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Increased electricity demand and stability concerns for existing grids have led researchers to seek
for power generation systems that can relieve the pressure from the existing grid while also
satisfying environmental concerns. The smart grid is considered to be a new strategy to achieve
this goal [1]. While there is not a universal definition for smart grids, it usually includes data
collectors, data displayers, information-based controllers, and technologies that can produce and
store electricity or reduce the demand [2]. More specifically, smart grids consist of advanced
metering infrastructures [3], advanced electricity pricing [4], demand response [5], distribution
automation [2], microgrids [6], and distributed storage systems [7]. These technologies stabilize
power grids and enable them to accommodate more renewable power sources [2]. Smart grid
technologies attract more attention when CO2 emission regulations become stricter because CO2
removal systems consume a significant fraction of the power plant output. While management of
consumer demand is often considered in smart grid studies, this strategy may be applied once or
twice a year for a few hours where there is peak electricity demand [8]. Supplier load management
applies the same idea and has the potential to be used throughout the year, especially when the
continuous operation of CO2 removal systems is considered. This strategy can therefore deliver

more power to the grid during peak hours and stabilize it without overriding consumer choice.

Cryogenic Carbon Capture ™ (CCC) is an example of a CO2 removal system that stabilizes the
grid by storing available excess energy and using it during peak hours [9]. This process primarily
includes fast-responding equipment such that it can follow the high fluctuations of the intermittent
renewable power sources. This energy storage incorporates renewable sources into the grid by
storing them when they are available [10]. Therefore, the excess energy can originate either from

baseline power production or from renewable power sources. In this process, the electricity



required to run the CO2 removal plant during peak hours is supplied from the stored energy during
off-peak hours. The stored energy can also be used in meeting the residential demand. Therefore,
the energy storage capability of the CCC process will not only relieve excess stress on the grid
during peak hours but also relieves the pressure from it by delivering the stored power to the grid.
The importance of such multi-functional plants significantly increases when the restrictive
regulations for CO2 emissions become effective. Thus, technologies such as CCC require detailed

attention.

In the CCC process, CO: is removed from the flue gas by desublimation. To provide the cooling
for the desublimation process, two refrigerants are used in the CCC process. Most of the energy
consumption of the CCC process is attributed to the compression cycles. However, this process
has the potential to produce excess refrigerants when electricity demand is low or when excess
energy is available and store them in grid-scale insulated vessels. Liquefied Natural Gas (LNG) is
the refrigerant used in this study to run the CCC process in energy storage/recovery modes. The
storage/recovery modes of the second refrigeration cycle is not considered. LNG is produced in
excess during low electricity requirement and stored in the tank. Then, during peak hours, stored
LNG is taken from the tank to run the CCC process. Running the CCC process with stored LNG
means that refrigeration compressors are run at the minimum load which saves compressor power
demand. After going through the CCC process, LNG becomes a vapor as a result of removing heat
from the flue gas. The excess natural gas produced inside the plant during peak hours is partially
combusted in a gas turbine to provide electricity for both the CCC process and residential
consumers. The rest of the natural gas can be either exported to the pipeline to avoid processing it
during peak hours, further saving electricity for the grid, or can be recirculated to the LNG

production plant to supply a fraction of the LNG for the CCC process. Therefore, the storage



capability of the CCC process helps stabilize the grid during peak hours by providing excess power

and reducing the parasitic loss of the CO2 removal system.

In this case, dynamic optimization and integration of the CCC process with fossil-fueled power
plants and wind power plants is considered. The coal-fired power plant has a 900 MW capacity
while the power output from the gas turbine is 480 MW. The wind power comes from ten stations
in California and reaches a maximum of 300 MW. Dynamic optimization results show that the
assumed grid-scale energy storage tank manages the electricity load of the CCC process such that
approximately 80 MW excess power for about 12 hours of the day is available for the grid during
peak hours. In addition, approximately 570 MW power is also produced from the natural gas
produced inside the plant (gas turbine and combined cycle), again for about 12 hours. The
operational profit obtained from the system increases by 122% compared to the same system
without energy storage. The excess revenue obtained from the storage tank is enough to pay for

the cost of construction of the CCC plant [11].
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