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Abstract: a large number of 5G base station are connected, which provides a
new possibility for the future low-carbon development of power systems. By
encouraging 5G base station to participate in demand response and
incorporating it into the Microgrid, it can reduce the power consumption
cost of 5G base stations and promote the efficient utilization of renewable
energy. Based on the microgrid operation structure, 5G base station and multi-
objective problem algorithm, a multi-objective optimization operation model
of microgrid access to 5G base station is built. Considering the physical
constraints of Microgrid, the objective is to minimize the operating cost and
carbon emission. Through the joint dispatching of distributed clean energy
generation, micro gas turbine, energy storage system and 5G base station in
Microgrid, the comprehensive optimization of system economy and low-
carbon benefits can be achieved. In this paper, a microgrid in Beijing is
taken as the research object, and the Whale Optimization Algorithm
algorithm is used to solve the multiobjective problem. The analysis results
show that 5G base station can flexibly respond to microgrid scheduling, which
helps microgrid to improve the consumption and utilization efficiency of
renewable energy, thus bringing higher economic benefits and low-carbon
benefits, and helping China to achieve the goal of carbon peak shaving and
carbon neutrality at an early date.

KEYWORDS

microgrid, multi objective optimization, 5G base station, carbon peak shaving and
carbon neutrality, whale optimization algorithm

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.1032993/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2022.1032993&domain=pdf&date_stamp=2022-11-14
mailto:18800161023@163.com
https://doi.org/10.3389/fenrg.2022.1032993
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2022.1032993

Guo et al.

1 Introduction
1.1 Literature review

China’s “14 Five-Year Plan” for electric power development
has been made clear. China will no longer build new coal-fired
power generation projects, and arrange a certain scale to ensure
the electric power supply according to demand, so as to
vigorously promote the consumption of clean energy such as
wind energy and photovoltaic energy. By 2030, the installed
capacity of wind power and photovoltaic in China is expected to
reach over 1.8 billion GW, accounting for about 25% of the total
power generation. In 2060, the installed capacity of wind power
and photovoltaic power generation is expected to reach over
6 billion GW, accounting for about 75% of the total power
generation. With the increasing popularity of new energy, the
peak-valley difference of net load fluctuation after the
superposition of new energy output and load demand will
increase year by year.

China’s microgrid construction is still in the exploratory
stage. With the deepening of energy consumption revolution and
power system reform, and the continuous maturity of grid-
connected technology of distributed generation, the interactive
operation with external large power grid will remain a research
focus. Microgrid is usually integrated by distributed generation,
energy storage system, demand side and energy management
system, and becomes a small power generation and distribution
system which can not only be used as backup grid connected
operation, but also independent of external power grid. At the
executive meeting of China’s State Council in April 2020, seven
major new infrastructure projects were established. They include
5G base station construction, UHV, intercity high-speed railway
and urban rail transit, charging piles for new energy vehicle, big
data center, artificial intelligence and industrial internet.
Therefore, the construction of 5G base station connected to
microgrid is one of the inevitable directions of new power

system construction in China. Espina et al.  (2020)
summarized the development of distributed cooperative
control system, they thought applied the cooperative

algorithm of the system, including the minimum cost
(2021)  discussed
system and power

operation. Agalgaonkar and Robinson
relationship between communication
system of Microgrid, and the latest development of Microgrid
is described. Hirsch et al. (2018) considered that the application
of Microgrid has entered into commercial application from
experiment, which improves the reliability of power supply,
manages distributed energy. Chen et al. (2020a) considered
communication and functional integration comprehensively to
realize the optimal and sustainable operation of Microgrid.
Parhizi et al. (2015) discussed the different design schemes in
islanding state and connected with large power grid, and
reviewed the technologies of distributed generation, protection

and communication. Ke et al. (2022a); Ke et al. (2022b) studied
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the investment scheme selection of urban comprehensive energy
system and photovoltaic poverty alleviation project, and analyzed
the economic and environmental benefits of these two new power
systems from the perspectives of economic cost and energy
utilization.

Distributed generation technology is undoubtedly an
important generation side component of microgrid. System
planning and energy policy making are of great significance
for the coordinated control of distributed generation. Lopes et al.
(2007); Gupta et al. (2020); Zhao et al. (2020) improved the
power quality of wind energy and photovoltaic in distribution
network and reduced the harmonics through the adaptive signal
extraction method and the design of T-shaped filter. Zhang et al.
(2011) simulated a new grid connected inverter for distributed
wind power generation in MATLAB. Liu et al. (2006) discussed
the safe operation state of grid connected control. Lee et al.
(2021); Yuvaraj et al. (2021) used different algorithms to find the
optimal capacity and location of distributed generation. Naval
and Yusta (2021) optimized the hourly scheduling of pumping
equipment proves that distributed photovoltaic warfare reduces
the energy cost of pumping station. Lotfi (2021) proved that
using demand response to change user habits can achieve
optimization effect when the joint operation of distributed
generation and reactive power compensation capacitor
combined. Katiraei and Iravani (2006) mainly studied the
active and reactive power management strategy of distributed
generation unit. Alabdali and Nahhas (2021) discussed the scope
and development prospect of photovoltaic grid connection in
Arab region. Onojo et al. (2021) compared the differences
between two different systems including distributed generation
unit and diesel generating unit.

The optimization of microgrid has always been the focus of
attention of experts and scholars, which can be roughly divided
into two aspects: one is the optimization of scheduling operation,
and the other is the optimization of capacity allocation. In terms
of scheduling, (Weishang et al., 2022) used the PSO algorithm to
construct and solve the optimal scheduling of the gas heat virtual
power plant. Marzband et al. (2018a) considered a large number
of distributed energy suppliers in the energy market firstly. A
heuristic algorithm is adopted to maximize the economic benefits
of all subjects. Marzband et al. (2018b) put forward the main
body of demand response. The market mechanism is used to
change the consumption mode of consumers, so as to improve
the operation optimization mechanism of power market.
Tavakoli et al. (2018) optimized the cost strategy of Microgrid
for commercial buildings by using linear programming model
after quantifying the cost of distributed generation in bad
weather by conditional value at risk theory. Zia et al. (2018)
compared several communication technologies and analyzed the
optimal cost management strategy. Ali et al. (2021) used the bi
level programming model based on meta heuristic to solve the
randomness of uncertain generation and electric vehicle random
charge and discharge. Junejo et al. (2021) used the improved
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MILP method to optimize the Microgrid access scheme in rural
areas can reduce the total net present value and carbon emissions.
Tan etal. (2020) established a model based on multi task learning
and least squares support to predict the electric, heating, cooling
and gas loads in the integrated energy system, which is helpful to
improve the operation efficiency of the system. Zhou et al. (2021)
used the robust model to ensure the high robustness and stability
of wind power inverter in Microgrid, which can not only save
energy but also ensure the fast convergence. Zandrazavi et al.
(2022) proposed a stochastic multi-objective optimization model
for Microgrid to minimize the total operating cost and voltage
deviation. by e-Constraint method and fuzzy satisfaction
method.
islanding transition control strategy of three-phase/single-

Chen et al. (2020b) proposed an unconscious
phase MMG based on artificial emotion reinforcement
learning to reduce the time required for voltage recovery and
improve the power supply reliability of Microgrid. Aa et al.
(2021) combined Particle
algorithm to optimize the location and capacity of distributed

swarm optimization and bat

solar power generation in Microgrid. Guo et al. (2021) used
Quantum behaved particle swarm optimization (QPSO) to solve
the capacity allocation optimization problem of isolated
Microgrid and realized power supply reliability. Cheng et al.
(2021) used the NSGA-II algorithm to solve the optimization
model of grid cost-benefit composition, so as to ensure the safety
of power consumption of important users in Microgrid (Wang
et al, 2021) used the genetic particle swarm optimization
algorithm to solve the capacity allocation problem of
photovoltaic, wind power and energy storage equipment in
Microgrid.

In recent years, with the rapid popularization and promotion
of 5G communication technology in China, 5G base station has
gradually developed into an important emerging load. According
to the statistics of the Ministry of industry and information
technology of China, by the end of 2021, 1.425, million 5G base
stations have been built and opened in China. The total number
of 5G base stations accounts for more than 60% of the world. The
5G network has covered all prefecture level cities, More than 98%
of the counties and cities and 80% of the towns and townships. By
the end of 2020, the number of base stations per person has
increased by nearly 10.1 million. In the operation process,
through scientific means to dispatch and manage the power
supply and power consumption equipment in 5G base station,
the interactive response potential of 5G base station can be
brought into full play, and considerable flexibility support can
be provided for the power grid, At the same time, it can improve
the clean energy consumption and carbon emission reduction.
The massive access of 5G base stations provides a new possibility
for the development of low-carbon power system in the future,
(ishchenko et al., 2022) discussed the MIMO antenna array in the
fifth generation millimeter wave UWB data transmission
(2021)
infrastructure update of 5G communication technology and

network. Chandran and Abdulla compared the
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4G communication technology in the Internet of things. Hao
et al. (2020); Wen et al. (2021) discussed the nano materials,
antennas and other equipment needed for 5G communication
technology. Yong et al. (2021) introduced the basic equipment
and power consumption characteristics of 5G base station, and
studied its demand response potential. Asia et al. (2022)
introduced the changes of demand growth of copper clad
laminate for 5G base stations in Europe and the United States
and the changes of 5G base stations. Weissberger (2020)
introduced the development of China’s 5G communication
technology, the technical impact of the US.-China trade war
and the export control promulgated by the US. government on
the development of 5G communication.

1.2 Innovation and contribution

According to the comparison of literature research, the
innovations and contributions of this paper are as follows.

1) Give full play to the low-carbon energy potential of 5G base
station in microgrid operation, deeply consider its operation
characteristics, and establish an optimized operation model of
5G base station operation adjustable characteristics under the
coupling of multiple energies of microgrid connected to
external network.

2) Most of the existing researches adopt system cost

minimization or system operating income maximization.

After deeply analyzing the role of microgrid operating

framework and 5G base station in carbon emission

reduction of power system, based on the two dimensions
of economic benefit and environmental benefit, this paper
comprehensively considers the physical constraints of
microgrid units, and constructs the double objectives of
microgrid  operating cost and carbon  emission
minimization under the access of 5G base station.

3) 5G base station participating in microgrid dispatching can

effectively optimize the system load curve, and the fluctuation

of system load is obviously optimized.

2 Multi objective optimization model
of microgrid access to 5G base
station

2.1 Basic structure of microgrid access to
5G base station

The basic structure of Microgrid can be divided into four
parts: generation side, user side, energy storage system and
energy management system in Microgrid. After 5G base
station is connected, the specific composition of Microgrid
system is shown in Figure 1.
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FIGURE 1

Schematic diagram of Microgrid system structure.

As can be seen from Figure 1, the power generation side of
the system mainly includes controllable power sources, such
as micro turbine (MT) and fuel cell (FC), and distributed
(WT) and
photovoltaics (PV), which can be connected to 5G base

power generation, such as wind turbine
station, thus further embodying the characteristics of
reducing the abandonment rate of wind and photovoltaics.
In this paper, the distributed

maximization principle is adopted, that is, wind power and

energy consumption

photovoltaic power are preferentially absorbed, and

controllable power supply mainly plays a role of
adjustment and supplement. Meanwhile, the microgrid
designed in this paper is connected to the power grid

through the point of common coupling (PCC).

2.2 Simplified mathematical model of
microgrid

2.2.1 Simplified photovoltaic output model

Assuming that the photovoltaic output is only related to
photovoltaic intensity and ambient temperature, the power
generation of photovoltaic array can be expressed by the
following formula:

I
Ppy = fPVPPV,mte<I_T) [1+ ap (Teen — Teens)] (1)
s

Ppy is the actual output power of photovoltaic; fpy is the
derating factor of photovoltaic array, that is, the ratio of
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actual power generation power to rated power generation
power of photovoltaic array, which is used to display the loss
of photovoltaic panel itself, usually taken as 0.9. Ppy 4. is the
rated capacity of photovoltaic array, kW; Iy and I are the
actual photovoltaic intensity and the photovoltaic intensity
under the standard test environment, kW/M? ap is power
temperature coefficient,%/°C; T and Tees are the actual
temperature of the PV panel and the temperature under the
standard test conditions respectively.

2.2.2 Wind turbine output model

When the wind speed v is lower than v;, (cut-in wind
speed), the output of wind turbine is 0. When the wind speed
v is higher than the cut in wind speed v;,, wth the increase of
wind speed, the output power increases continuously. When
the wind speed reaches the rated wind speed v,, the fan
maintains a constant output power P,. When the wind
speed exceeds the cut-out wind speed v, the fan stops
running. Therefore, the power generation model of wind
turbine can be approximately expressed by the following

formula:
0 V< Vi,
v -,
3 3 PWT,mte Vin SV Yy
Pyr=1 %% "V (2)
P, Ve V< Vour
0 V2 Vour

Py is the actual output of wind turbine; Py 4. is the rated
power of the fan.
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2.2.3 Power generation model of micro gas
turbine

Micro gas turbine is a kind of ultra-small gas turbine. Usually,
methane and natural gas are used as fuel with a power of less than
1 million kilowatts. Micro-gas turbine can generate electricity
through various fuels, which is not only environmentally
friendly, efficient, simple in operation and maintenance, and
mature in technology, but also has better controllability
compared with new energy generation, and can also be used
for rotary standby, so it is widely used in the field of distributed
power generation. The output power of the micro gas turbine can
be increased or decreased by controlling the fuel supply
according to the load demand, but it has the upper limit and
lower limits, and the change speed, that is, climbing speed, is
limited by this range.

Therefore, the power generation model of micro gas turbine
is as follows:

3)

Py = gy my

Py is the output power of micro gas turbine; g is the
calorific value of the fuel; #,, is the power generation
efficiency of micro gas turbine; my is the flow rate of the fuel.

Furthermore, the power generation cost (fuel cost) of micro
gas turbine can be calculated by the following formula:

O Pyr

(4)

CMT fuel = €=

LHV et

Among them, Cpr e is the power generation cost of micro
gas turbine, c is Unit price of natural gas, LHV is the low calorific
value of natural gas.

Distributed micro sources such as micro gas turbine and fuel
cell will generate emission cost during power generation. The
calculation formula is as follows:

N
CMTen = zfxi*EFMT.i*PMT )

i=1

Chren is the environmental cost of micro gas turbine; N is the
type of pollutant discharged; «; is the conversion coefficient of
pollutants, yuan/kg; EFpr; is the micro gas turbine i Unit
emission of pollutants, kg/kW.

2.2.4 Fuel cell power generation model

The fuel cell converts the chemical energy in fuel (usually
hydrogen or natural gas) and oxidant into electric energy through
the positive and negative electrodes and electrolyte materials in
the device, mainly emits CO, and water, and the power
generation efficiency is between 50% and 70%. The fuel cell
converts the chemical energy in fuel (usually hydrogen or natural
gas) and oxidant into electric energy through the positive and
negative electrodes and electrolyte materials in the device, mainly
emits CO, and water, and the power generation efficiency is
between 50% and 70%.
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Similar to the power generation cost of micro gas turbine, the
calculation formula of power generation cost under normal
operation of fuel cell is as follows:

Prc

1
C =c* * 6
FC. fuel LHV Z fec ( )
Crc.fuel is the power generation cost of fuel cell.
Similar to micro gas turbine, the environmental cost of fuel

cell is calculated by the following formula.

N
Crcen = lei *EFrc;*Prc

i=1

@)

Crcen is the environmental cost of a fuel cell; EF 7, is that the
fuel cell 7 Unit emission of pollutants, kg/kW.

2.2.5 Operation model of energy storage system
The remaining charge of the battery at that time and its state

of charge. In this paper, the state of charge (SOC) is used to reflect

the remaining capacity of the battery, which is expressed by the

ratio of the remaining capacity of the battery to the total capacity.
When the battery is charged:

Pf
Socgsg — SOCESS + Hen ESS,ch

EESS (8)
When the battery is discharged:
) 2
SOCHL = SOC,, — —E554is )
s EEss

SOCL, and SOCHL are the state of charge of the battery during
the period t and t+1, 5, and 7, are the charging and
discharging efficiency of the battery, Pjg ., and Pl .o are
the charging and discharging power of the battery during the
period t, Eggs is the rated capacity of the battery.

2.2.6 5G base station energy consumption
model

The energy consumption of 5G base station includes static
power consumption and dynamic power consumption. Static
power consumption refers to the energy demand independent of
service load and output transmission power, which is mainly
composed of fixed losses of power supply system, BBU baseband
unit signal processing and cooling system Dynamic power
consumption refers to the energy requirement related to 5G
service load. It is a function of 5G base station output
transmission power. To sum up, the total power consumption
of a single 5G base station can be expressed as follows.

N
BS _ TR
Pi,t - zPi,j,t
j=1
ieQ® jeNFreql

A
+ P (10)

PBS is total power consumption in time period t of base
station 1. Nl-TtR is the number of transceivers, which is
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related to the base station carrier configuration; szlft is the
Internal power consumption of Transceiver j in Base stations
i in time period t; P;‘}t is power consumption of cooling
system. QS is the set of 5G base stations; Q7 is the time
period set. According to reference (Hao et al, 2020) the
power consumption of a single transceiver can be
calculated as follows:
PIR = 8,u(PY, + ABPY) + (1= 8,5 )PY” (11)
0;j is a 0-1 variable representing the running state of the
transceiver, which is 1 when it is in the working state and
0 when it is in dormant state; P?,z is no-load power
consumption; Af; is the slope related to the dynamic
power consumption of a single transceiver; P} is the
power consumption of a single transceiver in sleep state;
P{Y, is the output transmission power of base station
transceiver, which is a function of signaling power and
user data power.

max
P = (1-p) k ;b; rihe + B Pk (12)
i

B°" is the proportion of fixed signaling signal in the
transmission power; P; ™ is the maximum transmission
power of single transceiver of each base station; %4 is the
maximum bandwidth utilization of a single transceiver of
each base station, {/;, is the number of bandwidth used for
data transmission; k is a weighting factor, which is the level of
signaling power transmitted by the base station under
different operating conditions. Its value is related to the
operation status of transceiver and the number of data
transmission bandwidth in the current period.

During the operation scheduling period, the relationship
between the energy storage capacity of the energy storage
equipment in 5G base station in the current period, the state
of the former sequence electricity and the charging and

discharging power is shown as follows:

Ei,t = Ei,t—l + WCHPZI:At - Pg;SAt/WDIS

13
ice Q¥ el (13)

E;; is the energy storage capacity of energy storage battery of
node i base station in period T; #t, %P Charging and
discharging efficiency of energy storage device.

2.3 Planning objectives

2.3.1 Mathematical model of objective function
2.3.1.1 System operation cost minimization

Total cost of Microgrid generation and operation C, involves
the fuel cost, sewage cost, daily operation and maintenance cost,
power purchase cost from external power grid and energy storage
loss cost of 5G base station.
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T[N M
minC, = Z[Z(Cj,fue,(za;) +Cjop P+ Cjen- PY) + Y CP,
m=1

t=1| j=1

i
+PtgridPtgrid:| z z [GCh(PEIZ)Z +adiS(Pgis)2] (14)

teQl ieQPS

N is the number of types of power generation equipment
in microgrid, including micro gas turbine, fuel cell,
photovoltaic generator set and wind turbine set. Cj,fuel(Pg)
is the fuel cost of various power generation equipment, the
specific expression and the value of relevant parameters are
given in reference (He et al, 2012); Cj,p,Cjen are the
environmental cost and fuel cost of distributed photovoltaic
power generation and wind power generation, which are not
considered in this paper; P; is the actual power of the period ¢.
oM. % are the unit depreciation cost corresponding to the
charging and discharging of the energy storage battery in 5G
base station. The energy storage loss cost is the quadratic
function of the charging power Pld; and discharge power P?}S
(He et al., 2012).

2.3.1.2 System carbon emission minimization

In order to comprehensively reflect the benefits of carbon
emission reduction brought by 5G base station participating in
demand response for microgrid, this paper takes the minimum
carbon emission of the system as another objective of optimizing
the operation model. Among them, the carbon emission of
microgrid is directly related to the fossil fuel consumption of
micro gas turbine. As the fossil fuel consumption of micro gas
turbine is very small compared with the external power grid, it
can be neglected. Therefore, the carbon emission of the system is
equal to the electricity purchased from the external power grid
multiplied by the coal consumption coefficient of unit power
generation and then multiplied by the carbon emission
coefficient corresponding to unit coal consumption power
generation, as follows:

minCh =ef Y . P¥At (15)

¢ is the carbon emission coefficient corresponding to unit
coal consumption power generation; f is coal consumption
coefficient corresponding to unit power generation in external
power grid.

2.3.1.3 After weighting these two objective functions, the
final multi-objective optimization function can be
obtained as follows:

minF = 1,C, + 1,C** (16)

Ay and A, respectively represent the weights corresponding to
each sub-objective function. A; + A, = 1. The values of A, and A,
can be selected subjectively according to the actual situation of
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scheduling strategy. In this paper, the values of A; and A, are both
set to 0.5.

2.3.2 Physical constraints of microgrid
2.3.2.1 System power balance constraints

Py + Py + Py + Py + Pygg + Py = P+ Py (17)

gri loss

P%, is the photovoltaic power of the period ¢, P}, is wind

t

Joss 18 Operation loss of the period £.

power generation of period t, P
2.3.2.2 Energy storage system constraints
1) Power constraint of energy storage system

PESS min < Pt < PESS max

s < (18)

Piss ™™ and Ppgs ™™ are the upper and lower limits of the
operating power of the energy storage system, and the lower

limit is negative, indicating the state of charge.

2) State of charge constraints of energy storage system

SOCEss, min < SOC;ESS < SOCESS, max (19)

SOCt is the state of charge of the energy storage system.
SOCEss, max and SOCgss min are the upper and lower limits of the
state of charge of the energy storage system.

If the optimal scheduling period of Microgrid is continuous,
then the state of charge of the energy storage system should be
consistent at the beginning and the end of each scheduling

period.
SOC)= SOCL, (20)
2.3.2.3 Internal load balancing constraints
P, =P, +P (21)
T T T
ZPZE = zptaf + ZPZut (22)
t=1 t=1 t=1
P!, is the uncontrollable load of the period ¢.
2.3.2.4 Controllable load capacity constraint
0< P <Py ma (23)

Py, max is the maximum capacity of controllable load.

2.3.3 Constraints on generation side of
microgrid
The constraints on the generation side of Microgrid mainly

include climbing power constraint, maximum minimum output
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constraint and power exchange constraint between Microgrid
and external power grid.

2.3.3.1 Interactive power constraints between power
grids

t
Pgrid, min < Pgrid < Pgrid, max (24)

Pgrid, max and P gig, min are the upper and lower limits of power for
interaction between Microgrid and external power grid. The
lower limit is negative, and the upper limit is positive. The
absolute values of the two are the same.

2.3.3.2 Unit output constraints

Pj,min SP3 < Pj,max (25)

Pj max and P; i, are the upper and lower output limits of the
generator sets j.

2.3.3.3 Unit climbing constraints

A; <P - ij‘ <A; (26)

A;."

distributed units j.

A; are the upper and lower ramp rate limits of the

2.3.4 5G base station constraints

During the operation, the maximum number of transceivers
in 5G base station should meet the following constraints due to
the limitation of equipment configuration capacity:

0<NTR< N, m

it

@7

N ™ is the number of transceivers configured for the base
station.

In addition, since 5G operators need to meet the
requirements of transmitting signals within the allocated
bandwidth and meet the transmission equipment standards,
the data transmission bandwidth of transceiver in 5G base
station should also meet the following constraints:

o<rr <t (28)

She=ti

3 Solving algorithm
3.1 Whale optimization algorithm

The whale optimization algorithm is based on the behavior of
whales rounding up their prey. Whales are social mammals, and
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they will cooperate with each other to drive and round up their
prey when hunting.

There are three ways to find the best prey, that is, to find the
best prey by soaking net and to find whale prey by soaking net.

3.1.1 Surround the prey

During hunting, whales can find out the coordinates of their
prey and surround it. Before solving the problem, the position of
prey in the solution space is unknown to whales. Therefore, in the
WOA algorithm, the position of the best whale in the current
population is assumed to be the position of the prey, and other
whales in the population are surrounded by the best whale. The
mathematical model is described as follows:

D=|C- X" (t) - X| (29)
X(t+1)=X"*({)-A-D (30)

t is the current number of iterations, X is the current position of
the whale, X is the position of the best whale in the current
whale group. A and C are coefficient vectors. The mathematical
model is described as follows:

A=2a-r—a (31)
C=2-r (32)

a is a convergence factor, with the predation iteration of the
whale group, the convergence factor is determined. a is the value
decreases linearly from 2 to 0, r is random numbers
between [0, 1].

3.1.2 Bubble net attack mode

We choose the helix update position mechanism to calculate
the distance (X,Y) and (X%, Y?*). A spiral equation is used to
simulate the spiral motion related to humpback whales. The
mathematical model is described as follows:

X(#t+1)=D"-e"- cos(2nl) + X*(t) (33)
D' = |X*(t) - X (t)] (34)

D' is the distance between the optimal whale individual and the
current whale individual in the next iteration, b is the constant of
the logarithmic spiral equation, | is a random number
between [0, 1].

Humpback whales swim in a short circle around their prey
along a spiral path. In order to get this behavior optimized in the
process_50% of the probability is between the encirclement
mechanism and the spiral update position mechanism to
update the position of the individual whale. The mathematical
model is described as follows.

X*()-A-D p<05

X(t+1)= {D’ e cos(2nl) + X*(t) p=0.5 (35)

p is arandom number between [0, 1]. After the bubble net attack,
humpback whales begin to search for prey at random.
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3.1.3 Looking for prey

In the process of hunting prey, we can use the method that
changes with the iteration process vector a. In fact, humpback
whales will randomly explore the space according to each other’s
position. Therefore, when the random value of A is greater than
1 or less than 1, it is used to update the whale’s position in the
global exploration stage to stay away from the current individual.
Compared with the local development stage, the global
exploration stage. The position of a single whales is upgraded
on the basis of randomly selected individuals, instead of the best
individual found so far. It is assumed that in the optimization
process, there is a 50% probability of randomly selecting the
location of the updated individual whale between the circling
mechanism and the spiral updating location mechanism. The
mathematical model is described below.

D= |C * Xrand — X| (36)
X(t+1)=X,pa—A-D (37)

Xyana is the position of randomly selected individual whales in
the current whale population.

3.2 Solution steps

1) Input variables of parameter setting of microgrid power
supply including wind turbine capacity, wind turbine cut
in wind speed and other initial parameter into the algorithms;

2) Set the whale number n and the maximum iteration number
tmax of the algorithm, and initialize the position information;

3) Calculate the fitness of each whale, find the current optimal
whale position and keep it;

4) Calculate parameters a, p and coefficient vectors A, C. Judge
whether the probability p is less than 0.5, if so, go directly to
step (5), otherwise, adopt the bubble net predation
mechanism: update the position by formula (38 formula
-formula 39);

5) Judge whether the absolute value of coefficient vector A is less
than 1, if so, surround the prey: update the position according
to formula (35); Otherwise, globally randomly search for prey:
update the position according to formula (41 formula
-formula 42);

6) After the position update, calculate the fitness of each whale,
and compare it with the previously reserved optimal whale
position. If it is better than that, replace it with a new optimal
solution. Judging whether the current calculation reaches the
maximum number of iterations, if so, obtaining the optimal
solution, and finishing the calculation, otherwise, entering the
next iteration, and returning to step (4);

7) Output the final calculation result.

GAMS-BARON solver is used to solve the mixed integer
nonlinear programming model of optimal scheduling of micro-
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TABLE 1 Parameter setting of Microgrid power supply (Yu and Zheng,

2020).

Wind turbine capacity

Wind turbine cut in wind speed v;,

Rated wind speed of wind turbine v,

Wind turbine cut-out wind speed v,y

Operation and maintenance cost of wind turbine
Photovoltaic capacity

Operation and maintenance cost of photovoltaic unit
Battery charge discharge efficiency

Battery capacity

Battery storage efficiency

Maximum SOC

Maximum SOC

Initial SOC

Battery operation and maintenance cost

Power range of gas turbine

Operation and maintenance cost of gas turbine
Gas turbine ramp rate

Power range of external power grid
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in Figure 2.
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4 Simulation example

In this paper, a microgrid in Beijing is selected as the
study object. The dispatching cycle of the Microgrid is 1 day,
which is divided into 24 dispatching periods, that is, the
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Daily load curve of different users.

dispatching interval is 1 h. Refer to the literature (Wen et al.,
2021) for the setting of parameters such as the emission
coefficient and converted cost of the micro-combustion
turbine and fuel cell.

4.1 Basic data

In the selected Microgrid, the parameter settings of various
power sources in the Microgrid are shown in Table 1.
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See Figures 3, 4 for the forecast of average wind speed and
solar irradiance in the next 24 h.

Based on the mathematical relationship between Figures 3, 4
and Formula (1-2), calculate the power of photovoltaic and wind
turbines. When calculating the output power of WT and PV, it is
assumed that the power factor of these power sources is 1, and no
reactive power is generated.

The typical daily load curves of high industrial load, total
commercial load and smart home load can be predicted
according to historical data, as shown in Figure 5.

Time-of-use electricity prices of external power grid are
shown in Table 2.

4.2 Simulation

In order to compare the absorption and efficient utilization of
renewable energy in microgrid system by 5G base station, and
consider whether to access 5G base station or not, the model
established in this paper is configured with two operating modes,
as follows (Table 3).

In order to reveal the economic and environmental benefits
of 5G base station participating in microgrid, this section makes a
comparative analysis of the scheduling schemes of 5G base
station participating in microgrid and not participating in it.
Scenario 1 without 5G access means that 5G base station do not
participate in grid interaction when dispatching power in
microgrid, and only manage the power consumption of
electrical equipment from the perspective of their own energy
consumption. WOA algorithm is used to determine the best
solution set.

4.3 Analysis

The wind curtailment power of the system of the two
scenarios is shown in Figure 6.

As can be seen from Figure 6, the flexible interaction of 5G base
stations significantly reduces wind power, and the amount of wind
power connected to the grid greatly increases during peak wind
power generation. The main reasons are as follows. In the peak
period of power load, on the premise of meeting the communication
service quality, the base station controls the number of transceivers,
which significantly reduces the power consumption of 5G base
stations. In addition, due to the discharge of the energy storage
system, the total energy consumption of each 5G base station group is
greatly reduced. Inversely proportional to the total load curve of the
system, thus reducing the power purchase of the main network and
improving the operation efficiency.

Figure 7 shows the operation state of 5G base station before
and after participating in demand response.

It can be seen from the figure that 5G base station
participating in microgrid dispatching can effectively
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TABLE 2 Time-of-use electricity prices.

Time period classification

Peak hours (10:00-15:00, 18:00-22:00)
Normal period (07:00-10:00, 15:00-18:00, 22:00-24:00)
Trough period (00:00-07:00)

TABLE 3 Operation modes.

Scenario Operating mode
Scenario 1 5G base station is not connected to the microgrid
Scenario 2 5G base station access to microgrid
-
Wind curtailment power of microgrid when 5G base station is not connected
2000 1o
Wind cugfailment power of microgrid when 5G base station is connected
Z 1500
=
H
z
2
5 1000
5
b1
3
E
= 500
2
=
04
_500 [ T T T T T
0 5 10 15 20 25
Time(h)
FIGURE 6

The wind curtailment power of the system.

optimize the system load curve and obviously optimize the
system load fluctuation. In Scenario 1, the peak value of
power load is 9.5111mw, and the valley value is
5.5556 MW. In the Scenario 2, the peak load is 9.0292 mw
and the valley value is 6.1912 MW. It can obviously cut off the
peak and fill in the valley, and improve the contradiction
between power supply and demand during peak and low load
periods.

When 5G base station does not participate in demand
response, it can be regarded as a normal power load. After the
5G energy storage system is charged, it is necessary to increase
the energy consumption of the base station. In the low-power
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(A) 5G base station is not connected to the microgrid.(B). 5G
base station access to microgrid.

generation period of wind power generation, energy storage
system or grid-connected transmission can reduce the
purchase of electricity from the external grid by microgrid,
thus reducing the carbon emission on the power generation
side. Because 5G base station can control its energy
consumption by its communication

changing own
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TABLE 4 Comparison of system operation benefits in different scenarios.

Index System System

operation cost (yuan) carbon emission (t)
Scenario 1 190,485.32 336.55
Scenario 2 188,542.32 241.39

equipment, reduce its energy consumption during peak power
load, and use energy storage of base station to discharge at
peak power load and charge at low power load, thus improving
wind power consumption and reduce power purchase of
main grid.

As can be seen from Table 4, when 5G base stations
participates in the optimal dispatch of microgrid, although
the operating cost of the system has increased, the wind power
consumption of the system has increased by 8,648.93 kW h,
indirectly reduces the electricity purchased by the microgrid
from the external grid, and the electricity purchase cost of
the main grid has decreased by 20,037.51 yuan. As a result,
the total carbon emission of the system decreased by
95.16 tons.

5 Conclusion

In order to promote the realization of China’s dual-
carbon goal, and make use of new power system to
vigorously promote the efficient consumption of clean
energy, and realize the carbon emission reduction of power
system, this paper takes the interactive response of 5G base
station connected to microgrid as the research direction, and
puts forward a multi-objective optimization model of 5G base
stations connected to microgrid as the breakthrough point,
taking the improvement of wind power utilization efficiency
as the breakthrough point. Compared with existing research.
In this paper, the characteristics of 5G microgrid, the low-
carbon operation characteristics of microgrid and the optimal
operation of microgrid are studied.

1) 5G base station can reduce its own power demand and
improve the energy efficiency of the system by technical
management means such as base station sleeping,
transceiver turning off, downlink power control, efc., thus
indirectly reduce the carbon emission on the power
generation side.

2) 5G base station participating in microgrid dispatching can
effectively optimize the system load curve, and the fluctuation
of system load is obviously optimized. Under the 5G
disconnected scenario, the peak value of power load is

9.5111 MW and the valley value is 5.5556 MW. Under the
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Electricity purchase cost Wind

(yuan) power consumption (kWh)
156,241.81 17,892.37
136,204.3 26,541.30

5G connection scenario, the peak load is 9.0292 MW, and the
valley value is 6.1912 MW. It can obviously cut off the peak
and fill in the valley, and improve the contradiction
between power supply and demand during peak and low
load periods.

3) The multi-objective model constructed in this paper can
take
benefits of microgrid operation at the same time. When

into account the economic and environmental

5G base stations participates in the optimal dispatch of
microgrid, although the operating cost of the system has
increased, the consumption of wind power in the system
has increased by 8,648.93 kWh, indirectly reduces the
purchase of electricity from the main grid, and the
purchase cost of electricity from the main grid has
decreased by 20,037.51 uan.

The flexible access of 5G base station to microgrid can
improve the utilization efficiency of electric equipment,
balance the power flow of lines and reduce some network
loss. According to the load situation, adjust the tap-changer
of the main transformer at any time, so as to ensure that the
grid voltage is within the fluctuation range specified in the
regulations. Avoid the power quality degradation caused by
the low voltage level in the grid during the peak load, and also
increase the voltage at the end of the line, reduce the line
current, and achieve the purpose of loss reduction. 5G base
station carries out power management and flexible charging
and discharging of energy storage battery, which can
significantly change the power flow/voltage distribution in
the distribution network, not only reduce the network loss,
but also improve transmission efficiency. It can also
effectively alleviate line congestion and improve the grid-
connected capability of clean energy generation microgrid.
However, there is no mathematical model for this discovery
in this paper, which is the limitation of this paper and the next
direction of our research.
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