IMMC 2020 Greater China Problem C (Winter) (English &4 %)
Grid Frequency Response

"Earth Hour" is expressing concerns for the planetary sustainability and climate change, but
it has worried the professional organizations of power and electricity transmission. The
European Network of Transmission System Operators for Electricity (ENTSO-E), which
represents Transmission System Operators (TSOs) across 34 European countries, once
called for "Earth Hour" organizers and participants not to switch off and on the lights at
exactly the same moment; instead, switching off/on progressively at stages to reduce the
threats to the power grid security caused by large fluctuations of electricity consumption,
avoiding to plump the entire Europe into blackout for good that may even be triggered
(ENTSO-E, 2010; 2011). However, some people think that the fluctuation of electricity
consumption caused by “Earth Hour” is trivial and not worthy of a concern (Chai Zhidao,
2019).

The above example is relevant to an important prerequisite for the safe operation of power
systems, maintaining stability of grid frequency. When the total power used by the
grid-connected electric equipment exceeds the output power of the generators, such as at
the moment when a city's street lights are turned on, the frequency will decrease;
otherwise, the frequency will increase. Therefore, the frequency of the power system
always fluctuates around the rated frequency. Synchronous generators such as coal-fired
generators and gas-fired generators have inertia and are an important pillar to stabilize the
grid frequency against large-scale fluctuations. When the power grid frequency fluctuates
widely, it is likely that some generator units will automatically withdraw from operation,
and some electric equipment will also be operating abnormally. Wind power, photovoltaic
and other non-synchronous power sources do not have inertia; when the proportion of
such power sources increases, the frequency inertia and stability of the power system will
decrease, the risk of large-scale frequency fluctuations increases, and the possible
large-scale power failure may result. Such kind of a large blackout occurred in the UK on
August 9, 2019 (PSD, 2019).

Against the background of a substantial increase in the proportion of wind power and
photovoltaic power generation, the use of electric loads to respond to the frequency
fluctuation of the power grid has become an effective and economical means for
maintaining the stability of the grid frequency. For example, when the frequency of the
power grid drops to a certain level, some non-critical loads actively reduce the power
consumption, which has the same effect as the power system increases the power
generation. The main equipment participating in the frequency response can be selected
from air conditioners, water heaters, and electric vehicle charging facilities among other
loads. In the load-involved response to frequency change, the distributed control method is
that each electric equipment actively monitors the frequency of the power grid and
responds proactively when the frequency deviation reaches a certain level.



This challenge considers only the case of grid frequency lower than the rated value. We can
see that in the means of distributed control, the parameters that need to be decided are:
the threshold value of frequency deviation, and the period of monitoring cycle of the grid
frequency by the electric equipment. The objectives concerned in the frequency response
are: user experience (e.g. too frequently involved into the response may reduce the
satisfaction of electricity consumption.), and the frequency adjustment effect. Try to build
mathematical models and make preliminary computation and test.

1) Assuming that the frequency deviation of the power system is normally distributed
within = 0.1 Hz, try to establish a function correlating the user experience, the
threshold of the frequency deviation, and the period of monitoring the grid
frequency by the electric equipment.

2) Assuming that each time the electric equipment participates in the response, it
automatically closes a period of operational cycle. In the next cycle it continues to
monitor the frequency of the grid. If the deviation continues to exceed the
threshold value, it continues to shut down for another cycle, and it resumes
operation until the frequency fluctuation is below the threshold value. Try to
establish a function relationship between the frequency adjustment effect, the
threshold value, and the cycle period of the electric equipment’s monitoring grid
frequency.

3) Based on the above mathematical models and your computation, give your
suggested parameter settings.

4) Based on your modeling solution, what policy implications would you like to
propose for engaging consumers’ electric loads into the grid frequency response?

Submission

Your solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and
references should appear at the end of the paper and do not count towards the 21 pages
limit.

Glossary

Grid frequency: As physics tells, the power system uses alternating current, and the
voltage and current are described by a sine function. Grid frequency is the number of
cycles of voltage and current per second, which is determined by the rotation speed of the
synchronous generator. Under steady-state conditions, the generators run synchronously,
and the frequency of the entire power grid is the same. The frequency is an operating
parameter that is consistent within the entire system. The frequency of power grids around
the world is mostly 50Hz, and in some countries or regions, 60Hz, that is, the alternating
current changes 50 times or 60 times per second.

Load: The sum of the electric power consumed by the consumer's electric equipment



from the power system at a certain moment is called the load.

Frequency response: Once the frequency of the power grid deviates from the rated value,
the power grid unit will make corresponding changes to limit the frequency change of the
power grid and maintain a stable frequency for the power grid through a process of
automatic control.

Frequency deviation threshold: The minimum frequency deviation of the electric load to
be engaged in the frequency response. Only when the frequency deviation exceeds the
threshold value, the electric load starts to participate in the frequency response.

Period of monitoring grid frequency: The period of monitoring the grid frequency with the
electric equipment, that is, how often the grid frequency is monitored.

User experience: The impact of electric load engaging in the frequency response upon the
user's feeling and comfort. For example, the engagement of the thermal load such as air
conditioning into frequency response may result in temperature changes.

Frequency adjustment effect: In frequency response, two indicators, the maximum
frequency deviation and the cumulative time of the frequency deviation exceeding the
threshold, are the most important.
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