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Frequency Response Characteristic (FRC) Curve and Fast
Frequency Response Assessment in High Renewable
Power Systems

Shutang You

Abstract— This letter introduces a frequency response
characteristic (FRC) curve and its application in high renewable
power systems. In addition, the letter presents a method for fast
frequency response assessment and frequency nadir prediction
without performing dynamic simulations using detailed models.
The proposed FRC curve and fast frequency response assessment
method are useful for operators to understand frequency response
performance of high renewable systems in real time.

Index Terms —Frequency response characteristic (FRC) curve,
frequency response, renewable generation, governor.

l. INTRODUCTION

Renewable generation is increasing in many power grids [1-6],
influencing both operation and planning [7-15]. Since the
increase of renewable penetration reduces system inertia and
governor response, power system frequency response has
become a major concern of high renewable power systems [16-
30]. The common approach to evaluate system steady-state
frequency response is a constant value g whose unit is
MW/0.1Hz [31-35]. This value is often used for frequency
response monitoring in wide-area measurement systems (which
have many other situational awareness applications [36-57]). It
is also referred to as Frequency Response Obligation (FRO).
This value gives a power system’s real power generation
increase per 0.1 Hz system frequency decrease. However, this
constant value cannot depict the non-linearity caused by
governor deadbands and generator headroom limits, as well as
various emerging frequency-responsive resources [58-60].
Consequently, operators can hardly evaluate the system
frequency response capability over a range of frequency
deviations.

This letter introduces a power system frequency response
characteristic (FRC) curve, as a more comprehensive metric for
evaluating the frequency response capability accurately and
procuring frequency response sources cost-effectively. In
addition, a simplified frequency response model is proposed for
fast prediction of frequency nadir, which supports the decision
of under-frequency remedy strategies.

II. FREQUENCY RESPONSE CHARACTERISTIC CURVE
AND FAST FREQUENCY RESPONSE ASSESSMENT
A. Frequency Response Characteristic (FRC) Curve

The proposed FRC curve is defined as the system steady-state
frequency response capability at different frequency deviation
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Fig. 2. System FRC curve updates

levels. It is an extension of the commonly used B value, which
can only represent a linear relation between system response
and  frequency  deviation.  Incorporating  non-linear
characteristics from both governor response and load damping,
the FRC curve can help operators easily perceive system
frequency response capability after different magnitudes of
contingencies and at various frequency deviation levels. The
FRC curve can be obtained based on data available in the
control centers, including the unit on/off statuses, parameters of
governors (such as deadbands, droop ratios, and headroom),
and the damping of loads.
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Fppe = Zizu,nXi " fi t /1 1)
where Fgpc is the system FRC curve. x; and f; are the on/off
status and each unit’s FRC curve, respectively. f; is the load
damping characteristic. The formulation of the system FRC
curve is summarized graphically in Fig. 1. Using the operation
plan of each unit, the FRC curve can also be conveniently
updated in real time and predicted in short term by
superimposing the frequency response characteristic of this unit
onto the original FRC curve:

Fepc = Frre + Yoy 2
where Fqp is the FRC curve for previous period; Af, is the
frequency response characteristic of newly-turned-on unit ¢.
Taking various profiles, Af; can represent any resource that
provides frequency response, including synthetic governors
from inverters of renewables and energy storage. Fig. 2 shows
an example of updating the system FRC curve after turning on
a governor-responsive unit with deadband and headroom.

B. Fast Frequency Response Assessment (Frequency
Nadir Prediction)

For power systems with obvious frequency nadir in frequency
response, such as the U.S. Electric Reliability Council of Texas
system (ERCOT) and Western Electricity Coordinating
Council (WECC) systems, fast prediction of frequency nadir is
very important for taking remedial measures to prevent under-
frequency load shedding during frequency transient periods. As
a transient attribute, frequency nadir prediction involves system
inertia and dynamics of governors and turbines. The block
diagram shown in Fig. 3 is proposed for fast assessment of
frequency response and prediction of the frequency nadir. In
this approach, the inertia H is estimated based on the current
operation plan (on/off status) submitted by each generator [61].
The aggregation of governors and turbine models is performed
based on clustering governor/turbine dynamic models and
associated parameters, which are largely determined by the
technology type and capacities of in-service generators. For
‘always-on’ units (continuously operating for more than 24

AP,

Load frequency
response model

1 AQ
2Hs + D

v

MVA-aggregated

governorand |
turbine model 1 for
‘always-on’ units

APy

MVA-aggregated

APyn governorand |
turbine model N for |-
‘always-on’ units
" "Governorand |
APyp; |

|
| turbine models for |
| shoulder/peak-load i
|

Fig. 3. Fast frequency response assessment (frequency nadir prediction)
diagram

d0i:10.20944/preprints202010.0516.v1

2

hours), the clustering and aggregation are performed off line,
while shoulder-load and peak-load units are modeled
individually for update convenience during operation.

Il CASE STUDIES

This case study is based on the detailed models of two
interconnections of the U.S.: the Eastern Interconnection
system (EI) and the ERCOT. For each system, a series of
models representing high renewable scenarios have been
developed [15]. The obtained FRC curves of El in different
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renewable penetration scenarios are shown in Fig. 4. In this
figure, the turn points of the FRC curves near 59.964 Hz (the
dash line) reflect the effects of governor deadbands on system
frequency response (0.036 Hz is the common deadband value
in the EI system). The green circles represent the El steady-state
frequency obtained using the full dynamic simulation and
applying different contingencies. These results show that FRC
curve can provide operators an accurate picture of system
frequency response capability adequacy at the full frequency
band.

With less inertia compared with the El, the ERCOT shows
an obvious nadir in frequency response, which is a focus point
of ERCOT operators. Fig. 5 is a comparison of the fast
frequency response assessment result and the detailed model
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result of ERCOT. It shows that the proposed model can
accurately predict the frequency nadir, alerting the potential
need for under-frequency remedial actions. In addition, as a
supplementary of the proposed FRC curve, which addresses
frequency response capacity adequacy, the proposed model can
help operators and planners evaluate the impact of deployment
time of frequency response resources, which is critical for low-
inertia systems.

V. CONCLUSIONS

This letter introduces a frequency response characteristic (FRC)
curve and its application in high renewable power systems. In
addition, the letter presents a method for fast frequency
response assessment and frequency nadir prediction without
performing dynamic simulations using detailed models. The
effectiveness of the proposed technology in predicting the
frequency nadir is verified in the ERCOT study system. The
proposed FRC curve and fast frequency response assessment
method are useful for operators to understand frequency
response performance of high renewable systems in real time.
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