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Abstract. The development of wind power and other new energy sources has a great impact on the stability
of power system frequency. By analyzing the characteristics of the primary frequency control(PFC)
assessment standard of the power grid, one real-time monitoring method of the unit’s PFC capability of the
power grid based on data analysis is proposed. The Power network dispatching department can fully grasps
the overall frequency regulation capability of the operating units. It can improve the grid’s response methods

to deal with high power gaps and ensure the safe and stable operation of the grid.

1 Introduction

Since the 21st century, with the exhaustion of coal, oil etc.
fossil energy and the increasing demand for environmental
protection, clean and pollution-free renewable energy has
attracted close attention of experts and scholars at home
and abroad. With the continuous vigorous development of
China’s wind power industry, the penetration rate of wind
power in some provinces continues to increase, and wind
power has a serious impact on the safety and stability of
the power system due to its volatility and intermittent
nature. At present, most domestic wind turbines are
variable-speed wind turbines. The speed of such
generators is decoupled from the system frequency[1-3].
The wind turbines cannot provide conventional inertial
response for the power system, which will cause the
frequency of the power system including wind power to
decrease under the same disturbance and has a serious
impact on power system frequency regulation.

At present, the frequency regulation means of power
grid mainly include primary frequency control(PFC),
secondary frequency regulation and tertiary frequency
regulation. All kinds of regulation means cooperate to
ensure the frequency stability of power system on different
time scales. As the first line of defense of frequency
adjustment, PFC undertakes the important task of rapidly
supplementing or absorbing active power to restrain the
large frequency changes of the power grid[4,5]. The stable
frequency of the power system in China is required to be
50+0.2Hz. China mainly relies on thermal power units for
frequency modulation compensation. The PFC function is
an inherent function of thermal power units. It mainly uses
boiler’s heat storage. In the event of an abnormality in the
grid, it quickly responds to the requirements of the grid to
make up for the grid load gap and stabilize the grid
frequency. The PFC responds quickly to system frequency
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changes. According to IEEE statistics, the integrated
primary regulation characteristic time constant of the
power system is generally about 10 seconds. Since the
chemical energy in the combustion system has not
changed, as the heat storage decreases, the generator
power will return to its original level. At present, the
digital electro-hydraulic control system(DEH) of thermal
power units has been widely used, so that the PFC function
of the generator set is no longer an inherent adjustment
feature of the speed control system, but can be artificially
changed and switched on. The PFC will cause frequent
fluctuations in the speed regulation system and the thermal
system, but power plants pay attention to the stable
operation of the generator unit and are unwilling to
participate in the primary frequency regulation[6-8].
Therefore, the power plant cuts off the PFC function of the
unit. The adjustment function results in that the primary
frequency modulation capability of the entire power
system is always at a very low level, and will cause
incorrect actions of the low-frequency load shedding
device, and endanger the safe and stable operation of the
power system. Therefore, an accurate and real-time
evaluation of the primary frequency modulation capability
of the generator unit in the power system can effectively
increase the quality of the safe and stable operation of the
power system.

2 PFC Performance Assessment

PFC is related to the safety of the power grid, and it is
necessary to evaluate and evaluate its operation.

In the existing frequency supervision system, it is
mainly realized by the grid dispatching department's
policy to regulate PFC performance.

There are two types of PFC evaluation methods for
thermal units. The first type of method is mainly to
calculate the characteristic parameters related to the grid-
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connected PFC performance based on the output
characteristics of the generator, including the governor's

differential coefficient, PFC dead zone and delay time, etc..

The second type of method mainly evaluates the PFC of
the unit by calculating the commissioning rate, the correct
action rate and combining the power contribution[9,10]. It
combine the electricity price to calculate the unit penalty
coefficient, and use the penalty coefficient to reward and

punish the unit with different PFC performance conditions.

The evaluation is based on the output curve of the unit and
the frequency of the power grid. At present, the second
method is commonly used in actual operation.

2.1. PFC commissioning rate assessment

Grid-connected generating units must put in the PFC
function. When the grid frequency fluctuates, they should
automatically participate in the PFC function. Grid-
connected power plants must not arbitrarily withdraw
from the PFC function of the unit. The monthly
commissioning rate of PFC should reach 100%.

A =monthly commissioning rate of PFC

monthly commissioning time of PFC %x100%

- monthly grid-connected operation time

The assessment electric quantity according to the
monthly commissioning rate of PFC is
(1-2)x Py x10 X 0t

Where, p, is the unit rated power. ap,. is PFC

assessment coefficient, the value is usually 3.

2.2 PFC correct action rate assessment

When one unit is connected to the grid, during an integral
period when the grid frequency crosses the dead zone of
the unit's PFC, if the unit's PFC function contribution is

positive, then the statistics is that the unit has a correct
operation for PFC, otherwise, it is an incorrect operation.
The calculation formula for the monthly correct action rate
is

2

action

= monthly correct action rate
)x100%

correct correct + wrong

In the formula, f is the number of correct actions

correct

per month. £

wrong is the number of incorrect actions per
month.

The correct action rate of PFC is evaluated by the unit.
For one unit with a monthly correct operation rate of less
than 80% , the monthly assessment of power is

(80%-1, X Py X2 X0 pe
Where, p, is the unit rated power. ¢,. is PFC

action )
assessment coefficient, the value is usually 3.

2.3 Electricity contribution index

As shown in Fig.1, curve 1 is the frequency value, curve 2
is the ideal action amplitude of PFC, and curve 3 is the

practical action amplitude. The actual electricity
contribution and the ideal electricity contribution can be
obtained from curve 2 and curve 3. The electricity
contribution index should exceed a certain ratio square to
meet the grid assessment requirements.
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Where, Q, 1is actual electricity contribution. B, is

the unit’s actual output when the frequency variation
exceeds the dead zone. P(¢)is the unit’s actual output

during PFC operation period. Af is the frequency

deviation between the actual frequency and PFC dead
zone.

Fig. 1. Schematic diagram of PFC performance assessment for
thermal units
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Where, Q,, ., 1s ideal electricity contribution. P, is the

unit rated power. £, is the unit rated frequency 50Hz. &

is the speed governing droop, the value is 4%-6%.

Q% — QActual Xloo%

Ideal
The electricity contribution index Q% refers to the

percentage of the unit’s actual electricity contribution to
the ideal electricity when the frequency change exceeds
the limit of the PFC dead zone.

3 Existing Problems and Optimization

3.1 Existing Problems

At present, because the PFC capability of grid-connected
units cannot be effectively predicted and monitored, when
large-scale load fluctuations occur in the grid, such as
external DC blocking, which causes large power losses,
the grid dispatching department can only rely on power
gaps to quickly cut off the corresponding line load. This
method is likely to cause secondary accidents such as
power outages of important loads and large-scale residents
power outages, resulting in greater social impact. It is not
only detrimental to normal production and operation, but
also detrimental to the safety and stability of the power
grid. At the same time, with the development of the
internet of energy, the number of units participating in
frequency modulation is relatively reduced in the
developed southeast regions where the proportion of
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external power is gradually increasing, which will place
higher requirements on the PFC capabilities of the units
on the network.

3.2 Optimization and Improvement

In response to the above problems, one real-time
monitoring method and system for the PFC capability of
the power grid based on data analysis is proposed to
evaluate the PFC capability of the unit in real time, and
then fully grasp the overall PFC capability of the operating
unit.

3.2.1 Real-time monitoring method

The real-time monitoring method for the PFC capability
of the power grid specifically includes the following steps:

* Step 1, the summary statistics of the PFC capability
of the grid-connected frequency modulation unit in each
load interval.

* Step 2, analyze and judge the operating status of the
grid-connected frequency modulation unit. If the unit is
running, analyze the load interval where its current load is
located, and give the PFC space value corresponding to
the current load interval. If it is not running, set the PFC
space value corresponding to all load intervals of the unit
to 0.

Step 3, the real-time PFC space statistics of the overall
grid. Add the PFC space values given by all units in the
regional power grid at the current moment to obtain the
overall PFC space of the current grid.

In step 1, for the grid-connected frequency modulation
units in the regional power grid, according to the installed
capacity of the unit, 50%-100%Py is divided into 5 load
ranges, which are carried out separately according to the
national grid’s guide of primary frequency control test and
performance acceptance for thermal power generating
units. In the disturbance test, the upper and lower limits of
PFC in a different load interval are respectively calculated.

3.2.2 Real-time monitoring system

The real-time monitoring system for the PFC capability of
the power grid is shown in the Fig. 2.
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Fig. 2. Real-time monitoring system

The input signals of the comparator module CMP are

the unit’s real-time load value and the set percentage of the
unit’s rated power respectively, that is, when the unit’s
real-time load is considered to be greater than the set
percentage of the unit’s rated power, it is the unit operating
state. The second input terminals of the first selector
module AXSEL1 and the second selector module
AXSEL2 are both set to zero. The first function setting
module Fiu(x) is used to generate the upper limit value
function of the primary frequency modulation of the unit
in different load intervals based on the statistics of the
disturbance test, that is, the maximum increase capacity of
the primary frequency modulation of the unit. The second
function setting module F;.(x) is used to generate the
lower limit value function of the primary frequency
modulation of the unit in different load intervals, which is
the maximum reduction capacity of the primary frequency
modulation of the unit based on the statistics of the
disturbance test.

The signal collector module sends the collected real-
time load value of the unit PLC1 to the function setting
module Fu(x), the comparator module CMP, the function
setting module Fi.(x), and the function setting module
Fiu(x) and F1.(x), respectively, obtain the upper and lower
limits of real-time PFC of the unit at this time.

The real-time load value of the unit is compared with
30%Py in the comparator module CMP. If the unit is in the
running state, the real-time load must be greater than
30%Pn. At this time, the comparator module CMP outputs
the switch value Signal 1, this signal is respectively
connected to the setting terminal S of the selector modules
AXSEL1 and AXSEL2, and their respective outputs are
respectively switched to the Z1 terminal, that is, the unit’s
real-time PFC upper limit and lower limit A Py and
lower Limit APIL. If the unit is in the stop state, the real-
time load must be less than 30%Py. At this time, the
comparator module CMP outputs the switch signal 0,
which is connected to the selector modules AXSEL1 and
AXSEL2’s terminal S, switch their respective outputs to
terminal Z2, that is, set the upper limit and lower limit of
the unit’s real-time PFC to constant 0.

3.2.3 Application

According to the China State Grid’s criterion Q/GDW
669-Guide of primary frequency compensation test for
thermal power generating units, when the Py is less than
250MW, the max frequency compensation load is 10%Px.
‘When Py is more than 250MW and less than 350MW, the
max frequency compensation load is 8%Pn. When PO is
more than 350MW and less than 500MW, the max
frequency compensation load is 7%Pn. When Py is more
than 500MW, the max frequency compensation load is
6%Pn.

Taking one 300MW thermal power unit in north China
as an example, the minimum theoretical upper limit of
PFC is 8%*300MW=24MW, and the lower limit is -
24MW. However, in actual operation, due to the stable
combustion demand of the low-load section and the
insufficient main steam pressure in the high-load section,
the actual PFC capability cannot reach the theoretical
upper and lower limits.
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Table 1. Actual upper and lower limit of frequency modulation

Load Power Actuz.ll ['Jpper Actui}l I'lower
Limits Limits
50%P~ 150 22 -21
60%P~ 180 23 -23
70%PN 210 24 -24
80%Pn 240 24 -24
90%Pn 270 235 -23
100%Pn~ 300 24 -24

The actual PFC upper and lower limit value are shown
in Fig. 3.
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Fig. 3. Limit value function of unit PFC

According to the standard, after the actual lower limit
of the PFC of each unit is obtained through the
conventional disturbance test, and the cumulative sum is
calculated according to its operating status, the real-time
PFC space of the power grid can be obtained, as shown in
Fig.4. Line 1 is the theoretical upper limit, line 2 is the
actual limit, line 3 is the real-time load value, line 4 is the
actual lower limit, line 5 is the theoretical lower limit.

B! oo 2 Boomy oo e A oo Bomse Mool )
N/ \/ ¢ / ~/ '\:;/k v \\ / N A \‘v’/

§00 8:30 9:00

Fig. 4. Real-time PFC space of the power grid

4 Conclusion

The PFC in the control area is related to the safety of the
power network, but the existing frequency management
standards can not conduct good supervision and
evaluation of the PFC. Therefore, it is necessary to
formulate the corresponding control evaluation standard
for the PFC process, so as to standardize the technical

specification of all levels of power production
departments. Aiming at the problem that the frequency
modulation capability of grid-connected operating units
cannot be dynamically monitored, the disturbance test
realizes the summary analysis of the PFC capacity in each
load interval of the unit, which can effectively monitor the
PFC status of each grid-connected frequency modulation
unit and realize effective supervision management.
Through the analysis and judgment of the PFC capability
of a single unit through grid dispatching, we can fully
grasp the overall frequency regulation capacity of the units
in operation, and carry out targeted line removal of the
corresponding range, to provide guarantee for the safe and
stable operation of the grid, and to ensure the majority of
users safe and effective operation of electrical equipment.
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