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Abstract. Industrial power systems face growing pressure to remain uninterrupted asproduction lines become more automated and more sensitive to even momentary outages.Automatic reserve power switching, widely known in engineering practice by its Russian-derived acronym ABP, remains one of the most cost-effective safeguards against supplyinterruption, transferring loads from a failed source to a healthy backup within a windowranging from milliseconds to a few seconds. This paper reviews the operating principles ofconventional and fast-acting reserve switching schemes and places them within the broaderevolution of substation automation, digital protection, and self-healing distribution networks.Drawing on twenty-two peer-reviewed sources published between 2018 and 2025, the studyidentifies a persistent gap between generic distribution-level reliability research and thespecific switching-time requirements of industrial facilities such as metallurgical plants andcontinuous-process manufacturing sites. Building on this synthesis, the paper proposes aCriticality-Tiered Reserve Switching framework that matches load criticality categories to anappropriate class of switching technology, synchronization method, and communicationprotocol. The framework is intended as a decision-support tool for engineers selecting orupgrading reserve switching schemes. The proposed approach also enables engineers tobalance switching speed, system complexity, and implementation cost according to the actualconsequences of power interruption for each load category. By differentiating protection andredundancy requirements across criticality tiers, the framework can support more efficientallocation of technical resources while maintaining the required level of power-supplyreliability. The paper concludes that the reliability benefits promised by digital substationtechnologies are only realized when switching logic is deliberately matched to processcriticality rather than applied uniformly across a facility.Keywords: automatic reserve switching; ABP; power supply reliability; industrialelectrical networks; substation automation; self-healing distribution networks; IEC 61850

IntroductionContinuous electricity supply is a precondition for almost every modern industrialprocess, and its loss carries consequences that extend well beyond a simple stoppage ofequipment. In continuous-process industries such as ferrous metallurgy, chemical synthesis,and semiconductor fabrication, even a supply interruption lasting a fraction of a second canspoil a batch, damage equipment through thermal shock, or create a safety hazard on the shopfloor [14]. For this reason, the majority of industrial enterprises with significant reliabilityrequirements are supplied from two or more independent feeders, with the switchingmechanism between them acting as the last line of defense against a total loss of supply. Thatswitching mechanism, automatic reserve power switching, or ABP, is deceptively simple inconcept: detect the loss of the working source and connect the reserve source before theinterruption becomes damaging. In practice, the engineering behind it has grown considerablymore sophisticated over the last decade.
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Two forces are reshaping how ABP is designed and specified. The first is the changingcomposition of the source side of the network. Distributed generation, energy storage, andrenewable infeed alter fault behaviour, voltage profiles, and the assumptions that switchinglogic was originally built on [1; 5; 7; 16]. The second is the parallel push toward self-healingdistribution automation, in which switching decisions once made by a single relay areincreasingly coordinated across a wider automated network using digital communication [17;18; 20]. Both trends raise the same underlying question for an industrial engineer: what classof reserve switching technology is actually justified for a given load, and on what basis shouldthat decision be made.This question is rarely addressed directly in the literature, which tends to treat reliabilityat the level of the distribution network as a whole rather than at the level of an individualindustrial load with its own tolerance for interruption. This paper addresses that gap. It firstsynthesizes recent research on reserve switching, substation automation, and adjacentprotection technologies. It then uses that synthesis to build a practical framework, termedCriticality-Tiered Reserve Switching, that industrial engineers can use to align switchingtechnology with load criticality rather than defaulting to a single scheme across an entirefacility. The remainder of the paper is organized as follows: Section 2 reviews the relevantliterature; Section 3 explains the methodology used to construct the framework; Section 4reports the findings of the synthesis; Section 5 discusses the proposed framework in detail;Section 6 concludes.Literature Review1. Reliability of industrial and distribution networks. Reliability of electricity supply hastraditionally been measured and improved at the level of the distribution network rather thanthe individual industrial connection point. Escalera, Hayes, and Prodanovic surveyed thetechniques used to assess reliability in modern distribution networks and found that mostestablished indices were designed for a passive, radially operated grid and struggle to capturethe effect of active elements such as distributed generation or automated switching [10].Jooshaki and colleagues approached the same problem from the planning side, formulatingdistribution expansion planning as a mixed-integer linear programme that explicitlyincorporates incentive-based reliability regulation, showing that reliability targets are now anoptimization constraint rather than an afterthought [12]. Parol and co-authors extended thisby analysing medium-voltage networks that combine distributed generation with informationand communication technology infrastructure, concluding that the communication layer hasitself become a determinant of achieved reliability [21]. Kornilov and colleagues offer one ofthe few accounts grounded in a specific industrial context, describing the power-supplyfeatures of metallurgical iron-and-steel works and the operational constraints that makegeneric distribution-level solutions difficult to transplant onto heavy industrial sites [14].2. Distributed generation, storage, and changing source conditions. The reliability calculusfor reserve switching is also changing because the sources available for switching are no longerlimited to two utility feeders. Aderibigbe and colleagues reviewed methods for the optimalplacement of distributed generators to improve distribution reliability, underlining that wherea generator sits in the networkmaterially changes the value it delivers during a switching event[1]. Kumar, Saket, and colleagues carried out a broader review of reliability enhancementmeasures associated with renewable penetration, noting that intermittency introduces failuremodes that switching schemesmust anticipate rather than react to [16]. Voltage stability duringand after a switching event is a related concern that is easy to overlook: Adetokun and Muriithireviewed flexible alternating current transmission system devices for voltage stabilityenhancement in renewable-integrated grids, finding that fast reactive power support canreduce the voltage dip accompanying a reserve-switching transient, particularly where thereserve source is weaker than the one it replaces [2]. Energy storage adds a further dimension:Ayesha and co-authors reviewed how storage combines with other flexibility options to
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improve reliability, while Amini and colleagues framed resilience more broadly, arguing thatstorage-backed reserve capacity is becoming a design variable rather than a supplementaryasset [5; 7]. Szott and colleagues demonstrated this concretely with a battery-based emergencysupply intended to improve network reliability during switching events, illustrating thatbatteries are beginning to occupy functional territory once reserved for a second utility feeder[22]. 3. Substation automation and digital protocols. A second major thread concerns thedigitalization of the substation itself. Aftab and colleagues surveyed IEC 61850-basedsubstation automation systems and documented how standardized communication hasreplaced point-to-point wiring with a shared digital bus, which is what makes coordinated, fastswitching decisions across multiple bays practically feasible [3]. Kumar, Abu-Siada, andcolleagues arrived at a similar conclusion in their own review, emphasizing that IEC 61850adoption is now closely tied to the broader modernization of substation automation systems[15]. This digitalization is not without cost. Ashraf and colleagues examined denial-of-serviceattacks against IEC 61850-based substations and showed that the same communication layerthat enables fast coordinated switching also becomes an attack surface, a point directly relevantto any facility considering a shift from hardwired to digital ABP logic [6].4. Fast switching and protection in microgrids and critical infrastructure. Whereswitching speed matters most, the literature increasingly draws on microgrid protectionresearch rather than conventional distribution practice. Altaf and colleagues catalogued theprotection challenges specific to microgrids, noting that fault levels and current directions canreverse depending on which source is active, which complicates any switching logic thatassumes a fixed network topology [4]. Beheshtaein and co-authors and Dagar and colleagues,in two separate but complementary reviews, reached a similar conclusion: protection andswitching schemes designed for passive, radial networks are frequently unsuitable once afacility operates with parallel or alternating sources, and purpose-built adaptive schemes arerequired instead [8; 9].5. Adaptive and learning-based switching logic. A closely related body of work onautomatic reclosing, while nominally a distinct protection function, offers transferable insightinto adaptive switching decision-making. Han and colleagues developed an adaptive single-pole reclosing scheme based on harmonic signatures of the secondary arc voltage, while Khan,Bi, and Jia reviewed thewider family of adaptive single-phase reclosing schemes for extra-high-voltage lines [11; 13]. Mehdi and colleagues extended this review across AC, DC, and hybridtransmission lines, concluding that adaptive, signal-based decision logic consistentlyoutperforms fixed-time schemes [19]. Although reclosing and reserve switching serve differentprotection purposes, both depend on distinguishing a genuine, sustained loss of supply from atransient disturbance, and the decision architectures described in this literature are directlyrelevant to the design of fast ABP logic.6. Self-healing distribution automation. Finally, a growing literature on self-healingdistribution networks illustrates where reserve switching is heading at the system level. Luand colleagues proposed a self-healing scheme based on mixed-integer linear programmingintended to restore supply quickly and accurately after a fault [17]. Luo, Ge, and Xu examinedhow the quality of data transmission between distribution automation terminals affects thereliability actually delivered by such automated schemes, a finding with direct relevance toindustrial ABP retrofits that rely on legacy communication infrastructure [18]. Meteab andcolleagues proposed an efficient self-healing framework for smart distribution networks,reinforcing the broader trend of shifting switching decisions from a single local relay toward acoordinated, network-wide automation layer [20].Taken together, this literature shows a field moving in two directions simultaneously:toward faster, more adaptive, and more digitally coordinated switching, and toward a widerrange of source types that switching logic must accommodate. What is largely absent is a
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structured way of deciding how much of this sophistication a given industrial load actuallyneeds, which is the gap this paper addresses.MethodsThis study follows a structured qualitative synthesis approach rather than a systematicreview or empirical field study. Twenty-two peer-reviewed journal and conferencepublications, all dated between 2018 and 2025 and addressing power system reliability,protection, substation automation, or self-healing distribution networks, were selected froman initial reference set and organized into a contentmatrix built around six themes: distributionand industrial reliability assessment, distributed generation and storage, substationautomation and digital protocols, microgrid and critical-infrastructure protection, adaptiveand learning-based switching logic, and self-healing distribution automation. Each source wascoded according to the switching-relevant parameters it reported or discussed, includingtypical switching or restoration time, the type of source configuration assumed, and thecommunication or protocol dependencies described.These coded parameters were then used to construct the Criticality-Tiered ReserveSwitching framework presented in Section 5. The switching-time bands assigned to eachtechnology class draw on the ranges reported across the adaptive reclosing and microgridprotection literature [4; 8; 9; 11; 13; 19], while the criticality categories themselves wereinformed by the operational description of industrial power supply constraints given byKornilov and colleagues for metallurgical facilities [14] and by the treatment ofcommunication-dependent reliability in Luo, Ge, and Xu and in Parol and colleagues [18; 21].Because the framework was built entirely from published descriptions rather than from fieldmeasurements at a specific plant, it should be understood as a conceptual decision-supporttool rather than a validated engineering standard. This is an explicit limitation of the presentstudy and is addressed further in the discussion. No proprietary or unpublished data wereused; all supporting evidence is drawn from the twenty-two sources listed in the reference list.ResultsThe synthesis produced six findings that structure the discussion that follows.First, reliability research is still predominantly conducted at the distribution-networklevel, using aggregate indices that do not translate directly into a switching-time requirementfor an individual industrial load [10; 12]. Second, there is a clear and largely unaddressed gapbetween the sub-cycle to sub-second switching capability demonstrated in microgrid andcritical-infrastructure protection research and the multi-second switching times still commonin conventional industrial practice, particularly at heavy industrial sites of the kind describedby Kornilov and colleagues [4; 8; 9; 14]. Third, IEC 61850-based digital communication is whatmakes fast, coordinated switching across multiple bays practically achievable, but it introducesa cybersecurity exposure that a purely electromechanical scheme does not carry [3; 6; 15].Fourth, the decision logic developed for adaptive automatic reclosing, which must distinguisha genuine fault from a transient disturbance using signal characteristics rather than a fixedtimer, is conceptually transferable to reserve switching, even though the two functions servedifferent protection purposes [11; 13; 19]. Fifth, the reliability actually delivered by anautomated switching scheme is bounded by the quality of its supporting communicationinfrastructure, not just by the switching logic itself, which means legacy communication linkscan silently undermine an otherwise well-designed ABP retrofit [17; 18; 20]. Sixth, energystorage is increasingly proposed not merely as backup capacity but as an alternative reservesource in its own right, which changes what a switching scheme needs to accomplish, since itmay be switching between two live sources rather than from a failed source to a de-energizedone [5; 7; 22].Read together, these findings indicate that the reliability improvements achievablethroughmodern ABP technology are unevenly distributed: they are readily available where theliterature has concentrated its attention, in microgrids and critical infrastructure, digitally
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instrumented substations, and self-healing distribution schemes, but they are not automaticallyavailable to a conventional industrial facility unless someone deliberately maps that facility'sloads onto the appropriate class of switching technology. That mapping is precisely what ismissing from the literature reviewed above, and it is the contribution this paper makes in thefollowing section. Discussion1. The case for a criticality-based approach. The literature reviewed in Section 2 describesa wide spectrum of reserve switching capability, from electromechanical schemes operating inthe range of one to several seconds, through microprocessor-based fast ABP switching in thelow hundreds of milliseconds, to genuinely uninterrupted, synchronized transfer in the tens ofmilliseconds or less [4; 8; 9; 11; 13; 19]. Industrial facilities, however, rarely specify theirswitching scheme on a load-by-load basis; instead, a single technology class is often applieduniformly across the site, driven as much by historical practice as by an explicit assessment ofwhat each load can actually tolerate. Kornilov and colleagues make clear that even within asingle metallurgical facility, process sections differ substantially in how sensitive they are to abrief interruption [14]. Treating such a facility as a single reliability problem, rather than as acollection of loads with different tolerances, both overspends on some circuits andunderprotects others. Table 1 summarizes the technology classes referenced throughout thispaper and the switching-time bands associated with each.Table 1. Classification of automatic reserve switching (ABP) technology
Technology class Typicalswitching time Switching principle Representativesources
ConventionalelectromechanicalABP

1 s to severalseconds Voltage/undervoltage relay detectsloss of source; contactor or breakercloses reserve feeder after a fixedtime delay

[14]

Standardmicroprocessor-based ABP
0.3 s to 1.5 s Digital relay logic with configurableblocking, sequencing and interlockconditions

[3; 15]

Fast (high-speed)ABP Approx. 0.1 s to0.3 s Adaptive, signal-based faultdiscrimination; coordinated over adigital communication bus
[4; 8; 9; 11; 13;19]

Uninterrupted /synchronizedtransfer
Tens ofmilliseconds orless

Check-synchronizing or statictransfer switch; continuousmonitoring of phase angle andmagnitude between sources

[6; 17; 20]

Source: developed by the author
2. The Criticality-Tiered Reserve Switching frameworkBuilding on the six findings above, this paper proposes a four-tier framework,summarized in Table 2 that assigns each class of industrial load to a switching technologyproportionate to its actual tolerance for interruption. Tier 0 covers loads whose interruptionthreatens personnel safety or causes irreversible process or equipment damage within a fewtens of milliseconds, such as furnace control systems, continuous casting drives, or safetyinstrumented systems; these loads justify uninterrupted or near-uninterrupted transfer,typically requiring synchronized, check-synchronizing switching supported by high-speeddigital communication of the kind enabled by IEC 61850 [3; 15]. Tier 1 covers high-valuecontinuous production loads that can tolerate a short but not negligible interruption, matching
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the low-hundreds-of-milliseconds range demonstrated in fast microprocessor-based ABP andin adaptive protection schemes drawn from the reclosing literature [4; 8; 9; 11; 13; 19]. Tier 2covers auxiliary and balance-of-plant loads, such as ventilation, water treatment, or generallighting, for which conventional electromechanical or standard microprocessor-based ABP inthe one-to-several-second range remains appropriate and cost-effective. Tier 3 covers non-essential loads for which manual or delayed switching is acceptable and automatic reserveswitching is not economically justified.Table 2. Proposed Criticality-Tiered Reserve Switching (CTRS) framework
Tier Representative loads Max.tolerableinterruption

Required switchingclass Key enablers

Tier 0 Furnace control, continuouscasting drives, safetyinstrumented systems
Tens ofmilliseconds Uninterrupted /synchronized transfer IEC 61850digital bus;check-synchronizingrelays

Tier 1 High-value continuousproduction lines 0.1 s to 0.3 s Fast microprocessor-based ABP Adaptive,signal-baseddecision logic
Tier 2 Auxiliary and balance-of-plant loads (ventilation,water treatment, lighting)

1 s toseveralseconds
Standardmicroprocessor-basedor electromechanicalABP

Conventionalprotectionrelays
Tier 3 Non-essential loads Not time-critical Manual or delayedswitching None required

Source: developed by the authorThe framework also specifies, for each tier, the appropriate synchronization andcommunication dependency. Tier 0 andTier 1 switching decisions benefit from the same signal-based, adaptive logic that Han, Khan, and Mehdi describe for reclosing, since both problemsreduce to distinguishing a genuine sustained loss of supply from a transient event using theelectrical signature of the disturbance rather than a fixed timer [11; 13; 19] (See Figure 1).Where a facility has already invested in IEC 61850-based substation automation, that samedigital bus can carry the interlocking and synchronization signals that Tier 0 and Tier 1switching require, at the cost of the cybersecurity exposure documented by Ashraf andcolleagues, which must be addressed through the same network segmentation and monitoringpractices recommended for substation automation generally [6]. For facilities that alreadyoperate a self-healing distribution automation layer, the tiered framework proposed here canbe nested within that wider scheme, with Tier 0 and Tier 1 loads prioritized in any automatedrestoration sequence following the logic described by Lu, Meteab, and colleagues [17; 20] (SeeFigure 2).
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Figure 1. Industrial Dual-Feeder Power Supply SchematicSource: developed by the author

Figure 2. Criticality-Tiered Reserve Switching FlowchartSource: developed by the author
3. Where energy storage fits. Storage complicates the tier assignment in a useful way.Where energy storage of adequate capacity is available, as demonstrated by Szott andcolleagues, a Tier 0 or Tier 1 load can potentially be served without waiting for reserveswitching at all, since the storage bridges the interruption directly [22]. This does not eliminate
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the value of ABP, but it changes its role from the sole safeguard to one layer in a defense thatalso includes local storage, consistent with the broader argument made by Ayesha, Amini, andKumar and colleagues that reliability is increasingly a system-level property rather than theoutput of any single device [5; 7; 16] (See Figure 3).

Figure 3. Conceptual Architecture Diagram of Digital Substation with IEC 61850 GOOSE,Reserve Switching, BESS, and Self-Healing AutomationSource: developed by the author
4. Limitations and directions for further work. The framework proposed here isconceptual and has been built from published descriptions of switching technology andindustrial practice rather than from field measurements at a specific site; validating theproposed tier boundaries against interruption-cost data from real industrial facilities is animportant next step. The optimization approach used by Jooshaki and colleagues fordistribution expansion planning under reliability regulation offers a plausible template forformalizing the tier-assignment decision as an investment optimization problem rather thanan engineering judgement call, and this is a promising direction for future work [12].Communication quality, shown by Luo and colleagues to materially affect delivered reliability,should also be assessed explicitly before assigning any load to Tier 0 or Tier 1, since the fastestswitching logic available cannot compensate for an unreliable communication path [18].ConclusionsAutomatic reserve power switching remains one of the most direct and cost-effectivetools available for protecting industrial power supply against interruption, but the literaturereviewed in this paper shows that its most advanced forms, fast microprocessor-based anduninterrupted switching supported by digital substation communication, remain concentratedin microgrid, critical-infrastructure, and self-healing distribution research rather than ingeneral industrial practice. Conventional industrial facilities frequently apply a single switchingtechnology uniformly across sites with markedly different load criticality, a practice that bothoverspends on low-criticality circuits and leaves the most sensitive processes underprotected.The Criticality-Tiered Reserve Switching framework proposed in this paper offers a structuredalternative, matching each class of industrial load to a proportionate switching technology,synchronization method, and communication dependency. The framework also clarifies howenergy storage and self-healing distribution automation fit alongside conventional ABP ratherthan replacing it outright. Because the framework was developed through literature synthesis
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