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Abstract This paper takes the multi-energy microgrid, an important part of the grid regulation capability, as the
entry point, and designs the energy input model and the energy interaction model successively based on the
storage mode of the multi-energy microgrid supply. The two models are used to analyze the energy conversion and
input-output relationship between energy sources, and to establish a multi-energy microgrid power regulation
model. Subsequently, the inertia change rate index is proposed to analyze and extract the time-varying
characteristics of the inertia of the new energy grid system as a method to judge the trend of the inertia level
change of the grid system. At the same time, considering that the grid system needs to consume the adjustable
resource participation capacity to deal with internal operation problems, the evaluation method of external
participation capacity is built by partitioning the grid into networks. Combining the above, an assessment method of
the supply and demand risk adjustment capacity of the provincial grid system with high proportion of new energy is
formed. The method is used to analyze the regulating ability of energy storage units in the grid system, and further
proposes four indicators for assessing the potential regulating ability of the grid system: outputable power (Eout),
inputable power (Ein), maximum abandoned power (Eg), and maximum load shedding power (EL). Based on the
four assessment indexes, the assessment method in this paper calculates the difference between the theoretically
calculated value of the outputable power (Eout) and the inputable power (Ein) and the simulation results are less
than or equal to 0.00 as a negative value in simulation experiments, which verifies that the theoretical value is that
the microgrid can be ensured to provide or absorb power to the outside world in the next cycle.

Index Terms supply and demand risk regulation, microgrid power regulation model, inertia time-varying
characteristics, new energy grid system

. Introduction

With China's development plan and a series of preferential incentives for the continuous implementation of policies
to strengthen the construction of wind power and photovoltaic power generation projects, while guaranteeing the
mechanism of power delivery and consumption, and improving the competitiveness of the market, to promote the
wind power and photovoltaic power generation projects have entered a new stage of high-quality development
[1]-[4]. Currently, China's installed capacity of wind power and photovoltaic power generation accounts for about
more than 20% of the total power supply capacity, and new energy has become the second largest power source in
China [5], [6]. The rapid development of new energy represented by wind power and photovoltaic continues to form
a high proportion of new energy power systems within China, and the proportion of new energy power generation
capacity in the power system is increasing, and its impact on the safe, reliable and stable operation of the power
system is becoming more and more significant [7]-[10].

With the interconnection of the grid scale and the diversification of power loads, the problem of grid operation
security and stability is becoming more and more prominent, and the large-scale access of new energy sources
such as wind and light has further aggravated the strong uncertainty of grid operation security and has brought a
great test to the safe, stable and reliable operation of the power grid [11]-[14]. In the context of a high proportion of
new energy, the supply and demand risk regulation of the provincial power grid faces a number of challenges [15].
The first is the volatility of electricity demand [16]. With the development of social economy and the improvement of
people's living standard, the demand for electricity is growing, and the change of demand has uncertainty [17], [18].
Secondly, it is the instability of new energy [19]. With the promotion and application of clean energy, the access to
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new energy sources such as wind and solar energy has grown exponentially [20]. However, the instability of these
new energy sources brings challenges to the scheduling and supply-demand balance of the power system [21],
[22]. Again, it is the security of the power system [23]. The security of power system operation is the basis of power
supply and demand balance, and any unexpected events will bring unpredictable risks to the power system [24],
[25]. Based on this, it is of major significance to assess the supply and demand risk adjustment ability of provincial
power grids with high proportion of new energy sources to take effective measures to promote the balance of
power supply and demand.

This paper firstly explains the construction method and operation principle of the energy input model and energy
interaction model to form a multi-energy microgrid power regulation model. Secondly, it analyzes the calculation
process of inertia rate of change index, analyzes and extracts the time-varying characteristics of inertia of new
energy grid system, and then identifies the trend of inertia level of the grid system. In the form of network
partitioning, we also propose a method for assessing the external net participation capacity, so as to solve the loss
of the participation capacity of adjustable resources in the grid system due to the handling of internal operation
problems. Preliminarily, the assessment method of the grid system's supply and demand risk adjustment capacity
is formed. The key indexes of adjustable load regulation capability are examined and the power load trend is
analyzed to verify the effectiveness of the assessment method, taking the cross-provincial power grid system in
Southwest China as an experimental object. Finally, by analyzing the regulation capability of microgrid energy
storage units, the theoretical calculation of potential regulation capability during the scheduling period and
simulation operation simulation are carried out to further propose the assessment indexes of potential regulation
capability of the power grid system.

Il. Assessment of the ability of the grid system to regulate supply and demand risks
Il. A.Multi-energy microgrid power regulation modeling

Il. A.1) Energy input modeling

(1) Superior grid model

The power supply of the multi-energy microgrid is mainly divided into two parts: internal supply by gas turbines,
fuel cells and distributed power sources. The external supply of power is supplemented by the purchase and sale
of power from the grid to ensure a stable supply of power. Although the distributed power generation in the
microgrid also exists in the fluctuation of power, but multi-energy by virtue of its own multi-energy coupling, the
microgrid can meet its own needs at the same time, the energy surplus for the grid to provide regulation. Especially
when the power fluctuation of renewable energy in the power grid, so that the regulating unit needs to constantly
adjust the unit power. In order to respond to the demand for regulation, the multi-energy microgrid absorbs and
discharges energy by increasing or decreasing the output of each unit. Therefore, the multi-energy microgrid
connects the microgrid to the grid through the purchase and sale of electricity, and responds to the grid regulation
demand through the combination of units between the energy conversion device and the power supply unit in the
microgrid.

Multi-energy microgrid has a strong energy regulation capability by virtue of multi-energy conversion and storage,
which can assist the higher-level grid in power supply and consumption while ensuring the balance of power supply
and demand in the microgrid. When there is a power shortage in the higher-level grid, the multi-energy microgrid
can purchase and sell power from the higher-level grid to assist the stable operation of the grid. However, the
purchased and sold power is related to the size of the microgrid's own regulation capacity and the power of the
contact line. Therefore, the interaction power of the two should be within the limits of its own regulation range and
contact line power. They are shown in equations ()-(@):

T T
Z(be,in-i_PDtP):Z(Pb{,uut +LtE) (1)
t=1 t=1
T T
0 S Zplzf,out S ZPI:{,uut,max (2)
t=1 t=1
PEt,out _IDEtTolut S E;A[ (3)

where P, is the purchased power, P, is the outgoing power, p:  the distributed power output, and /. is

t

the load power. p!

E ,out ,max
power, respectively.
(2) Natural gas network model

is the upper limit of transmission capacity and E! is the creepage parameter of electric
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As an important source of gas energy for microgrid, natural gas is mainly supplied to gas turbines, which are
cleaner and more efficient than traditional thermal power units. The gas turbine not only serves as a power supply
unit, but also recycles heat energy through the waste heat device. The supply of gas to the microgrid comes from
the external gas grid, which is connected to the pipeline to purchase energy. The gas balance constraint of the
multi-energy microgrid should not exceed the upper limit value of the gas power supplied by the contact pipeline
when purchasing gas, as shown in equation (4).

0 S PCtv',in S PGt,in,max (4)

where P, is the purchased gas power external to the multi-energy microgrid at time ¢, and P! is the

G,in,max

maximum value of the supplied gas power of the gas network at time ¢.

Il. A.2) Energy interaction models

The energy interaction hub can be abstracted as an input-output port model: for any multi-energy microgrid, it can
be abstracted into the form of raw input energy, which is eventually transformed into output energy. The Energy
Interaction Hub is illustrated in Figure 1\ and contains three main types of devices: energy transmission devices,
such as electricity, natural gas and heat networks. Energy conversion devices, that is, a form of energy into another
form of energy devices, such as gas - electricity, electricity - heat and electricity - gas and other equipment. Energy
storage devices, such as heat storage, gas storage and other devices.

L,

Original P L2 converted
input Energy Hub 3 output
energy : energy

Ly

Figure 1: Energy interaction hub

Assuming m energy sources at the input and » energy sources at the output, the energy coupling model can
be described by the mathematical model of equation (5):

Ll h Gt Gy P1
L, |G €t Gy P, (5)
Ln cnl an o cnm Pm

The energy coupling model is established according to the energy interaction hub as Eq. (5), and this matrix
form is adopted to represent the multi-energy microgrid.

The energy storage and hydrogen energy conversion vectors are taken into account in Eq. (L‘S), and the model is
improved by introducing modifications to obtain Eq. (\6). For the multi-energy microgrid steady state study, without
considering the losses on the line, there is a power limitation on the raw input energy as shown in Eq. (7):

L+S=CP+4 (6)

Pt < p < p (7)

where (¢ is the energy conversion matrix between multiple energy sources. p is the original input vector. j is
the load vector in the microgrid. § is the energy storage vector. 4 is the energy supply vector. For microgrids,
the introduction of correction quantities allows for a clearer representation of the form of energy conversion. First,
the following microgrid input-output vectors and energy storage-supply vectors are introduced as Egs. (8)-(11):

DP>* Gas

P=[AP,+P,. P, ] (8)

L=[Ly, Ly, Ly L] 9)
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s=[0,5,,5,,0]" (10)
A=[PF00,P0 T (11)

where p,, is the distributed generation equipment output in the microgrid, and Ap, is the difference between the
input and output electric power of the microgrid. p, is the input gas power. [, L., L, and L. denote the
electric, thermal, hydrogen and gas loads in the microgrid, respectively. §, is the heat storage device. S, is the
gas storage device. Pff is the power supplied by the fuel cell, and pY is the power supplied by the

methanization unit.
~ The coupling matrix ¢ for the energy transformation of the multi-energy microgrid is expressed as in equation
(12):

klo-l kzglﬂlﬂfT
_ kyon” kO B’ (1 2)
(ksoo, + kg, ) oy 0
0 k.0,

where o denotes the distribution of distributed power sources and purchased and sold electricity in the microgrid.
Where o, o, and o, are the proportion of electric energy allocated to electric loads, electric boilers, and

electric-to-hydrogen units, respectively. g denotes the gas allocation in the microgrid. Where ¢, ¢, are the
allocation ratios of gas turbine and gas load, respectively. B denotes the allocation of gas turbine energy supply.
B, B, denote the proportion of gas for power and heat supply. " is the efficiency of gas turbine power supply.
n”, n are the efficiency of electric boiler and waste heat boiler for heat supply. 7> is the electric hydrogen
production efficiency, and «,, », are the electric energy allocation coefficients between hydrogen load and
hydrogen storage equipment. k —k, are 0-1 decision parameters for individual microgrid types.

The power balance relationship for the hydrogen power conversion as well as the methanization unit is given in
equation (13):

PEFC k8a177: ¢

0 0

o 17l o (7] (13)
F GZ& k9a277§4

where 5" is the fuel cell power supply efficiency. ;7;4 is the hydrogen methanation efficiency. o« denotes the
allocation of hydrogen energy in the hydrogen storage device, «,, «, are the allocation ratio in the fuel cell and
methanization device, respectively. PHA; is the hydrogen discharge power of the hydrogen storage device.

In the electric energy interaction between the multi-energy microgrid and the grid, Ap, in Eq. (@) is expressed
as the difference between the input and output electric power of the microgrid, which can be used as an important

embodiment of the microgrid to provide regulation for the grid, and AP, can be expressed as Eq. (14):

AP, =P,, P,

E,out

(14)

is the outgoing electric power. When AP, <0 means that the

Lin

where P, is the purchased electric power. P,

Eout

microgrid sells power to fill the power deficit. When AP, >0, it means that the microgrid purchases power to
consume the excess power.

Il. B.Extraction of time-varying features of system inertia

In a power grid with a high proportion of new energy, the inertia level of the system has time-varying characteristics
due to the stochastic and fluctuating nature of the new energy output, the new energy penetration rate in each time
period, and the power generation and start-stop state of the synchronous generators, which are generally different.
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In order to extract the time-varying characteristics of system inertia more comprehensively, this paper not only
adopts the total rotational kinetic energy of the operating units to characterize the inertia level of the system in
different time periods, but also proposes the rate of change of inertia index (RoCol), which is used to analyze the
impact of the actual scale of new energy access on the total inertia of the system in different time periods. The
calculation formula for the rate of change of inertia is equation (15)):

RoCoI :W (15)

pen

where, R is the inertia change rate. R, is the new energy penetration rate, which can be obtained from

Col

equation (16):

iPWj Xy
R = = (16)

pen n

m
D o X+ By xy
i=1 =

where p. and P, denote the active power from synchronous generator ; and new energy unit ;

respectively.

The inertia rate of change can be used to reveal the inertia deficit of the system, so as to prevent the system
from falling into the ultra-low inertia operation state and lacking the ability to cope with large-capacity power
disturbances. If the value of R . is much less than O during the gradual increase of the proportion of new energy

grid connection, it indicates that the system inertia level may decline rapidly. If the value of R . is greater than

the acceptable value, it can be considered that after the new energy unit is connected to the grid, the system inertia
level will only have a small decrease, and the adaptability of the new energy unit access is good. It is worth noting
that, in the case that the new energy penetration rate remains unchanged in the adjacent time period, while the
total rotational kinetic energy of the system increases or decreases slightly, the inertia rate-of-change-time curve
will have a singularity, and at this time, the time-varying characteristics of the system inertia can be extracted and
screened by combining with the total rotational kinetic energy of system operating units, so as to judge the trend of
the change of the system inertia level.

Il. C.Methodology for assessing the external participation capacity of network partitions
Considering adjustable resource variability, geographic location, voltage level, etc., different network partitions will
be formed within the NUPG (internal partitioned/gridded networks, distribution networks, micro-networks with
larger capacity, etc.).The NUPG can issue scheduling commands to each network partition when needed, i.e.,
scheduling will be performed on the basis of the whole of the network partition as a unit. Each network partition is
aggregated according to the response characteristics of the internal aggregation unit to obtain the excitation
response characteristics of the network partition.

Taking partition j as an example, let there be m EBL aggregation units and » CACL aggregation units

inside it, and the excitation-response extreme points of each aggregation unit are (;/;’1,}1‘1"“)’ (7;1’P’“ax) and

em

cn

()/j',,,P.’““) . Based on the excitation response characteristics and extreme points of each aggregated cell, they are

aggregated to obtain the excitation response-characteristic curve AP = fk(yf) of partition j as shown in

Equation (17). The network partition f is based on the task Ap’ issued by NUPG, and based on this
excitation-response characteristic curve Ap*» = f, () , the excitation is given to the different internal aggregation
units »¢ , y¢ and ¢ and the sum of the incentives is the total partition incentive 7:;» @s shown in equation
(18). Each aggregation unit according to the issued incentive, based on the response characteristic curve to
motivate the internal resources to participate in the response to complete their respective tasks Ap’, Ap’ and

kem

AP’ , and ultimately complete the total task Ap’, as shown in equation (@).

)
cn
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L3 ()t o (v )4+ L (v ) o <7
Py £ (7)ot £ (7 ) 4o+ S (7)o P <7 < 0
AVAE : (17)
PI™ ek P e PI 4 £ (1), PO, < 70 < 7

cn—1

ernax+“.+Pmax+PCr1nax+'_.+Pmax }/t’ >7/:n

em en

}/;5:}/Zel+.”+}/lfgm+”.+7/:cn (18)
(19)

When NUPG gives a task AP’ toa network partition £, it needs to grasp the partition's parametric capacity

AP’ = AP’ ++--+AP. +---+ AP

kel kem ken

AP?» . Therefore, in this section, based on the aggregated unit parametric capability assessment method, we

propose a multi-timescale net parametric capability assessment method for network partitions that can be
externally provided based on the aggregation characteristics of the grid.

In general, each NUPG network partition first dispatches internal resources to solve its own internal problems,
and then has spare capacity to support the external main network operation. At this time, some of the internal
participation capacity has been consumed, and the capacity that can be provided externally to participate in the
main network scheduling is reduced. Therefore, for the scheduling needs of network partitions and higher-level
grids (NUPG and external main grid), this section mainly evaluates the net participation capacity that can be
provided externally after the network partition has consumed part of its own participation capacity internally.
However, when systematic problems occur in the main network: the internal resources of NUPG need to prioritize
the support of external main network dispatching, and hand over the dispatching authority to the external main
network for a short period of time, so as to assist the external main network in solving the systematic and global
problems, and to ensure the stable operation of the system as a whole. At this time, NUPG can provide the external
dispatching capacity without considering the internal consumption of all adjustable dispatching capacity.

First, an assessment method of online net parametric capacity that can be provided externally by the network
partition is proposed as follows: taking into account the internal consumption of parametric capacity AP (t,At)

and AP (t,Ar) in the network partiton and based on the aggregation unit's online parametric capacity

assessment method to evaluate the external net parametric capacity of NUPG network partitions, as shown in
equation (20). This method provides NUPG with network partitioned net parameterization capabilities that can be
efficiently scheduled to enhance the effectiveness of NUPG scheduling.

AP (t,At) = ZAP” (t,At)+ ZAP/P (t,At)— AP (¢, At)
- - (20)
AP (t,At) = i AP (t,At) + Z AP (1, Af) — AR (1, Ar)
i=1 J=1
Eq:
AP (t,At) - the externally available, on-line adjustable upward capacity (kW) of network partition .
AP (t,At) - the externally available, online down-adjustable capacity (kW) of network partition .
AP“?(t,At) - online upward adjustable capacity (kW) of EBL aggregation unit ;.
AP (t,At) - online downward adjustable capacity (kW) of EBL aggregation unit ;.
AP (t,Ar) - the online up-adjustable capacity (kW) of CACL aggregation unit ;.
AP (1,Ar) - online down-adjustable capacity of CACL aggregation unit j (kW).
m - number of EBL aggregation units in partition .
n - number of CACL aggregation units within partition .
AP (t,At) - the up-regulation capacity (kW) consumed by partition f to process internal tasks at moment ;.
AP (t,At) - the down-regulation capacity (kW) consumed by partition f processing internal tasks at moment
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The proposed method for assessing the sustained net parametric capacity that can be externally provided by the
network partition is as follows: considering the up-regulation capacity p: (s, ir) and the down-regulation capacity

P (t,Aty consumed by the network partition £ itself, the method for assessing the sustained parametric
capacity of the aggregation unit is as follows: assessing the NUPG network partitions can externally provide the
sustained net parametric regulation capacity, as shown in Egs. (21) and (@), to provide support for NUPG online
imbalance scheduling.
R (6,20) = P (6,2 + P (6,4) = B (2, 41) 21)
P (t,At) = PY (t,At) + P¥ (t, At)— B " (t, At)

{}"t: o (BY (1,41)) (22)
at= " (BS (t, A1)
Eq:
P (t,Ar) - the upward capacity (kW) of the network partition ; that can be available outside the partition for a
continuous j; duration at time ; after processing internal tasks.
PY(t, A1) - The network partition j can provide continuous ;; hours of downward capacity (kW) outside the
partition at time ; after processing internal tasks.
(P (t,At)) - Function of sustained upward capacity that network partition 4 can provide externally.
(P (t,At)) - the sustained down-regulation capacity function externally available to network partition .

Then, the intraday net parametric capacity assessment method that can be externally provided by the network
partition is proposed in the following steps: consider the up-regulation capacity AP (nT,At) and the

down-regulation capacity AP (nT,Ar) consumed by the network partition itself based on the aggregation of

the unit intraday participation capacity assessment method to assess the net intraday participation capacity that
can be externally provided by the NUPG network partition, as shown in Equation (ﬁ), which can provide support
for NUPG in intraday imbalance scheduling.

APZ?(nT,At) =Y AP (nT,At)+ Y AP (nT,At)
i=1 j=1
~APF (nT, At)

(23)
AP (nT,At) =Y AP“"(nT,At)+ Y AP“" (nT , At)

i=1 Jj=1

~AP" (nT,At)

Eq:
AP (nT,At) -the upward capacity (kW) that network partition 4 can provide externally during the day.

AP (nT,At) -the downward capacity (kW) that network partition f can externally provide during the day.
AP (nT,At) - Intraday up-regulation capacity (kW) available to EBL aggregation unit ;.

AP“"(nT,At) - Intraday downward capacity of EBL aggregation unit ; (kW).

AP (nT,At) - Intraday upward capacity (kW) of CACL aggregation unit ;.

AP (nT,Ar) - Intraday downward capacity of CACL aggregation unit ; (kW).

APF" (nT,At) - Intraday up-regulation capacity (kW) consumed by partition j for processing internal tasks.
AP (nT,At) - the intraday downward capacity (kW) of partition ; to handle internal task consumption.

Finally, a day-ahead net parameterization capacity assessment method that can be provided externally by the
network partition is proposed in the following steps: considering the upward parameterization capacity AP (1)

and the downward parameterization capacity Ap:*(¢) reserved for processing internal tasks, the day-ahead

parameterization capacity assessment method based on the aggregation unit evaluates the NUPG network
partition's day-ahead net external parameterization capability, as shown in Eq. (@), which can improve the quality
of NUPG day-ahead operation plan development.
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AR (1) = i AF (1) + Z AP (8) = AP (1)
1';1 j:l (24)

AR (1) = Y AR (1) + 3 AP (1) = AR (1)

i=1 j=1

Eq:
AP (t) -the day-ahead externally available uprating capacity (kW) that network partition j can provide.

AP’ (t) -the day-ahead down-adjustable capacity (kW) that network partition  can externally provide.

AP (t) - the day-ahead up-adjustable capacity (kW) of EBL aggregation unit ;.

AP (¢) - the day-ahead downward adjustable capacity (kW) of EBL aggregation unit ;.

AP (1) - the day-ahead up-adjustable capacity (kW) of CACL aggregation unit ;.

AP (1) -the day-ahead down-adjustable capacity (kW) of CACL aggregation unit ;.

AP (t) -the day-ahead up-adjustable capacity (kW) of network partition ; reserved to handle internal tasks.
AP:"(¢) - network partition  reserved to handle internal tasks with day-ahead downward capacity (kW).

lll. Application and optimization of supply and demand risk adjustment capacity
assessment methods
lll. A. Application analysis
lll. A. 1) Validation of key indicators of adjustable load regulation capability
From November 31 to December 5, 2021, the Southwest Branch of China Power Grid conducted a total of six
upper and lower power regulation control tests on an electric vehicle charging station in a certain city across
provinces. Now, Charging Station 1(EVCSI) and Charging Station 2(EVCS2) are selected to evaluate four
indicators: control deviation rate, control delay duration, control delay rate, and control success rate. The power
change curves of EVCS1 and EVCS2 participating in six grid regulation tests are shown in Figures 2 and
respectively. In the process of EVCS1 participating in power grid regulation, the time points of 13:00:35, 13:01:45,
13:02:55, 13:04:05, 13:05:15 and 13:06:25 correspond respectively to: Down-regulation test 1 instruction issued,
up-regulation test 1 instruction issued, down-regulation test 2 instruction issued, up-regulation test 2 instruction
issued, down-regulation test 3 instruction issued, up-regulation test 3 instruction issued. In the process of EVCS2
participating in power grid regulation, the time points of 13:00:00, 13:01:10, 13:02:20, 13:03:30, 13:04:40 and
13:05:50 correspond respectively to: Down-regulation test 1 instruction issued, up-regulation test 1 instruction
issued, down-regulation test 2 instruction issued, up-regulation test 2 instruction issued, down-regulation test 3
instruction issued, up-regulation test 3 instruction issued.
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Figure 2: Power curve of regulation control test for EVCS1(13:00)
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Figure 3: Power curve of regulation control test for EVCS2(13:00)

When the power up-regulation test, there is an obvious slow climbing phenomenon, the response time is longer,
between 35~95s. Charging station 1 upregulation time is obviously shorter than charging station 2, the root cause
is the rate of climb and the initial capacity of the battery is related to the battery, the lower the battery capacity is the
faster the upregulation speed, charging station 1 than charging station 2 battery initial capacity is low, indicating
that the 2 charging station regulating response capacity are equipped to participate in the peak shifting and
frequency regulation market.

lll. A.2) Trend analysis of electricity load
Extracting the local March-July electricity load data of the object of analysis in the previous section, 1 day is divided
into 24 time points, and the extracted load data is shown in Fig. 4.
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Figure 4: Local power load data from March to July

As can be seen from the figure, the electrical load in the region is maintained between 60-100 kW in the
March-July time period and there are distinctive features of the forecast curve. It is mainly reflected in the following
aspects:

(1) Periodicity: the electric load curve in this region not only exists in daily periodicity, but also in a period of time.
First of all the cyclical fluctuation within the day mainly exists in the change of electricity consumption during the
day and at night. During the daytime, people usually need more supply of electricity to fulfill their work requirements
and living needs. At night, people's demand for electricity then decreases, and this cyclical fluctuation comes from
the transformation of people's life style, work style, and production activities within a day.

(2) Non-linearity: as can be seen from the figure, the load curve of the power system shows a complex non-linear
relationship. This may be due on the one hand to the operating characteristics of certain power equipment is itself
non-linear, the power consumption of these power equipment and the size of the load between the state of
operation is not just a simple linear relationship.

(3) Fluctuation (randomness): From the figure, it can be clearly seen that there is a certain degree of
randomness in the load curve, and unexpected events (such as natural disasters, equipment failures) or
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abnormalities (such as power outages, insufficient power supply, etc.) will lead to fluctuations in the load curve of
the power system.

lll. B. Optimization of microgrid potential regulation capacity assessment
III. B. 1) Analysis of the regulation capacity of energy storage units B
The curve R () of the power output from the energy storage unit is shown in Fig. 5.

In the next cycle, the total amount of power that needs to be absorbed (charged) by the energy storage unit is the
risk reserve power E, i.e., the area on the straight line: y=0 in Fig. H S1. The total amount of power that needs

to be output (discharged) by the energy storage unit is the risk deficit power £, i.e., the area on the straight line:

y=0 in Fig.|5, S2.
If the energy storage unit outputs power of AE in the next cycle, it is equivalent to the system reserve capacity

R increases Afp/T, i-e., the risk reserve R (pB) curve is shifted upward p—Afg/7 . Obviously, the risky
reserve power £, =S, of the regulated microgrid increases, and the risky deficit power £, =~ =5, decreases.
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Figure 5: The output power curve of the energy storage unit

The risk back-up curve R () for power absorption by the energy storage unit is shown in Figure @
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Figure 6: The risk-reserve curve for energy storage units to absorb electrical energy

If the energy storage unit absorbs power in the next cycle as Afg, it is equivalent to the system reserve capacity
R decreases by AE /T, i.e., the risk-standby R  (p) curve is shifted downward p° - AE, /T Obviously, the

risky reserve power E, = of the microgrid decreases and the risky deficit power E, = increases after regulation.

As long as the microgrid has sufficient storable power (space) and stored power at the moment of ¢, by

controlling the amount of charging/discharging of the energy storage units in real time, the overall amount of risky

power that can be automatically smoothed out during the dispatch cycle is min{E,,;.E .} - If E.,,>E, . the
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remaining power needs to be deposited into the energy storage unit, so that the amount of power stored at the
moment of ;47 increases. If £, <FE, . insufficient power is the power that needs to be output by the energy

storage unit in that cycle, making the power storage at the ;.7 moment decrease. Therefore, the imbalance risk
power is as in equation (25):

Assessment method of supply and demand risk adjustment capacity of provincial power grid with high proportion of new energy

AE=E (25)

RaR —

E

LaR

Its positive and negative should be made as the boundary line of state space division.

Secondly, in the next dispatch period 7, the energy storage situation and the remaining storage space of the
energy storage unit also directly affect the regulation capability. When AE >, it means that there is a surplus of
power generation during the dispatch period, so whether the energy storage unit can absorb the excess risk
reserve power should be the primary issue. On the other hand, when AE <0, it means that there is insufficient
power generation during the dispatch period, and the primary question is whether the stored power can meet the
load demand during the dispatch period. So the adequacy of the stored power and the storage space should also
be the boundary line of state division.

lll. B. 2) Simulation experiments

The theoretical calculation and simulated operation simulation results of the potential regulation capacity of this
microgrid during the dispatch period are shown in Table 1, where V1: theoretical value, V2: simulated value, V3:
difference = theoretical value - simulated value. The evaluation indexes of the microgrid's external source/carrier
regulation capability are: outputable power (Eout), inputable power (Ein), and the internal operation evaluation
power: maximum abandoned power (Eg), maximum load shedding power (EL).

Table 1: The calculation and simulation results of the regulation capacity assessment

Eout Ein Eg EL

No V1 V2 V3 V1 V2 V3 V1 V2 V3 V1 V2 V3
1 27.6 27.6 0 17.6 17.6 0 0 0 0 0 0 0
2 11 11 0 31.2 34.2 -3 0 0 0 3 0 3
3 36.7 44.7 -8 0.4 1.9 -1.5 8.2 1.6 6.6 0 0 0
4 20.7 28.4 -7.7 16.4 16.8 -0.4 7.8 0 7.8 0.5 0 0.5
5 38.4 47.8 -9.4 0 0 0 121 271 -15 0 0 0
6 441 45.5 -1.4 0 0 0 1.8 0.5 1.3 0.9 0 0.9
7 18.8 18.8 0 26.4 26.4 0 0 0 0 0 0 0
8 38 42.5 -4.5 2.7 2.8 -0.1 4.5 0.2 4.3 0 0 0
9 0.2 2.5 -2.3 32.2 45 -12.8 0 0 0 12.9 2.5 10.4
10 17 18.1 -1.1 23 27 -4 1.2 0 1.2 4.1 0 4.1
11 0 0 0 30.2 45.6 -15.4 0 0 0 4 0.6 3.4
12 0 0 0 36.7 45.1 -8.4 2.5 0 2.5 8.6 0.2 8.4

The difference between the theoretically calculated values and simulation results of the microgrid's assessment
indicators of external source/load regulation capability of exportable power (Eout) and importable power (Ein) is not
significant and both are less than or equal to 0.00 as a negative value, verifying that the theoretical value is that the
microgrid can ensure the provision or absorption of power externally in the next cycle.

The difference between the theoretical calculated value and the simulation result of the evaluation indexes of
internal operation, the maximum energy-generating capacity (Eg) and the maximum load-shedding capacity (EL),
is positive, which verifies that the theoretical value can indicate whether the microgrid has energy-generating or
load-shedding phenomenon in the next cycle and how the most serious situation is.

In practical application, if the microgrid is in grid-connected state, the two evaluation indexes of its external
regulation capability can be used as the most basic output or input capability of the microgrid when the higher-level
dispatching department conducts the peak shaving and valley filling scheduling. The inevitable realization of peak
shaving and valley filling during the dispatch period can be guaranteed. Similarly, in the islanding state, the two
assessment indicators of the internal operation of the microgrid can be used as the microgrid operation scheduling
to make the worst preparation for the operation state in the next scheduling cycle to ensure the normal and reliable
operation of the microgrid.
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Fr
IV. Conclusion

In this paper, a multi-energy microgrid power regulation model is proposed to characterize the energy conversion
and input-output relationship between energy sources in the grid system. At the same time, an inertia change rate
index is designed to obtain the spatial and temporal distribution characteristics of the inertia of the grid system and
to identify the time-varying characteristics of the grid system. By calculating the multi-dimensional spatial and
temporal trends of the grid system and combining with the assessment method of the network partition's external
participation capacity, the assessment of the supply and demand risk adjustment capacity of provincial grids with a
high proportion of new energy is realized.

The designed assessment method defines four indicators for the assessment of potential regulation capability of
microgrids in the simulation experiment of microgrid potential regulation capability assessment from the
perspectives of both external source/load regulation capability and internal operation: outputable power (Eout),
inputable power (Ein), maximum energy-generating capacity (Eg), and maximum load-shedding capacity (EL).
Among them, the difference between the theoretical and simulated values of the external source/load regulation
assessment indexes (Eout, Ein) is less than or equal to 0.00, which verifies that the theoretical value is that the
microgrid can ensure that power can be provided or absorbed externally in the next cycle. The difference between
the theoretical and simulated values of the internal operation assessment metrics (Eg, EL) is greater than or equal
to 0.00, which verifies that the theoretical values can indicate whether or not energy abandonment or load
shedding occurs in the microgrid in the next cycle and what the worst case scenario is.
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