On evaluating the performability of degrataizomputing

. . . Vo T ) system,”|EEE Transactions on Computersol. C-29, no. 8, pp. 720—

important issue is how to choose levels of reliability, dneot 731, Aug. 1980.

aspect which is linked directly with the definition of new [8] North IAmelriC]fin II_EIEt_?I_triC [F:)elilabi;ity qurptt)vlratiﬁn- /I&%Vﬁiwn of ade-

quate level of reliability. nline]. Available: ttp: .nerc.com

products for the 2030 vision. Customers may be able to demqﬁ U.S. Federal Air Regulations 251309 and the supporting adyisor

their own level of reliability, or even choose differentiedlility circular AC-25. 1309

levels for different components. In other words, rathemthd10] D-khiberzon, Switching in Systems and Control Boston, MA:

; . o il - Birkhauser, 2003.

system planners using predefined levels of reliabilityeci, é A. Kurzhanski and P. Varaiya, “Ellipsoidal techniquis reachability

each customer could decide a level of I‘ellablllty deman analysis. parts | & I1,"Optimization Methods and Softwareol. 17, pp.

and pay accordingly. A business may decide that point-of- 177-206 and 207-237, February 2002.

sale terminals and communications require extreme rétygbi

while some individual processes can be interrupted for a

minute or so with little impact. The expectations may regquir

extensive distribution redesign, or may instead imply that

utility should be a provider of uninterruptible power equignt

to deliver extreme reliability on a local basis. The mudti|

concept allows highly variable resources to drive the sgste

among different reliability levels, while meeting custame

expectations and optimizing overall operating costs.

V. THE ROLE OF THEPROPOSEDFRAMEWORK IN
ACHIEVING THE 2030 VISION

VI. CONCLUDING REMARKS
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