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Analysis of the Frequency Characteristic of the Power Systems Highly Penetrated by
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ABSTRACT: With the rapid development of wind farms and
photovoltaic plants, the future power systems might experience
the decline of fundamental frequency characteristics due to the
severe reduction of power supply of thermal and hydropower
plants. In order to study such decline, the frequency model of
the power system highly penetrated by new energy was
proposed along with its transfer functions. And the steady state
errors (SSEs) of frequency due to frequency or power step
response were deployed in this paper. A thorough analysis was
performed on the stability and the SSEs of the highly
penetrated power system. The dynamic frequency response
characteristic (DFRC) of the highly penetrated power system
was defined and the upper limit of the proportion of new
energy generation was estimated. Assuming that the capacity of
frequency control provided by the new energy generation was
enough, the two schemes of frequency control of new energy
generation were introduced and compared, which make the
difference in the SSEs of the highly penetrated power system.
Finally, time domain digital simulations were performed to
verify the proposed conclusions and to reveal the trend of

frequency characteristics of future power systems.
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Fig. 1 Simplified and aggregated frequency model of

power system of synchronous generators
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penetrated by new energy generation S3 (K=10%)
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With the rapid development of wind farms and
photovoltaic plants, the future power systems might
experience the decline of fundamental frequency
characteristics due to the severe reduction of power
supply of thermal and hydropower plants. In order to
study such decline, the frequency model of the power
system highly penetrated by new energy is simplified
and aggregated, as shown in Fig. 1.

Turbine —APy

+
1+aTs AP,,, 3 AP, 1 Aw,
1+Ts + KMs+D

_ Rate of
Governor thermal/}(l)ydro Generator and
generation lo

Fig. 1 Simplified and aggregated frequency model of

power system highly penetrated by new energy generation

Two transfer functions about frequency response

are focused as follows:

G(s)=——
éwref (1)
G,(s)= AP,

One is due to the change of frequency reference, the
other is due to the change of power. The corresponding

steady state errors (SSEs) can be obtained as:

E, =limslG1(s) __RD_

0 g RD+K @
E ——limslG (s)—L
2oy 2 RDHK

When K decreases from 1 to 0, the astonishing
increase in both £, and E, indicates the alarming decline
of static frequency characteristics for a highly penetrated
power system.

The dynamic frequency response characteristic
(DFRC) of the highly penetrated power system is also

defined based on inverse Laplace transformation as:
pa A _ 1 RD+K
" -AE(t)) E,(1+0%) R(1+0%)

3

which extends the traditional frequency response
characteristic.

The dynamic frequency response is
1 S 0.1(pw)

P = E,(1+0%)  0.02(pu)

“)
Requires
K>5R(1+o-%—§)z5R(1+o-o%—§) ®)

which estimates the upper limit of the proportion of new
energy generation.

Assuming that the capacity of frequency control
provided by the new energy generation is enough, two
schemes of frequency control of new energy generation
are introduced and compared. The difference in the SSEs
showed that the scheme via frequency reference closed-
loop is better than the scheme via power closed-loop.

Finally time domain digital simulations are
performed to verify the proposed conclusions and to
reveal the trend of frequency characteristics of future
power systems. Fig. 2 shows that frequency control
provided by the new energy generation is more and more

important with decreasing thermal/hydro generation.
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Fig.2 Dynamic frequency response characteristics of
power systems highly penetrated by new energy generation with
different K



