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Abstract. Interconnected converters are an important part of AC/DC hybrid microgrids. This
paper fully considers various factors affecting the capacity configuration of interconnected
converters, and proposes the principle of optimal capacity allocation to meet the power
exchange requirements between AC and DC hybrid microgrids and meet the requirements of
reliable power supply for important loads. According to the operation requirements of AC/DC
hybrid microgrid under different scenarios, two optimal capacity allocation methods for power
supply continuity and economy are given. Finally, the AC/DC hybrid microgrid project with
island operation is taken as an example to verify the effectiveness of the proposed method, and
the influence of important parameters is discussed in depth. The optimal configuration of
interconnected converter capacity is given.

1. Introduction

With the development of microgrid technology, AC-DC hybrid microgrid has attracted people's
attention [1-6]. The AC-DC hybrid microgrid consists of an AC microgrid, a DC microgrid and an
interconnected converter that connects the two microgrids. Among them, the interconnected converter
is a key device in the AC-DC microgrid, plays an important role in the coordinated distribution and
stable operation of the system, and has the function of transmitting power and acting as a reactive
power compensation device.

At present, the research on interconnected converters is still in its infancy, mainly focusing on the
design of operation control methods and the lack of relevant discussions on capacity optimization
configuration. For example, in literature [1-2], the mathematical model was established for the grid-
connected operation and island operation mode of AC/DC hybrid microgrid, and two sets of control
methods were designed based on different control objectives. The literature [5] comprehensively
reviewed Typical topology of AC/DC hybrid microgrid, switching between interconnected converter
control and control mode. The literature [6] proposed a new AC/DC hybrid microgrid structure design,
multi-layer, single-ring and complementary ring structures are designed according to the division,
stratification, resource utilization maximization and power quality assurance principles of microgrid.
In literature [7-8], Aiming at a series of problems existed when the interconnected converters are
switched between the grid-connected/islanding modes, the unitized and power-based mathematical
processing methods are used to improve the droop control of the interconnected converter. The
method also increases the wait mode and reduces the frequent actions of the interconnected converter.

The reasonable configuration of the interconnected converter capacity is directly related to the safe,
reliable and stable operation of the AC-DC hybrid microgrid, and will also affect the economic
indicators such as the initial investment cost of the system and the post-operation and maintenance
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costs [9-13]. How to optimize the configuration of interconnected converter capacity and coordinate
the two conflicting parameters of reliability and economy to achieve system optimality is a problem
worth studying.

According to the role of interconnected converters in AC/DC hybrid microgrid, this paper proposes
to configure the capacity of interconnected converters with the minimum capacity method based on
power supply continuity and economical optimality. The effects of different parameters on the
capacity configuration results are compared and analyzed. The optimal configuration of interconnected
converter capacity in AC/DC hybrid microgrid is given.

2. Capacity configuration principle

2.1. Meet the power exchange requirements
As a bridge for power exchange between AC and DC microgrids, interconnected converters should
meet the power exchange requirements between the AC and DC sides at each moment.

When the AC/DC hybrid microgrid is operating in an island, the supply and demand power
difference of the AC-DC microgrid is coordinated by the interconnected converter. In this paper, the
interconnection of microgrid 1 and microgrid 2 is taken as an example to illustrate the power
transmission of interconnected converter under various supply and demand power differential
conditions. In order to avoid repetitive content, only the case where the supply and demand power
difference of the microgrid 1 is positive is analyzed here[5].
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Figure 1. Operating condition of the power supply and
demand difference for microgrid 1 and 2.

In Figure 1, 4P, and 4P, represent the supply and demand power difference of the microgrid 1, 2,
respectively, 4P,. and 4P, AP,. and AP, are negative and positive safety limits for 4P, and 4P,
respectively. The line marked with “0” represents the zero supply and demand power difference line,
above which is the positive supply and demand power difference area, and below it is the negative
supply and demand power difference area. P), is the transmission power of the interconnected
converter, and the positive power direction is set by the micro grid 1 to the micro grid 2. (D~®
represents 8 working conditions:

Case (D indicates that 4P, is within the positive safety margin and 4P, exceeds the negative safety
limit, ie 4P, €[0,AP1], 4P,<AP,. . In order to reduce the power shortage of the microgrid 2, the
microgrid 1 transmits excess power to the microgrid 2 while ensuring its own supply and demand
balance, Pi,=min{|(4P,-4P,.) |, AP:}.

Case @ indicates that both AP, and AP, are within the safety margin, and AP, €[0, 4P\.], 4P, E
[4P,., 0]. At this time, the microgrids 1, 2 are each responsible for the power balance inside the grid,
and the interconnect converter is in an idle state, P;,=0.

Case ) indicates that AP, and AP, are both within the positive safety margin, ie 4P, €[0,4P4],
AP, €[0,4P,,]. Similar to Case 2, the two microgrids perform their duties, P;,=0.
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Case @ indicates that AP; is within the positive safety margin and 4P, exceeds the positive safety
limit, ie AP, €[0,4P,+], APy>AP,,. The microgrid 1 absorbs part of the excess power of the microgrid
2 under the premise of ensuring that the supply and demand power difference is within the safety
margin, Pi;=-min{(4P-4P5), (4P +-4P))}.

Case ® indicates that both AP, and AP, exceeded the safety margin range, and AP>APy,,
AP,<AP,.. The remaining power of the microgrid 1 can be input to the microgrid 2, and the
transmission power of the interconnected converter is the larger of the following two ways: the first
method is to ensure that the supply and demand power difference of the microgrid 1 and 2 is within
the safe range. Pj,=max {min{(4P-4P\+), (APr-AP,)} ,min{(4P,-AP,), (AP-4P,.)} }.

Case ©) indicates that 4P, exceeds the positive safety margin, and 4P, is within the negative safety
margin, ie AP\>APy., AP,E[4P,.,0] . In order to reduce the supply and demand power difference of
the microgrid 1 to a safe range, the microgrid 2 absorbs part of the remaining power of the microgrid 1
under the premise of ensuring that the supply and demand power difference is within the normal range,
at this time P12=min{( APl—APH), (AP2+-AP2)} .

Case (D indicates that AP, exceeds the positive safety margin range, and 4P, is within the positive
safety margin, ie AP;>4P,., AP, €[0,4P,+ ]. The microgrid 2 shares part of the remaining power of
the microgrid 1, P,=min{(4P-4P\.), (4P,+-AP,)}.

Case (8 indicates that both 4P, and 4P, exceed the positive safety margin range, that is, AP,>4P.,
APy>AP;.. The microgrids 1, 2 each take measures to maintain their supply and demand power
balance, and the interconnected converter does not transmit power between the two microgrid
networks, P,=0.
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Figure 2. Maximum power transfer curve of interconnected converter.

According to the supply and demand power difference of AC/DC hybrid microgrid in one year, the
annual maximum power transmission curve of the interconnected converter can be obtained by
comparing the above eight working conditions, as shown in Figure 2. P, is the capacity of the
interconnected converter, and P,4(t) is the interconnected converter transmission power at time t.

Constructor Tyy(t): When |P,u(t)|<Pade, let Toa(t)=1; when |P,g(t)|>Page, let Toq(t)=0. Then, in 8760

hours a year, |P,4(t)| The probability 4,4 not exceeding P4, can be expressed as
8760

tz‘i Tad (t)
=== 1
ad 8760 ( )
Similarly, if the system requires at least one year a,q hours of AC-DC hybrid microgrid power
transmission requirements, the capacity of the interconnect converter should meet:
P, = Py (4 =a,, /8760) 2)

inv. = " ade

2.2. Reliable power supply requirements for critical loads
When the output power of the microgrid is severely limited and the critical load is insufficient, the
power shortage can be input via the interconnected converter[14].

When the AC/DC hybrid microgrid is operating in an island: when the power supply of the
important load in the microgrid is insufficient, the backup power supply in the AC/DC hybrid
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microgrid is preferentially activated. The insufficient part is supplied by the interconnected microgrid,
and the interconnected converter capacity should be satisfied.
Py = max {(Ca I:)iloada - Prsa)! (Cd I:)iloadd - Prsd)}

inv — (3)

In the formula, ¢, and ¢, are the important load power shortage coefficients on the AC side and the
DC side, respectively; Pijoada and Pijoaaq are the important load capacities on the AC side and the DC
side, respectively; Py, P are the standby power supply capacities of the AC side and the DC side,

respectively.
3. Capacity configuration method

3.1. Minimum volume method

For some large-scale, high-reliability AC/DC hybrid microgrids, the total system investment is high,
the proportion of interconnected converter costs is small. The money to reduce the capacity savings of
interconnected converters is far less than the loss of power loss due to load. It is generally not allowed
to sacrifice the load power supply reliability in exchange for the cost reduction of the interconnect
converter[15-16].

3.1.1. Objective function. The capacity configuration of the interconnected converter in this scenario

generally only considers the principle of power exchange between the AC and DC microgrids and the

reliability requirements. The minimum capacity method is adopted, and the objective function is
f=minP,, 4)

3.1.2. Constraints. According to the capacity optimization configuration principle, A=100% and
Aad=100% are not included in the economics of the interconnect converter, and there is no upper limit
on the interconnected converter capacity. The constraints in the grid-connected mode and the island
mode are equations (5) and (6).

R,, > P,(4 =100%) -
I:)inv = C I:)iloadu - F)rsu
{Pinv 2 Pade (ﬂ’ad = 100%) (6)
Pinv = max{(ca Piloada - Prsa)’ (Cd Piloadd - Prsd)}

3.2. Minimum capacity method based on economic optimization

For some AC/DC hybrid microgrids with smaller scale and lower reliability requirements, the cost of
interconnected converters is relatively large, and interconnected converters configured with minimum
capacity method work in light load conditions, resulting in resources, Waste; at this time, the cost-
optimized minimum capacity method can be used to reduce the interconnected converter capacity by
sacrificing the reliability of the partial load (for example, limiting the time-phase load, etc.) [17-18].

3.2.1. Objective function. Under the premise of meeting the capacity allocation principle, consider the
comprehensive cost of economy and reliability, and establish an optimization objective function:
minC =min{C,, +C,+C_} @)

Where Ciyy, Cis, Ces represent interconnected converter cost, loss of power loss, and excess energy
loss, respectively.

The cost of interconnected converter includes investment cost, operation and maintenance cost,
replacement cost and residual value; the cost of power loss includes the loss of power loss and the cost
of power failure compensation caused by insufficient capacity of the interconnected converter [15];
the excess energy cost is represented by the interconnection Loss of power generation due to
insufficient converter capacity.

Cinv :Cini +Copr +Cm + Cr - Cf (8)
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Where Cini, Copr, Cn, Cr, Cr are the interconnected converter investment cost and the operating cost,
maintenance cost, and replacement cost of the whole life cycle n years respectively. And the residual
value after the end of life. C;, Cy, are the electricity price and unit load loss compensation cost. P (t),
P (t) are the power loss and excess energy of power at time t. Cis, Ceso are the inherent power loss
and inherent energy loss of the system.

ni kmv inv (11)
o i[smo [ ]n ]
i (12)
it
N 1+R, ]
csg{kr[m] P (14)
C Nkfu inv (15)

Where ki, km, ki, and kg, are unit investment cost, unit annual maintenance cost, unit replacement
cost, and unit residual value; #in, is the loss rate; Royr, Ry, R; are the annual change rates of operating
expenses, maintenance costs and replacement costs respectively; o is the discount rate; m and N are the
operating years and replacement quantities of interconnected converters respectively. Pyga(t), Pesa(t)
are the power loss and excess energy of the AC microgrid respectively; Pip(t), Pesp(t) are respectively
for the DC microgrid Loss of power and excess energy.

3.2.2. Constraints. At time t, the power loss and excess power of the AC-DC hybrid microgrid can be
obtained according to equations (16) to (19).

JCR N 19
0= 07 a”
o= (oo B0 09
o= o e 07 09

Where AP4. and AP+, APp. and APp. are the negative and positive safety limits of APa(t) and
APp(t), respectively; APaa (t), APpp (t) are the residual supply and demand power difference of the
AC-DC hybrid microgrid.

Since the system allows load power loss and micro power supply excess, the interconnect converter
only needs to meet the power exchange requirements for most of the year: A<100%, A,<100%, then the
grid-connected mode and island The constraints under the mode are Equation (20) and Equation (21),
respectively.
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P> P (4<100%)
v 2 €,Pigsas = P (20)
P.. < AP.(1 =100%)
P = P (Ay <100%)
Py = Max {(Ca Pioada — Prsa)s (CaPiioadd = Prsd)} 2n
P <P (4, =100%)

inv — " ade

nv

[\

3.3. Solution method

3.3.1. The minimum capacity method solving step. The minimum capacity can be found immediately
based on the objective function and constraints.

3.3.2. The solution step based on the cost-optimized minimum capacity method. (D Sampling to obtain
the annual supply and demand power difference data series of AC/DC hybrid microgrid, and obtain
the theoretically required interconnected converter power transmission data sequence; ) Calculate the
interconnected converter according to the converter unit price, electricity price and other parameters
Cost and loss of power loss and excess energy loss; Calculate the optimal capacity according to the
principle of minimum total cost.

4. Case analysis

4.1. Simulation study

This example takes the AC-DC hybrid microgrid project running on an island as an example to
simulate the optimal configuration capacity of the interconnected converter. According to the annual
supply and demand power deviation data of the AC and DC microgrids, the theoretical interconnected
converter power transmission data sequence is obtained, as shown in Figure 3.

80

interconnected converters/kw

Maximum transmission power of

-80 c ‘ c ‘ c ‘ c ‘
o] 1000 2000 3000 4000 5000 6000 7000 8000 9000

Hours /h

Figure 3. Power transfer data of interconnected converter.

Table 1. Base parameters of AC/DC hybrid microgrid.

Parameter Value Parameter Value Parameter Value Parameter  Value
Prac 300kW Prsa 32kW Kiny 5000yuan/kwW Ca 0.4
Prc 200kwW Prsa 36kW K 50yuan/kwW Cq 0.5

Piloada 80kwW n 20years K, 5500yuan/kwW Ropr 0.115
Piloadd 60kW m 10years Ky 500yuan/kwW Rm 0.12
R, 0.15 Ninv 0.07
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The basic parameter settings of the AC/DC hybrid microgrid are shown in Table 1. The reliable
transmission probability of power is set to 0.95, the discount rate is 10%, the electricity price is 0.7
yuan/kWh, and the unit load compensation cost is 1.2775 yuan/kWh [18].

4.2. Optimization results analysis

Using the data given in this example, the interconnected converter capacity is configured based on the
economical optimal minimum capacity method. The optimization result is: when the capacity value
ranges from [28.1, 64.8] kW, the optimal capacity of the interconnected converter is 28.1kW, the total
cost is a minimum of 846,000 yuan.

4.2.1. Influence of reliable transmission probability on optimization results. The optimal
configuration of the power reliable transmission probability A,,={0.90, 0.92, 0.94, 0.96, 0.98, 1.0} is
optimized, and the optimization results are shown in Figure 4 and Figure 5.

70 ~ 160 -
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E 40 + S 80 1 ECinv
& 30 | =] mCles
2 40 |
20 o C
@)
10 T T T T T T 1 0 -
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had wad
Figure 4. Capacity optimization for Figure 5. System cost contrast for different Aad.
different Aad.

It can be seen from Figure 4 and Figure 5 that when 4,4 is less than 0.92, the cost per unit capacity
is not much different from the loss reduced by power loss and excess energy, and the optimal capacity
is always 23.2 kW, and the total cost remains unchanged; When /.4 is greater than 0.92, the cost per
unit capacity is significantly greater than the loss due to power loss and excess energy, and the larger
Aag, the larger the optimal capacity increase and the total cost. Therefore, it is possible to appropriately
reduce the probability of reliable transmission of power within the allowable range of the system,
which can greatly reduce the optimal capacity and reduce investment. Capacity optimization for
different Aad

4.2.2. The effect of unit cost of interconnected converter on optimization results. As technology
advances, the price of converters may decline in the future. Let A,4=0.94, and configure the cost per
unit capacity interconnect converter to be 0.4 times, 0.6 times, 0.7 times, 0.8 times, and 0.9 times. The
optimization results are shown in Figure 6 and Figure 7.

It can be seen from Figure 6 and Figure 7 that as the unit cost of the interconnected converter
decreases, the larger the drop in the optimal capacity, the lower the total cost; And when the unit cost
of the interconnected converter decreases in a certain range, the optimal capacity remains basically
unchanged. It can be seen that reducing the unit cost will reduce the capacity of the optimized
configuration and save investment; on the contrary, increasing the unit cost is equivalent to increasing
the capacity of the interconnected converter, indirectly reducing the load loss and improving the
reliability of the load.



EEEP2018 I0P Publishing
IOP Conf. Series: Earth and Environmental Science 227 (2019) 032041  doi:10.1088/1755-1315/227/3/032041

28 - 00 -
27.5 a0 4
L 27 &
2 26.5 > 60 - _
= =1 mCinv
= 26 4 S 40 -
255 % mCles
25 8 20 C
24.5 . . . 0
0.5 0.6 0.7 0.8 0.9 1 0.5 0.6 0.7 0.8 0.9 1
Multiple of unit cost Multiple of unit cost
Figure 6. Capacity optimization for different Figure 7. System cost contrast for different
unit cost. unit cost.

4.2.3. Impact of load power supply reliability requirements on optimization results. According to the
requirements of power supply reliability, the other loads after the removal of the power-off load are
classified into Class III load and Class IV load. Since the load reliability requirement is positively
correlated with the loss of power loss, the unit load loss loss can be set according to the ratio of Class
IIT and IV loads in the AC/DC hybrid microgrid. Let A,4=0.94 be configured for (Class III load
capacity: Class IV load capacity)={(1:9), (2:8), (3:7), (4:5)} The optimization results are shown in
Table 2.
Table 2. Capacity optimization results for different unit compensation.

Load type Ulmt loegd C../ Crl c/ b
Class  Class pov"vsesr‘l’oss 10,000 10,000 10,000 "
I v yuan yuan yuan yuan
10%  90% 0.3286 61.0 14.8 75.8 25.7
20%  80% 1.2775 61.0 22.3 83.3 25.7
30%  70% 2.0137 62.4 26.6 89.0 26.3
40%  50% 2.8736 68.1 26.7 94.8 28.7

Analysis Table 2 shows that as the proportion of Class III load increases and the loss per unit load
increases, the optimal capacity increases, but the increment is not obvious, and the total cost also
increases. Therefore, the load power supply reliability requirements have less impact on the optimal
configuration results.

5. Conclusions

Interconnected converters are important equipment for connecting AC microgrids and DC microgrids.
According to the requirements of the system, this paper gives the principle of optimal capacity
allocation to meet the power transmission requirements between AC and DC hybrid microgrids and
meet the requirements of reliable power supply for important loads. Two capacity optimization
configuration methods are proposed: 1) the minimum capacity method to meet the annual power
transmission requirements, 2) the minimum capacity method that combines economic and reliability
costs. Finally, the effectiveness of the proposed principles and methods is verified by an example. It is
concluded that the power transmission reliability probability can be appropriately reduced within the
allowable range of the system, which can greatly reduce the optimal capacity of the interconnected
converter and reduce the investment. The cost will reduce the optimal capacity and save money; the
reliability of the load power supply will have less impact on the optimal configuration results.



EEEP2018 I0P Publishing

IOP Conf. Series: Earth and Environmental Science 227 (2019) 032041  doi:10.1088/1755-1315/227/3/032041

References

(1]
(2]
[3]
[4]
[5]
(6]
[7]
(8]
(9]
[10]
[11]
[12]

[13]

Feng L 2012 Study on Control Strategy of Grid Side Bi-Directional Converter in Microgrid
System With AC and DC bus D. Yanshan University

Tang L, Zeng C B, Miao H 2013 One novel control strategy of the AC/DC bi-directional power
converter in microgrid J. Power System Protection and Control 41(14) 13-18

Liu J 2014 Research on the Control Method of Interlink-converter in Hybrid Micogrid D.
Taiyuan university of technology

Liu J, Qin W P, Han X Q 2014 Control Method of Interlink-Converter in DC Microgrid J.
Power System Technology 38(2) 304-310

Zhu Y Q, Jia L H, Cai B Q, Wang Y H 2016 Overview on Topologies and Basic Control
Strategies for Hybrid AC/DC Microgrid. High Voltage Engineering 42(9) 2756-2767

CaiBQ,JiaLH, ZhuY Q, Wang Y S 2017 New architecture design for hybrid AC/DC micro-
grid J. Power System Protection and Control V45(2) 147-154

Gao Z, Yang J H, Ji Y 2015 Bidirectional Droop Control of AC/DC Hybrid Microgrid
Interlinking Converter J. Southern Power System Technology 05 82-87

Poh Chiang Loh, Ding L, Yi K C 2013 Autonomous Operation of Hybrid Microgrid With AC
and DC Subgrids J. I[EEE Transactions on Power Electronics V28(5) 2214-2223

Yang L, Hu S Q, Yang P 2013 Research on Guangdong Power Gird's capacity of renewable
energy integration [J] Power System Protection and Control 41(15) 110-115

Cai L X 2009 A Study on Distribution Network Planning with Distributed Generation D.
Shandong University

Zhao W H, Yu J L, Li S D 2016 Optimal configuration of standalone microgrid based on
SMCS-NSGAllalgorithm J. Power System Protection and Control 01 97-105

Shi Q J 2012 Research on optimal sizing and optimal energy management for microgrid D.
Zhejiang University

Liu S, Li Z L, Wang Y 2016 Optimal capacity allocation of energy storage in micro-grid with
distributed generation J. Power System Protection and Control 03 78-84

Wang J, Chen J B, Shu H C 2014 Microgrid capacity configuration optimization based on
reliability J. Electric Power Automation Equipment 04 120-127

Huang S, Li M H, Li D 2012 Economy and Reliability Cordinated 10kV Distribution
Transformer Capacity Planning J. Proceeding of the CSU-EPSA 06 134-137

Hu G Z, Duan S X, Cai T 2012 Sizing and Cost Analysis of Photovoltaic Generation System
Based on Vanadium Redox Battery J. Transactions of China Electrotechnical Society 05
260-267

Yang J H, Wang Z H, Chen Z H 1999 Loss-of-load probability for optimum sizing of stand-
alone photovoltaic system J. Acta energiae solaris sinica 01 94-100

Zhu Lan, Yan Zheng, Yang Xiu 2012 Optimal Configuration of Battery Capacity in Microgrid
Composed of Wind Power and Photovoltaic Generation With Energy Storage J. Power
System Technology 12 26-31



