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ABSTRACT 

Power quality is important to sustainable energy systems as renewable generation, energy storage and converter-

based loads introduce disturbance and mitigation challenges. Yet the relationship between measured power quality 

improvements and Sustainable Development Goal (SDG) indicators remains limited. This taxonomy-driven 

review examines that relationship through four axes: disturbance class, mitigation locus, measurement and 

evidence class and SDG indicator linkage. Each axis contains five levels defined by observable tests. The synthesis 

codes 231 statements from engineering, mitigation technology and sustainable development literature to examine 

how evidence progresses from disturbance measurement towards indicator reporting. Four mechanisms limit 

traceability: disagreement over metrics and assessment boundaries, aggregation across sites and periods, uncertain 

attribution of outcomes to power quality and missing connections to indicator custodians. The coded evidence 

indicates stronger support for converter-level mitigation than for network-wide assessment or custodian-

reportable SDG outcomes. Eight falsifiable research questions and a reporting checklist identify the 

measurements, comparison conditions and reporting definitions needed to strengthen studies. The taxonomy 

provides an auditable framework for evaluating claims and their relevance to sustainable development reporting. 
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INTRODUCTION   

Power quality is essential for reliable electricity delivery as renewable generation, energy storage and converter-

based loads expand across electrical networks [1], [2]. These developments introduce challenges for sustainable 

energy integration [3]. Harmonic distortion affects transformer performance [4], while interharmonics require 

suitable frequency estimation methods [5]. Signal preprocessing influences disturbance classification [6]. 

Background voltage harmonics affect converter operation [7], while energy storage introduces modelling 

uncertainties [8]. 

Power quality mitigation involves filtering technologies [9], active disturbance rejection [10] and sliding-mode 

control [11]. Effective mitigation requires appropriate equipment placement [12] and filter tuning in wind power 

plants [13]. Renewable microgrids integrate power quality enhancement with energy management [14] and 

harmonic compensation [15]. 

Accurate diagnostics depend on harmonic estimation [16] and time-frequency analysis [17]. Improved Gabor 

transforms [18] and modified S-transform techniques [19], [20] strengthen disturbance classification. Spectrogram 

analysis identifies multiple harmonic sources [21], while periodogram methods support source localisation [22]. 

Frequency and phase analysis improve dominant disturbance identification [23]. Signal decomposition [24] and 

recurrent autoencoders [25] address measurement noise. 

Artificial intelligence extends diagnostic capabilities through deep learning [26], convolutional autoencoders [27], 

shapelet methods [28] and hybrid architectures [29]. Non-intrusive identification [30], S-transform detection [31] 

and real-time monitoring [32] provide complementary approaches. Inverter switching faults are identified through 

time-frequency analysis [33], [34] and short-time Fourier transforms [35]. Periodogram verification [36] and time-

frequency classification [37] provide further diagnostic evidence. Related investigations examine direct torque 

control [38], [39], [40], multilevel inverters [41], torque ripple [42], insulation leakage currents [43], electric 

vehicle drives [44] and real-time disturbance classification [45]. 

Renewable energy supports sustainable development objectives [46], [47]. Nevertheless, renewable expansion 

does not guarantee equitable energy access [48], [49]. Just transition research highlights distributional outcomes 
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[50]. Solar irradiation estimation [51] and wind-hydrogen energy management [52] support renewable integration. 

Sustainability assessments address environmental contributions [53] and development trade-offs [54]. Reliability 

research [55], energy poverty [56], rural electrification [57] and economic sustainability [58] provide 

complementary perspectives. 

Despite these advances, connections between measured power quality improvements and Sustainable 

Development Goal (SDG) indicators remain insufficiently established. Existing studies demonstrate diagnostic 

and mitigation capabilities but provide limited evidence connecting engineering performance with development 

reporting. This review develops a four-axis taxonomy encompassing disturbance class, mitigation locus, 

measurement evidence and SDG indicator linkage. Analysis of 231 coded statements identifies four evidence 

attenuation mechanisms. Eight falsifiable research questions and a reporting checklist are proposed to strengthen 

methodological consistency, evidence validation and the integration of power quality research into sustainable 

development assessment. 

 

2. Method: A Taxonomy-Driven Synthesis 

2.1 Why the review is not organised around a screening protocol 

This study adopts taxonomy-driven synthesis to examine heterogeneous evidence across power quality 

engineering and sustainable development research. Unlike PRISMA-based systematic reviews, which emphasise 

transparent study identification and selection, this approach prioritises classification and evidence traceability. 

Converter control, harmonic mitigation and sustainability assessments involve different objectives and 

measurement outcomes [3], [14], [17]. Consequently, quantitative pooling would be inappropriate. 

Methodological rigour is maintained through observable classification criteria, source-level verification and 

reproducible coding procedures. This approach supports transparent comparisons across distinct research domains 

without imposing a common outcome measure [2], [46]. 

2.2 The four-axis coding instrument 

The proposed coding instrument classifies research evidence across four axes, each comprising five ordered levels 

with observable assessment criteria. These dimensions distinguish disturbance characteristics, mitigation 

approaches, measurement reliability and Sustainable Development Goal (SDG) indicator linkage. Figure 1 

illustrates the integrated taxonomy structure.  

 

 
Fig. 1.  The four-axis taxonomy for power quality evidence. Levels run from the least to the most 

demanding claim on each axis and the ordering is what makes the coding auditable. 

 

Axis 1 categorises steady-state harmonics, interharmonics, transient events, voltage magnitude disturbances and 

composite disturbances [1], [5], [17]. Axis 2 identifies mitigation interventions at device, converter, plant, network 
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and regulatory levels [9], [12], [14]. Axis 3 evaluates evidence through simulation, hardware-in-the-loop testing, 

laboratory experiments, field measurements and multi-site validation [2], [8]. Axis 4 examines SDG linkage from 

no explicit association to goal narratives, target mapping, indicator estimation and custodian-reportable outcomes 

[3], [53]. Classification depends on demonstrated evidence rather than assumed technological maturity. This 

structured framework supports transparent interpretation, consistent coding and reproducible comparisons across 

heterogeneous research domains. Table 1 presents the classification levels and observable tests. 

 

Table 1.  Axis definitions and observable tests for the four-axis power quality taxonomy 

Axis Level label Observable test 

1. Disturbance 

class 

D1: Steady-state harmonics A harmonic spectrum or total distortion index is 

reported for a defined operating condition 

D2: Interharmonics and 

sub-synchronous tones 

A spectral component between harmonic orders, or a 

sub-synchronous mode, is resolved and quantified 

D3: Transient and 

impulsive events 

A time-frequency or time-domain signature is 

reported with a stated resolution 

D4: Magnitude events Depth, duration or flicker severity is quantified 

against a stated standard 

D5: Composite and cross-

domain coupling 

Two or more disturbance classes are resolved 

simultaneously and their interaction is characterised 

2. Mitigation 

locus 

M1: Device and equipment The intervention is inside a single piece of equipment 

or an added passive element 

M2: Converter and 

controller 

A control law or modulation strategy is modified to 

reduce distortion at its source 

M3: Plant and facility Filtering, compensation or energy management is 

coordinated across a plant 

M4: Network and planning Placement, sizing or coordination of mitigation across 

a distribution or transmission network 

M5: System and regulatory A standard, tariff, connection rule or market 

instrument is used to limit distortion 

3. Measurement 

and evidence 

E1: Simulation only Results come from a model with no experimental or 

field validation reported 

E2: Simulation with field 

parameters or HIL 

Model parameters are taken from a real system, or a 

hardware-in-the-loop test is performed 

E3: Laboratory bench 

measurement 

A physical test bench reproduces the disturbance and 

the mitigation 

E4: Single-site field 

measurement 

Instrumentation is installed on an operating network 

at one location 

E5: Multi-site longitudinal 

or compliance evidence 

Measurements span several sites, or follow a 

compliance or certification procedure 

4. SDG indicator 

linkage 

I1: No SDG reference The source makes no reference to any Sustainable 

Development Goal or target 

I2: Goal-level narrative A goal is named but no target, indicator or numerical 

contribution is given 

I3: Target-level mapping A specific target is named and the claimed 

contribution is described in words 

I4: Indicator estimation A value is computed that corresponds to an indicator 

concept without adopting the custodian definition 

I5: Custodian-reportable The value uses the custodian definition, unit and 

boundary so that it could enter national reporting 

 

2.3 Unit of analysis, coding protocol and reliability 

The unit of analysis was the coded statement, representing claims concerning power quality disturbances, 

mitigation or sustainability outcomes [1], [6]. Each statement received one classification per taxonomy axis, with 

multiple claims from individual sources coded separately. Coding involved initial classification followed by 

evidence verification and confidence assessment. Higher levels were assigned only when observable criteria were 

satisfied [17], [20]. SDG linkage was evaluated against relevant indicator definitions and reporting boundaries 
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[3], [53]. Reliability relied on predefined criteria and source traceability rather than independent inter-rater 

assessment, leaving some classification uncertainty between adjacent levels. 

2.4 Scope of the coded corpus 

The corpus integrates peer-reviewed research, conference studies and sustainability assessments covering power 

quality measurement, mitigation and renewable energy integration [2], [3]. Evidence includes harmonic resonance 

analysis [59], distributed monitoring [60] and frequency quality assessment [61]. Field investigations examine 

power quality improvements [62], while spectrogram-based techniques support harmonic disturbance 

classification [63]. These sources establish complementary evidence for evaluating measurement reliability and 

technological performance across operating conditions. 

3. AXIS 1: DISTURBANCE CLASSES AND THEIR PHYSICAL ORIGIN 

3.1 Steady-state harmonics 

Steady-state harmonic distortion originates from nonlinear loads, converter switching and transformer 

magnetisation [1]. Harmonic spectra and total distortion indices quantify disturbance severity under defined 

operating conditions [1]. Different reference definitions influence harmonic assessments and compliance 

interpretation [1]. Transformer performance may also be affected by negative-sequence harmonics associated with 

geomagnetic disturbances [4]. Harmonic propagation depends on network impedance and resonance conditions, 

which can amplify distortion at specific frequencies [59]. Background voltage harmonics influence converter 

responses at connection points [7], [64]. Vector-based harmonic source detection at the point of common coupling 

further supports disturbance attribution and network-level diagnostic assessment [65]. 

3.2 Interharmonics and sub-synchronous components 

Interharmonics occur between integer multiples of the fundamental frequency, presenting challenges for 

conventional Fourier analysis [5]. Their identification depends on frequency resolution, measurement conditions 

and interactions between converter controls and network dynamics [5]. Prony analysis provides an alternative 

estimation method [5], while metaheuristic optimisation supports direct harmonic and interharmonic parameter 

estimation [16]. Sub-synchronous oscillations introduce additional stability concerns in converter-interfaced 

power systems [66], [67]. Renewable converter control strategies influence system dynamics [68], while grid-

forming converters require appropriate synchronisation and stability management [69]. Frequency regulation in 

low-inertia networks further highlights the importance of coordinated control and dynamic assessment [70]. 

3.3 Transients and magnitude events 

Transient disturbances require time-frequency analysis to capture rapid changes in electrical waveforms [17]. 

Improved Gabor transforms enhance harmonic signal classification [18], while spectrogram techniques support 

disturbance detection and identification [37], [63]. Modified S-transform methods improve frequency-dependent 

analysis [19], [20]. Frequency and phase spectrograms assist dominant disturbance identification [23]. Signal 

denoising using decomposition techniques [24] and recurrent autoencoders [25] improves detection under noisy 

conditions. Voltage magnitude events, including sags and swells, require assessment of disturbance depth, 

duration and waveform characteristics [71]. Space vector ellipse methods provide additional capabilities for 

visualising and classifying voltage disturbances in electrical networks [71]. 

3.4 Composite and cross-domain disturbances 

Composite disturbances arise when multiple power quality events occur simultaneously, complicating accurate 

classification [64]. Deep learning architectures address overlapping disturbance patterns [29], while convolutional 

autoencoders [27] and recurrent denoising methods [25] improve classification under noisy conditions. Cross-

domain interactions introduce additional challenges involving electrical, communication and control systems [72]. 

Energy storage interfaces exhibit dynamic characteristics requiring accurate modelling [8], [73]. Hybrid wind-

hydrogen systems introduce multiple energy conversion stages and operational dependencies [52], [74]. Solar 

irradiation estimation supports renewable generation assessment under varying environmental conditions [51]. 

IoT-based photovoltaic monitoring enables distributed measurement of operating parameters [75]. These 

developments highlight the importance of integrated monitoring, reliable diagnostics and coordinated control for 

managing disturbances across interconnected sustainable energy systems [72]. 

4. AXIS 2: MITIGATION LOCUS FROM DEVICE TO REGULATION 

4.1 Device-level mitigation 

Device-level mitigation focuses on reducing power quality disturbances within individual equipment through 

filtering and converter design [9]. Passive harmonic filters provide cost-effective solutions for high-power 

applications, although their effectiveness depends on operating conditions and harmonic characteristics [9]. 

Single-tuned filters have demonstrated harmonic mitigation in railway power supply systems [76], while LCCR 
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filter configurations offer alternative approaches for harmonic suppression [77]. Converter topology and switching 

strategies also influence current distortion and equipment performance [41]. Comparisons of multilevel inverter 

configurations demonstrate differences in direct torque control performance [41], while torque ripple 

minimisation techniques improve machine operation [42]. Studies involving five-phase induction machines 

further demonstrate the influence of control strategies on torque performance [38]–[40]. In electric vehicle 

applications, brushless direct current motor control provides additional opportunities to improve drive 

performance [44]. These approaches support equipment-level disturbance mitigation through appropriate design 

and control strategies [9]. 

4.2 Converter and controller mitigation 

Converter-level mitigation reduces power quality disturbances through improved control laws and modulation 

strategies [10]. Active power filters compensate harmonic distortion using controlled switching techniques [78]. 

Active disturbance rejection control improves compensation by estimating disturbances directly [10], while 

sliding-mode control strengthens unified power quality conditioner performance [11]. Metaheuristic algorithms 

support harmonic parameter estimation required for effective compensation [16]. In renewable generation, 

converter control must balance power delivery with disturbance reduction [13]. Adaptive wind turbine control has 

demonstrated improvements in harmonic performance [79]. Active filter parameter tuning further supports 

harmonic voltage mitigation in wind power plants [13]. Grid-component-based techniques provide additional 

harmonic mitigation for electric vehicle charging stations [80]. These approaches demonstrate the importance of 

coordinated converter control, accurate disturbance estimation and operating conditions for improving power 

quality performance [10], [13]. 

4.3 Plant and facility mitigation 

Plant-level mitigation integrates power quality control with coordinated energy management across electrical 

facilities [14]. Unified power quality conditioners employ harmonic extraction and synchronisation algorithms to 

improve compensation in microgrids [15]. Robust voltage control using compensated disturbance observers 

supports harmonic suppression under changing operating conditions [81]. Integrated photovoltaic-battery 

optimisation addresses power quality and energy management requirements simultaneously [82]. Deep belief 

network controllers extend coordinated mitigation across interconnected renewable microgrids [83]. Multi-

microgrid energy management introduces further operational constraints requiring system-wide coordination [84]. 

Photovoltaic-based charging stations demonstrate interactions between power quality and grid dependency [85]. 

Islanded DC microgrids require dedicated control strategies [86], while battery-based unified conditioners 

combine energy management with disturbance compensation [87]. Hybrid microgrid and electric vehicle 

integration further requires coordinated stability and power quality assessment [88]. 

4.4 Network and system mitigation 

Network-level mitigation involves coordinated placement, sizing and operation of power quality improvement 

devices across distribution systems [12]. Optimal placement of unified power quality conditioners improves 

voltage profiles and reduces harmonic distortion [12]. Harmonic resonance analysis supports network assessment 

by identifying conditions that amplify disturbances [59]. Coordination among distributed energy resources 

introduces additional operational challenges [89], while transmission and distribution system cooperation supports 

effective flexibility management [90]. At the regulatory level, power quality requirements influence connection 

procedures and compliance assessments [1]. Ancillary service markets provide mechanisms for procuring 

flexibility and system support [91], [92]. Flexibility aggregation further determines the participation of distributed 

resources in electricity markets [93]. Effective mitigation therefore requires coordinated technical planning, 

consistent regulatory arrangements and appropriate market mechanisms to support network performance [89], 

[90]. 

5. AXIS 3: MEASUREMENT AND EVIDENCE CLASS 

5.1 Simulation and its validation 

Simulation provides an initial platform for evaluating power quality mitigation strategies under controlled 

operating conditions [10], [11]. However, simulation results depend on modelling assumptions and network 

parameters [7]. Validation using field-derived parameters or hardware-in-the-loop testing strengthens confidence 

in system performance [86]. Converter behaviour is particularly sensitive to network impedance and background 

voltage distortion [7]. Therefore, reliable assessment requires representative operating conditions, accurate models 

and appropriate validation procedures [8]. 

 

5.2 Bench and field measurement 

Laboratory measurements validate power quality mitigation under controlled operating conditions [78]. Inverter 

fault diagnostics establish identifiable disturbance signatures through experimental analysis [33]–[35]. 
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Periodogram techniques support harmonic source identification and statistical verification [22], [36]. Field 

measurements introduce additional uncertainties involving network configuration, load variations and background 

distortion [60]. Harmonic resonance analysis helps identify network-dependent disturbance behaviour [59]. Noise 

and non-stationary conditions further influence diagnostic accuracy [25]. Consequently, field validation is 

essential for assessing measurement reliability and practical mitigation performance [61], [62]. 

5.3 Multi-site and compliance-grade evidence 

Multi-site measurements provide stronger evidence of power quality performance across varying network 

conditions [2]. Field investigations demonstrate improvements in power quality indicators following technical 

interventions [62]. However, differences in instrumentation, measurement periods and operating conditions limit 

comparisons across locations [60], [61]. Reliability assessments further highlight uncertainties associated with 

renewable energy integration [55]. Compliance-grade evidence therefore requires standardised measurement 

procedures, representative sampling and consistent reporting criteria [1]. These requirements strengthen evidence 

reliability and support broader assessment of mitigation effectiveness across electrical networks [2], [62]. 

 

6. AXIS 4: SDG INDICATOR LINKAGE 

6.1 Goal narrative versus measured contribution 

SDG integration requires distinguishing general sustainability claims from measurable contributions [3]. Goal-

level narratives commonly describe renewable energy benefits without specifying targets or quantitative outcomes 

[46], [47]. Target-level assessments provide clearer connections between technological interventions and 

development priorities [3]. Indicator estimation requires measurable outcomes and defined assessment boundaries 

[53]. Agrivoltaic assessments further demonstrate the importance of evaluating sustainability trade-offs across 

multiple SDGs [54]. Consequently, credible SDG reporting requires transparent metrics, consistent measurement 

boundaries and evidence connecting engineering performance with development indicators [53], [54]. 

6.2 Where power quality would enter the indicator architecture 

Power quality contributes indirectly to SDG indicators through energy efficiency, infrastructure performance and 

electricity accessibility [1], [3]. Harmonic distortion increases electrical losses, affecting energy utilisation [4]. 

Reliable electricity supply supports industrial productivity and infrastructure sustainability [55]. Equipment 

performance also depends on operating conditions and power electronic interactions [8]. Energy poverty 

assessments highlight the importance of accessible electricity services [56], [57]. Integrating measurable power 

quality outcomes into SDG assessments requires consistent indicators, appropriate boundaries and reliable 

evidence [53]. 

7. THE POWER-QUALITY-TO-INDICATOR CHAIN 

7.1 Structure of the chain 

Following a quantity from measurement to reporting requires five stages. A disturbance is measured at a point on 

the network. A mitigation intervention is demonstrated and its effect quantified [93]. That effect is translated into 

an asset or process benefit, such as reduced losses or extended equipment life [93]. The benefit is aggregated into 

a national indicator estimate [93]. The estimate enters custodian reporting [93]. Each transition changes the unit, 

the boundary or the aggregation rule and each is a place where evidence can be lost [93]. Figure 2 presents the 

chain with the four mechanisms that account for most of the loss and Table 2 states each mechanism with its 

remedy [93]. 

 
Fig. 2. Power quality to SDG evidence chain and the four attenuation mechanisms. 
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7.2 Metric and boundary disagreement 

Metric and boundary disagreement limits comparability across power quality studies [1]. Harmonic distortion 

indices differ according to reference definitions and measurement conditions [1], [4]. Converter performance also 

depends on background voltage harmonics and assessment locations [7], [13]. Signal preprocessing and time-

frequency resolution influence reported classification accuracy [6], [17]. Frequency and phase-based methods 

provide additional information for harmonic source identification [23]. Consequently, consistent measurement 

definitions, observation windows and assessment boundaries are essential for reliable evidence interpretation and 

comparison [2]. 

7.3 Aggregation across sites and time periods 

Power quality disturbances vary across network locations due to differences in impedance, load composition and 

operating conditions [59], [60]. Aggregating local measurements into broader indicators requires consistent 

sampling and appropriate weighting methods [61]. Short-duration measurements may not represent long-term 

system performance [61]. Renewable generation variability further influences converter operation and harmonic 

characteristics [79]. Energy storage introduces additional dynamic uncertainties [8], [73]. Consequently, multi-

site assessments require representative observation periods, comparable measurement boundaries and transparent 

aggregation procedures to ensure reliable interpretation of mitigation outcomes [2], [62]. 

7.4 Attribution between quality and other causes 

Attributing operational improvements to power quality mitigation requires distinguishing intervention effects 

from other influencing factors [85]. Energy savings may reflect changes in equipment loading, operational 

practices or network conditions rather than mitigation alone [12]. Equipment performance is also influenced by 

background voltage distortion [7]. Regulatory arrangements and market structures affect the distribution of 

mitigation costs and benefits [89], [91]. Reliable attribution therefore requires appropriate comparison conditions, 

measured outcomes and transparent assessment boundaries to establish credible causal relationships [1], [53]. 

7.5 The missing custodian endpoint 

The absence of a defined custodian reporting pathway limits the integration of power quality evidence into SDG 

assessments [3], [53]. Engineering studies frequently report measurable improvements without aligning results 

with official indicator definitions, units or assessment boundaries [1], [54]. Table 2 summarises this evidence gap 

and proposes remedies for improving traceability. Aligning technical measurements with established reporting 

requirements strengthens indicator comparability and supports more credible sustainability assessments across 

energy systems [53], [58]. 

Table 2.  Loss mechanisms in the power-quality-to-indicator chain with the stage affected and the coding-

based remedy. 

Mechanism Stage at which loss 

occurs 

Observable symptom in 

the corpus 

Coding-based remedy 

P1 Metric and boundary 

disagreement 

Measurement to 

mitigation assessment 

The same distortion 

quantity appears under 

two reference definitions 

in one argument 

State the reference 

definition, window and 

assessment point, and 

give the conversion used 

P2 Aggregation across 

sites and time periods 

Mitigation assessment to 

national estimate 

A local or short-duration 

benefit is reported as if it 

were representative of a 

jurisdiction 

Report the benefit at the 

resolution at which it 

occurs, alongside any 

aggregate figure 

P3 Attribution between 

quality and other causes 

National estimate to 

indicator value 

An outcome is credited to 

mitigation without a 

comparison condition 

Name the comparison 

condition or state why 

none exists, and report 

distributional effects 

P4 Missing custodian 

endpoint 

Indicator value to 

reporting 

A computed value is 

close to an indicator 

concept but uses a 

different boundary or 

period 

Align the computation 

with the custodian 

definition or state which 

element prevents 

alignment 
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8. APPLYING THE TAXONOMY: FOUR STUDY ARCHETYPES 

8.1 Archetype A: the disturbance characterisation study 

The first archetype identifies and classifies a disturbance using signal processing methods [19]. Representative 

work develops a transform or classifier, validates it on a benchmark set and reports accuracy [19], [28], [29]. The 

archetype commonly involves D1 to D3, E1 to E3 and I1 [6]. Its mitigation-locus code depends on the intervention 

studied, if any [6]. Its contribution is measurement capability and its limitation is that the capability is 

demonstrated on data whose statistical properties are those of a benchmark rather than a network [6]. Where 

denoising or pre-processing discards information, the reported accuracy describes the whole pipeline rather than 

the classifier [6], [24]. 

8.2 Archetype B: the mitigation technology study 

The second archetype designs and evaluates a mitigation device or control strategy [78]. Prototype active filters, 

unified conditioners and optimised placement studies belong here [78], [10], [12]. The archetype codes as D1 to 

D4, M2 to M4, E1 to E3 and I1 [15]. Its results are strong at converter level and weaker at network level, because 

network-level benefit depends on conditions that a laboratory test cannot reproduce [15]. Studies that include a 

field installation move to E4 and their claims become correspondingly stronger [15], [82]. 

8.3 Archetype C: the renewable integration and quality study 

The third archetype examines quality in a network with substantial renewable generation, storage or electric 

vehicle load [13]. Wind plant filter tuning, charging station mitigation and microgrid energy management belong 

here [13], [80], [84], [83]. The archetype codes as D1 to D4, M3 to M4, E2 to E4 and I1 to I3 [85]. It is the 

archetype closest to the sustainability framing because it addresses the technologies the transition depends on and 

it is the archetype in which the indicator linkage is most often asserted and least often quantified [85], [88]. 

8.4 Archetype D: the sustainability assessment study 

The fourth archetype assesses renewable energy against the goals [3]. Reviews of the energy goal, of energy 

poverty and of the just transition belong here [3], [48], [50]. The archetype mainly concerns policy-level analysis 

and SDG linkage rather than a measured power quality disturbance. D and M codes apply only when the source 

supplies their observable tests [3]. It has the strongest indicator linkage in the corpus and the weakest connection 

to measurement, since quality rarely appears in the assessment at all [3]. Archetypes B and D therefore sit at 

opposite ends of the chain and the distance between them is the space in which this review's research questions 

are located [3]. Table 3 assembles the archetypes with their modal codes [3]. 

Table 3.  Modal taxonomy codes for four representative study archetypes. 

Archetype Axis 1 Axis 2 Axis 

3 

Axis 

4 

Principal limitation 

A. Disturbance 

characterisation 

D1-D3 M1 E1-

E3 

I1 Accuracy is established on benchmark 

data whose statistics differ from field 

data 

B. Mitigation 

technology 

D1-D4 M2-

M4 

E1-

E3 

I1 Network-level benefit depends on 

conditions a laboratory test cannot 

reproduce 

C. Renewable 

integration and quality 

D1-D4 M3-

M4 

E2-

E4 

I1-I3 Indicator linkage is asserted more often 

than it is quantified 

D. Sustainability 

assessment 

D5 M5 E1-

E4 

I3-I4 Strong indicator linkage paired with 

almost no measured quality data 

9. MONITORING, DATA INFRASTRUCTURE AND DIAGNOSTIC COMPETENCE 

Effective power quality assessment requires reliable instrumentation, consistent measurements and appropriate 

diagnostic expertise [2]. Internet-of-Things energy meters enable distributed monitoring of electrical consumption 

and power quality parameters [94]. Machine learning supports disturbance prediction [95], while ensemble 

classifiers improve event identification in renewable microgrids [96]. Digital twin technologies integrate physical 

measurements with computational models to support monitoring and operational assessment [97]. Nevertheless, 

data governance, model validation and cybersecurity remain important implementation challenges [98], [99], 

[100]. Diagnostic competence is equally essential for interpreting complex harmonic disturbances [30]. 

Automated classification techniques support harmonic source identification [101], while spectrogram and S-

transform methods provide established analytical approaches [37], [102]. Related image processing [103] and 

electromyography studies [104] demonstrate transferable signal analysis principles. Energy sector research 

highlights increasing demand for digital competencies [105]. Educational assessments identify emerging skills 

gaps [106], emphasising the importance of workforce development for sustainable energy transitions [107]. 
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10. EQUITY, ACCESS AND THE JUST TRANSITION DIMENSION 

Power quality represents an equity concern because electrical disturbances and mitigation costs affect different 

network participants [1]. Harmonic distortion can propagate across distribution networks, requiring coordinated 

mitigation and appropriate allocation of responsibilities [12]. Regulatory frameworks influence the participation 

of distributed resources in electricity markets [89], while transmission and distribution coordination supports 

equitable access to system services [90]. Electricity accessibility also extends beyond physical connections to 

include affordability, reliability and service usability [56], [57]. Renewable energy consumption does not 

automatically eliminate energy poverty, particularly among vulnerable communities [48]. Energy transition 

policies may produce unequal socioeconomic outcomes, depending on household circumstances and 

implementation strategies [49]. Economic fluctuations further influence energy poverty and progress towards 

sustainable development objectives [108]. Just transition frameworks therefore emphasise fairness, social 

inclusion and the distribution of energy transition benefits [50]. Renewable energy development contributes to the 

Sustainable Development Goals, although its wider benefits depend on supporting institutional and socioeconomic 

conditions [46], [47]. Financial assessments further demonstrate the importance of investment decisions in 

achieving sustainable development outcomes [58]. Within the proposed taxonomy, equity-related claims require 

clear distinctions between measured power quality improvements and broader social benefits. Establishing these 

connections requires comparable technical measurements, transparent assessment boundaries and evidence 

demonstrating how electrical service quality influences consumer outcomes. 

 

11. A Falsifiable Research Agenda 

The proposed taxonomy identifies eight research questions addressing limitations in power quality measurement, 

mitigation effectiveness and SDG reporting. Each question specifies measurable outcomes, required evidence and 

conditions for falsification. 

RQ1: Measurement consistency. Do different harmonic distortion definitions produce different compliance 

decisions? Installation measurements should establish whether assessment outcomes remain consistent across 

reference definitions [1]. 

RQ2: Mitigation effectiveness. How do network impedance and background distortion influence harmonic 

reduction at the point of common coupling? Paired measurements should identify variations in mitigation 

performance [7], [13]. 

RQ3: Measurement aggregation. Which methods produce representative power quality indicators across multiple 

sites? Distributed monitoring data should test aggregation stability under different sampling conditions [60], [61]. 

RQ4: Energy loss attribution. What proportion of network losses results from harmonic distortion? Measurements 

should distinguish attributable losses from measurement uncertainty [4], [8]. 

RQ5: Equipment reliability. Does harmonic distortion increase equipment failure rates? Longitudinal data should 

examine associations after controlling for operating conditions and equipment characteristics [7]. 

RQ6: Mitigation economics. Do electricity market incentives encourage investment in mitigation technologies? 

Comparative assessments should examine adoption patterns across regulatory environments [91], [92]. 

RQ7: Diagnostic reproducibility. Can disturbance classification models maintain accuracy across different 

networks? Independent datasets should evaluate performance under changing measurement conditions [25], [27]. 

RQ8: SDG reporting alignment. Which engineering outcomes satisfy established SDG indicator requirements? 

The coded matrix should assess measurement boundaries, reporting periods and indicator compatibility [3], [53]. 

These questions establish a testable research agenda linking technical evidence with sustainability assessment. 

Integrated monitoring and digital twin technologies offer potential infrastructure for improving data traceability 

[97]. Reliable implementation requires transparent validation and coordinated reporting practices [58]. 

12. REPORTING RECOMMENDATIONS 

The taxonomy identifies four reporting priorities to improve evidence traceability between power quality research 

and SDG assessment. These recommendations provide a practical checklist for strengthening measurement 

consistency, validation and reporting transparency. 

First, researchers should specify distortion indices, reference definitions, measurement windows and assessment 

locations [1], [2]. Converter-level improvements should not be presented as network-wide benefits without 

supporting measurements [7], [13]. Diagnostic studies should document preprocessing procedures and time-

frequency resolution to ensure reproducible classification results [6], [17], [19], [25]. 

Second, measurement aggregation requires transparent sampling procedures and consistent observation periods. 

Local measurements should remain distinguishable from system-wide estimates [60], [61]. Studies conducted 

under unusual operating conditions should report their limitations and representativeness [62]. 



CINEFORUM 

ISSN: 0009-7039 

Vol. 66. No. S7, 2026 (Special Issue 7) 

 

1177 

   © CINEFORUM 

Third, mitigation assessments should identify appropriate comparison conditions to distinguish intervention 

effects from unrelated operational changes [12], [85]. Distributional consequences should also be considered when 

evaluating electricity accessibility and sustainability outcomes [49], [56]. 

Fourth, researchers should connect measurable engineering outcomes with relevant SDG targets and indicator 

definitions [3], [53]. Sustainability assessments should acknowledge potential trade-offs between development 

objectives [46], [54]. Digital monitoring platforms and digital twins should report sensor calibration, model 

validation and data integrity procedures [97], [100]. Collectively, these practices strengthen methodological 

transparency, evidence comparability and reporting credibility across sustainable energy research. 

13. THREATS TO VALIDITY 

uncertainty because assigning research statements to classification levels requires judgement. Observable criteria 

improve consistency, although differences between adjacent evidence levels remain possible [1], [2]. The absence 

of independent inter-rater assessment further limits the reliability of classification decisions. 

Second, source selection may influence the distribution of taxonomy codes. The corpus integrates heterogeneous 

engineering and sustainability studies but does not represent an exhaustive assessment of published research [3], 

[46]. Consequently, observed evidence patterns describe the selected corpus rather than the entire research field. 

Third, technological and regulatory developments create temporal limitations. Advances in converter control, 

energy storage modelling and monitoring technologies may change the relevance of existing classifications [8], 

[10]. Similarly, evolving sustainability assessment practices may influence future indicator linkage requirements 

[53], [54]. 

Fourth, taxonomy levels should not be interpreted as indicators of overall research quality. Device-level 

investigations provide valuable technical evidence even when they lack direct SDG reporting connections [17], 

[33]. Higher classification levels indicate different measurement requirements rather than superior scientific 

contributions. These limitations highlight the importance of transparent coding procedures, reproducible evidence 

assessment and careful interpretation when comparing findings across research domains. 

14. CONCLUSION 

Power quality plays a critical role in sustainable energy systems by influencing electrical efficiency, equipment 

reliability and the effective integration of renewable energy technologies. This review developed a four-axis 

taxonomy encompassing disturbance class, mitigation locus, measurement evidence and Sustainable 

Development Goal (SDG) indicator linkage. The analysis of 231 coded statements identified substantial 

differences between established engineering evidence and its application to sustainability reporting. 

The findings indicate that disturbance detection and converter-level mitigation are relatively mature, while 

network-wide validation and SDG indicator integration remain less developed. Four mechanisms explain these 

limitations: inconsistent measurement definitions, aggregation across locations and observation periods, 

uncertainty in attributing outcomes to mitigation interventions and the absence of clearly defined reporting 

pathways. These barriers restrict the translation of technical improvements into measurable sustainability 

outcomes. 

Eight falsifiable research questions establish priorities for improving measurement consistency, mitigation 

assessment, evidence reproducibility and indicator alignment. The proposed reporting checklist further supports 

transparent documentation of measurement boundaries, validation procedures and assessment conditions. 

Nevertheless, the taxonomy reflects the selected research corpus and requires further validation using independent 

coding and multi-site evidence. Future research should prioritise integrated monitoring systems and reporting 

frameworks that connect measured power quality improvements with relevant SDG indicators, strengthening the 

technical foundation of sustainable energy assessment. 
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