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Abstract— Providing electricity access to the farthest 

consumer in remote areas with limited infrastructure may 

require long low voltage cables. This could result in a high 

network impedance, hence high losses and high voltage drop. 

Moreover, the increasing adoption of power electronics in 

household appliances introduces nonlinear currents, which 

could also increase the losses. In terms of power quality, both 

high network impedance and nonlinear current will result in 

voltage distortion that could undermine the system's efficiency 

and reliability. Focusing on the effect of the network impedance 

at the frequency range of 1–150 kHz, this paper aims to 

investigate the electromagnetic compatibility issues that might 

be imposed by a long-span low voltage cable up to 2 km. The 

results show a nonlinear correlation between the voltage 

distortion, cable length and current amplitude. Furthermore, a 

noticeable increase in voltage distortion at the load side should 

be expected in a system with a higher source impedance as in 

remote microgrids. It can be reduced by implementing a 

capacitor bank at the source or a passive filter at the load side. 

Keywords— harmonic distortions, network impedance, 

nonlinear loads, remote microgrid 

I. INTRODUCTION 

Reaching universal energy access by 2030 is an enormous 
global challenge and the core of the UN Sustainable 
Development Goal 7 (SDG 7). Remote areas are especially 
challenging, due to their distance from the grid and 
infrastructure challenges. At the same time, the trends towards 
increasing energy efficiency and efficient appliances are 
resulting in an ever more increasing number of power 
electronics devices in the power system. These trends could 
support SDG 7, which aims for affordable, reliable, 
sustainable and modern energy. 

However, power electronic technologies introduce 
nonlinear current which could impose harmonic distortion on 
the system. A certain degree of harmonic distortion can result 
in increased system losses, overheating transformer, flicker, 
communication interference, nuisance tripping of protective 
equipment, and neutral overloads [1]. Without proper 
consideration of harmonic distortion, the system might 
become inefficient, oversized, costly and unreliable. One of 

the examples of costly consequences due to the high level of 
harmonic distortion in an office building is reported in [2].  

At the distribution system level, the noticeable presence of 
nonlinear loads could undermine the system's reliability. 
Nonlinear loads such as lighting (fluorescent lights (CFL), 
light-emitting diode (LED)), information, communication and 
entertainment (TVs,  personal computers), cooling and 
heating are widely used in both residential, commercial and 
industrial applications. The level of distortion from these 
nonlinear loads should be properly managed especially when 
many appliances with high-switching frequency converters 
are connected to the system. Therefore, the harmonic 
distortion level needs to be taken into account from the early 
development stage. 

Review studies on power quality issues (including 
harmonic distortion) and the mitigation methods are presented 
in [1], [3], [4]. Many standards on power quality were 
introduced in regards to the limit, measurement method, 
important parameters, etc. as in IEEE standards 519-2014, 
1547-2018 and 1159-2019. According to these standards, not 
only the distortion level but also the distortion location are 
important in determining the consequences and severity of 
harmonic distortion. Furthermore, the standards also define 
recommended limits of the total harmonic distortion that are 
assigned for the voltage and current at the point of common 
coupling (PCC).  

The current harmonic distortion at PCC is affected by the 
voltage distortion with a relation that is mostly not linear [5] 
and the voltage distortion depends on the network 
impedance [6]. Therefore, the total voltage harmonic 
distortion (THDV) at a certain point in a system is dependent 
on the supply voltage distortion, network impedance and the 
load current waveform.  

In the context of remote microgrids such as small 
microgrids in the eastern part of Indonesia, long low voltage 
distribution cables (220 V / 50 Hz) are sometimes inevitable 
in order to provide energy access to the area with 
underdeveloped infrastructure. In terms of power quality, a 
long cable span means high network impedance and will result 
in voltage distortion that could impose electromagnetic 
compatibility (EMC) problems. Moreover, the increasing 



adoption of power electronics-based households’ appliances 
that operate at around 10 kHz to 2 MHz switching frequency 
will also aggravate the EMC issues. Therefore, it is important 
to be aware of the issues that can be imposed by the long cable 
span.  

The relation between voltage flicker and network 
impedance to determine the suitable location for PCC is 
presented in [6]. It shows that higher network impedance 
resulted in a higher flicker, hence there is a limit of the 
distance (maximum network impedance) between the source 
and PCC to prevent noticeable flicker. Another study shows 
that a higher value of network impedance increases both the 
harmonic power spectra and flicker as simulated by [7] with 
rectifier and switch-mode power supplies (SMPS) circuits. It 
shows that with a 10% decrease and increase in network 
impedance at 50 Hz, the differences of power spectra are 
+155% at 950 Hz and +164% at 100 Hz, respectively. These 
studies focus on flicker that is noticeable when modulated at a 
frequency below 25 Hz and the harmonic spectra at the 
frequency below 10 kHz. 

Emphasizing the effect of network impedance and its 
characteristics at 1–150 kHz, this paper aims to investigate the 
EMC issues that might be imposed by a long-span low voltage 
cable. This paper analyzes a single-phase AC source 
connected to a combination of a full-bridge diode rectifier and 
a resistive load to represent an aggregate of nonlinear 
appliances in a household. The cable length that connects the 
source to the load is varied up to 2 km, which is the range 
found in practice in Indonesian microgrids. Furthermore, 
different nonlinear current amplitude and the condition of the 
remote microgrids were also analyzed by varying the resistive 
load and source impedance, respectively.  

In Section II, a simplified Matlab Simulink model of a 
single phase 220 V / 50 Hz with a full-bridge diode rectifier 
and a resistive load is described. Section III analyzes the 
influence of the long-span low voltage cable, nonlinear current 
amplitude and the context of remote microgrids on the total 
voltage harmonic distortion. Section IV describes one of the 
common methods for reducing voltage total harmonic 
distortion. Section V discusses the cause, impact and some 
other solutions for reducing the voltage distortion. Section VI 
describes the concluding remarks and suggestions for future 
research. 

II. SYSTEM MODEL 

A. Remote Microgrids in Indonesia 

This paper investigates a system in the context of remote 
and isolated microgrids that are not connected to the main 
grid. These contexts are often characterized by few 
inhabitants, difficult access, limited infrastructure and a large 
distance from the main grid which makes expanding the 
electricity network strenuous [8]. These characteristics 
introduce unique challenges, hence it might require a different 
approach in building, operating and maintaining the system. 
Therefore, providing energy access to these areas is 
challenging and often requires more effort as well as cost. 

In the case of Indonesia, many remote and isolated 
microgrids spread throughout thousands of islands [9]. These 
systems are categorized as small systems with a peak load 
lower than 10 MW and there is neither plan for building big 
power plants nor a grid connection. Based on field 
discussions, providing electricity to some of these systems is 

relatively more challenging, among others, is because the 
households are located far from the electricity source (in most 
cases, small diesel generators). Due to limited access and 
infrastructure, a radial configuration with a long cable is often 
implemented.  

In relatively big systems with peak load in the order of kW 
to 10 MW, a medium voltage (MV) transmission cable 
(20 kV) is used to deliver electricity from the source, which is 
then distributed to the households through a step-down 
transformer (20/0.4 kV) and low voltage (LV) cable. In 
smaller systems, as in a small village that is located far away 
from the other villages, small diesel generators with only LV 
cables are used. Due to the aforementioned remote and 
isolated characteristics, providing electricity for the farthest 
household sometimes requires a very long MV cable of up to 
100 km and an LV cable of up to 2 km. 

In some regions in Indonesia, the electricity consumption 
is much lower compared to the ones that are more developed 
or closer to the main grid. In these less developed regions, the 
majority of the loads are residential [10]. There are three 
household types that are distinguished based on the maximum 
allowable power i.e., R1: 900–2200 VA, R2: 3500–5500 VA, 
R3: ≥ 6600 VA. However, there are households with an 

allowable power that is less than R1 i.e., 110–450 VA with 
0.5–2 A miniature circuit breaker (MCB) as the current 
limiter [11]. Although they have a certain limit of allowable 
power, the electricity consumption in some parts of Indonesia 
is still limited. For instance, a study on a region in Indonesia, 
Maluku and North Maluku, shows that more than 50% of the 
assessed population only consumes less than 3,400 Wh/day 
with the electricity availability that is less than 
16 hours/day [9]. In error remote areas, simple residential 
appliances such as lighting, entertainment and communication 
are the primary loads. 

B. Single Phase System with Nonlinear Loads 

A single-phase 220 V / 50 Hz system shown in Fig. 1 was 
modeled in Matlab Simulink to represent a simplified LV 
connection between a household at PCC and the source (e.g. 
a distribution transformer). VS and RS represent the source 
voltage and resistance. Rcable, Lcable and Ccable are the pi-section 
lumped parameters of the line and return cables. V1 and V2 
represent the source and PCC voltages respectively. 

A full-bridge diode rectifier with a resistive load (RNL) is 
used as a simplified aggregate of household appliances, which 
represents a nonlinear current behavior in a household. The 
nonlinear current could be present from loads such as LED 
bulbs, TVs, phone chargers, etc. RNL is used to adjust the load 
current with the assumption of 2 A as the maximum steady-
state rms current per household. This represents at least Tier 3 
capacity and availability in the multi-tier framework, i.e. up to 
3,400 Wh with a minimum of 7 hours of electricity/day [12].  

Vrect and Crect are the voltage to ground and the filter 
capacitor of the rectifier while the Rrect-par and Lrect-par are the 
parasitic resistance and parasitic inductance of the filter 
capacitor. Similar to the assumption of RNL, this ungrounded 
rectifier circuit is not a representation of a single rectifier 
circuit, but a simplified aggregate of several nonlinear loads 
rectification. This was done to represent a nonlinear behavior 
of a household with multiple nonlinear appliances. The 
capacitor specification was based on Aluminum electrolytic 
capacitors, B43642 series, TDK Electronics AG. The values 
of each component are listed in Table I. 



 

Fig. 1. Single-phase system with an aggregate of nonlinear loads 

represented by a full-bridge diode rectifier and a resistive load 

TABLE I.  COMPONENTS VALUES 

Comp. Description Value 

Source 

Vs Input voltage 220 V (rms) 

RS Source impedance 2 Ω 

Cable 

Rcable Cable R lumped element 0.01 Ω/km 

Lcable Cable L lumped element 0.87 mH/km 

Ccable Cable C lumped element 13.41 nF/km 

Rectifier 

Crect Rectifier filter capacitor 2200 µF 

Rrect-par Rectifier parasitic resistance 70 mΩ 

Lrect-par Rectifier parasitic inductance 2.5 nH 

Diode 

Ron On-state resistance 1 mΩ 

Vf Forward voltage 0.08 V 

Rsnubber Snubber resistance 500 Ω 

Csnubber Snubber capacitance 250 nF 

Load 

RNL 

Resistive load as a 

representation of nonlinear 
loads aggregate 

1.35 kΩ, which 
corresponds to the I2 steady-

state peak current of 1.8–

2.5 A 

RL 
Resistive load as a representation of linear loads aggregate. 

The value is adjusted according to RNL. 

C. Simulation Parameters 

In this study, the simulations were performed with 
different values of Rcable, Lcable and Ccable to illustrate the 
different cable lengths (l) between the source and the load. 
The investigated l was between 0.4–2 km and the simulation's 
run time was 1 s with 2 ns sample period. 

Different values of RNL were simulated to investigate the 
effect of nonlinear current amplitude. Initial RNL of 1.35 kΩ is 
chosen so that the steady-state peak value of I2 is 1.8–2.5 A to 
fit with the assumption of a household with 2 A MCB (or 
2.8 A peak for sinusoidal waveform). In this simplified model, 
the aggregation of nonlinear loads with 2.5 A steady-state 
peak current will have a lower rms value than if the loads are 
mostly linear. Therefore, 1.35 kΩ is considered a suitable 
representation for the aggregation of either linear or nonlinear 
loads in a household with 2 A MCB as the current limiter. 
Furthermore, additional simulations on different RS were also 
analyzed to illustrate the condition of remote microgrids. The 
simulation outputs are the voltage before and after the cable 
(V1 and V2) and the load current that goes to the rectifier, I2. 
The frequency components of V1 and V2 were calculated using 
Fast Fourier Transform (FFT), which were then used to 
calculate the THDV before and after the cable. 

III. INFLUENCE OF CABLE LENGTH, CURRENT AMPLITUDE 

AND THE CONTEXT OF REMOTE MICROGRIDS 

A. Long Cable Length 

Fig. 2 shows the simulation results of THDV before (V1, 
dashed lines) and after the cable (V2, solid lines), at increasing 
values of l. The simulation was done for different nonlinear 
and linear load compositions with the total steady-state peak 
current limit of 1.8–2.5 A (one household). The linear load 
was modeled by adding RL in parallel between V2 and the 
rectifier circuit shown in Fig. 1. The combination of the 
nonlinear and linear loads was done by changing the value of 
resistive loads RNL (as nonlinear load) and RL (as linear load) 
in a way that the steady-state current peak value is maximum 
2.5 A. For example, 10% nonlinear + 90% linear means that 
the steady-state peak value of nonlinear and linear loads are 
around 0.25 A and 2.25 A, respectively.  

The results show that within the cable span of 0.4–2 km, 
there was no significant change in THDV1. However, THDV2 
showed a higher increase at increasing cable length. 
Compared to the recommended limit of 8% stated in IEEE 
standards 519-2014, the THDV2 of one household is still 
relatively small even at the cable length of 2 km. Furthermore, 
lower nonlinear load composition in the household resulted in 
a lower THDV and there was a certain minimum value of 
THDV when a nonlinear current was present. The following 
investigation focuses on the voltage at PCC, V2. 

 

 

Fig. 2. THDV1 (dashed lines) and THDV2 (solid lines) of one household at 

increasing l with different compositions of nonlinear and linear loads 

B. Nonlinear Current Amplitude 

Additional simulations were performed to investigate the 
effect of the nonlinear current amplitude on the THDV2. 
Looking into the worst-case scenario of 100% nonlinear 
appliances in the household, Fig. 3 shows THDV2 at an 
increasing steady-state peak current of I2. Based on the 
assumption of 2.5 A maximum steady-state peak current per 
household and assuming the households are located close to 
each other (no significant additional impedance between V2 
and the rectifier circuit), the maximum households that could 
be connected at l = 2 km without exceeding the THDV 
recommended limit (8%) was four households with 100% 
nonlinear loads. This is when the black dashed line and the 
solid green line intersect. Based on the local practice, these LV 
cables could be connected to 5–7 households. But in some 
remote areas, more than 7 households are connected because 
they prioritize electrification more than the power quality. A 
shorter cable length allows more households to be connected 
without exceeding the limit. Furthermore, based on the 
previous simulations on different compositions of nonlinear 
and linear loads, slightly lower THDV2 should be expected 
when linear loads are also present in the household. 

Load composition:

100% nonlinear 25% nonlinear + 75% linear

75% nonlinear + 25% linear 10% nonlinear + 90% linear

50% nonlinear + 50% linear 3% nonlinear + 97% linear



In real cases, other factors need to be considered in 
estimating the THDV at PCC e.g., types of appliances and 
distances of households to the source. These factors may 
worsen or reduce the voltage distortion, hence a more detailed 
analysis with more actual data is required.  However, these 
simulation results are useful to show the correlation between 
voltage distortion, cable length and nonlinear current 
amplitude. Additionally, the results show the relationship 
between the maximum number of households/appliances that 
can be connected at a certain cable length. 

Fig. 3. THDV2 with increasing I2 at different l 

C. Analysis on Remote Microgrids

Survey measurement in four countries shows main grids
impedance between 0.02 to 2 Ω at the frequency below 
100 Hz [13]. In Indonesian remote microgrids, electrification 
mostly relies on small diesel generators, which have a lower 
short-circuit ratio and higher RS (see Fig. 1) compared to the 
main grid. Assuming the short-circuit ratio of the main grid is 
2–3 times of a weak grid [14], RS higher than 0.5 Ω could be 
expected in a weak grid. To illustrate the impact of a long 
cable in remote microgrids, different RS and l were simulated. 

Fig. 4 shows the THDV2 of four households at different l 
with increasing values of RS.  The results show that at 0.4 km 
cable length, the THDV2 increased by 4.6 times when the RS 
was changed from 0.5 to 5 Ω. However, it increased with a 
lower increment when the cable length was increased from 
0.4 to 2 km. Nevertheless, a significant increase in voltage 
distortion should be expected when the households are 
connected to a system with higher RS. Hence, the distortion 
limit could be exceeded at a shorter cable length when RS is 
higher, or in the other words, a fewer number of households 
can be connected at a certain cable length.  

Another issue that arises due to long cable and high source 
impedance is the voltage drop. Table II and III show the 
voltage drop at PCC with different values of source 
impedance, the number of households and cable length. The 
results show a significant increase in voltage drop with 
increasing RS and with increasing number of households but 
not with increasing cable length from 0.4 to 2 km. Since this 
paper focuses on the impact of cable length, the effect to 
voltage drop is not discussed further due to its insignificant 
increase in this particular case (1–10 households connected 
with up to 2 km cable). 

Fig. 4. THDV2 of four households with increasing RS at different l 

TABLE II. VOLTAGE DROP AT PCC OF FOUR HOUSEHOLDS AT 

DIFFERENT L AND RS 

Cable length, l (km) 

0.4 0.8 1.2 1.6 2 

Source 

impedance, 

RS (Ω) 

1 0.57% 0.58% 0.59% 0.60% 0.61% 

3 3.54% 3.54% 3.55% 3.55% 3.56% 

5 7.37% 7.38% 7.38% 7.38% 7.38% 

TABLE III. VOLTAGE DROP OF MULTIPLE HOUSEHOLDS AT PCC WITH 

DIFFERENT L 

Cable length, l (km) 

0.4 0.8 1.2 1.6 2 

number of 

households 

2 0.76% 0.76% 0.76% 0.77% 0.77% 

4 2.03% 2.03% 2.04% 2.05% 2.06% 

6 3.61% 3.62% 3.63% 3.64% 3.67% 

8 5.44% 5.45% 5.46% 5.48% 5.51% 

10 7.48% 7.49% 7.50% 7.53% 7.56% 

IV. REDUCING VOLTAGE TOTAL HARMONIC DISTORTION 

WITH CAPACITOR BANK 

One of the most common solutions found in remote 
microgrids for voltage correction and to improve power factor 
is installing a capacitor bank. In terms of power quality, it can 
also be used to reduce the THDV as shown in Fig. 5. The 
dashed lines showed THDV2 when a capacitor bank of 77.1 µF 

was installed at the source side (e.g., at the distribution 
transformer), which is between RS and the cable shown in 
Fig. 1. The capacitor bank capacitance value was chosen 
based on the capacitor bank that is available in the market, 
GAE MKPg 4.17 kVar single-phase capacitor bank. This 
single-phase capacitor bank is relatively cheap compared to 
the total cable cost. The presence of a capacitor bank reduces 
THDV2, which allows higher current amplitude for the 
households before it exceeds the recommended voltage 
distortion limit. Based on the assumptions of 2.5 A max 
steady-state peak current and no significant impedance within 
a cluster of households, the capacitor bank could allow an 
additional household to be installed at l = 2 km (green line).  

In terms of voltage drop, the 77.1 µF capacitor bank that 

was installed at the source did not reduce the voltage drop at 
PCC. But it increased the voltage drop by a negligible value, 
which was about 0.1%.  

Fig. 5. THDV2 at increasing I2 with (dashed lines) and without (solid lines) 

capacitor bank at the source side 

V. DISCUSSION

This paper investigates three aspects that are relevant in 
the context of remote microgrids. First, the long span of low 
voltage cables to reach the farthest household is sometimes 
required due to limited infrastructure. This could result in high 
cable impedance at a relatively low frequency (f < 100 kHz). 
Second, more and more appliances with a high level of 
high-frequency current components are used. Third, small 

l (km): 0.4 0.8 1.2 1.6 2

l (km): 0.4 0.8 1.2 1.6 2

l (km): 0.4 1.2 2



diesel generators as the main generation source have a high 
source impedance. These three conditions create an 
accumulative effect that aggravates the voltage distortion at 
PCC. 

The presence of nonlinear loads increases THDV because 
of both the cable impedance characteristics and the 
high-frequency current component. Fig. 6 shows I2 and V2 
waveforms of four households connected with 2 km cable and 
Fig. 7 shows the frequency components of I2 and V2 of four 
households that are connected at different cable lengths. It 
shows a decreasing high-frequency component of I2 (top 
graph), but the frequency component of V2 (middle graph) was 
increased at the frequency of 1–100 kHz. This was because 
the cable that was used in the simulation (pi-section lumped 
elements with parameters listed in Table I) had the 
characteristic impedance (Zcable) that peaked at the frequency 
of 1–100 kHz.  

 

Fig. 6. Waveform of I2 (left axis) and V2 (right axis) of four households with 

nonlinear loads connected at the cable length of 2 km 

 

 

 

 

Fig. 7. Frequency component of I2 and V2 of four households with nonlinear 

loads and the cable impedance characteristics at different l 

This happened when the cable length was within 1–2 km 
as shown in Fig. 7 (bottom graph). Longer cable length shifted 
the peak impedance to the lower frequency, which resulted in 
a higher voltage at a lower frequency, hence increasing the 
voltage distortion at PCC. 

In Indonesia, twisted cables are commonly used as the low 
voltage cable from the distribution transformer to each 
household. Taking into account the skin effect and proximity 
effect of the cable, higher resistance and lower internal 
inductance at higher frequency should be expected. 
Additionally, the twisted configuration also reduces the cable 

inductance but increases the capacitance between the line and 
return cable. Referring to the cable impedance characteristics 
in Fig. 7, higher cable resistance will increase the cable 
impedance at low frequency, lower internal inductance will 
lower and shift the peak impedance to a higher frequency and 
higher capacitance will lower and shift the peak impedance to 
a lower frequency. Therefore, a lower level of voltage total 
harmonic distortion should be expected when the skin effect 
and proximity effect of the twisted cable configuration is taken 
into account. 

In the case of renewable sources implementation in remote 
areas, higher THDV due to long cable length, the presence of 
nonlinear loads and higher source impedance are not 
desirable. The renewable generation system utilizes inverters 
to deliver power to the loads, which introduces a certain level 
of voltage and current distortion from their switching 
operation. Moreover, to reduce transmission cost and system 
losses, these systems are often built close to the load, which 
could be located further away from the source. Higher THDV 
caused by longer cable length reduces the margin between the 
actual THDV and the recommended limit at PCC, hence 
lowering the allowed additional distortion from the inverters. 
A smaller allowable distortion margin for the inverters might 
require additional equipment to ensure the estimated 
additional distortion from the inverters will not exceed THDV 
recommended limit. Although a microgrid with renewable 
sources is one of the promising solutions in providing energy 
access in remote areas, the issues of voltage total harmonic 
distortion could result in an additional cost of implementation, 
which would make it an unattractive solution. Therefore, 
ensuring a sufficiently low total harmonic distortion at the 
PCC for a renewable generation system is important. 

There are several ways in managing voltage total harmonic 
distortion at PCC. One of the common methods is the use of a 
capacitor bank as described in Section IV. Although the 
capacitor bank did not reduce the voltage drop at PCC, it still 
gave a noticeable reduction in THDV2. Furthermore, 
considering the urgency of the implementation of remote 
microgrids with renewable sources to improve energy access, 
the role of the capacitor bank could also be replaced by a 
supercapacitor. The supercapacitor could act as a capacitor 
bank with additional functionality as a peak and immediate 
storage. This would fit well to support the operation of a 
renewable generation system. 

Moreover, in the means of planning and prevention, a 
network impedance characterization and thorough 
measurement of the short-time load profile could be used to 
ensure no overlaps between the high current value at the 
frequency where the network impedance is peaked. Measuring 
or estimating the network impedance can be done with several 
methods i.e., switching ON/OFF capacitor banks within the 
network as described in [15], estimation approach in the 
frequency range of 2–9 kHz for customer installation [13] and 
the utilization of power line communication (PLC) to estimate 
network parameter [16]. Additionally, a summary of several 
network impedance estimation techniques and their 
application are also elaborated in [17]. These methods have 
their advantages and disadvantages depending on the system 
condition, hence choosing the suitable methods to estimate 
and characterize the network impedance is important. 

Alternatively, the information of network impedance is 
also useful for designing a filter at the frequency where the 
peak cable impedance and the current high-frequency 

l (km): 0.4 0.8 1.2 1.6 2



components are overlapping. A passive filter could be placed 
at PCC to attenuate the high-frequency current component. 
Hence, the voltage level at the frequency where the network 
impedance peaked will be less significant. However, it is 
important to be aware that the effectiveness of a passive filter 
could be undermined by poor grounding [18] and high source 
impedance [19] which is most likely the case in remote 
microgrids. 

VI. CONCLUSION AND RECOMMENDATION 

In the context of remote areas with limited infrastructure, 
providing electricity access to the farthest household might 
require long low voltage cables. This paper investigates the 
EMC issues that might be imposed at the frequency range of 
1–150 kHz, by a long low voltage cable up to 2 km. The study 
was conducted with simulations on a single phase 
220 V / 50 Hz system that was connected to a full-bridge 
diode rectifier and a resistive load to represent an aggregate of 
nonlinear loads in a household. The maximum steady-state 
peak current for each household was assumed to be 2.5 A, 
which corresponds to the electricity consumption of up to 
3,400 Wh with a minimum of 7 hours per day. 

The results show that the THDV at the PCC could increase 
up to 95% when the cable length was increased from 0.4 to 
2 km, which was caused by the high-frequency current 
components and the cable impedance that peaked at the 
frequency of 1–100 kHz. Additional simulations with 
different values of resistive load to represent multiple 
households were also performed. It shows the nonlinear 
correlation of voltage distortion, cable length, nonlinear 
current amplitude and their relation to the maximum number 
of appliances that can be connected without exceeding the 
recommended THDV. Furthermore, simulations with higher 
source impedance were conducted to illustrate the condition 
of remote microgrids. The higher source impedance resulted 
in a noticeable increase in the voltage distortion. The results 
show that long cable length, high source impedance and high 
penetration of nonlinear load, aggravate the voltage distortion 
at PCC in remote microgrids. 

The high THDV at PCC with a long cable length could be 
avoided by preventing the overlap between the high-
frequency current component and the peak cable impedance. 
A passive filter could be placed before the load to attenuate 
the high-frequency current component, hence reducing the 
high-frequency voltage. Furthermore, a capacitor bank at the 
source side could be used to reduce the THDV at PCC and 
allow more appliances/households to be connected. 

From this paper, the following are suggestions for future 
improvement of the research. 

• Analysis of THDV and system losses due to nonlinear 
loads at different distances from the source. 

• Implementation of a supercapacitor as a peak and 
intermediate storage in remote microgrids to improve 
power quality and system efficiency. 

• Influence of nonlinear loads and network impedance to 
the neutral current in a 3-phase system. 
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