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Abstract: Compact distribution substations are the terminal voltage step-down units that deliver electricity directly
to end-users, and their placement within commercial precincts raises practical questions about human exposure to
extremely low-frequency (ELF) electromagnetic fields (EMF). Two compact and two standard distribution substations
at Unicity, Sibu, Sarawak, were selected for field measurement because they stand within close range of a student hostel
and a busy food court. Both electric field strength (V/m) and magnetic flux density (µT) were recorded at six distances,
from 0.5 m to 5 m, across all accessible sides of each unit. Every measured value fell below the ICNIRP reference
levels of 5000 V/m and 100µT for general-public and occupational exposure. Localised field variations were noted and
are linked to equipment layout within each enclosure and to structural features in the immediate environment. The
measurements confirm compliance with international safety standards and indicate no elevated exposure risk to the
commercial population in the study area.
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I. Introduction

Sarawak covers roughly 124 000 km2 of north-western Bor-
neo and contains several rapidly growing urban centres,
of which Sibu ranks among the most commercially ac-
tive. Sustaining that activity depends on a distribution net-
work that delivers stable, stepped-down voltage to thou-
sands of consumer connection points across retail, hospital-
ity, and light-industrial premises. Compact distribution sub-
stations (sealed metal enclosures housing transformers and
switchgear) form the terminal nodes of this network and are
sited directly within commercial and residential precincts to
minimise distribution losses [1–5, 30].

Because compact substations are installed close to occu-
pied buildings, workers and pedestrians can spend extended
periods within a few metres of energised equipment. At
50 Hz, the operating frequency of the Malaysian grid, both
the electric and magnetic field components fall within the
ELF band and decay with distance from the source. The
rate of that decay depends on the internal conductor arrange-
ment, the enclosure geometry, and the local load profile, all
of which vary from site to site [3–7].

ELF EMF has been a subject of ongoing scientific investi-
gation relating to health. Increased residence magnetic field

(RMF) exposure has been linked to a slight rise in childhood
leukaemia risk, but a causal relationship has not been proven
and is hotly debated [6–12,14–16]. The IARC stated that the
link between exposure to ELF magnetic fields and cancer in
humans has strong epidemiological associations but not yet
proven (Group 2B) [8–18]. In this context, on-site measure-
ment is the most convenient approach to provide exposure
management information for occupied locations.

The Reference Levels for the electric field and the mag-
netic flux density for general-public exposure are 5000 V/m
and 100µT at 50 Hz, respectively, according to the Inter-
national Commission on Non-Ionizing Radiation Protection
(ICNIRP) [13, 24–26]. These guidelines are incorporated
into the Energy Commission’s assessment matrix for EMF
around electrical infrastructure in Malaysia which will be
assessed on site in the field rather than by modelling predic-
tion [9, 19–22].

Prior work at distribution substations across Malaysia has
broadly found field levels within ICNIRP limits, though
readings near high-voltage equipment during peak demand
have at times come in higher than expected, particularly in
denser urban settings [12, 18–24]. What is missing from
this body of work is any published data from Sarawak’s
inland cities; Sibu, which is seeing some of the fastest
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commercial expansion in the state, has not been covered
[14, 21, 22, 26–30].

This paper presents ELF electric and magnetic field mea-
surements from four distribution substations (two compact,
two standard) located close to the Unicity commercial com-
plex in Sibu. At each site, readings were taken at multi-
ple distances and four directions to map the spatial decay
of both field components. The primary aim is to determine
whether exposure levels at these sites stay within the lim-
its set by international and national regulatory bodies. By
comparing measured values against ICNIRP guidelines, the
study provides a data-driven picture of EMF conditions at a
specific urban site in Sarawak, offers useful context for res-
idents and planners near similar installations, and serves as
a monitoring baseline as commercial loads in the area con-
tinue to grow.

II. Methodology

The four substations selected for this study sit within the
Unicity commercial precinct in Sibu: two are positioned
behind Unicity Hostel (Lrg Wawasan 9A Compact Sub 1
DS 32931 and Compact Sub 2 DS 32934) and two are ad-
jacent to Unicity Food Court (Lrg Wawasan 9E Sub 1
DS 32932 and Sub 2 DS 32933). Both locations attract con-
tinuous pedestrian activity throughout the day, and the hostel
also presents a night-time residential exposure scenario. The
substation positions relative to the surrounding buildings are
shown in Figure 2 [1, 2, 21, 22].

Figure 1: Measurement layout around each substation.

The two Lrg Wawasan 9A units (DS 32931 and DS 32934)
are compact substations housed in sealed metal enclo-
sures, while the two Lrg Wawasan 9E units (DS 32932 and
DS 32933) are standard distribution substations with a con-
ventional open-panel configuration. All four sides were
measured at the compact substations. At the standard sub-
stations, the back face was inaccessible due to drainage
trenches and was therefore excluded from the dataset.

Field measurements were recorded at six radial distances
from each substation: 0.5 m, 1 m, 2 m, 3 m, 4 m, and 5 m.
At each accessible distance, samples were collected in four

orthogonal directions relative to the enclosure door: front,
back, left, and right. This four-direction grid captures asym-
metric field distributions that arise from the internal arrange-
ment of transformer windings and busbar conductors, as il-
lustrated in Figure 1 [3–6, 22–27].

The radial spacing was chosen to span the near-field re-
gion where decay gradients are steepest and to cover the dis-
tances relevant to the nearest occupied structures. Data from
all four substations were collated and are presented individ-
ually in the sections that follow, covering the electric field
and magnetic flux density profiles for each unit [1, 2].

All readings were taken while the substations were ener-
gised and operating under normal daytime load conditions,
so the results reflect realistic everyday exposure rather than
a best-case or offline scenario. Ambient temperature and hu-
midity were noted at each site during the measurement ses-
sions, as both factors can affect instrument sensitivity and
the way fields distribute around outdoor electrical equip-
ment [5,6]. The presence of shielding elements in the imme-
diate surroundings—concrete boundary walls, the metal en-
closures of the compact units, and nearby vegetation—was
also recorded, since these features can attenuate or redirect
field lines at specific sampling points and account for some
of the localised variation observed in the data.

Figure 2: Unicity substation positions relative to surround-
ing buildings.

III. Results and Discussion

A. Lrg Wawasan 9A Compact Sub 1 DS 32931

I. Electric field data

At the front face of Sub 1 DS 32931, the electric field
dropped from its 0.5 m value to a local minimum at 2 m be-
fore recovering slightly at 3 m and again at 4 m. The left-
side profile showed a more progressive decrease across the
full measurement range. This non-monotonic behaviour on
the front face is consistent with the asymmetric arrangement
of internal busbars or cable entry points that concentrate
field lines near specific faces of the enclosure. The right
face recorded a lower initial value and followed a steadier
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downward trend, while the back face registered the weak-
est readings throughout the measurement range. By 3 m, the
directional spread between all four faces had narrowed con-
siderably, reflecting how the asymmetric near-field influence
of the internal conductor layout diminishes quickly with dis-
tance. Despite the variation, all readings stayed far below the
5000 V/m reference level.

Figure 3: Electric field profiles, Compact Sub 1 DS 32931.

II. Magnetic field data

Magnetic flux density decreased steadily with distance on
all measured sides. This consistent decay is characteristic of
the near-dipole field produced by transformer windings and
indicates no anomalous current paths within the enclosure.
Peak values occurred at 0.5 m and fell sharply, with readings
from all directions converging toward low levels by 3 m to
4 m, well within the 100µT reference level.

Figure 4: Magnetic field profiles, Compact Sub 1 DS 32931.

B. Lrg Wawasan 9A Compact Sub 2 DS 32934

I. Electric field data

Electric field values at Sub 2 DS 32934 followed broadly
similar trends across all four faces, converging to compa-
rable levels at 2 m and beyond. A slight uptick was recorded

on the right side at 3 m, which may reflect a localised inter-
action between the external field and an adjacent structural
element; readings returned to the general downward trend
at greater distances. All values were within ICNIRP limits
throughout.

Figure 5: Electric field profiles, Compact Sub 2 DS 32934.

II. Magnetic field data

The right-side magnetic flux density profile was approxi-
mately linear with distance, in contrast to the steeper near-
field decay seen on the remaining faces. The left side
recorded the highest flux density at 0.5 m, consistent with
the location of the transformer’s primary connections on that
face. By 5 m, readings from all directions had converged to
low levels, and no point exceeded the 100µT threshold.

Figure 6: Magnetic field profiles, Compact Sub 2 DS 32934.

C. Lrg Wawasan 9E Standard Sub 1 DS 32932

I. Electric field data

The left face of Sub 1 DS 32932 produced no measurable
signal at 0.5 m or 1 m, after which the field rose to 18 V/m at
2 m and held approximately that level through to 5 m. Front
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and right readings both declined and settled near 4 V/m.
The left-side plateau suggests that a secondary conductor
or overhead cable run, positioned such that it enters the
measurement zone beyond 1 m, becomes the dominant field
source at those distances. Back-face data were unobtainable
due to site obstacles.

Figure 7: Electric field profiles, Standard Sub 1 DS 32932.

II. Magnetic field data

Magnetic flux density on the front and right faces decreased
progressively with distance, as expected for a magnetic
source of finite extent. The left-side reading was near-
constant at approximately 0.08µT across the full range, in-
dicating that the magnetic source contribution in that direc-
tion is low and that the value at 0.5 m already represented
the ambient background level. All readings were within IC-
NIRP reference levels.

Figure 8: Magnetic field profiles, Standard Sub 1 DS 32932.

D. Lrg Wawasan 9E Standard Sub 2 DS 32933

I. Electric field data

Unlike the other three units, Sub 2 DS 32933 produced a
fluctuating electric field profile with no clear directional
trend. The variability is consistent with time-varying load

conditions during the measurement session or with transient
switching events in nearby equipment. Despite the fluctua-
tions, every recorded value remained below 5000 V/m, and
back-face data were again excluded due to obstruction.

Figure 9: Electric field profiles, Standard Sub 2 DS 32933.

II. Magnetic field data

Magnetic flux density at Sub 2 DS 32933 declined steadily
with distance on all accessible faces, matching the mono-
tonic decay pattern seen at the other three substations. The
electric field fluctuations, while indicative of load variability,
did not extend to the magnetic field profile, which behaved
predictably across the measurement range. Both field com-
ponents remained within ICNIRP reference levels through-
out.

Figure 10: Magnetic field profiles, Standard Sub 2 DS
32933.

IV. Conclusion

All four distribution substations at Unicity, Sibu pro-
duced ELF field measurements that remain within IC-
NIRP general-public reference levels. Magnetic flux den-
sity peaked at 10.05µT and electric field strength peaked at
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114 V/m at the compact substations, representing approx-
imately 10.1% and 2.3% of their respective 100µT and
5000 V/m limits. At the standard distribution substations,
the maxima were 9.34µT and 18 V/m, similarly far below
threshold.

Magnetic flux density decreased monotonically with dis-
tance at nearly every measured point across all four substa-
tions, consistent with near-field decay from a finite magnetic
source. Electric field trends were less uniform: the front face
of Sub 1 DS 32931 and the right face of Sub 2 DS 32934
showed minor non-monotonic variation, the left face of
Sub 1 DS 32932 maintained a constant 18 V/m plateau be-
yond 2 m, and Sub 2 DS 32933 exhibited load-driven fluctu-
ations. These site-specific anomalies are attributable to lo-
cal conductor geometry, shielding from adjacent structures,
or the influence of nearby trees, vegetation, and concrete
boundary walls, and none approached the safety threshold.

Electric field readings near zero on some faces of the com-
pact substations were caused by the metal enclosure sur-
rounding the substations which reduces the external electric
field to near the instrument noise floor. The compact en-
closed design has an inherent shielding benefit, which is not
seen in an open-air switchyard design.

The measured values create a compliance baseline for the
Unicity precinct. In Sibu, electrical loads continue to in-
crease as commercial development progresses and it would
be prudent to remeasure at these locations periodically to
ensure that field levels are not exceeding the limits at higher
operating current.
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