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The Information and Communication Technology sector consumes
approximately 3% of the world’s electrical energy due to the exploding
demand for internet service. The most energy-intensive part of cellular
communications is the base station, which there are about four million of
them deployed globally. As Fifth Generation (5G) wireless networks are

introduced, the number of base stations will be growing in parallel with

the data traffic which in turn will increase the energy consumption of
the base station to cater for the growing capacity. The high-power
consumption and dynamic traffic demand overburden the base station and
consequently reduce energy efficiency. In this paper, an energy-efficient
hybrid power supply system for a 5G macro base station is proposed. It is
analysed that with the solar energy working in conjunction with the
conventional supply from the grid, the reduction of poor power quality is
observed as the fluctuation of the demand is greatly decreased. The proposed
model showed a reduction in the average grid power by 14.9%. Furthermore,
the power supply showed peak power shaving of 5kW; thus, reducing
the reliance on the grid as well as increased the energy-efficient of this
hybrid power supply system.
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1. INTRODUCTION

Around 3% of the world’s electrical energy is consumed by the Information and Communication
Technologies (ICT) sector [1]. The power consumption of ICT will double every four to five years [2].
Mobile telephone exchange, core network, data centre, base stations, and retails form the ICT sector.
However, base stations are the most energy-intensive parts of the ICT sector. An average 5G base station
consumes approximately 11,577W, a shocking 68% increment from the energy consumption of a 4G base
station [3]. Thus, improving the energy efficiency of the 5G base station is critical and has been the centre of
recent research [4]. With the ever-increasing demand for network services [5], more than four million base
station are expected globally. The energy consumption will proportionally increase as these base stations
account for about 57% of the total consumed energy in cellular networks [4]. While 32% of base station
power is consumed by other vital components of a base station; digital signal processing, the cooling system
and power supply unit [6], it is worth noting that the energy consumption of the components varies
depending on the type of base station (macro, micro, femto, pico) [7]. The power consumption of each
component can be classified into two categories: load-dependent component and load-independent
component. Load-independent components like the cooling system, microwave link and rectifier have
constant power consumption while load-dependent components like the power amplifier, digital signal
processing and transceiver have fluctuating power demand. Studies have been done in a few works to show
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the direct relation of the energy consumption to load-dependent components [8-10]. The power consumption
of a base station consists of two parts: static power consumption and dynamic power consumption [11]. The
total power consumption of a base station can be expressed. The load-independent components constitute the
static part of power consumption, and the load-dependent components constitute dynamic power
consumption.

Ptotal = Pstatic + denamic (1)

The load/traffic of a base station varies according to the number of users and service that are used in
the base station; hence, the highly variable energy consumption of a base station is generally unpredictable
unless a real-time measurement is done. With the unpredictable demand of the base station, balancing the
supply from the grid and demand from the consumer must be done in real-time, as mismatching of supply
and demand can threaten the integrity of the grid over extensive areas within seconds [12]. The power grid
must respond quickly to the varying demand which will result in system failures, considerable losses, and
high energy bills. The direct savings to consumers of good power quality is lower energy cost and reactive
power tariffs. The condition of poor power quality of the supply is otherwise, whereby this condition can last
for milliseconds or up to hours [13]. The causes for poor grid power quality is lightning strikes, poor power
factor, reactive power to supply network, surges and harmonics created by the equipment, non-linear and
fluctuating loads, harmonic pollution and voltage variations.

The complexity in power-electronic technology creates a lot of the presence of harmonics in the
power grid. Harmonics distorts current and voltage waveforms of the supply. Non-linear load such as
rectifier, inverter, voltage controllers and frequency converters produce harmonics in a power supply
network. The base station is also a non-linear load that introduces harmonics into the power grid as the power
supply system of a base station consists of several power electronics technology such as single-phase
rectifiers, inverter and more [14]. The power from the grid commonly supplies sinusoidal current. Hence,
when the non-linear load draws power from the grid, the load impedance varies with the supplies voltage and
draw non-sinusoidal current that carries harmonic content. This harmonic content will create voltage
distortion, which may affect the other connected loads in the same supply network. There are two categories
of voltage variation, namely, short-duration voltage variation and long-duration voltage variation. Voltage
dip or sag, spike or surge and swells are the example form of short-duration voltage variation. At the same
time, fluctuation/flickers, undervoltage, overvoltage and interruption are the example form of long duration
voltage variation. Thus, these causes of poor power quality are the major contributor to the severe impact on
the supply network. The base station, which is a non-linear load, is one of the systems connected to the
supply network that consumes imbalance electrical power which may affect other installations on the supply
network or the mobile network operator (MNO) itself, in the form of penalties imposed by the utility
company. According to IEC 61000 series standards, poor power quality is due to the compatibility problem
[15]. Hence, levelling out the peaks loads is slowly emerging into the ICT sector as a prominent solution to
address the energy efficiency issue in a base station. Reducing the power consumption of the 5G base station
by finding an alternative for a short period to avoid a spike in consumption due to the dynamic nature of the
load will undoubtedly reduce the poor power quality issues to the grid. The short-term demand spike in the
base station will result in a high possibility of the maximum demand charge from the utility to MNO, similar
to the issue faced by most of the industrial consumer. Thus, peak power shaving is required in a 5G base
station as it is foreseen that the hike in power consumption and the increasing number of traffic can cause a
short duration demand spike.

Supplying power to a base station becomes more complex and diverse as there are multiple energy
supplying sources and methods that are introduced to the site. The base station is typically powered up purely
by one type of source, namely the power grid or diesel generators with or without battery banks. Extensive
scale utilisation of solar energy in the 5G era is foreseen, given its ability for continuous power generation
and cost reduction [16]. The studies in [17] and [18] proposed a solar-diesel hybrid to reduce the dependency
of diesel source at a remote area with the battery acting as back-up power to the system. With the help of
solar energy, the diesel consumptions were reduced to about 82.05%, which ultimately reduced the OPEX to
63%. Solar-wind hybrid system with different types of back-up power such as diesel generators and
combination of different kinds of batteries (lead-acid, redox-flow and lithium-ion) has also become a
prominent method to power up a GSM/UMTS base station [19]-[21]. Authors in [22] purely utilised the solar
renewable energy and batteries bank to power up an LTE macro base station, whereby the energy-efficient,
realistic energy profile and as well as optimising the cost was discussed. The study in [23] highlights
feasibility of utilising solar-only with batteries as back-up power using a solar-based 100% green site. The
positive outcome was that the base station would be running most of the time and the battery state-of-charge
(SOC) remain high most of the time.-Different types of storage system such as lithium-ion battery (LiB), fuel
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cell technologies and hydrogen-based technology have been implemented with solar panels by different
authors [24-26]. Considering the cost, ability to act as a reliable long-term energy storage system, size of the
site and harmful emission impact, LiB is deemed to be a prominent solution as back-up power. Alternatively,
solar panel and a set of batteries are deployed together with the connection from the power grid to power up
an LTE macro base station [27]. It is concluded that utilising both renewable energy and the power grid can
reduce the cost as much as 75% depending on the energy production of the solar panels. However, most of
the works appeared in the context of optimising the economic impact. Still, few of the works appeared in the
context of improving energy-efficient of the power system for the next-generation wireless communication.
While all past studies analysed the various hybrid power options to power up the 5G base station, not the
conclusive research was done on the load profiling of the 5G base stations. Load profiling is critical because
the generation of power supply to a base station highly depends on the demanded load. Thus, analysing the
energy profile is essential to ensure that the supply will be reliable, always available, and stable to meet the
demand. The existing solutions do not directly apply to provide an energy-efficient power supply system for a
5G macro base station. The contributions of this work, therefore are:

— Load profiling for 5G macro base station.

— Peak power shaving for 5G macro base station using a hybrid power supply system.

2. RESEARCH METHOD

The proof of concept (POC) is a speed test and measurement exercise between a test user equipment
(TUE) and a non-standalone architecture (NSA) 5G macro base station installed on the roof of the Faculty of
Engineering, Multimedia University, Cyberjaya, Selangor, Malaysia. Raw binary files of roughly 20GB in
size were used in testing to ensure that the speed was consistently up at maximum throughput during the test.
A Fluke Megger Logger is connected to the input of the power supply system, as shown in Figure 1, to study
the energy profile of the 5G macro base station. The power consumption measurement of the 5G testbed is
taken for four days. From the timestamp, transferring a single 20GB file takes up approximately 15-20
minutes, and the power consumption of the 5G testbed was measured within that time frame. The power vs
time graph when a 20GB file was transferred is shown in Figure 2. Based on (1), the static power
consumption of the testbed is about 1.9kW and the increment of power when there is an activity (dynamic
power) of transferring a single 20GB file is around 100W.
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Figure 1. Connection of the fluke megger logger Figure 2. Power consumption measurement of
the 5G testbed for four days

As the measurement was taken from the 5G testbed purely consist of TUE as the only traffic for the
base station, a few data and assumption need to be made to construct the energy profile for a 5G macro base
station. The work assumed that each of the user connected to the base station was utilising the maximum
throughput of single traffic (transferring of a 20GB file). Hence, the dynamic power consumption per traffic
was 100W, which then multiplied by the number of users and added up to the static power of 1.9kW for each
time interval. At the same time, the maximum power consumption of this macro base station was assumed to
be 11kW to support the coverage and capacity, as reported in [3]. Based on the assumption made, the energy
profile of the 5G macro base station was constructed. It was analysed that there will be a high possibility of
rising and fall of power demand from time to time, depending on the number of users utilising the services of
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the base station shown in Figure 3. The high variable demand of the base station will be difficult for the
utility to match the demand which brings poor power quality issue to the grid due to high voltage drop that
results in penalties imposed by the utility. Hence, an energy-efficient hybrid power supply system is
proposed to cater to the 5G load profile.
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Figure 3. Energy profile for 5G macro base station

Figure 4 shows the design of a hybrid power supply system for the 5G macro base station. The
hybrid power supply system consisted of the power grid, solar panels, Maximum Power Point Tracking
(MPPT), bi-directional inverter, batteries, and solar inverter. The solar PV has a batteries bank for numerous
purposes, including storing the excess energy as well as discharging when the power generation from solar
energy is insufficient (i.e. cloudy weather or during night-time). Due to the unpredictable ambient
temperature and solar radiation of the site, an MPPT controller harvests the maximum available power from
the solar panels incorporated in this hybrid system. The solar controller uses an MPPT scheme applied using
the modified perturbation and observation algorithm. According to the roadmap for solar energy, the
efficiency of the PV panel is predicted to become three times more than the present efficiency by 2030 [28].
Furthermore, the cost per watt generated is expected to reduce by 50%. The use of renewable also reduces the
carbon footprint. According to the Kyoto protocol, mobile network operators are challenged to reduce the
energy consumption as the protocol will likely to be implementing regulation of limiting per-nation carbon
dioxide emission [29]. The main objective of employing solar energy is to reduce the dependency on the grid
energy whereby the energy bill cost and the impact on the grid will be reduced. Since the generated power
highly depends on the load, the dynamic energy consumption of the base station due to the variation of the
traffic load might cause instabilities to the power grid. Utilising solar renewable energy can reduce the usage
of on-grid power as well as satisfying the demanded energy by limiting the variation of on-grid energy
consumption.

The proposed hybrid power supply limit the grid power to be supplying a maximum of 6kW in order
to reduce the energy consumption from the power grid. The maximum power provided from the solar energy
will be 5kW assuming that the peak power of the load to be around 11kW. The additional algorithm running
on the MPPT controller enables the power flow from solar PV when the baseload of 6kW is exceeded.
Whenever the solar energy generated is more than required, the surplus will be directed to the battery.
However, when the load does not exceed the baseload of 6kW, then the grid will be the only source of power.
The simulation model of this hybrid power supply solution is done using MATLAB Simulink and was
analysed based on two cases: Case 1: standalone power grid and Case 2: proposed hybrid power supply system.
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Figure 4. General proposed architecture of the hybrid power supply system

3. RESULTS AND DISCUSSION
3.1. Case 1: standalone power grid

The slight difference in the supply and demand shown in Figure 5 is due to the low power factor of
the circuit. Ideally, when the power delivered is completely consumed by the load, then the power factor will
be 1 (100%). Practically, it is only possible if the load is linear and purely resistive, which will result in the
voltage and current to be in phase. In this research, the circuit consists of an inductor which affects the power
factor of the system. Furthermore, inductor stores energy when current passes through; this stored energy in
the inductor results in differences between maximum and minimum power points of the single-phase supply
(power grid) and dynamic load. Therefore, the average daily power drawn from the grid is approximately
6kW or 144 kwh. The high energy requirement and fluctuation in demand load will seed a higher probability
of the contribution of poor power quality to the grid. As 5G macro base station is one of the contributors of
poor power quality problem to the supply network, it will cause an increment of system losses, receive
penalties imposed by utilities for polluting the supply network, unexpected power supply failures as well as
the affecting other loads such as factories, industrial plants and residence.

Power vs Time
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Figure 5. Power delivered by the single-phase supply without the presence of solar energy

3.2. Case 2: proposed hybrid power supply system

In this research, the hybrid power supply solution of solar energy and a single-phase supply source
is simulated in MATLAB Simulink. The dynamic load in the simulation fluctuates at about 11kW to 6kW to
ensure that the single-phase supply and the solar PV modules will only supply a maximum of 6kW and 5kW,
respectively. Comparing Figure 5 and Figure 6, it shows that with the presence of solar energy, the
fluctuation of the maximum power delivered by the single-phase source is around 200W as compared to the
fluctuation without the presence of solar energy, which is around 5.5kW. Integrating solar energy into the
power supply system greatly mitigates the rise and fall of the power from the grid, which possibly reduce the
possibility of mismatching of supply and demand. The reason that the single-phase supply source fluctuates
slightly beyond 6kW is due to the resistance accuracy of the limiting resistor connected in series with the
source. In order to verify that the single-phase supply and the solar PV is working together to satisfy the load
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demand, the analysis was made based on the power from the single-phase source, solar PV array, as well as
the dynamic load. At the instant of 0.08s, approximately 8.8kW is required to power up the load; the single-
phase source will supply around 6.2kW while the solar PV will supply about 2.4kW which add up to be
around the demand load.
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Figure 6. Power delivered by the single-phase supply with the presence of solar energy

The results showed that single-phase supply which mimics the power from the grid only needed to
provide about 5.7kW (137 kWh/day). In comparison, without the presence of solar energy, the single-phase
supply required to supply approximately 6.7kW (161 kWh/day). The base station is a non-linear load, hence,
decreasing the fluctuating demand from the power grid will reduce the contribution of poor power quality
problem to the power grid that can impact the other loads which are connected to the same supply network.
The mismatching of supply and demand will cease the operation of the base station and suuch mismatches
will be less likely to happen by utilising the proposed system.

3.3. Cost-saving analysis

The maximum power required to be generated by the solar panel is 5kW. The price per kW is
approximately RM 5,000, whereby the cost of investment will be around RM 25,000. Table 1 projects the
commercial summary pricing. In Malaysia, commercial consumers are charged a tariff of RM 0.509 per
kWh, and an Imbalance Cost Pass-Through (ICPT) of RM 0.025 per kWh. Consumers who install solar
panels, can convert these two costs into savings. Additionally, electricity generation from renewable energy
sources in Malaysia is charged RM 0.00814 per kWh. Based on the Return of Investment (ROI) chart, it
shows that the payback period will be 4.12 years.

Based on these savings, the annual savings for a single 5G macro base station is RM 4,336. Table 2
projects the annual savings for some of the MNO in Malaysia (Company A and Company B), based on their
existing total number of 4G LTE base station which will soon be accompanied by the deployment of 5G base
station. The estimation was made based on the average lifetime of the solar panel, which is 25 years. Other
factors were considered, such as, Operation and Maintenance (O&M) costs which will reduce the projected
annual savings. It is assumed there will be four visits yearly to maintain the excellent performance of the system.

Table 1. Commercial summary pricing analysis-cash model

Description Value Description Value
Total DC System Size 5.0 kWp KWTBB Rate per kWh MYR 0.008
Price per kWp MYR 5,000 Year-1 TNB Savings MYR 4,336
Total System Price/ Cost of MYR 25,000 Average Monthly Year-1 TNB MYR 361
Investment Savings
Daily Specific Yield 4.38 kWh/kWp/Day Average Yearly O&M Cost MYR 1,094
Annual Specific Yield 1, 598 kWh/kWp/Year Total 25 Years O&M Cost MYR 27,338
Annual Generation 7,990 kWh/Year Total 25 Tax Savings/Exceptions ~ MYR 12,000
Average Monthly Generation 666 kwWh/Month Total 25 Years Savings MYR 137, 932
Tariff per KWh MYR 0.509 Total 25 Years Net Savings MYR 97, 594
ICPT per kWh MYR 0.026 Payback Period 4.12 Years
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Table 2: Annual Savings for some of the MNO in Malaysia

Number of LTE base station Annual savings
Company A 3,453 MYR 14, 972, 208
Company B 3,421 MYR 14, 833, 456

4. CONCLUSION

At present, energy-efficiency of a base station is becoming a critical concern due to the increment of
power consumption in the latest generation, 5G. Among all the key areas of approaches and technologies to
achieve an energy-efficient 5G macro base station, the power supply technologies and the energy flow
management approach were highlighted. In this study, a load profiling for 5G macro base station was
conducted. Furthermore, a proposed hybrid power supply solution for the 5G macro base station was
designed based on the analysis of the 5G energy profile obtained whereby the load is highly variable and has
the possibilities fluctuating within few thousand Watts. This proposed solution utilises PV solar energy
alongside the traditional supply from the grid. The effectiveness of the proposed solution was demonstrated
by two case studies. The first case, a 5G base station, solely depends on the power from the grid. While in
the second case, the proposed system is utilised whereby the solar energy is integrated with the grid.
The results clearly showed the reduction in the maximum power demand of a base station from 11kW to
6kW, which is about 45% cutback. The findings of the study further emphasise that introducing green energy
as a solution to achieve the goal of an energy-efficient base station is expected to be playing an essential role
in the 5G era. For instance, one of Malaysia’s MNO can save up to RM 15 million annually with the existing
total number of 3,453 4G LTE base station which will soon be accompanied by the deployment of 5G base
station. Introducing such a hybrid power supply solution along with governments’ initiatives towards using
renewable energy, it is expected to reach a greener and energy-efficient deployment of 5G base stations.
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