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The optimization dispatching problem of the regional distribution network (DN)
interconnection with the microgrid (MG) is studied in this paper. By installing
flexible interconnection devices based on the soft open point (SOP) at the
boundaries of DNs, the flexible interconnection can be achieved between
distribution networks, and the distribution zoning model is established. A
multiobjective DN-MG system optimization dispatching model for multi-area
DNs considering distributed resources is established based on the distribution
zoning model. By introducing intermediate coupling variables, the optimization
dispatching problem of the DN-MG system is decomposed into MG sub-area
optimization problems and DN sub-area optimization problems. On the basis of
the above, a method based on the alternating direction method of multipliers
(ADMM) is proposed to solve the optimization dispatching model. Finally,
simulation verification shows that by application of the proposed method, the
economic efficiency of the DN-MG system is improved effectively.

KEYWORDS

distribution network, microgrid, soft open point, flexible load, alternating direction
method of multipliers

1 Introduction

With the development of power systems, cooperation between different distribution
networks (DNs) will be applied to achieve complementary power support between DNs.
The power supply reliability will be improved, and it will promote local consumption of
distributed power sources (Tabandeh A, 2022; Li T, 2023a; Xu J, 2024). The collaboration
between microgrids (MGs) and DNs can not only alleviate the operational pressure of DNs
but also reduce the operating costs of MGs (Li Z, 2023b; Chen X, 2023). In this background,
realizing reasonable control of power generation and flexible interconnection devices within
a flexible interconnected AC/DC distribution system between different regions is an urgent
problem that needs to be solved in the economic operation of DN-MG. Domestic and
foreign experts and scholars have also conducted relevant research on such
optimization problems.

However, currently, soft open points (SOPs) are mostly applied for flexible connection
of distributed generation (DG), flexible loads, energy storage (ES), electric vehicles (EVs),
and other equipment (Aithal A, 2018; Yao C, 2018; Zhang J, 2021). In order to enhance
network performance and flexibility, the rapid development of flexible interconnection
technology based on SOPs realized flexible interconnection between feeders. Ebrahimi H
(2024a) proposed that SOPs can be installed in the end feeders of the distribution network
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to improve network performance. Harmonic distortion, voltage
imbalance, and active power loss can be minimized through
active and reactive power control and selective harmonic current
injection. The optimal active and reactive power control of the
location and hourly control of SOPs in a distribution network can
achieve minimum harmonic distortion and voltage unbalance. The
regional interconnection between DNs has not been realized. In
order to improve the flexibility of the power grid, Ehsanbakhsh M
(2023) used SOPs to change the topology structure of the
distribution network to improve the flexibility of the distribution
network. The penetration capability range of renewable energy
sources (RESs) is defined as an indicator for evaluating the
flexibility of active distribution networks (ADNs). The optimal
site and size of SOPs, the final network topology, and the
penetration capability range of the RES are determined by
solving a multiobjective robust optimization model and adopting
flexibility improvement methods. Kamel T (2022) proposed a
strategy to interconnect the railway electrification system with
the local DN through SOPs, which achieved energy transmission
at different power levels between the two systems. The flexibility and
reliability of the two systems were improved. However, the direction
of energy flow was not changed. Saboori H (2023) proposed a
segmentation model based on SOPs to improve the resilience of
DNs. This method effectively solved the internal topology
reconstruction problem of DNs. However, the issue of improving
resilience through collaboration between DNs has been ignored.

In order to address the negative impact of renewable energy on
the power system, flexible operation of DN was realized to control
the active power, reactive compensation, and voltage regulation by
the application of SOPs (Rezaeian-Marjani S, 2022). However, the
local consumption level of DG will be limited. The distribution
network can flexibly exchange power through multi-terminal
intelligent soft switches, provide local reactive power, and
alleviate voltage exceeding limits. By the application of SOPs, the
distribution network has gradually evolved into a highly controllable
flexible interconnection architecture (Li P, 2022).

The DN can flexibly exchange power through multiple SOPs and
provide local reactive power. The distribution network gradually
evolved into a highly controllable flexible interconnection
architecture through the connection of multiple SOPs. In order
to alleviate the fluctuation of feeder power flow and load imbalance
in DNs, an SOP was applied to provide accurate control of active and
reactive power to realize flexible connection of feeders (Ji H, 2017).
In order to determine the installation location of an SOP, a classic
scenario was constructed based on Wasserstein distance metric to
optimize the configuration method for SOPs (Wang C, 2016).
However, this configuration method is only applicable to the
optimized configuration of SOPs within a single DN.

At the same time, the uncertainty of renewable energy output
and the uncertainty of multi-load demand significantly will increase
the complexity of regional energy system optimization scheduling
(Ma X, 2023). Ma X (2023) proposed a rolling mechanism based on
the flexible loads to reduce the impact of DG on the power system. In
addition, a two-stage multiobjective framework is proposed to
manage the energy of MG (Karimi H, 2023). However, this
article only studied from the perspective of MG and did not
consider the operational status of the distribution network. (Li Z
(2023c) proposed a multi-time-scale coordinated control strategy
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where EVs were modeled as the flexible loads to participate in multi-
region dispatching tasks in the DN in the day-ahead stage. In the
real-time stage, the charging load was defined as a controllable load
to compensate for power errors caused by DG. Han C (2023)
proposed a new SOP management strategy based on the model
predictive control (MPC) framework. The proposed method
corresponds to the factory modeling of voltage and network
losses as a linear time-varying system, which provides better
performance than traditional MPC methods in reducing network
losses and improving voltage distribution based on the data
clustering technology; Ebrahimi H (2024b) proposed a method to
handle uncertain factors. By optimizing the installation position of
SOPs, the expected values of active power loss and voltage deviation
were reduced.

In the above research, the application of SOPs and the
optimization dispatching problem of multiple time scales were
studied, but the collaboration between DNs and MGs was not
considered. In response to the current research shortcomings, the
main contributions of this article are as follows:

(1) A regional optimization model is constructed based on the
zoning of the distribution system. The interconnection
between DN is realized through SOPs. Based on the TOU,
the power flow between DNs can be coordinated by the
application of SOPs. Under the background of ensuring
the safe and stable operation of a DN, collaborative
support between DNs is realized. In addition, the operating
cost of the DN is reduced.

(2) An optimized dispatching model for the DN-MG
collaboration is proposed. While the MG ensures its own
economic operation, the MG responds to TOU and the
operating status of the DN. The flexible load within the
microgrid can be adjusted according to TOU. By reducing
the operating cost of MG through flexible load shifting, the
purchase of electricity during various periods of MG is
adjusted. Thereby, the operational pressure during peak
load periods of the DN is alleviated.

(3) A multi-time-scale optimization method based on the alternating
direction method of multipliers (ADMM) is proposed. On the
basis of adopting multi-time-scale rolling optimization, the
optimization problem is decomposed into several sub-
problems. These sub-problems are solved by the ADMM. The
simulation results show that the strategy proposed in this paper
can effectively reduce the operating costs of the DN and MG.

2 Regional optimization model
2.1 Distribution network zoning

The active distribution network (ADN) structure with the MG is
shown in Figure 1. In addition to fixed topology parameters, the DN
also includes local loads and DG. The distribution network is
connected to the microgrid through a point of common coupling
(PCC). The MG directly combines the DG with local user loads in a
certain area. The DG will prioritize supplying power to the local load
within the MG. When the DG in the MG is excessive or insufficient,
the MG will interact with the DN for power. The MG can include

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1375210

Sun et al. 10.3389/fenrg.2024.1375210

Distribution
Network

FIGURE 1
Distribution network structure with microgrids.
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FIGURE 2
Interconnection architecture of the distribution network.
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FIGURE 3
Multi-time-scale dispatching architecture.

diesel generators (DEG), photovoltaics (PV), wind power generation At the same time, DNs are interconnected through SOPs.
(WG), energy storage (ES), and local load. In addition, thelocal load =~ Power interaction between the DN is realized by controlling
can be flexibly adjusted to participate in demand response. the flexible interconnection devices. The interconnection
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FIGURE 4
Topology structure.

architecture of the distribution network is shown in Figure 2.
DN divided into several sub-DNs. Flexible
interconnection between sub-DNs can be achieved
through SOPs.

can be

2.2 DN operation constraints

In this paper, the DistFlow model is applied to constrain the
power flow of the DN:

U2 <V, <UZ ,ieR. (1)
0<lijt <Lij max- (2)
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Nprg Nsop
P"J'xf + Z ijtxiDEG = riflifvf tPpiet z ij’f + Z UthviSOP' 3)
ipeg=1 jj—k isop=1
Nprg
Qijs + Z K Qtipgs = xijlij,t +qj: t z Qjies- (4)
ippG=1 jij—k
2 2
V,‘)t + li}»,t(rij + xl.].) = z(rijpij,t + xijQij,t) + Vj,t~ (5)
2Pij,t
2Qij; Vi + Lije. (6)
Vie =Lije |,

Here, R is the node set of the DN; i and j are the node ID of the
DN; t is the time interval; P;;, is the active power of branch ij in t; Q;j,
is the reactive power of branch ij in t; Vj; is the square of voltage
amplitude; Upax and Uy, are maximum and minimum values of
voltage amplitude, respectively; ;;; is the square of the current
amplitude; ;j max is the maximum values of [;j;; i is the resistance
value of the branch ij; x;; is the reactance value of the branch ij; N pgg
is the number of DEGs; Py, is the active power of DEGs; Q. is the
reactive power of DEGs; « jisa binary variable that indicates whether
the DEG is installed at node j; p;; is the active load at node j; g is the
reactive load at node j; v; is a binary variable that indicates whether the
SOP is installed at node j; Py, is the active power of the SOP.

At the same time, the DEG needs to meet the constraints of
power upper and lower limits and the constraints of ramp rate:

Pimgc,min < Pt,ipEG < Pimgg,max' (7)
Qipp(;,min < Qt,ippc < Qimgc,maw (8)
|Pt,im.;(; - Ptfl,ir)gcl < EpkG- 9

Here, Pj,.max and P, min are the maximum and minimum
values of DEG active power output, respectively; Qj,..max and
Qippe,min are the maximum and minimum values of DEG reactive
power output, respectively; epgg is the ramp rate of the DEG.

2.3 MG operation constraints

The MG can include DEG, PV, WG, ES, and local electricity
loads. Among them, the local electricity load can be adjusted flexibly,
which can be powered by time-series translation. Therefore, the
operational constraints of the MG are as follows:

PPEG 4 pPV 4 pIVG 4 pg7id - pES . pload (10)

where PtDEG is the active power of DEG in the MG; Pf) V' is the
active power of PV in the MG; P}'“ is the active power of WG in the
MG; Ptg "id is the electricity purchased from the DN; PtES is the active
power of ES in the MG; Pi"“d is the load of the MG.

T
Pload — Zpioad. (11)
t=1
load load load
Pt,minSPt SPt,ma.x' (12)

Here, P*? is the total load of the MG within a day; P/ and

t, max

Pload are the maximum and minimum values of P/*, respectively.

The constraints of DEG in MGs are similar to those of DNs and
will not be elaborated here.
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FIGURE 5
Topology structure.

Es ES _ pES
P SPC S P (13)
S GES . QES

SES <SES<SES | (14)

ES _ GES , pES
SES = §E5 4 pES, (15)
Here, PES  is the maximum value of PS; S5 is ES capacity; SE5,
and SES are the maximum and minimum values of S5, respectively.

2.4 SOP model

The DN are flexibly interconnected through SOPs with DC
charging devices. The upper control center can achieve power

Frontiers in Energy Research
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flow direction control through voltage source converters (VSCs)
on both sides of the SOP. In order to realize the regional division,
the DC charging device and DN are the same optimized area. In
addition, information exchange is carried out point-to-point with
the adjacent DN side. The decoupled interaction power
relationship is as follows:

(16)
(17)

Vsci _ p!
Pt f - Pt,sale,v =P t,vsci®

vscis1 _ DI
Pt " _Pf,VSCM’

where P/*“ is the power on the VSC AC side at the boundary
of the DN; Py ca1,, is the power of the DC charging load; P’y s, and
P't s, are the amounts of power interaction information
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FIGURE 7
TOU of the distribution network.

between adjacent active distribution networks; P;**!

on the VSC AC side at the boundary of the DN.
At the same time, the upper limit constraint of interaction power

is the power

is as follows:

P;/SCi _ Pt,salei < P:):,);» (18)

where PM i the maximum value of P/,.

t,sop

Frontiers in Energy Research 06

2.5 PCC model

The MG and DN are connected through a PCC. They are
coupled and interconnected. In order to achieve partition
calculation, the DN area in the coupling area between the DN
and MG is defined as region H, and the MG area is defined as region
L. The PCC will be decoupled into two independent regions. The
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PV output of MGs.

relationship between the variables decoupled from two independent Here, Py pc is the power value of the MG area at the PCGC;

regions is as follows: ) P, pn is the power value of the DN area at the PCC; P,/py x is the
Pipn = P"?MH' (19) replication area variable of the DN; P,y 1 is the replication area
Piv = PovcL- (20)

variable of the DN.

Frontiers in Energy Research 07 frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1375210

Sun et al.

10.3389/fenrg.2024.1375210

550 T T T T T
- -G~ — MG1
500 | T kg KK -~ - MG2|
I * * \*
450 - | ‘ ¥
4 | | I
| | |
400 F; | | B
\ ! | I
2350 | | /‘
E * | | |
~ . | | I
300 | | | |
2 \\ I 1‘ (I
+ - | u
5 250 \\ ' | p
|
9 200¢ ! BT 1 ¥
= L 1O S g N ! /
\ \ [} b | / ,
150 F\ | - V! / /7
o & ] ¥ ks !
100 A ¥ Vi K 4
\ \\ I || / o
50 © S N Lo © y
A\ /I Y
\ ) |
1 4 8 12 16 20 24
Time (h)
FIGURE 10
WG output of MGs.
3500 . . . . .
-0
3000 f *x RN
N K
// X\%/ N /* ’*%\%\ Q
k. /% *‘%\ / / ke \
2500 |~ Kk * / *\g\ )
N\

\
= 2000 - Q Q / -
° & g / \

\
ko) O / A N \
® / 1S / \ / \/ \
o AN
2 1500 - K d © g
)
s Y
/
1000 F > J J
o ,
o ,
"o 9
500 © 1
- -G~ — MG1
— =% — MG2
0 1 1 1 1 1
1 4 8 12 16 20 24
Time (h)

FIGURE 11
MG load curve.

3 Optimal dispatching model

Based on the regional optimization model, the optimal
dispatching  model established
optimization, and a rolling optimization dispatching model with
multiple time scales is established.

is to realize economic

Frontiers in Energy Research

The multi-time-scale dispatching architecture is shown in Figure 3.
Due to fluctuations of the PV and WG, rolling optimization
dispatching can effectively ensure the accuracy of optimization
dispatching. The participating optimization period includes the
current period and all the remaining unfinished periods to ensure
that the optimization results of the current period are optimal.
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MG2 flexible load adjustable range.

It can be seen from Figure 3 that the dispatching strategy is
divided into the completed time period and the period for
participating in optimization. The completed time period is time-
varying. The period for participating in optimization is also time-
varying. The sum of the two time periods is fixed. The size of the
completed time period increases sequentially from 1 to 24. The size

Frontiers in Energy Research

12 16 20 24
Time (h)

of the period for participating in optimization decreases sequentially
from 1 to 24. Therefore, the dispatching strategy has 24 calculation
time scales.
The optimization dispatching models for each region are
as follows:
min C = Cpy + Crg — Caates (21)
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TABLE 1 WG parameters for MG1.

10.3389/fenrg.2024.1375210

TABLE 4 ES parameters for MG2.

WG Maximum value of Maximum value of ES ES Maximum value = Maximum value
ID active power active power ID capacity of active power  of active power
output (kW) output (kW) (kWh) output (kW) output (kW)
1 1,500 450 1 500 60 -60
2 1,500 450 2 ‘ 500 60 ‘ -60
TABLE 5 Scenario setting.
TABLE 2 ES parameters for MGL. Scenario ID SOP Flexible load
ES ES Maximum value = Maximum value Scenari
A . . cenario 1 v VA
ID capacity of active power  of active power
(kWh) output (kW) output (kW) Scenario 2 v
Scenario 3 v
2 500 60 -60 Scenario 4

TABLE 3 WG parameters for MG2.

Maximum value of
active power
output (kW)

Maximum value of

active power
output (kW)

1 1,500

2 1,500

where C represents the total operating cost during the
optimization period; Cpy represents the operating cost of the
DN during the optimization period; Cyg represents the
operating cost of the MG during the optimization period; Csge
represents the revenue from the DC charging devices.

The objective of the DN; regional economic optimization model
is to optimize the economic efficiency of DN; and its regional
boundaries, including the output cost of DEGs, the PCC at the
partition boundary, and the interaction cost at the SOP.

T
min Cpy, = Z[a(pfggi)z

t=1

T T
+BPEES, +c| = Y Y = 1Y Popw,
t=1 t=1
(22)

where Cpy;, is the total operating cost of the DNj; a, b, and ¢ are
the fuel consumption parameters of DEGs; Pfgf,i is the active power
of DEG in the DN; p is the TOU for purchasing and selling
between regions.

The optimization objective of the regional economic optimization
model for the MG is to minimize the operating costs of microgrids,
including the output cost of the DEGs, the charging and discharging
cost of the ES, and the interaction cost at the PCC of the

partition boundary.

T T T
: DEG )2 DEG S
min Cyg, = Z[a(Pt,MG,-) + th,MG,- + c] - yZPf - HZPt,MGi>
t=1 t=1 t=1
(23)
Frontiers in Energy Research

TABLE 6 SOP parameters.

Minimum value of SOP
transmission power (kW)

Maximum value of SOP

transmission power

1,000 kW -1,000

where C)g, is the total operating cost of MG; y is the cost coefficient for
charging and discharging of ES; P%i is the active power of DEG in MG;.
The economic optimization model of the DC charging device at

the SOP is as follows: ,
min Csule,- = .umlgzp t,sale;>

t=1

(24)

where p,, is the charging price of EVs.

4 Optimization dispatching based on
the ADMM

The ADMM is an iterative algorithm used to solve convex
optimization problems. This algorithm is suitable for large-scale
data and distributed computing environments. The ADMM
algorithm has the following advantages:

(1) ADMM can decompose large optimization problems into multiple
smaller sub-problems to make the problem easier to solve.

(2) This algorithm is suitable for distributed computing

environments. In addition, it allows multiple computing

nodes to participate in the problem-solving process to
improve the computational efficiency.

(3) ADMM usually has good convergence performance and can
find near-optimal solutions within a finite number of
iterations.

(4) During the iteration process, each sub-problem can

independently perform sparse reconstruction and noise

reduction operations to achieve high reconstruction accuracy.

Based on the optimization architecture and model mentioned
above, an optimization dispatching method based on the ADMM is

10 frontiersin.org
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proposed. An augmented Lagrangian function is constructed, and
the sub-problems are divided according to the framework structure
of the optimization model.

I J
2.2 Coc =

i=1 j=1

1
L= ZCDNi +
i1

I
zcsale,i
i=1

I T
VSCi VSCi
+ ZZA,- (Pt - Pt,sulei - Pt +1)
i=1t=1
2

BB~ By - P

- P t,sale;

I T
+ ) > M(PG — PV 4 i)

i=1t=1

L J T
+ §||P2’SC*“ + Pygate, — PY*C ||§ + ZZZM,;‘(P:,MG,’,- - Pt,DN,)
i=1j=1=1

+ g“Pt,Mcj,,- - P:,DN,»“;
(25)

where I is the number of DNs; ] is the number of MGs; A; and A,
are dual variables; p is the penalty coefficient; L is the
Lagrangian function.

4.1 Sub-problem 1: solving the DN and SOP
optimization problems

Sub-problem 1 can be decomposed into two local sub-
problems; namely, the optimization of DN; and DNy,;. The
decision variables within the DN can be optimized by solving
local sub-problems using the ADMM. The SOP serves as the
boundary between two DN areas, and its injection power is

optimized as an interaction variable during the
calculation process.
For DN;
T
LgirfWM = CDN,- - Csale,v + AtZ (PXSCi - Pt,sale,- - P,t,VSCM)
=1
+ P|PYe — py — P! 2 (26)
2 t t,sale; t,VSCis ||
For DN;,:
T P )
L,’;ﬁ,’,ﬁ’f“ =Cpn;, + /\iz (PYSCn — P'yyse,) + EHPYSC’“ - Piysc; "2

t=1

(27)

Here, LRMM and LERMM are the Lagrangian functions.
The original residual error, dual residual error, and iterative
update mechanism for sub-problem 1 are as follows:

" 2

r _ || pVSCir _ pr _
ki - “Pt Pt,sale,- t,VSCis ll2 (28)
Ko = " pVSCuir _ pi "2 :
i+l ||t t,VSCillz
2
ro_ VSCis1,r _ pr _ VSCivi,r-1 _ pr-1
di - ”Pt Pl,sale,' (Pt Pt,salel) '2 (29)
o VSCiiir _ VSC,‘H,rfl”z :
di+1 - npt Pf 2
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(30)
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1 P ( pVSCias
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i+1 i+1

Here,  is the number of iterations; k is the original residual; d is
the dual residual.

4.2 Sub-problem 2: solving the MG and PCC
optimization problems

T
2
LI[\;/IDGIJV{M = CMG]',, + Aj),‘ (PI’MGJJ — P,t,DNx’) + %)"PLMGM _ P,t,DN;||2~
t=1
(1)
r r " 2
kj,i = |pz,MGj,i = Pon, ”2 (32)
T v r—1 2
dii = |\Piac,; — Piacy, “2 (33)
’\;;1 = A;,i + g (P:,MGJ,,- - p,tr,DN,)‘ (34)
Here, L{{2M™ is the Lagrangian function.

The selection of the penalty coefficient will affect the
convergence speed of the algorithm. By balancing the original
residual error and the dual residual error, the penalty coefficient
can be adaptively adjusted according to the residual error, which can
accelerate the convergence speed of the algorithm.

o
1+ 1 {
gkr

k" <0.1d"

7+1

K . (35)
p’<1 + lg?> k" >10d"

r

P

others

The decision variables are divided into two parts: 1) the
interaction variables within the flexible interconnection devices of
the DN; 2) the interaction variables between the PCC coupling part
of the DN and MG. The optimization process is shown in Figure 4.

The detailed optimization process is as follows:

Step 1: input the initial data. Input the TOU for regional
purchase and sale, DC charging price for EVs, user flexible load,
operating parameters of the DN and MG, and rolling prediction data
for the PV and WG.

Step 2: initialize the number of iterations » = 0 and penalty

coefficient p;. Set the convergence values of the original residual and

ori dual)

the dual residual (¢°" and ¢““*). The initial settings for dual
variables, original residuals, and dual residuals are all set to 0. Set
the initial value of the global variables (P';vsc, P'ivsc
and P';py,)-

Step 3: update the number of iterations (r = r + 1).

i+1?

Step 4: solving sub-problems.

(1) Solve sub-problem 1. At the flexible interconnection device
SOP, the interaction data received by DN; from DNj,; are

+1 o . . .
p’tTVSCM = P/S%" The interaction data received by DNj,,
el _ pVSCiiir _ pr
from DN; are Pivsc., = P, Pt,sale;'
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(2) Solve sub-problem 2. The interaction variables between the
microgrid area and the connected distribution network are
obtained through the PCC (P} = Pipy ).

Step 5: Update Lagrange multipliers and penalty coefficients.

Step 6: Residual update and iteration termination determination.
When k< ¢ and d <¢@, the algorithm ends and outputs the
result. Otherwise, return to step 3 to continue iterating until the
convergence condition is met.

5 Case study
5.1 Case data

In order to verify the effectiveness of the optimization strategy,
this paper selected two IEEE 33 node systems and two MGs as a
study case. The topology structure is shown in Figure 5, and the load
data of the DN are shown in Figure 6.

In this paper, a multiple time-scale rolling optimization strategy
is proposed to achieve a full-day optimization calculation. TOU is
applied for purchasing and selling electricity between the regions,
and the charging price for EVs is set based on TOU. The TOU is
shown in Figure 7, and the charging price is shown in Figure 8.

The PV output is shown in Figure 9.

The WG output is shown in Figure 10.

The MG load curve is shown in Figure 11, and the adjustable
range of the flexible load is shown in Figure 12 and Figure 13. The
WG parameters and ES parameters are shown in Table 1, Table 2,
Table 3, Table 4.

The comparison of the scenario settings is shown in Table 5. For
scenario 1, SOP and flexible load are available. For scenario 2, SOP is
available, but flexible load is not available. For scenario 3, flexible load is
available, but SOP is not available. For scenario 4, flexible load and SOP
are not available. The SOP parameters are shown in Table 6.

5.2 Optimization results of the DN

The operating costs for DN1 and DN2 for different scenarios are
shown in Figurel4 and Figure 15. For DN1, when the SOP is
coordinated with flexible loads, the operating cost of DN1 is the
lowest. Compared with scenario 2, the operating cost of DN1 has
significantly decreased. Compared with scenario 3, due to the lack of
an SOP interconnection between DN1 and DN2, there is no power
interaction. These two DNs will operate independently of each other
and lack collaborative assistance, which, to some extent, increases
the operating cost of the DN. Comparison of scenario 2 with
scenario 4 shows that due to the lack of an SOP interconnection
between DN1 and DN2, the two networks are unable to interact with
each other based on their operating status. The operating cost of
DNI1 is increased. On comparing scenario 3 with scenario 4, when
the internal load of the MG can be flexibly controlled, the load can be
adjusted based on TOU, and the operating cost of the DN is reduced.

The operating cost of DN2 in scenario 1 is ¥291.894 yuan higher
than that of DN2 in scenario 2. The operating cost of DN2 has
increased, but the operating cost of DN1 has decreased by
¥504.8324. The overall operating cost of the DN has reduced.
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5.3 Optimization results of the MG

The comparison of the operating costs between MG1 and MG2 is
shown in Figure 16 and Figure 17, respectively. According to Figure 16,
it can be seen that the overall load of MG2 is greater than the overall
load of MG1. Therefore, the operating costs of MG2 are higher than
those of MGI. In scenario 2, due to the non-flexible regulation of load,
the MG will purchase electricity from the DN according to the original
plan during the peak load period of the DN. When the amount of load
access is adjusted flexibly, MGs can adjust the time shift access of the
load to reduce the operating costs and meet the demand for load access.
In scenario 4, due to the lack of power interaction with the upper level
DNs, MGs will increase the output power of the DEG to meet the load
demand of the microgrid. When scenario 3 is adopted, the MG load can
achieve time-shift access to reduce the purchase of electricity from the
DN during weak DN periods and the peak time of TOU. At the same
time, the power generation of DEGs is adjusted to optimize the
operating costs of the MG.

The flexible load regulation curves of MG1 and MG2 are shown
in Figure 18 and Figure 19, respectively. MG1 increases load during
low load periods and reduces the load during peak load periods. The
load fluctuations have been suppressed. The operational pressure
during peak load periods has been alleviated. MG2 has a larger load
access volume than that of MG1. That will be more evident in
flexible load regulation. MG2 will increase load access volume
during periods of low electricity prices in the DN, and MG2 will
reduce load access volume during periods of high electricity prices to
meet the demand for flexible loads.

6 Conclusion

In this paper, the optimization dispatching problem of DN
interconnection and DN-MG systems is studied. The flexible
interconnection between DN is realized by the application of the
SOP, and the optimization dispatching of the DN-MG system is
realized based on flexible loads. An optimization solution method
based on the ADMM is proposed, which reduces the overall
operating costs of DNs and MGs, and the operational efficiency
of the DN-MG system is improved.
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