On my web page https://egpreston.com/ERCOT_phasing_out_gas.pdf is a sophisticated Excel spreadsheet that has ERCOT 2021 hourly profiles for
demand, wind, and solar. Nuclear is treated as a fixed reliable capacity. All the nameplate capacities can be adjusted as well as storage energy.
Battery capacity is entered as a MWh value and the program automatically uses it in an optimal manner to take maximum advantage of all sources
except fossil fuels which are handled as peaking after the nuclear, wind, and solar are optimally dispatched with the battery storage. Gas is the
slack variable automatically added as a minimum needed to serve load. The phasing out of fossil generation is achieved by adding other resources
so both the fossil fuel capacity and energy go to zero. You will find it’s not easy to totally eliminate fossil fuels and be affordable.
https://egpreston.com/ERCOT22A.xlsx is the 2021 ERCOT historical profiles with the wind and solar resources added in 2022. The load is set to 78
GW peak and 67 GW peak winter. The winter load has an extra 100 hours of extreme cold weather during Uri. Wind icing is retained in the data
although gas is treated as reliable when we know it’s not completely reliable during a Uri event unless oil backup is assumed. Consider this base
case as an idealization for gas reliability and that wind cannot afford de-icing add on equipment. The cases below are decarbonizing scenarios.
https://egpreston.com/ERCOT22B.xlsx is a scaling up of wind and solar and storage capacities until the gas capacity and energy drops out. Its cost
is quite high. The next page gives a table of the results. This is not a feasible plan because there is too much wind and solar in the plan to be
supported by new transmission. The cost of the battery storage is also too costly. This case shows that a 100% wind and solar and battery plan is
not feasible unless there is considerable advancement in energy storage. A green hydrogen scenario case needs to be added to these cases.
https://egpreston.com/ERCOT22C.xlsx is an interesting application of Charles Forsberg’s nuclear and thermal energy storage concept.
http://xylenepower.com/Solar%20Paces%20Sept%202020%20Forsberg%20Final.pdf 25 GW of thermal only nuclear drives 61.2 GW of electric
generators deriving their power from 5,500 GWh of thermal storage. The plan is optimized for wind and solar with an energy cost of 11.3
cents/kWh. This is the lowest cost plan and is the only valid plan for getting completely off the reliance on fossil fuels while holding down costs and
making good use of renewables. Case ERCOT22C has no electrical batteries and no need for maintaining capacity in fossil fuels.
https://egpreston.com/ERCOT22D.xlsx is a Per Peterson concept called MK1 PB-FHR. https://fhr.nuc.berkeley.edu/pb-fhr-technology/ The high
temperature nuclear reactor drives twelve 100 MW electrical turbines as a 1200 MW nuclear generator. 20 of these could provide 24 GW of
nuclear power. The turbines have an interesting feature. Being rated at 243 MW each and running hot on nuclear power an additional boost of
140 MW could be had from each of the 100 MW turbines by injecting natural gas. This might allow very low gas capacity factors used only during
emergencies. However the ability of emergency gas to be provided with very low capacity factors might not be very reliable.
https://egpreston.com/ERCOT22E.xlsx is a balanced resource plan with 40 GW each of wind, solar, and nuclear and a 26.8 GW gas with capacity
factor of 2.63%. These resources minimize the amount of transmission and battery storage needed. The energy cost is a fairly low 11.7 cents/kWh.
In this simulation gas is not allowed to participate in charging up the battery which results in the need to have an additional 6.8 GW of gas capacity.
https://egpreston.com/ERCOT22.xlsx tab 404040 is the same case with gas capacity allowed to charge up the same 63 GWh battery. This allows
the battery to be cycled less frequently and a smaller 20 GW of gas capacity is needed. However, now the gas capacity factor is 6.33%. The energy
cost is 11.3 cents/kWh so there is a slight economic penalty for not allowing gas to be used to charge up the battery. More CO2 is emitted though.

File ERCOT22B.xlsx peak demand = 78 GW. Winter peak demand is 67 GW with Uri’s 4 extra days.
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File ERCOT22C.xlsx is a min energy cost plan using 25 GW nuclear, 30 GW wind, and 58 GW solar. Storm Uri is served in this design without gas.

This plan uses 5,500 GWh of thermal storage charged up by 25 GW of nuclear power not connected to the grid. There is no battery storage. Wind
and solar are optimized capacities of 30 and 58 GW respectively. There is very little curtailment of the resources. This is a fossil fuel free plan with
an energy cost of 11.3 cents per kWh. Case ERCOT22C has no electrical batteries and no need for maintaining capacity in fossil fuels.

File ERCOT22D.xlsx adds 24 GW nuclear using Per Peterson’s MK1 PB-FHR concept. Separate gas fired generators may not be needed.

There is only Per Peterson’s 24 GW of nuclear plant capacity with 37 GW of instant on gas boost capacity. There is no battery storage. Wind and
solar are held at the 2022 planned levels of investment. This nuclear plan is low in fossil fuel usage and has an energy cost of 9.2 cents/kWh.

https://egpreston.com/ERCOT22E.xlsx is a 40 GW each of wind, solar, and nuclear and a 26.8 GW gas with capacity factor of 2.63%.

In this simulation the 26.8 GW gas capacity is automatically added but not allowed to participate in charging up the battery. The next page shows
the same simulation with gas allowed to charge up the battery. This is a 40 40 40 nuclear, wind, and solar plan that has high capital costs in nuclear
and batteries as well as maintaining the cost of gas peaking capacity which is not used very often. Not allowing the battery to be charged up from
gas to reduce CO2 emissions carries an economic penalty. The simulation on the next page is the same case that allows gas to charge the batteries.

https://egpreston.com/ERCOT22.xlsx (tab 404040) is the same case with gas capacity allowed to charge up the same 63 GWh battery.

This allows the battery to be cycled less frequently and a smaller 20 GW of gas capacity is needed. However, now the gas capacity factor is 6.33%.
The energy cost is 11.3 cents/kWh so there is a slight economic penalty for not allowing gas to be used to charge up the battery. 2.5 times as much
CO2 is emitted when the gas capacity is allowed to charge the battery for mostly serving peak demands. The purpose of these cases ERCOT22 and
ERCOT22E is to show the differences in more (22) or less (22E) allowing gas to participate in the hourly dispatch. Note that in these two plans the
addition of new base load nuclear keeps the cost of adding batteries to a minimum. However in doing so, the expansion of wind and solar becomes
limited. Case ERCOT22C overcomes this problem by using nuclear energy in a peaking mode. Case 22C has no electrical batteries and no need for
maintaining capacity in fossil fuels.

