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INTRODUCTION

5G communication has excellent performance, such as high speed, high capacity, and large
bandwidth, which is applied to terminal mass measurement and accurate control of power
internet of things (Chen et al., 2019; Hui et al., 2020). However, due to the update of 5G
network technology and the more intensive deployment of base stations (BSs) (Wu et al., 2021),
the power consumption of BSs has increased sharply. The power consumption of a 5G base station
(BS) at full load is close to 4 kW, about three times that of a 4G BS (Han et al., 2021), which increases
the pressure on electricity expenditure faced by communication operators. In addition, the
replacement of the lead-acid battery and the construction of 5G BS will bring much demand for
the lithium battery (Tang et al., 2020), whereas the BS battery is only used as a standby power supply,
with high investment cost and low energy storage utilization rate for communication operators.

Research on energy consumption management and energy-saving technology of BSs has been
conducted to reduce the energy consumption by improving the efficiency of power amplifiers
(Quaglia and Cripps, 2018; Cappello et al., 2019), shutting down some channels and deep dormancy
idle base stations (Pervaiz et al., 2018; Wu et al., 2020; Alnoman and Anpalagan, 2021). However, the
backup energy storage battery and renewable energy of the BS are not fully utilized in the existing
research. Therefore, considering the configuration of renewable energy, the adjustability of energy
storage battery, and the space-time characteristics of communication load, this study proposes a
hierarchical distributed operational framework for renewables-assisted 5G base station clusters and
smart grid interaction, which is conducive to promoting the flexible conversion of various energy
sources, assisting base station operators to reduce expenses and create profits.

INTERACTIVE OPERATIONAL MODELING OF
RENEWABLES-ASSISTED 5G BS CLUSTERS

The participation of renewables-assisted 5G BS clusters in the electricity market can provide flexible
resources for the power system and improve the renewable energy consumption capacity of the smart
grid (Saxena et al., 2017). On the one hand, communication operators participate in energy market
transactions; comprehensively consider the communication load of BSs, the distributed photovoltaic
(PV) power generation on the roof of BS’s equipment room and energy storage, and electricity price;
and conduct power purchase and sales transactions to reduce the total electricity expenditure of
communication operators. On the other hand, communication operators participate in auxiliary
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service market transactions; and provide auxiliary electric energy
according to the compensation price signal during peak and
valley periods to obtain the auxiliary regulation profit (He et al.,
2016). In addition to conducting electricity market transactions,
renewables-assisted 5G BS clusters can transfer energy between
BS clusters in different regions. Electric energy is consumed from
places with sufficient PV power and energy storage resources to
places with insufficient PV power and energy storage resources.
In this study, for the interests of communication operators, the
loss cost of the energy storage battery (Yan et al., 2018), the power
purchase cost of the BS power load, and the profitability of
ancillary services are considered in the objective function.

The power consumption of the BS consists of static power
consumption determined by the backup power, ventilator, and
other hardware auxiliary facilities of communication equipment
and dynamic power consumption related to the communication
load depending on the number of connected mobile users and the
communication traffic demand of mobile users. Due to the
movement of mobile users, the communication load of the
base station shows flexibility in time and space, and the power
consumption of BS can be changed by adjusting the
communication load (Zhou et al., 2021). In this model, an
area is evenly divided into multiple blocks, and all mobile
users in each block are equivalent to a user aggregation point.
The changes in spatial mobility and communication quality
requirements of all users in the block are transformed into the
changes in bandwidth resources and transmission rate
requirements at different times of user aggregation point. The
BS can adjust its own communication load rate by selecting the
accessed mobile users and then the power consumption of the BS.
When the BS is connected to a user aggregation point, all mobile

users in the user aggregation point area access the BS. Combining
the above, the constraints of this study are power balance
constraints, BS communication resource constraints, mobile
user communication quality constraints, and energy storage
battery constraints (Gao et al., 2017; Zhang et al., 2022).

HIERARCHICAL PARTITION AND
DISTRIBUTED OPTIMIZATION
METHODOLOGY
In the optimization model, whether the BSs and the user
aggregation points are connected is formulated as a binary
variable. When the scale of the BS and the mobile user
increases, the coupled binary variables increase exponentially,
and the electric energy between the BS clusters is also coupled,
which will cause a solving difficulty. Therefore, a hierarchical
partition and distributed optimization methodology are proposed
for the solution. Firstly, the upper layer optimizes the connection
between the BSs and user aggregation points, and then the lower
layer optimizes energy storage scheduling, electricity market
transactions, and the electric power transmission between BS
clusters with the distributed method based on ADMM (Rajaei
et al., 2021).

The purpose of the upper layer is to coordinate the BS load in
different areas by adjusting the connection relationship between
the BS and the user aggregation points so that the BS power load
matches the PV resources to promote PV local consumption and,
at the same time, the BS power load in the high electricity price
region is transferred to the low electricity price region to reduce
the cost of communication operators. The objective of the upper

FIGURE 1 | Connection diagram of BS and user aggregation point before and after optimization. (A) Connection diagram of BS and user aggregation point before
optimization. (B) Optimized connection diagram of BS and user aggregation point.

Frontiers in Energy Research | www.frontiersin.org June 2022 | Volume 10 | Article 9431892

Fan et al. Hierarchical Distributed BSs Operational Framework

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


layer is the minimum electricity purchase cost and the minimum
PV power curtailment, the connection between the BS and the
user aggregation points is taken as a decision variable, and the
electric power purchased and the PV power curtailed are
introduced as auxiliary variables. Constraints include base
station bandwidth resource constraints, mobile user
communication quality constraints, and mobile user access
constraints. After the upper layer model is solved, the result of
the connection between the BS and the user aggregation points is
passed to the lower layer.

In the lower layer, the problem of BS clusters in multiple
functional areas is decomposed into multiple regional sub-
problems based on the ADMM principle and is solved
iteratively. In each iteration, each sub-problem aims to
minimize the operating cost and power purchase cost,
maximize the benefit, update its energy storage charging and
discharging power. Firstly, each sub-problem update its energy
storage charging and discharging power, traded electric power,
transmitted electric power. Secondly, each regional sub-problem
broadcasts the updated transmit power to other regional sub-
problem. Thirdly, update Lagrangian multiplier variable. This
iterative process continues until a consensus is reached on the
transmitted electric power between regional sub-problems. In
other words, both the original and dual residuals meet the error
requirements, the iteration is terminated, and the solution is
complete.

Taking 100 renewables-assisted 5G base stations evenly
distributed in an area of 6 × 6 km, including three functional
sub-areas as an example, the base stations are all 600m apart,
and there are 3,600 user aggregation points in total. These three sub-
areas are commercial area, residential area, and university campus
area, which have different communication load characteristics and
implement different electricity prices. The simulation result of the
connection relationship between the BS and the user aggregation
point at a certain time is shown in Figure 1, in which the three sub-
areas are represented by three colored squares, respectively.

DISCUSSION AND CONCLUSION

The high electricity cost of BSs is an urgent problem for the
popularization of 5G communication. Renewables-assisted 5G
base station clusters and smart grid interactions can enable
flexible conversion of PV power, energy storage, and BS
dynamic loads. Based on this, the flexible transfer
characteristics of BS communication load and the potential
utilization space of the backup battery are considered, and the
interactive operational modeling of renewables-assisted 5G BS
clusters is formulated. BS clusters participate in the power
energy market and auxiliary service market to reduce the cost
of electricity purchase and obtain income from auxiliary
services. In addition, in order to solve the difficult problem
caused by the coupling of massive binary variables and real
variables, a hierarchical partition and distributed optimization
methodology is proposed. In the future, it is necessary to
further refine the transaction rules for BS clusters to
participate in the auxiliary service market, such as
formulating more specific pricing strategies to promote the
mutual conversion of various energy sources such as power
sources and loads and improve the flexibility of the power
system.
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