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The electrical vitality utilization is at a quick rate as compared to its era
driving towards the need for vitality reserve. Every nation is concerned
about addressing the energy security issue and most of their attention during
the past few years has been focused on the very essence of energy
conservation opportunities. It is the responsibility of all the electricity
consumers to ensure that no portion of electrical vitality gets wasted either
hastily or intentionally. Unfortunately, as a result of day-on-road lights
(DORL), electricity is being wasted in several villages and towns. This claim
is validated through the performed field research (FR) presented in this
manuscript. From the FR, it is inferred that approximately 13.2% of the total
road lights were found turned-on during the day hours, resulting in an annual
vitality loss of approximately 55.75 MWh. It is being wasted because of the
mismanagement of switches and manmade errors; because of this, it forms a
part of the overall commercial loss of 4.8 tonnes of oil equivalent (toe) and
accounts for the release of about 47.4 tonnes of CO: (tCO2) emissions per

annum. This paper presents on broad investigation on the FR performed to
recognize a yearly total commercial misfortune of vitality with techno-
commercial analysis.
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1. INTRODUCTION

To exemplify, the vitality is the capacity to perform the work. Without vitality, it is inconceivable to
imagine the presence of anything. One of the specific secondary sources of vitality is electricity. Different
sources of producing electricity include solar, wind, geothermal, hydel, and fossil fuel-based power
generating systems. India is one of the most densely populated and economically expanding countries in the
world. It covers the demand for increasing and growing vitality to support its fiscal resilience and growing
population. As a result of its multi-ecosystem and population growth, the use of vitality is expanding rapidly.
In addition, the country's energy control involves the centralized and decentralized system, making it a little
complicated.

By November 2024, the installed power generation capacity in the country is about 456,757 MW.
The significant contribution of about 53.2% is exclusively by energy plants, depending on the fossil fuels and
46.4% are through coal-based energy plants. To be more precise, residential segment, commercial segment,
industrial segment, transport segment, and the agricultural segments are different segments of vitality in
India.
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In accordance to the Energy Insights India 2023 report, the annual compound escalation rate
(ACER) of power utilization for the period of 2012-13 and 2021-22 is around 5.7%. The Industrial segment
accounted for the biggest share (41.16%) followed by the residential (25.77%), agricultural (17.67%), and
commercial segments (8.29%) out of the entire power utilization during 2021-22. During the aforesaid
tenure, among assorted segments, the residential segment has the most noteworthy ACER about 6.8.

Public road lighting is a major contributor to municipal energy consumption worldwide
(Stellios et al. [1] and Alvarez et al. [2]). In India, the rapid expansion of public road lighting—especially in
rural and semi-urban areas—has significantly increased energy usage. A persistent and often overlooked
issue is the waste of electrical energy due to road lights remaining switched on during daylight hours, a
phenomenon known as day-on road lights (DORL). This inefficiency leads to substantial energy loss,
increased operational costs, and unnecessary carbon emissions, undermining national energy conservation
goals (Energy Insights India, 2023).

The lighting, in particular road lighting, is plausibly the foremost critical system that consumes
electrical vitality within the commercial segment. Road lighting system forms an important electrical power
infrastructure for the rural and urban development across the world. In general, they are installed on
supporting poles, or on posts or other supporting structures along the roads, side walking areas and or any
other open zones. The major reason for prioritizing the road lighting is to provide adequate lighting on the
roadways, subways and any public open spaces amid night hours [3], [4]. They play a vital role in ensuring
safety and security to the passers and avoid noticeable criminal action. However, they are being misused in
several places, because of which the electrical vitality used for powering road lights is getting squandered.
The content presented in this manuscript elevates and addresses the aforesaid issue by performing thorough
investigation on the DORLSs.

This research aims to systematically quantify the annual aggregate commercial energy loss due to
DORL in a representative mandal of Tirupati District, Andhra Pradesh. It not only estimates the local impact
but also extrapolates the findings to provide a state-wide perspective. Furthermore, the study proposes
practical scalable solutions, namely, the integration of astronomical clock switches (ACS) and village-wise
master controllers (VMC) to mitigate these losses. By addressing this gap, our study seeks to inform policy
and operational improvements for public lighting infrastructure in similar contexts.

The rest of this article is organized as follows: section 2 reviews the literature and highlights the
limitations of existing approaches. Section 3 describes the field research (FR) method, how the data was
collected and data analysis and shares the findings and explains how energy is being lost due to poor DORL.
Section 4 discusses the main causes and proposes corrective strategies. Section 5 discusses the critical
discussion of the results, their implications and future directions and finally, section 6 concludes the study
and describes the policy and practice recommendations.

2.  LITERATURE REVIEW

A bolt-1oT platform-based LED road lamp control system with the ability to detect vehicle
movement and density was proposed by Sorif et al. [5]. Balsky and Terrich [6] talked about how optimizing
the distribution of luminaries’ luminous flux could improve road lighting efficiency and reduce light
trespassing. Strielkowski et al. [7] examined the economic efficiency influencing factors, and evaluated the
necessities intended for vitality security in smart cities, LED road lighting can drastically lower the energy
consumption of any contemporary metropolis.

In an loT-based case study on an energy-efficient smart road lighting system in Nagpur, Prasad et
al. [8] predicted the effective results of swapping out outdated road lights for LED lights with motion
sensors. LDR sensors were utilized by Jebaseeli et al. [9] to save energy in the road lighting system.
Pachamanov and Kassev [10] investigated the potential for public lighting rehabilitation in the Republic of
Bulgarian municipalities, including road lighting monitoring and management through local and cloud-based
apps as well as public land mobile networks, including 10T.

Mohanty et al. [11] proposed an intelligent street light management system for smart cities, enabling
efficient monitoring and control of road lighting to reduce unnecessary energy consumption.
Anthopoulou and Doulos [12] demonstrated the energy savings achieved by replacing high pressure sodium
lamps with LED instead of traditional lamps. Qaisar et al. [13] proposed a solar-powered road lighting
system and a sensor assembly with a front-end controller to detect the vehicle movement and adjust the road
lights appropriately. Al-Smadi et al. [14] proposed an intelligent system capable of detecting and
appropriately control the road lighting when a car is moving on the road. An 10T-based smart lighting system
that effectively controls road lights by employing sensors to dim and brighten them as needed was presented
by Suseendran et al. [15].
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Yashaswini et al. [16] shown how automatic LED-based road light control may save energy by
recognising vehicle movement detected by infrared sensors and photo diodes. To save energy, Abdullah et al.
[17] suggested a motion-detection-based road light controller system. An autonomous solar-powered road
lighting system with wireless monitoring via router duty mode was introduced by Saymbetov et al. [18]. For
precisely managing road lighting, Kadirova and Kajtsanov [19] demonstrated a real-time control system for
road lighting using GPS to retrieve pertinent data about local dawn and sunset. Singh and Sisodia [20]
introduced an adaptive road lighting system based on movement detection technology (MDT) and a light-
dependent resistor (LDR). An intelligent lighting solution, that uses LED lights, Zig Bee wireless network
and the Zig Bee cluster library messaging protocol was suggested and developed by Samy and Adly [21].

In order to avoid vitality wastage and ensure safety Abinaya et al. [22] suggested a smart embedded
system with a monitoring camera integrated to control the road lights based on sunshine detection. By
examining life cycle cost and energy efficiency, Kim and Hwang [23] evaluated the feasibility of LED-based
road lighting. Automated solar photovoltaic systems (SPVS), that may boost efficiency through LED lighting
while simultaneously conserving energy, were suggested by Jha and Biswal [24]. In order to make road lights
self-powered, Dey et al. [25] concentrated on auto lighting jerking pressure that is wasted when cars cross
speed bumps on the highways.

From the aforesaid literature appraisal, it is clear that, majority of the researchers are focusing on
automated and diverse control of road lighting. Their approach differs elementally by means of utilizing the
driven lighting system control, viz. LDR based sensors, intervention of automation through different
advances viz. GSM/GPRS, 1D3 calculations, 10T, and also integration of renewable systems. However, it is
clear that electrical vitality loss due to DORL, a real-world existing problem is not being taken care of. The
research presented in this manuscript addresses the concern knowledge gap by investigating the root-cause
and effects of DORL and proposing the remedial measures to mitigate the effects.

3. FIELD RESEARCH: INVESTIGATION FOR ESTABLISHING DORL

The method adopted in this study was designed to systematically quantify the annual aggregate
commercial energy loss due to DORL in a representative mandal of Tirupati District, Andhra Pradesh. The
approach combined standard field survey techniques with novel, context-specific data analysis to ensure both
accuracy and replicability.

3.1. Study area and zoning

The method considered in carrying out the FR and acquainting the wastage of electrical vitality due to
DORL is illustrated in Figure 1. As a token of concern, one of the mandals of Tirupati District of Andhra Pradesh
State is taken into consideration and commenced the investigation. The mandal concerned (CM) consists of 18
village councils (VVC) also referred to as gram-panchayats and about 80 sub-villages (SV). As per the existing
roadway interconnectivity, these SVs are estranged into four diversified zones for performing the FR.

Rural mandals in Andhra Pradesh generally follow similar technical norms for road-lighting, as
prescribed in the Panchayat Raj and Rural Development guidelines. Most of them use comparable pole
spacing, lamp ratings, and switching practices, and many still depend on manual operation. Because of this,
the DORL problem tends to appear under similar conditions across different mandals. Conducting detailed
field inspections in all mandals is not feasible, so one mandal was selected as a representative unit for
in-depth study. The findings from this location are used to provide a reasonable indication of the broader
situation in the state, while acknowledging that the extrapolation offers an estimate rather than a precise
statewide value.

3.2. Data collection

As per the method furnished in Figure 1, FR was performed by physically visiting all the four zones
of SVs corresponding to VCs and investigating on the existing DORLs. During this course of action, the
following primary data is collected. VC (gram panchayat) wise villages of CM, village wise number of roads
and road lights, street wise number of roads lights and village wise power consumption details of road lights.
Through FR, the total numbers of RLs which were dynamic amid daytime were identified. The major
sightings of the FR are portrayed in Figures 2 to 4.

3.3. Justification of method

A field-based approach was chosen to capture real-world operational practices and human factors
contributing to DORL, which are often missed in remote or automated assessments. This direct observation
method ensures the reliability of the data and allows for accurate quantification of energy loss. The
methodology is described in sufficient detail to enable replication by other researchers or practitioners. The
field survey was conducted by three independent teams, each consisting of two trained members. Surveys
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were carried out over six months, with observations made at three different times of day (morning, midday,
and afternoon) to ensure consistency and account for temporal variability. Each location was visited on two
separate days to validate the findings and minimize observational bias.

J

[ Classification of the localities or thrust areas to carry out FR ]
17

e A

Collection and analysis of route maps of concern locality and classify into different
zones

\ J
[

'd 7 ~\

Scheduling for FR, zone wise to recognize DORL
( {} A
Zone wise implementation of FR
'd {} )\
Primary data collection through different possible means
'd {} N\
Collection of zone wise utility power distribution layouts
4 @ 1\
Analysis of the primary data in coordination with the power distribution layouts
& J
( {} N\
Performing Aggregate Commercial Loss assessment
4 {} 1\
Vitality cutback potential estimation

17

[ Review the findinas ]
{7

< Globalization >

Figure 1. Technique to perform FR

35

30

N
]

Number of Streets
& 3

-
5]

v

o

va2rP1a
V3P18

Figure 2. Number of roads or streets per village-VC

Bulletin of Electr Eng & Inf, Vol. 15, No. 3, June 2026: 1933-1943



1937

0

ISSN: 2302-9285

Bulletin of Electr Eng & Inf

251

o n o
- 1

5,400 jo JsquinnN

8TdEA
81dZA
8T4TIA
LIdEA
LTIdZA
LTIATA
9TdOTA
9Td6A
9TdBA
9TdLA
9Tdo9A
9TdSA

PIdSA
PIdvA

ETdEA
ETdZn

Village number with gram panchayat number

Figure 3. Number of DORL’s per village-VC

)
=]
®

o o o
2 =1 =3

(M) 5,100 40 benem |eloL

Village number with gram panchayat humber

Figure 4. DORLs power consumption

3.4. Data analysis

The quantity of RLs in a village, the overall numbers of RLs in a mandal, the numbers of DORLs in
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In (1) to (6),

n is the total numbers of roads in a village;

m is the total numbers of villages in a mandal;

Loi is the numbers of day-on road lights in it road;

Lsi is the numbers of day-off road lights in i road;

Lsoi Laoi, Lsoi, and Ligoi is the quantity of 30 W, 40 W, 50 W, and 100 W day-on road lights in i" road;
Nre is the numbers of road lights in a village;

Nrre is the total numbers of road lights in CM;

NorL represents the total numbers of DORLs in a village;
NrorL represents the total numbers of DORLs in CM;
Pore represents the total wattage of DORLS in a village;
ProrL represents the total wattage of DORLs in CM.

The primary data explores that, within the SV of CM, the total number of roads and the total
quantity of road lights are 455 and 3,170 respectively. It is also found that 417 road lights out of the total
3,170 lights i.e., 13.15% of total road lights were found turned-on during day hours. Besides, the road lights
must illuminate the roads during night times and must remain inactive during daytime, making to consider
the aforesaid case very seriously.

For the concerned CM, the quantity of roads, village wise is illustrated in Figure 2. Within the CM,
village 4 in Panchayat 11, V4P11 (37) shares maximum quantity of roads while village 2 in Panchayat 11,
V2P11 (31) and village 3 in Panchayat 11, V3P11 (29) projects second and third positions respectively.

For the concerned CM, the quantity of DORLs, village wise is illustrated in Figure 3. Within the
CM, the village V5P1 (27) contributes maximum quantity of DORLs while V1P1 (24) and V2P15 (24)
shares next positions. In line to them the villages V1P6 (23), V4P2 (22), and V1P10 (20) occupies
consecutive positions.

For the concerned CM, village wise power consumption by the DORLs is illustrated in Figure 4. In
view of the lamp capacity, the wattage of existing RLs within the CM are found 100 W, 50 W, 40 W, and
30 W. The total number of 100 W RLs used are 2, 50 W RLs used are 3, 40 W RLs used are 2 and 30 W RLs
used are 410. Regarding power consumption by lamps, the maximum contribution is by the RLs in the
village V5P1. Villages V1P1, V4P2, V2P15, V1P6, and V1P10 occupy the consecutive positions. RLs in
V5P1 consumes 870 W, V1P1 consumes 740 W, V4P2 consumes 730 W, V2 P15 consumes 720 W, V1P6
consumes 690 W, and V1P10 consumes 600 W.

The power consumption by DORLs in V4P2 is found more than V2P15, although the quantity of
RLs is only 22 in disparity with 24. It is only because of the existence of 100 W light within the former
village. As a result of FR and analyzing the data collected, it is clear that the total capacity of RLs found
turned-on during daytime is 12.73 kW. To be specific, the admissible dynamic duration (ADD) of RLs is
only from 6 PM to 6 AM while the non-admissible dynamic duration (NADD) of RLs is from 6 AM to 6 PM.
However, it is found that total 417 RLs were found active during NADD hours leading to the daily electricity
consumption of 153 kWh and annual electricity consumption of 55.757 MWh. The latter can be accounted as
annual aggregate commercial loss (AACL) due to DORL.

3.5. Root cause and effect exploration

To explore the root cause behind the DORLs, second round of investigation was carried out by
physically inspecting all the villages within the CM. Furthermore, accessible representatives of the villages
were interviewed to establish the reason behind the DORLs and the following major motives behind those
were noted:
Powering of RLs directly from the distributor lines.
Absence of switch gear.
Damage or no-operation of existing switchgear.
Non assignment of road light operator jobs.
Unawareness about the need for maintain the RLs.

PoooTe

4. STRATEGIES FOR CURTAILING AAC LOSS DUE TO DORL
To minimize the identified AAC loss due to DORL, the following two strategies were proposed.

4.1. Integration of astronomical clock switches

Installation of “ACS” to control the RLs is proposed for each road, or for cluster of roads or
centralized based on the possibility. ACS is basically an intelligent clock integrated with a time switch based
light controller. It is a microcontroller technology-based device with integral battery backup for about 1,000

Bulletin of Electr Eng & Inf, Vol. 15, No. 3, June 2026: 1933-1943



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 1939

hours. Its direct load interfacing capacity is about 3 kW. For controlling the RLs within the villages of CM
the maximum quantity of ACS required are 455. As the vendor price of GLES make ACS is about Rs. 2124/-
, the estimated total investment for establishing 455 numbers of ACS is about Rs. 10.12 Lakhs which
includes supply cost of Rs. 9. 66 Lakhs and installation cost of Rs. 0.46 Lakhs. By establishing the
aforementioned ACSs, an amount of Rs. 2.99 Lakhs /- per annum can be saved directly. Besides it is
estimated to get returned within 3.4 years. During the field survey, instances of road lights operating during
daytime were observed in different rural locations. Figure 5 presents field photographs captured at Kuchi
Vari Palli (VIP2) and Vykuntapuram (V4P2) villages, clearly illustrating daytime-on road lighting (DORL)
conditions observed during the study, showing road lights operating during daytime.
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&3 GPs Map Camera " = i S Vykuntapuram, Andhra Pradesh,

Kuchi Vari Palli, Andhra Pradesh, ba India
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Figure 5. Field photographs captured in Kuchi Vari Palli (V1P2) and Vykuntapuram (V4P2) villages

4.2. Integration of village-wise master controller

It is proposed to restructure the existing supply system for RLs and erect a separate power
distribution (SPD) network for RLs from the distribution transformer existing in every village. The source
side of the SPD is to be provided with a current measured based road light counter (RLC) and master
controller. A village VMC is a single switch and multi-lamp controller integrated with a data acquisition and
a transceiver system intended to communicate the data to the control center located at the concerned utility
substation. The RL activation and de-activation commands to all the VMCs existing in the purview of the
substation will be sent daily on 6:00 AM and 6:00 PM respectively. This timely operation of the VMCs
ensures that no RLs are active during day-hours, thereby minimizing AACL due to DORL. However, to
identify the failed RLs, the SLC counts the number of turned-on RLs based on their rated current drawn and
shares the information to the control center [8]. The control center processing system analyzes the data
received and estimates the quantity of DORLSs and also the one that are malfunctioning and takes necessary
corrective actions.

5. RESULTS AND DISCUSSION

The field survey revealed that 13.2% of road lights in the studied mandal were operational during
daylight hours, resulting in an annual energy loss of 55.75 MWh. When extrapolated to the entire state of
Andhra Pradesh, the potential annual loss exceeds 39,000 MWh. These findings are consistent with previous
reports of inefficiencies in public lighting, such as those by Stellios et al. [1], Prasad et al. [8], and Jebaseeli
et al. [9], but our study uniquely quantifies the impact of DORL in a rural context. The results highlight the
need for targeted interventions, such as the integration of ACS and VMC, which could significantly reduce
energy wastage. The results have been compared with official reports and benchmark data from government
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sources (e.g., Energy Insights India, 2023) to validate the findings and contextualize the observed energy loss
due to DORL.

While prior studies have demonstrated the effectiveness of automated and sensor-based lighting
systems in reducing energy consumption, they have largely overlooked the operational challenges in rural
and semi-urban areas. Our results highlight that, in the absence of automation, human error and inadequate
maintenance are primary contributors to energy wastage. This finding aligns with the observations of
Strielkowski et al. [7] regarding the importance of operational practices in achieving energy efficiency. In
addition, studies involving motion-detection-based lighting (Abdullah et al. [17]), GPS-based controls
(Kadirova and Kajtsanov [19]), and cloud-based remote monitoring (Pachamanov and Kassev [10]) have also
shown that automation minimizes human intervention and reduces operational errors. This supports the need
for centralized solutions such as ACS and VMC in rural environments where manual switching is still
predominant.

5.1. Comparative analysis

Our findings align with Prasad et al. [8] and Jebaseeli et al. [9], who reported similar inefficiencies
in public lighting and demonstrated that improper switching and lack of monitoring contribute significantly
to energy wastage. The case study by Ozadowicz and Grela [4] also supports the feasibility of implementing
automated control mechanisms such as ACS and VMC, though it highlights that rural deployment requires
additional operational support. Furthermore, studies by Sorif et al. [5] and Suseendran et al. [15] showed that
integrating intelligent control systems and sensor-based automation leads to consistent reductions in
unnecessary lamp operation. These comparisons reinforce that the DORL problem observed in this study is
consistent with documented challenges in other regions, especially where manual switching practices still
dominate.

5.2. Proposed strategies and implications

The implications of these findings have two main takeaways. First, fixing issues with defective or
outdated road lighting (DORL) can quickly reduce how much energy is used and cut down on greenhouse
gas emissions. This helps India move closer to its sustainability goals. Second, the proposed ACS and VMC
solutions offer practical paths to local governments and utility providers to upgrade street lighting [5]. These
improvements don’t need major changes to existing infrastructure, making it easier to adopt. The approach
used in this study can also be applied in other regions to identify and address DORL-related losses. Plus,
ACS and VMC can be added to ongoing rural electrification and smart city projects, helping save energy
across different areas. Future research should focus on piloting these solutions, evaluating their long-term
effectiveness, and exploiting the integration of renewable energy sources with automated control systems.

5.2.1. Practical challenges of astronomical clock switches and village-wise master controllers systems

Although ACS and VMC systems provide an effective pathway to reduce DORL-related energy
loss, their implementation in rural areas may face several practical challenges. First, the long-term
maintenance and calibration of ACS units require trained personnel, which is often limited in rural and
semi-urban mandals. Improper calibration or battery failure may cause switching errors, reducing the
expected benefits. Second, reliability issues may arise due to dust accumulation, voltage fluctuations, and
exposure to harsh weather conditions, which can affect the accuracy of astronomical timers and sensing
components. Third, VMC-based centralized control systems depend on communication networks and
consistent power quality, both of which may be unstable in remote areas, leading to delayed switching or loss
of monitoring capability. Additionally, previous case studies in rural lighting automation have reported
challenges such as insufficient technical support, delayed repairs, and lack of periodic inspections, all of
which may limit the sustained performance of these systems. These practical considerations highlight the
need for a strong maintenance framework, trained operators, and reliable communication infrastructure to
ensure the long-term success of ACS and VMC deployments.

5.3. Limitations

While this study provides useful insights into the problem of DORL, it also has certain limitations
that should be acknowledged. First, the field investigation was carried out in one mandal of Tirupati District.
Although this mandal is representative of many rural mandals in Andhra Pradesh, variations in local
administration, maintenance practices, and infrastructure conditions may exist in other regions. Second, the
study relied on manual observations, which may introduce measurement uncertainties such as human error,
timing variations, and temporary load fluctuations during the survey period. To minimize this, each location
was visited multiple times, but some degree of observational bias cannot be fully eliminated. Third, the
state-wide extrapolation presented in this work is based on the assumption that similar operating conditions
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exist across other mandals in Andhra Pradesh. This provides an estimate of the possible scale of energy loss,
but the values should not be interpreted as exact statewide measurements. Finally, seasonal factors,
weather-related variations, and differences in switching behaviour across regions were not included in this
study, which may influence the overall DORL patterns.

6. CONCLUSION

The project site considered within the CM constitutes about 18 VVCs, and about 80 SV. The ADD of
RLs is from 6 PM to 6 AM while the NADD of RLs is from 6 AM to 6 PM. During the FR and data analysis,
it was found that a total of 417 road lights with a combined capacity of 12.73 kW were switched on during
NAAD. This led to daily electricity usage of 153 kWh, adding up to about 55.757 MWh annually. After
visiting all the villages and speaking with residents and local representatives, it became clear that this energy
is being wasted mainly due to poor switch control and lack of attention. This waste is estimated to result in
AACL of around 4.8 tonnes of oil equivalent (toe) and causes roughly 47.4 tonnes of CO. emissions every
year.

Two strategies were proposed to solve the above-mentioned problem. As strategy-1, install
automatic control systems for individual roads, groups of roads, or wherever feasible. These systems would
reduce the need for manual switching and improve efficiency. However, they require reliable operation and a
skilled maintenance team. In addition, to have an effective and sustainable impact, it is recommended to
install the proposed VMC integrated SPD System as a strategy-2, through which centralized actions can be
taken to control RLS and take necessary corrective actions against fail RLs.

In this paper more emphasis on identifying the AAC loss due to DORL through FR is presented.
From the outcomes of the FR carried out within the CM, i.e., in one mandal out of 34 mandals within the
Tirupati locality of Andhra Pradesh, India, it has been assessed that RLs around 13.2% were found
operational during NAAD, accounting to an annual electrical vitality loss about 55.75 MWh. However, as
there are about 713 mandals consisting of about 17928 villages within the entire state of Andhra Pradesh, it is
estimated that annually about 39,750 MWh of electrical vitality gets wasted due to DORLs. Hence the
research findings and proposed remedial measures can contribute to a significant change in minimizing the
unaccounted electrical vitality loss due to DORL. This study highlights the significant contribution of DORL
to energy loss and carbon emissions in rural India. By quantifying the problem and proposing scalable
solutions, our findings provide actionable insights for both academic research and policymaking. These
insights support the development of targeted interventions for local energy planning and public infrastructure
management.

Addressing DORL through automation and improved operational practices can yield substantial
energy and cost savings, contributing to national sustainability goals. The proposed solutions—ACS and
VMC—offer practical pathways for modernizing public lighting infrastructure without requiring large-scale
overhauls. Future work should focus on piloting these solutions in diverse settings, evaluating their long-term
impact on energy efficiency and sustainability, and exploring integration with renewable energy sources and
smart control systems.
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