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Overview

We have analyzed the potential for decarbonizing the electric grid in the State of
Georgia, using a new modeling tool that allows an hour-by-hour analysis of grid behavior.
This model reveals important features of the grid not disclosed by existing models. Using
data from the Georgia Power Company, including its current Capacity Expansion Plan, we
have identified alternative plans that could reduce or eliminate greenhouse gas
emissions and prepare the state for further decarbonization of its economy. The new
model provides extensive quantitative information on source capacity requirements and
costs, as well as details of the operation of each energy source.

Our findings emphasize the need for large firm dispatchable emission-free
resources - energy sources that are always available and able to support whatever
additional electric load is present on the grid. Due to the expected electrification of
transportation and the heating of buildings, such a reliable, dispatchable resource must
operate not just as occasional backup, but as the backbone of the system for most of the
year. Without such a resource, the state will have a grid that is unreliable and subject to
repeated rolling blackouts, or that continues to emit large quantities of greenhouse
gases. Among existing technologies, only nuclear power will be able to meet this need at
the scale required. The alternate plans we present will meet the need for reliable and
affordable emission-free power while avoiding a vast expensive, environmentally
destructive expansion of solar, wind, and battery storage.
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This report is available at https://bit.ly/41RxEys.
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Capacity
Capacity| Output Factor %

Energy Source (Mw) | (GWh/yr) (%) Load
Existing Nuclear 2,978 25,061 596.1% 24.9%
MNew Nuclear 6,430 51,097 90.7% 50.8%
Hydro 1,985 3,181 18.3% 3.2%
Rooftop Solar 1,500 2,288 17.4% 2.3%
Utility Solar 3,631 5,820 18.3% 5.8%
Flex Nuclear 9,000 13,102 16.6% 13.0%
Load 100,549 100.0%
* Battery charging included in solar and wind generation.

Curtailment 2,851 2.8%

Total Generation Cost (5/MWh) & 92.87
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Introduction: The challenge of electrification

Electricity accounts for 24.3% of Georgia’'s consumption of energy, but that share is
growing. In 2022, 60% of that electricity was generated by the burning of fossil fuels. In
the coming years, this will change as Georgia, along with the rest of the nation and the
world, gradually shifts to energy sources that don’t emit greenhouse gases, especially
carbon dioxide and methane. Already, the Georgia Power company has started up Units
3 and 4 at the Vogtle Plant, nuclear-powered generators each capable of generating 9%
of the state’s electric power. This report suggests that there should be more to come in

future years.

To address the issue of climate change, the burning of fossil fuels has to be curbed
and eventually eliminated, not only in generating electricity but in transportation and the
heating of homes and factories. We know how to generate “clean”, that is, emission-free
electricity using solar, wind, and nuclear power. It is generally agreed, then, that we
should move toward electrifying everything with electric vehicles, electric heat pumps,
etc. First, though, we have to move toward emission-free electricity. This report focuses
on that starting point, the electric grid, while recognizing that it is not the only, not even

the largest, use of fossil fuels in our modern society.

In this report we will utilize data from the Georgia Power Company, which provides
65% of the state’s electric power and 80% of its grid-based power' The following Sankey
energy flow diagram, Figure 1 (the newest available), shows overall energy use in Georgia
in 2014. Electricity has continued to be a major consumer of fossil fuels, but other sectors
pose major challenges as well, and these will have to be faced if we are to curb the

emission of greenhouse gases and contain climate change.

' According to the EIA, total electric production in Georgia in 2022 was 129 TWh. Of this, 105 TWh was
produced by electric utilities, of which 84 TWh was produced by Georgia Power. Another 23 TWh was
produced by independent power producers (IPP).
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Figure 1
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As this figure shows, coal has been a major source of power in Georgia. Its use
continues today, but it is declining and will be eliminated, in accordance with Georgia
Power’s plans, within the next ten years. However, natural gas (methane, a fossil fuel)
continues to be a major component of the state’s electric generating system, and Georgia
Power plans to add to it in the coming years as the electric load increases. In this report,

we examine alternatives to this continuance of the burning of fossil fuels.

Georgia Power’s plan for its future electric grid

The State of Georgia has no plan, at present, for fully decarbonizing either its
electric grid or, beyond that, the state’s overall energy use. However, the Georgia Power
Company (GPC) does plan to reduce its carbon footprint over the coming decades. (It
does not have a plan to achieve a zero-emission grid, though its parent company, the

Southern Company, does.)
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Georgia Power's plans are laid out in their 2022 and 2023 Update Integrated

Resource Plans. These IRPs provide their projections of electrical demand through 2043

and their planned additions to generation capacity to meet this demand. We focus on
Georgia Power’s base case, which they refer to as a “moderate gas, zero-dollar carbon”
(MGO) scenario. Additional gas-powered plants as well as solar facilities are described,
along with a small addition of nuclear facilities. Overall, they project 22% growth in
demand by 2043. They plan on this being met by a 44% increase in generating capacity,

including a 46% increase in fossil fuel capacity.

We use in this report the planning information which Georgia Power has released
to the public. Much detail is treated as proprietary and is redacted in the publicly
available documents. Further, Georgia Power has not provided to the public the
underlying modeling that would explain their plans for capacity growth or enable the
examination of potential alternatives. We fill this critical information gap by applying a
new computer model to analyze the implications of this plan for the future of Georgia’s

electric grid.
An hour-by-hour simulation of Georgia’s future electric grid

We have used a model that performs an hour-by-hour analysis of projected
electric demand to show how the sources assumed in Georgia Power’s scenario will
behave, hour by hour, when serving the demand they project. Electric demand in 2043 is
drawn from Georgia Power's projections. These incorporate Georgia Power’s estimates of
added demand from electric vehicles and the electrification of buildings. We do not

attempt to model unspecified import and export of energy in the Georgia Power grid.

The shape of hourly demand over the year is based on Georgia Power’s records for
2019, prior to the disruptions caused by the Covid pandemic. While the installed

capacities of in-state generation sources are taken from Georgia Power’s planned

Our grid simulator is an adaptation of the model retirements and expansions, their

energy production and resulting capacity factors are dynamically calculated by our
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simulator. We assume nuclear power plant licenses are extended beyond their current
expiration dates into the 2040s, and existing or planned power purchase agreements are

extended.

To account for the weather’s influence, the hourly solar and wind output is
computed using hourly solar and wind data for 2022 from the National Solar Radiation

Database of the National Renewable Energy Laboratory.

The model we use was developed for New England by Reiner Kuhr and Ahmad
Nofal, experienced energy engineers and leaders of the Center for Academic
Collaboration Initiatives (CACI).2 The CACI approach uses spreadsheet software to
calculate, for each hour of the year, how the available energy sources, including battery
storage and any dispatchable resources, will be used to meet the projected electric load. 3
The batteries are assumed to be charged by the solar and wind facilities, since those are
emission-free sources whose use for this purpose does not add any cost to the system.
(By contract, of course, if the gas-fired or nuclear-powered generators were used to
charge the batteries, they would add cost as well as emissions if gas were used.) When
the non-dispatchable sources - hydro* baseload (always-on) nuclear, solar, and wind -
are able to meet the load, any excess power is used to charge the batteries. If they are

unable to meet the demand, batteries are called upon to fill the gap.

The model calls upon a dispatchable resource — either gas or nuclear, whichever
is available — to meet the remaining load. (Appendix A explains the working of the CACI
model in more detail.) In our modeling, to quantify the characteristics of a dispatchable

emission-free resource — frequently referred to as a DEFR — we use the parameters of

2 https://www.dropbox.com/scl/fi/2qf8z46u511jfx81vyvx9/Technical-Economic-Limits-for-Renewable-Power-Integration-in-New-
England-Full-Report.pdf?rikey=dzkcvvehuritk12tgomzbbizw&st=161s99ed&dI=0

3 A dispatchable resource is one that is always available and can supply whatever additional electric output
is needed at any point in time. Gas turbines, as well as battery and thermal storage can be used in a
dispatchable mode.

4Though hydro is used today to respond to some of the variation in system demand, for simplicity in using
this model, it is treated as a non-dispatchable fixed resource in our work here.
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the Natrium, a small modular nuclear reactor (SMR) currently being developed by
TerraPower and GE-Hitachi. The Natrium design integrates a 345 MW fast neutron
reactor coupled to molten salt thermal storage capable of yielding an output of 500 MW
for up to five-and-a-half hours.” The DEFR is treated as entirely dispatchable from 0 up to
500 MW. We adjust the size of the dispatchable source so that the overall system meets

the load for every hour of the year without having any unmet load.®
The base year 2022

Our base year providing solar, wind, and load patterns is 2022, the most recent
year for which full system data is available. Figure 2 shows the results of our analysis for
every day of 2022. It displays the contribution of each energy source in meeting the

electric load from January 1 to December 31, 2022.

Table B-Base in Appendix B gives detailed quantitative results for 2022. In Figure 2
we can see the existing nuclear facilities and baseload hydro, the existing solar facilities,
the burning of coal, and finally, gas-burning plants meeting the rest of the varying load.
Already, coal is much reduced from its role in 2014, gas has become the dominant source
of power, and solar is beginning to play a significant part in meeting Georgia's electric

needs.

5 https://natriumpower.com/reactor-technology

® For an overview of the dispatchability of nuclear plants, see
https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld=%7BA0F5C88B-0000-C521-AAAD-
996DCC98AFOF%7D
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Figure 2

Daily Generation and Load (GWh)
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m Hydro Er_!e_rgy Source (MW) | (GWh/yr) (%) Load
Existing Nuclear 1,960 16,494 96.1%  19.8%
Hydro 1,985 3,181 18.3%  3.8%
W Existing Nuclear Biomass 1,010 5,871 66.4%  7.1%
Utility Solar 3,631 7,820 20.6%  9.4%
Existing Gas CC 5,470 35,341 73.8%  42.4%
Coal 3,848 11,810 35.0% 14.2%
Jan Feb Mar Apr May Jun Jul Aug steamPplants 1,108 2,758 28.4%  3.3%
Existing Gas CT 3,084 2,397 8.9%  2.9%
Month Load 83,275 100.0%

Note 1: Steam plant - Gas-or oil-fired boilers & steam turbines
Gas CT -gas-fired combustion turbines
Gas CC = gas-fired combined cycle plants
Biomass = Burning of wood and municipal waste
Note 2: All annual graphs are subject to 7-day smoothing to improve their readability.

Georgia Power’s Capacity Expansion Plan

In its 2023 Update to the IRP, Georgia Power has put forth a Capacity Expansion
Plan for the next two decades, preparing for what it expects to be major growth in
demand over that period. Their plan is shown visually in Figure 3. Coal will be phased out

while solar, wind, batteries, and gas will each grow substantially.
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Figure 3
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Figure 4 shows the sources that the grid will use for every day in 2043, assuming
that Georgia Power’s Capacity Expansion Plan goes into effect as projected. There will be
a large contribution from solar and very small contribution from wind, large banks of
batteries will help compensate for the intermittency of these renewable sources, and a
small amount of additional nuclear power (much smaller than the current Vogtle plants)
will be introduced. New gas plants will provide the variable dispatchable resources that
the grid requires. Some of the solar is curtailed - that is, shut down or not used - during

the period of low demand in the Spring.
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Figure 4

Daily Generation and Load (Gwh)
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Steam Plants 648 68 1.2% 0.1%
Month Load 101,819 100.0%

Detailed quantitative results for the Capacity Expansion plan are shown in Table B-CEP.

Figure 5 shows how the hourly electricity load is met, from 8:00 am in the morning
to the next day, for a mid-winter day (January 1) and a June day in 2043. On both days,
there is enough sun to at least partially charge the batteries which then supply a portion
of the load in the early evening but then run out. In June, there is so much sun, along with
modest electric demand, that the batteries can be fully charged with excess solar energy

that cannot be used, so it is dumped, or “curtailed”.
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Figure 5 (January)
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Figure 5 (June)
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Still, in both cases, each evening the gas plants must be started up to keep the grid
operating through the night. Figure 1d shows the total usage of each source for the
entire year, by hour of the day (or this can be considered a picture of an average day in
the year 2043). The sun, along with other clean sources, meets the electric demand
during much of the day, and it even charges the batteries, but by early evening the sun is
gone and the batteries are depleted, so the gas plants must be turned on to keep the

lights (and every other piece of electrical equipment) on.
Figure 6

Annual Generation by Hour
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These visualizations tell a striking story. The 2043 total load has increased
substantially from 2022, and solar power is providing much of the energy during the day.
Solar capacity has increased from 3.6 GW to 15.2 GW. The load share carried by fossil
fuels has declined from 62.8% to 24.8% while the output carried by the fossil fuels (just
gas, which is the only fuel burned in this climate-sensitive situation) has declined by 50%.
Nevertheless, gas is being burned much of every afternoon and evening throughout the

year.
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In fact, the gas plants have to operate for more than one-half of the 8760 hours in
the year. Figure 7, the load-duration curve for natural gas-powered output, shows the

number of hours each level of gas output is required.

Figure 7

Georgia Power Capacity Expansion Plan
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The demand for electricity by 2043 is so great that even with this unprecedented
expansion of solar and the introduction of wind power, these sources are unable to meet
the demand. Solar, of course, is not available at night, so the dispatchable gas generators
have to operate for much of the time. The batteries are charged during many days, but
charging is limited during much of the winter. They discharge and are drained by early in
the evening, and then the gas plants have to take over to keep power on through the

night.

A cleaner, more reliable plan is possible using nuclear power

We have explored various alternate scenarios for the next twenty years which will

reduce the burning of fossil fuels, leading to lower or no emission of greenhouse gases
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while costing no more and possibly less than Georgia Power’s current Capacity Expansion

Plan.

How can the burning of fossil fuels be reduced further? Instead of Georgia Power’s
plan to add to new gas capacity, they should be adding more nuclear facilities to their

planned resource mix.

Nuclear plants require just a few acres of land and have negligible impact on the
surrounding physical environment.” Comprehensive lifecycle analysis by the United
Nations Economic Commission for Europe shows that, compared with other energy
technologies, nuclear power has substantially lower ecosystem impacts when
considering climate change, land use, and human health.®2 Most importantly, even before
accounting for the cost of expanding transmission lines, the long life of nuclear facilities
and the capital cost reductions likely to occur as plants are deployed across the U.S.

imply that nuclear will be the least costly operation in the long run.

Energy + Environmental Economics, Inc. (E3), a San Francisco-based consulting
firm, has assisted California, New York, and other states in analyzing their future
decarbonized grids. In a study of decarbonization in the Pacific Northwest, E3 found an
important role for nuclear reactors, observing that “...achieving 100% GHG reductions
using only wind, solar, hydro, and energy storage is both impractical and prohibitively

expensive.”

Nuclear power has been demonstrated to have the necessary capabilities, not only
in the gigawatt-scale reactors now operating in Georgia and elsewhere, but in the smaller
reactors now under commercial development and operating on submarines and ships

for over sixty years. Once we recognize the potential role that nuclear power can play

7 https://ourworldindata.org/land-use-per-energy-source

8 https://unece.org/sed/documents/2021/10/reports/life-cycle-assessment-electricity-generation-options

9 https://www.ethree.com/wp-content/uploads/2019/03/E3_Resource Adequacy in_the Pacific-
Northwest March 2019.pdf
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and incorporate it into our vision of the future grid, we can create plans that will
eliminate greenhouse gas emissions and reliably and affordably keep the lights on while
conserving land and material resources. We present here five alternative plans for a

future grid having these characteristics while successfully decarbonizing.
1- Replace new gas plants and the burning of biomass with new baseload nuclear

The first, most limited approach would replace the additional gas capacity that
Georgia Power is planning with baseload nuclear power, similar to the AP-1000s at Vogtle
3 and 4. The burning of biomass (wood and municipal waste), which contributes
substantial CO2 to the atmosphere, would also be ended. This would leave gas as the
essential dispatchable source, but it would produce far smaller CO2 emissions than
Georgia Power’s current plan. The least-cost result requires the installation of 3.1GW of

AP-1000-type light-water reactors. Annual usage in 2043 is shown Figure 8 and Table B-1.

Figure 8
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. New Nuclear 4,000 32,315 92.2% 31.6%
Land-based Wind Hydro 1,985 3,181 183%  3.1%
Rooftop Solar 1,500 2,288 17.4%  2.2%
H Hydro Utility Solar 15,211 28,145 211%  27.5%

Land-based Wind 3,400 1,093 3.7% 1.1%
Battery Discharge™® 7,920 9,336 13.5% 9.1%
Hydrogen Turbine 0 0 0.0% 0.0%
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This plan is forecast to cost about the same as Georgia Power’s current plan, but it will
have substantially lower greenhouse gas emissions. (See cost and emission discussion

below.)
2 - Replace new gas plants and new renewables with new baseload nuclear facilities

Instead of adding large numbers of solar panels and wind turbines and
accompanying storage batteries, as Georgia Power is now planning, this alternative
would replace these with 6 GW of new baseload nuclear, similar to Scenario 1. These
renewable sources are non-dispatchable and intermittent and so must be accompanied
by large banks of batteries to smooth out their intermittency. They also require wide
swaths of land across the state, far more than the modest footprint of the nuclear

facilities that would replace them.

The result is shown in Figure 9 and Table B-2. Gas is still providing the essential

dispatchable resource the grid needs to maintain reliability.

Figure 9

Daily Generation and Load (GWh)
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3 - Replace all gas plants and new renewables with dispatchable nuclear facilities

A more comprehensive plan would replace all gas plants, both those that exist and
the planned new ones, with dispatchable nuclear facilities (here referred to as “flex
nuclear”). As noted earlier, all modern nuclear plants can, to some extent, be load-
following or dispatchable. However, we model nuclear plants as being of two distinct
types, one baseload/always-one, the other dispatchable/responsive to demand. We
model dispatchable facilities by using Terrapower’s Natrium system, a nuclear reactor
with large thermal storage that allows them to replace gas plants. The lowest-cost plan of
this type requires 13.5 GW of nuclear capacity and is shown in Figure 10 and Table B-3.
Unlike the previous scenarios, it produces no greenhouse gases, but it is very expensive

because the full capacity of the nuclear plants is seldom used (low capacity factor).

Figure 10
Daily Generation and Load (GwWh)
All Gas & New Renewables —> Flex Nuclear 40
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4 - Replace all gas plants and new renewables with a combination of baseload and flex

(dispatchable) nuclear facilities

Here we combine the two previous approaches to obtain a more cost-effective
carbon-free scenario in which 5.5 GW of new baseload nuclear together with 9 GW of flex
nuclear would replace all the gas plants. The result is shown in Figure 11 and Table B-5.
The flex nuclear is larger than might be expected because there are a few hours during
mid-summer when large amounts of power are needed, and it is the only dispatchable

source available to meet this short-term need.

Figure 11

Daily Generation and Load (Gwh)
All Gas & New Renewables —> Baseload & Flex Nuclear ~ 4®

2043

= Curtailment

250
——Gross Load
-=
™ Flex Nuclear 200 2
W Utility Solar
150
Rooftop Solar
u Hydro Capacity
— Capacity| Output Factor %
w New:Nuclear Energy Source (MW) | (GWh/yr) (%) Load
L Existing Nuclear 2,978 25,061 96.1%  24.9%
M Existing Nuclear New Nuclear 6,430 51,097 90.7%  50.8%
Hydro 1,985 3,181 18.3% 3.2%
Rooftop Solar 1,500 2,288 17.4% 2.3%
Jan Feb Mar Apr May Jun Jul A Utility Solar 3,631 5,820 18.3%  5.8%
Month  Flex Nuclear 9,000 13,102 16.6% _ 13.0%
Load 100,549 100.0%

* Battery charging included in solar and wind generation.

This approach has lower costs than the all-flex nuclear plan but still requires a large flex
nuclear component for the few evening hours in the summer when demand is high. (See

cost discussion below.)
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5 - Remove new gas and new renewables and add baseload nuclear and replace natural

gas with hydrogen as the fuel for existing gas plants

A final option we examine uses baseload nuclear to replace the new gas plants and
renewables in Georgia Power’s plan, but it keeps the existing gas plants. However, it uses
“clean hydrogen” as their fuel instead of natural gas, a fossil fuel. By “clean hydrogen,” we
mean hydrogen produced in a manner that does not generate any greenhouse gases.
Nuclear power can be used to produce hydrogen by combining the heat and electricity
generated with a reactor to split water molecules and extract the hydrogen. The
hydrogen can then be burned in a suitably converted gas turbine. This alternative to
using flex nuclear is more cost-effective because the reactors producing the hydrogen
can run full-time, the most efficient way to operate a nuclear reactor, rather than with the

reduced capacity factor found with the scenarios using flex nuclear.

The Federal Government is putting substantial funds into an effort to reduce the
cost of “clean hydrogen” to the point where it will be competitive with natural gas. The
first DOE Energy Earthshot was launched in 2021 and seeks to reduce the cost of clean
hydrogen to $1 per kilogram within ten years. In our analysis, we assume this goal will be
met. If it is, the cost of electricity from these plants would be about what it is today. In
this scenario, the hydrogen generates 13,107 GWh of electricity each year could be
produced by 3.7 GW of nuclear power, assuming a 40% “round-trip” power->hydrogen-
>power efficiency of producing hydrogen and using it to generate electricity in combined-

cycle gas turbines.'"

The results for this option are shown in Figure 12 and Table B-5.

10 https://www.sciencedirect.com/science/article/pii/S1040619021001330

" Another option to produce hydrogen is using renewable-generated electricity. Supplying sufficient
energy to produce the required hydrogen would necessitate a doubling in the number of solar and wind
installations envisioned in Georgia Power's Capacity Expansion Plan.
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Figure 12

Daily Generation and Load (GWh) 400
All Gas & New Renewables —>Baseload Nudear &H2 Turbines

2043

250
= Curtailment
P =
Gross Load 260 E
m Hydrogen Turbine
w Utility Solar 150
Rooftop Solar .
Capacity
® Hydro Capacity| Output Factor %
Energy Source (MW) | (GWh/yr) (%) Load
B New Nuclear Existing Nuclear 2,978 25,061 96.1%  24.9%
New Nuclear 6,430 51,097 90.7% 50.8%
m Existing Nuclear Hydro 1,985 3,181 18.3%  3.2%
Rooftop Solar 1,500 2,288 17.4%  2.3%
Jan Feb Mar Apr May Jun Jul Aug Utility Solar 3,681 5,877 18.2% 5.8%
Hydrogen Turbine 9,000 13,107 16.6% __ 13.0%
Month Load 100,611 100.0%

* Battery charging included in solar and wind generation.

What will these options cost, and how much would they reduce emissions?

The costs and CO2 emissions' foe each of these options are shown in detail in the

tables in Appendix B. Here they are gathered into a single figure:

2https://www.netl.doe.gov/projects/files/LifeCycleAnalysisofNaturalGasExtractionandPowerGenerationUS2
020EmissionsProfile 121724.pdf
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Figure 13

Costs ($/MWh) and CO2 Emissions (MTons/yr)

$120.00 2022 Existing & 2043 Scenarios 0
45
$100.00
$92.87 40
35
$80.00
30
$60.09
$60.00 25
20
$40.00
15
10
$20.00
3]
0 0 0
$0.00 0
Georgia Power George Power New Gas & MewGas &New AllGas &New  AllGas &MNew  AllGas &New
Existing Sources Company Biomass -> Renewables —> Renewables-> Renewables-> Renewables -->
2022 Capacity Baseload Baseload Flex Muclear Baseload &Flex Baseload
Expansion Plan Muclear Muclear Nuclear Nuclear & H2
mmm Costs (§/MWh) ——CO2Emissions Turbines

These dollar figures are the cost of producing electricity, the wholesale cost of electricity
(in constant dollars) at the point where power enters the grid. Average residential electric
rates in Georgia are about $158/MWh, much higher than the costs shown here because

they include the cost of (long-range) transmission and (short-range) distribution.

The replacement of the new gas plants with nuclear increases the cost by an
amount that is about 25% of the residential cost. The hydrogen option barely costs more
than the current plan, provided the Federal Government reaches its goal of $1/kg for

hydrogen.
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This report uses projected energy costs from the Annual Technology Baseline (ATB)
prepared by the National Renewable Energy Laboratory. These project that solar, wind,
batteries, and nuclear costs will decline by about 50% in the next twenty years. However,
future prices are uncertain, and the generation costs shown in Appendix B should, in our

view, be treated as only illustrative. The reader can use the spreadsheet entitled Georgia

Generation Costs and Energy Prices (available at http://bit.ly/3Ph4qglc) to examine how
generation costs in each of our scenarios are affected by different prices for solar, wind,

batteries, and nuclear facilities.
A large dispatchable emission-free resource is essential. What should it be?

Our results show that decarbonization of the grid requires a large-capacity
dispatchable emission-free resource running a significant part of the year. We suggest

that nuclear power should serve this role. Are there other choices?
A number of other approaches have been offered:

o Fuel cells or gas turbines powered by “green hydrogen”: Hydrogen fuel cells or
combustion power plants similar to those now burning fossil fuels could run on
“green hydrogen” produced in electrolyzers powered by renewable energy, as
Georgia Power has suggested. However, such a plan requires the creation of an
expensive infrastructure to transport and store the hydrogen, as well as a buildout
of additional costly, land-hungry solar and wind facilities to power the hydrolysis
plants that produce the hydrogen. Using hydrogen for energy storage is
challenged, also, by the fact that the overall efficiency of this process is just 40%.
This means that more than twice as much energy must be added as will be
generated by the turbines, with a commensurate drain on material resources,

land, and societal wealth.

e Long-duration storage: Currently no realistic scalable form of such storage exists. If
it did, it, too, would require a vast expansion of solar and wind generating capacity

to charge whatever storage medium is used.
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e Carbon capture and storage (CCS) attached to gas-fired power plants: This
technology exists only on an experimental basis. It would add substantial cost to
the power plant it was attached to, and there would be significant upstream
leakage of greenhouse gases and other pollutants to the environment. The
captured CO, would have to be disposed of, presumably underground, adding

additional cost as well as potential environmental damage.

e Alternate nuclear options: Other ways of using nuclear energy deserve
consideration. Nuclear reactors, like most energy sources, are most cost-efficient
when they run most of the time to meet demand. We found that the dispatchable
source, while essential, would be operating at just partial capacity for most of the
year. A more cost-effective plan might use a smaller number of reactors running
continuously to produce carbon-neutral synthetic fuels like natural gas which
could then be used in the grid.'>'* A full analysis of the cost and suitability of this

options is beyond the scope of this report, but it deserves serious study.
Limitations of the model/future research

The model we are using, while it shows the principal properties and requirements

for the future grid, has significant limitations as well. Among these are:

1. Simplified view of in-state transmission: This model treats the state’s grid as
a single region without transmission constraints, whereas there are likely to be significant
barriers to the flow of power between areas of any large geographic area. The model also
does not reflect transmission upgrade costs that will occur with economy-wide
electrification, irrespective of the chosen technologies. However, transmission upgrade
challenges will be larger, both politically and financially, if large amounts of widespread

intermittent sources need to be integrated. A group at Cornell working with Prof. C.

'3 Operational Energy from Seawater, US Naval Research Laboratory.
https://www.hydrogen.energy.gov/pdfs/review18/ia018 willauer 2018 p.pdf

4 https://www.thechemicalengineer.com/features/fuelling-the-world-with-biomass/

Page 23 of 34


https://www.hydrogen.energy.gov/pdfs/review18/ia018_willauer_2018_p.pdf
https://www.thechemicalengineer.com/features/fuelling-the-world-with-biomass/

Lindsay Anderson has explored the difficulties to be encountered if large amounts of

distributed sources were to be introduced into New York State’s grid."®

2. Absence of reserves: Our model does not reflect the reserve requirements

imposed by state and federal law.

3. Improved dispatchable resource design: The chosen dispatchable resource
in our model drops from 500 MW to 345 MW capacity when its thermal storage is
depleted. Having a resource with its maximum capacity always available, perhaps

accompanied by batteries, might be more cost-effective than the example we have used.
Conclusion

Georgia will benefit from the deployment of additional nuclear power in the
coming decades. Using an hour-by-hour modeling tool, we have demonstrated that
nuclear power —operating as a constant baseload and in a flexible, dispatchable mode
running a large portion of the year — can achieve the goal of a reliable, zero-emission
grid. Nuclear is the only such source likely to be available in this period. This combination
of nuclear resources will be more cost-efficient and environmentally protective than any

alternative relying upon intermittent weather-dependent sources.

> https://arxiv.org/abs/2307.15079
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Appendix A: CACI Grid Model Methodology
The Georgia adaptation of the CACI Grid Model works as follows:

In this model, each type of energy source is dispatched hourly to address electric
loads, taking account of the availability of all non-dispatchable generation before turning
to costly dispatchable sources. Model inputs include hourly data for loads, solar
generation, wind generation, hydro generation, and (if available) power exchange with

other regions. The assumptions and methods used in the model are as follows:

Power generation is represented in these categories: behind the meter (BTM) and
utility solar, land-based wind, hydroelectric, nuclear, battery storage, and a series of
possible dispatchable sources. When the burning of fossil fuels is permitted, gas-fired
combined-cycle and simple-cycle plants are included. Existing nameplate capacities are
taken from Georgia Power publications, while actual output is based on 2022 data for

calibration purposes.

Total system loads are estimated using 2022 data from Georgia Power. Projections
of current demand, as well as the new demand from electric vehicles (EVs) and the

electrification of buildings, are also drawn from Georgia Power.

Hourly generation from solar and land-based wind is scaled up based on the
distribution of 2022 hourly output data for these sources. The maximum capacity of solar
and wind facilities reflects the regional distribution of generators and the likelihood that
they can operate at the same time. These values are different from nameplate capacity
which represents the output of a single unit at a specified point. Maximum capacity is

derived from evaluating actual generating data in 2022.

Capacity factors — the fraction of the potential output of a source that is actually
produced during the year — are not assumed in this model but are calculated based

upon the weather and the behavior of the grid.
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The dispatchable emission-free resource (DEFR) utilized in these scenarios is

modeled using the characteristics of the TerraPower Natrium small modular reactor.'®

Battery storage is modeled by assuming the batteries are charged when there is
more inflexible power from hydropower, nuclear, utility solar, and wind than is needed to
meet demand. The dispatchable source is not used to charge the batteries. The batteries
are discharged when the load on the grid is greater than can be provided by those
ongoing non-dispatchable sources. The dispatchable sources are drawn upon only when

batteries have been completely discharged.

Each source is dispatched in turn to meet the load, as follows: behind-the-meter
solar is introduced first, leaving the remaining load to be served by the various sources
connected to the grid. Existing nuclear plant output is added as “must-run” capacity.
Hydroelectric generation is added. Output from utility solar plus land-based wind are

then added, taking into account their hourly variations as described above.

A portion of the maximum annual load is set aside for system control by gas
combined-cycle plants or battery discharge, representing spinning reserve and other
ancillary grid services. This is required even when there are curtailments of solar and

wind generation.

When there is unmet load remaining after these non-dispatchable sources have
been included, the batteries are called on to discharge up to their ability. If unmet load
still remains, then the dispatchable sources are used to supply the remaining load. Then
curtailments are assigned in random order to land-based wind and utility solar, but not

to BTM solar, which is not controlled by the grid operator.

Imports and exports are not considered at this time, since data on them was not

available. They can be included in the model when their nature and potential availability

6 https://www.terrapower.com/our-work/natriumpower/
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are known. Curtailments occur when total non-dispatchable generation exceeds the load

required.

The model uses current dollars so that the effects of future inflation do not
confuse the analysis. Costs of energy sources are estimated from a variety of data
sources including DOE's Energy Information Administration and the “Moderate Costs” in

the Annual Technology Baseline of the National Renewable Energy Laboratory. The prices

used in the scenarios reported here are shown in Appendix B. The total generation cost
of electricity is the weighted average of the cost of operating generation sources. The
cost for each generation source includes fixed and variable operation and maintenance

(O&M) cost, fuel cost, and capital recovery cost.
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Appendix B: Data Sheets

Electricity Generation, Costs, and Emissions

Table B-Base

2022
Generation and Cost Summary  GPC Existing Sources NREL Projected Cost Year 2022
In-State
Capital Generation Arnual CO2
Capacity Generation | Capacity | 2 Total [Capital Cost| Fixed 028 | War D&k | Fuel Cost Recovery Cost Emizsions
AdvrFgasiaaie ~ [heTi] [G'whtr] | Factor (%] | Load [$how) [$ihAiwh) [bAwh] | [kl [$ihAwih) B IR] [Mtorstur]
E xisting Muclear 1960 16434 BWLL |3 § 413 3703 122 % 403 % 16 % 017 -
New Muclear 0 ] 0o 00x% ¢ BEEZ § - % - k3 - $ - $ - -
Hydro 1985 AN 8.3 37X R 2732 % 148 B 28.80 -
Biomass 100 =T BB4% 63X % 2264 ¢ G068 - % - % 27.70 8.1
Rooftop Salar 0 o 003 00x % 1373 % LU - % - % 4950 % B0.65 -
|Itility Solar 3631 78200 2463 A8 % 7548 650§ - % - % 2276 % 29.26 -
Land-based wind i i} 00z 00% % 1188 % FCA T | - % - S 23037 F 30452 -
OFfzhore wind 0’ o’ 00% 00 '§ 4800 % 743§ - % - % 7461 § 92.03 -
[ Tokal| 0,506 | 32,367 | 4445 389 | [3 994 [ ¢ 163[%  202[% 5911 % 19.50 |
In-State
Capital Generation
Capacity Generation | Capacity | 32 Total [Capital Cost| Fixed Ok | War D&M | Fuel Cost FRecovery Cost
Dgoakshabis [BeTi] [Gwiktur] | Factor (%] | Load [$hkaw] [$itAwih) [fbdwih] | [$Awh) [$itAwih) [$itAwih)
Battery Discharge 0.0z $ 10 % - $ - % - $ - k3 - -
Flex Muclear 1] 1} 00 00 % 5430 % - b - ¥ 2E0 % - S 2.60 -
Existing Gas CC 5470 35,341 IR N3 - $2.26 $264 33500 $0.00 $33.30 19.44
hew Gas CC i i} 00 00x % 1485 $0.00 $0.00 £3100 $0.00 $31.00 0.00
Huydrogen Turbine o n 00z 00% ' § 1257 $0.00 - $0.00 0 $3300° $0.00 - $33.00 0.0o
Coal 3048 nam 60% B8 § - $5.80 $4.71 35400 $0.00 $64.21 n33
Stearn Plants 1108 2758 2840 32% ) $0.00 $264 43500 $0.00 $37.64 234
Existing Gaz CT 3084 2,397 89x 28% ¢ - 2172 $4.71 35400 $0.00 $80.43 2.04
MWew Gas CT a I} 00z 00X § 374 $0.00 $0.00 $45.00 $0.00 $45.00 0.00
Tatal] 12,510 | 5206 [ aazx] et | [3 3763 3203 a0 - 3 4m3] 43.02
In-State
Capital Gereration
Folad fra-Siisie Capacity Generation | Capacity | 2 Total Fixed O&bd | War Ofbd | Fuel Cost Fecovery Cost
R [Mi] [Giwitur] | Factor (23] | Load [$ihAwih) [EbAdwh] | (gl [$ihAwih) [$ihAuwdhl
Tatal 22,097 85673 44,322 100,00 3 BI7]|$ 2853|3% 2531|% 2301 % 3412
Fameas’ Generation % Tatal # Tatal * of Grid
Fharfassss [GMWhur] Lnad GEWwWhiyr Lnad Renewables
Imports - 0.0% Curtailments 0 0.0 0.0
et Battery Load 0 0.0ZE

[ Total Load [Giwhiyr][

85,673

= Battery charging included in =olar and wind gereration.
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Table B-CEP

Georgia Power’s Capacity Expansion plan

Generation and Cost Summary  GPC Capacity Expansion Plan MNREL Projected Cost Year 2043
In-State
Capital Generation Annual CO2
Capacity | Generation | Capacity | 3 Total |[Capital Cost| Fixed O8R | Var Ofhd | Fuel Cost Recovery Cost Emizsions
Advriaaivhairis T [Pedi] [G'whhr] | Factor [22]| Load [$lhaw) [EIRA )] [fibaedin] | [f0T) B IR )] [$ittinih) [Fbastur]
Eisting Muclear 2978 25061 BT 24EX % ] 370 0% 122 % 403 % 16 % 1017 -
Mew huclear 920 7o 922% VA4x % DEE3 % 2166 ¢ 087 % 340 ¢ 807 % 7510 -
Hudro 1,985 3181 | 3% % 2F32 ¢ 48 % 2880 -
Biornass 1o 5871 BE.43° 583 3 2264 % 506 - S - k3 2770 8.81
Roaftop Salar 1,500 2288 74 224 % 1373 0§ 1% - % -8 4350 " % E.E5 -
|_htility Salar 211 3480 236k 309x 4 754 3 E76 % - % - % 2368 % 30,45 -
Land-based Wind 3400 186 R: A N A+ 1188 3 7E43 % - % - % 23767 % M -
Offshore Wind a a 003 00 ¢ 4800 % iE % - $ - 3 FE04 % 93.80 -
[ Total[ 274 | 7E5A1 | 32.3%] 752 | 3 0435 034[% 167 [ 3 EI 3 3310
I-State
Capital Generation
Capacity | Generation | Capacity | 3 Total [Capital Cost| Fixed Q28 | War Ofhd | Fuel Cost Fecovery Cost
Sisnaiziaaie [Ped] [G'whiwr] | Factor[#]| Load [$kaw] [$ihAudh) [HbAwit] | [HbTw) [$ihAudh) [$bAiwih]
Battery Dizcharge 7920 10.2% 3 140 % 2798 % - % - % 9216 % 1261 -
Flex Muclear 0 0 0.0 00X % 5480 % - % - F Z2ED % - % 2,60 -
Existing Gas CC 5470 10,203 23 00x ¢ - $7.83 $264  $3500 $0.00 $45.47 5.61
Mew Gas CC ) a.040° 14,997 2137 Wix % 1435 $n72 $200  $3100 $56.73 $99.45 825
Hudrogen Turbine 0 0 00 00X § 1257 $0.00 000 $3300 $0.00 $33.00 0.00
Coal 0 0 00k 00X % - $0.00 $0.00 $0.00 $0.00 $0.00 0.00
Steam Flants gag [0 125 01 ) 072 $264 33500 $0.00 $43.36 0.08
Existing Gas CT 3084 23 01 00X % - $2.28004 471 30400 $0.00 0 234420 0.02
Mew Gas CT 2450 8 02 00 § 979 $988.46 4.7 $45.00 $3.279.36 1032153 0.0z
| Tatal] 27552 | 25309 [ 10.4x] am | (3 573[% 177 [% 2552 m253[g 12209 22.76
|In-State
Capital Generation
Foiad fra-Siisie Capacity | Generation | Capacity | % Total Fixed O&kd | War Obd | Fuel Cost Fecovery Cost
i [Pedd] [G'whiur] | Factor [#2]| Load [EIT)] [fbatedn] | [HbTih) [EIT)] [fibdiih]
Tatal 54,667 101,860 21.3%¢] 100.0% 3 1178 | $ 1B% FEI|% 2808 | $ R2 87
S Generation % Total 2 Total % of Grid
Flevfases [GWhur] Load G hiur Lnad Renewables
Irnports - 0.0 Curtailrnents 1219 133 303
Met Battery Load 1.252 1252
[ Tatal Load [GWwWhivr][ 101,860 |

* Battery charging included in solar and wind generation.
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Figure B-1

New Gas & Biomass = New Baseload Nuclear

Generation and Cost Summary New Gas & Biomass —> New Baseload Muclear NREL Projected Costs Year 2043
In-State
Capital Generation Annual CO2
Capacity | Gereration | Capacity | % Tatal |Capital Cost| Fixed Ofb | %ar O&M [ Fuel Cost Fecovery Cost Erissions
MurcFanataatie™ | [Mw] [Gwhur] | Factor (32| Load | [$kw] [kl | (k) | (swhl | (W) [§ih i) [Mtorstr]
Existing MNuclear 2978 06T 961% 2857 § L /0§ 122 § 409 § 1% § W07 -
e Muclear 4.000 z2ae 922k MEX % GER3 3 ZIEE 057 4 340 % 4907 " § 7510 -
Hudra 1988 3. |k 31X 3 araz % 148 i 2B.80 -
Biomazs - - 002 0.0 $ - $ OB - § - $ 5.06 000
Rooftop Solar 1600 2.288 74k 22% % 1373 8 4§ - % -8 4350 4 G0.E5 -
Ihility Salar 15211 28,45 20 27Ex 4 74 3 AT - % -8 2649 " % 34.08 -
Land-based Wind 2400 1093 T % 1ee 3 o085 ¢ - % - % 120 ¢ 33208 -
OFfshore 'wind 1] a 00 00 § 4500 % 1837 % - 3 - 3 7B.E3 % 97.00 -
[ Tiokal 29.074 | 92 084 | AR 3 BIO[$ 072]% 23] 8 29848 4598 |
Ih-State
Capital Generation
Capacity Generation | Capacity | 2 Total [Capital Cost| Fixed 02k | War D&k | Fuel Cost Fecovery Cost
Sisnainhaivie [dwd] [G'whtur] | Factor (2] | Load [l [$ihAwih) [EbAdwh] | (gl [$ihAwih) B I Y]
Battery Discharge 7.920 1362 $ 10§ 2121 % - % - $ 7446 % 95.67 -
Flex huclear ] a 00 00 § 5480 3% - § - $  2E0 § - $ 260 -
Existing Gas CC 5.470° 8773 8.3% BEx § - $3.10 $264 33500 $0.00 - 44675 443
Mew Gas CC ) 0 0 0oz 00X % 1485 $0.00 $0.00 $3100 - $0.00 $31.00 000
Hydrogen Turbine 0 0 00 00x % 1257 $0.00 - $0.00 3300 $0.00 - $33.00 000
Coal ) 0 0 00% 00x ¢ - $0.00 - $0.00 $0.00 - $0.00 - $0.00 0.00
Steam Plants E48° 491 8.7 05 ) $0.00 - $2.64 3500 $0.00- 43764 042
Existing Gas CT 3084 g3z’ 1% 08x g - 36260 $471 35400 $000° gL 0.71
Mew Gas CT a I} 002 00% § 979 $0.00 $0.00 $49.00 $0.00 $49.00 0.00
Total 17122 ] 10,095 | AR [ 3 93] 146[%  19.00] Era]s W0 | .95
In-State
Capital Generation
Foiad dra-Siisie Capacihy Seneration | Capacity | 22 Tatal Fixed Ok | War Ofbd | Fuel Cost Recovery Cost
Faranasies [edd] [G'whtur] | Factor (%] | Load [$ihAwih) [bdwn] | (gl [$ihAwih) [$ihAih)
Tuatal 46,136 102130 25.2%;] 100.0% 3 134314 080|% 39650 % 0431 % 54.37
Ao’ Generation # Total # Total % of Grid
Flarfadsas [Ehwihur] Load (5w hiur Load Renewables
Imports - 0.0% Curtailrments 4715 462 1362
Met Battery Load 1651 16
[ Tatal Load [Gwhivr]] 102,180 |

* Battery charging included in =olar and wind generation.
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Table B-2

New Gas & New Renewables = New Baseload Nuclear

Year 2043

Ganeration and Cost Summary Mew Gas & New Renewables —>» Mew Basseload Muclear MNREL Prajected Costs
Capital In-Siate Anral CO2
Capacsty Geewralion | Capacity | 22 Tatal | Copital Gt War D&M | Fur Cost Rrrrery Generation Ernissionz
Sl faiia " ] IEwirdw] | Fador |2 | Lead en] Foad LB |EAh] | (8Pat) | (et (Bl Cost (et lerisy
Exisling Muclesr 2373 I SEI 2488 % dl = kI 122 % 409 % L 0 -
mrvs Mucliear 5330 B W5 B40H 5 55531 % 3 047 240 4 A § 7
=i 1333 ER - B LN B t 142 £ ZEED -
Sicmass - - 108 LEM B 4 B0G -4 - % EOE Qo
Sicfan Salar 2788 e FED O3 1373 = 14 4 § 3 4980 § EEE
il Sl R L FE R - i 8 SES O3 - 4 - t H ot M4 -
_ard-based Wind - - B A e PN 1 -4 - % -4 - % - -
Dfshaore Yefind a [ B S o LA & e i £ M § TEEED
Tookal| 1702 | o iz | suem] geEs | |5 A E LR 2w W07 § E4FE |
Laplzl In-Siata
Capsoiy Dereralicn Canaciby | 55 Tots | Cagital Ciost War O3 | Fus Cest Flaciorery Cier=ration
moaiafaatds L |Eietr) | Factor 5] | Lead (Sl Find DB [$00h) | (shbatsl | [shhatd] [$4awh) | Cast [5hhade]
Saltery Dischange il A0 1 i 180 5 i . - i i
“le Mudes 0 J DL A Y B 2430 - 3 - b4 L - % 2.EL -
Exisling Gas CC 5470 1723 202 8% % - |man 264 $I5.00 ;Mo $45.ES 55
VTR 0 a a0k 0 s 1235 foon 000 o 00 3100 0m
=edogen Tubing u J 10 L = 129 000 S 22 1w 20 am
Ceal 1} g B A o i - $0.00 ;oo $0.00 ;Mo $0.00 o
Steam Flariz F42 EEEY R - O Y f0.on R $35.00 00 $27 R4 04
Seizhng Gas T 3 57 175 Lby % - HTLE N FLS NI 1w S 04a
MewGas CT a 2 P A o e a7 $0.00 000 $49.00 0.0 $45.00 o0
Teta| 3707 | AT | i e | 1 wae |4 r7als g Tt maz |
Lapilel In-Siata
Tl der-Einsn Capacity Sereralion | Capaciby | %0 Taota War O%M | Fus Cest Flecowery Gien=ration
T L |Eietr) | Factor 5] | Lead Fisnd Cls (fhddh] | ($hab] | [§iharh) [it0uh]  Cost (e
Tikad 25248 LU L3 A% 0 i LR 1% § FEZ] 3% EIECHE F2 a0
Gerwralicn 2 Tota 4 Tota % of Ehc
e Pt |3t ] Liad e o Liad =engneli 9z
T - .05 Curtsilrreris 436 4.3%) d0.EH
ket Bazeny Load [ [
| Total Laad (G| e |

® Ballery chargingircludad in so'a and wind genarshon,
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Table B-3

All Gas & New Renewables = Flex Nuclear

" All Gas & New Renewables —s Flex Nuclear

Year 2043

Generation and Cost Summary NREL Projected Cost
In-State
Capital Generation Annual CO2
Capacity | Generation | Capaciby | 7 Total |[Capital Cost| Fixed Q&M | Var Off | Fuel Cost Recovery Cost Ermissions
JdvrFsnasivaaive T [P [Gwhtur] | Factor (2] | Load (k] [$ihAvh) [hittd] | (bl (A [EI )] [Pronstur]
Existing Nuclear 24978 25067 9615 249K % 1% 370 % 122 ¢ 403 % 16 % 077 -
Mew Muclear 30 713 922k THxX %3 GHEEI % 2166 4 057 % 340 § 4307 % 7511
Huydro 1985 318 183 32 % 27323 148 % 28.80 -
Biormass - - 0.0 00% % - $ &OE - § - kS 5.06 0.on
Rooftop Solar 1500 2.288 74k 234 % 1373 % g - % - % 4350 " % B0.69 -
Itility Salar 3631 780 2467 TE< 3§ 754 % 650§ - % - % 2276 % 29.26
Land-based wind - - 002 00 3 188 % -8 - % - % - % -
OFffshare Wind a a 00% 003 § 4800 % 1744 % - ] - § 7464 " § 92.08
[ Tatal[ 11024 | 45,064 | 47 5z 45654 | (3 9133 n093[s  279[% Fo2[$ 2757
In-State
Capital Generation
Capacity | Generation | Capacity | 3£ Total [Capital Cost| Fixed O&M | Var O&b | Fuel Cost Recovery Cost
Lrsostniasie [P [Gwhtur] | Factor (3] | Load [$kw] [$hh) [fitAwih] | (kA [$tAwih) [kl
Battery Discharge 0 0.0z 3 140 % - 3 - % - § - % -
Fle:x Muclear 16,000 54,663 390k b44x 3 badd % 3980 % 120 ¢ 2B0 % n2z7 3 1Ehe7 -
Existing Gas CC 0 0 00z 00 % - $0.00 $0.00  $3500 $0.00 $35.00 0.o0
Mew Gas CC 0 0 0.0 00x 3 1485 3000 $0.00 $31.00 $0.00 £31.00 0.00
Hudrogen Turbine 0 0 00% 00 % 1257 $000 $0.00 33300 $0.00 $33.00 0.o0
Coal 0 0 0.0 00x 3 - $0.00 $0.00 $0.00 $0.00 $0.00 0.00
Stearn Flants 0 0 007 00 _ $000 $0.00  $3500 $0.00 $35.00 0.o0
Existing Gas CT 0 0 00 00k - $0.00 $000 35400 $0.00 $54.00 000
hew Gas CT a a 005 00 § 979 $0.00 $0.00 $49.00 $0.00 $49.00 0.00
| Total] 16,000 | a3 |  38.0%[ B4 | [¢  3380] 120] 260] 3 mez7 s 18587 | 0.00
In-State
Capital Generation
Foia de-Siae Capacity | Generation | Capacity | % Tatal Fixed O&k | Var O&b | Fuel Cost Recovery Cost
FEranIbY? [ [G*hyr] | Factor (5] | Load [#hAvh) [Hittdh] | [t [$hAwdh) I )]
Tatal 27024 00,532 42.527] 100.022 3 28810 % 102 2E91% E790 | § 97.48
Fagooas Generatian 2 Tatal % Tatal 4 af Grid
Fhafaases (G hur] L nad GWhiur Lnad Fenewables
Irmports - 005 Curtailmests 1 0.0 0.0
et Battery Load 0 0.0
| Total Load [Gwhirl[ 100,533 |

* Battery charging included in solar and wind generation.
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Table B-4

All Gas & New Renewables - Baseload & Flex Nuclear

Generation and Cost Summary  All Gas & New Renewahles —> Baseload & Flex Muclear NREL Projected Cosi Year 2043
In-State
Capital Seneration Annual CO2
Capacity | Gereration | Capacity | 24 Total |Capital Cost| Fixed Ok | War O2b4 | Fuel Cost Recovery Cost Emiszions
Avbvr-fgnaivaaris [Rdid] [Gwhhr] | Factor [3]] Load [$ekm] I )] [Httei] | (A [fitdiwih) [ A [Ptonsur]
Existing huclear 2974 25,061 BT MEL % % 370 % 122 % 409 % 16 % n1s -
Mew Muclear £.430 51097 9073 508 "%  BEE3 % 2202 ¢ 097 % 340 % 4388 ' % 76.28 -
Hydro 1985 3. |3 32X R 32y 148 R 28.80 -
Biornass - - 00 005 k4 - $ 506 - & - % 5.06 0.00
Rooftop Salar 1500 ° 2288 ° WAz 233 % 1373 % ne - § -8 -8 4350 ' % E0.65 -
Ihility Sol ar 3631 5820 |3 58x % 7hd g 874 % -8 - % 058 4 jeic Ry -
Land-based Wind - - 00 00 "% 1188 % - $ - 3 - & - ¥ - -
OFfshare Wind 0’ 0’ 00% 00x "$ 4800 % 2307 ' § - 8 - % 3877 ' % 121.84 -
[ Tatal] 6524 | a7 447 | E0.4%] 87.032 | (3 HEO[$ 0973  3E[S 3281[§ 5273
In-State
Capital Gereration
Capacity | Generation | Capacity | 22 Total [Capital Cost| Fixed O&M | War D&M | Fuel Cost Recovery Coast
Siananias [Peld] [Gwhhr] | Factor [3]] Load [$thaw] [ebatradhn] [#twih) | (b [k [ ]
Battery Discharge i 00 k3 140 % - $ - 3 - b3 - 3 - -
Flex Muclear 9,000 13002 BEX 130X ¢ 5480 % 9342 ¢ 120 % ZE0 % 26350 ¢ 36072 -
Existing Gaz CC 1] 1] 00X 00 % - $0.00 $0.00 $35.00 $0.00 $35.00 0.00
Mew Gaz CC 0 0 00 00X 4§ 1485 $0.00 $000 #3100 $0.00 $31.00 0.00
Hydrogen Turbine 0 0 00% 00x % 1257 $0.00 $0.00°  $33.00 $0.00 $33.00 0.00
Coal 1] 1] 00X 00 % - $0.00 $0.00 $0.00 $0.00 $0.00 0.00
Stearn Plants 0 0 00x 00% ) $0.00 $000 43500 $0.00 $35.00 0.00
Exigting Gas CT 0 0 00 00% % - $0.00 $0.00 0 $54.00 $0.00 $54.00 0.00
Mew Gaz CT a a 00 003 % 973 $0.00 $0.00 $45.00 $0.00 $49.00 0.00
Total] 5,000 | Bz el 130 | [¢+ s3a2[¢ 120[3 z260] 26350 ¢ 38072 | 0.00
In-State
Capital Generation
Forad fra-Siiane Capacity | Gereration | Capacity | 22 Total Fixed O&kd | YWar D&k | Fuel Cost Recovery Cost
Gararati (M) [Gwhur] | Factor (]| Load [gtawh] | [k | (] | k) [§hwih]
Total 25,524 100,543 45.0%] 100.0% 3 2B ¢ 10003 309)% E287 | % 9287
[z At Gereration 2 Total ¥ Total ¥ of Grid
Fhaadass [15 % hur] Load 5w hiur Load Fenewables
Imports: - 0.0% Curtailments 2851 283 2034
Iet Battery Load 0 0.03

| Total Load [B'wHur)]

00,549 |

* Battery charging included in =olar and wind generation.
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Table B-5

All Gas & New Renewables - Baseload Nuclear plus Hydrogen-powered Turbines

Generation and Cost Summary  All Gas & New Renewables —> Baseload Nuclear & H2 Turbines  NREL Projected Cost Year 2043
In-State
Capital Gereration Antual CO2
Capacity | Gereration | Capacity | 3 Total [Capital Cost War Ofhd | Fuel Cost Recovery Cost Ernizgions
AvrFgrataatve [Redwd] [G'whivr] | Factor (3] | Load [$hw] Fixed O [fhdwh] | (#hdwh] | [$dwh] [$bAuh) [FhAh) [Ptonatur]
Existing Nuclear 2,978 2h,0ET 962 2459% % IERE3 370§ 122§ 409 3% 16§ 017 -
New Muclear £.430 51097 0.7 S08% ¢ BEEI % 2202°¢ 09 % 340 % 4988 3 7E.28 -
Hudro 1.985 3181 1833 32% & 2732 % 148 3 28.80 -
Biomass - - 005 00% R - % B0E -3 -3 5.06 0.o0
Rooftop Solar 1,500 2,288 VAR 23 % 1373 % ne " § - $ - 3 4350 " § B0.E5 -
Ltility Salar 3681 587 |2 88K § 7od g 877 % -3 - % I 39.47 -
Land-bazed wind - - 00 00X % 1188 ' ¢ - & - $ - 3 - 3 - -
Offshore 'wind ) 0 0 00 00% § 4800 % 2309 % - % - % 9883 3 192 -
[ Total] 16574 | 67504 [ 60.3%] 87.05¢ [ % B79[$ 097[% SB[% 2823 g274]
In-State
Capital Gereration
Capacity | Generation | Capacity | 22 Total [Capital Cost War Ok | Fuel Cost Recovery Cost
Lhsnabinatvis [Redwd] [G'whivr] | Factor (3] | Load [$k] Fixed Q&b [$ihdwh] | [Hbdwh] | [Shdwih] [$irdwih) [3tA'wih]
Eattery Cischargs i 0.02 $ 1140 ¢ - S - % - % - S - -
Flex Muclear a a 002 00k § 5480 % - 3 - $ 260 % - 3 260 -
Existing Gas CC 0 0 0.0%° 00% % - $0.00 $0.00 0 $35.00 $0.00 $25.00 0.0o0
New Gas CC a ] 0.0 00 ¢ 1485 $0.00 $0.00 $31.00 $0.00 $31.00 0.0
Hydrogen Turbine 3.000° 12,107 BEX B0 ¢ 1257 $13.73 $200 3300 $60.42 $109.15 0.0o0
Coal a a 0.0 00X % - $0.00 $0.00 $0.00 $0.00 $0.00 0.0
Stearn Flarts 0 0 0.0% 00% $0.00 $0.00 0 $3500 $0.00 $25.00 0.0o0
Existing Gas CT a a 0.0 00X % - $0.00 $0.00 $54.00 $0.00 $54.00 0.0
Mew Gas CT ) 0 0 0.0% 003 § 979 $0.00 $0.00 4900 $0.00 $49.00 0.00
| Total] 5.000 | 107 Eexl mox | [& iy 200(¢ z300fs 642[s  Wam] 0.00
In-State
Capital Generation
Foniad der-Giiaies Capacity | Generation | Capacity | % Tatal “War Ofkd | Fuel Cost Recoveru Cost
Gernvabio (v [G'whivr] | Factor (35] | Load Fixed D&M [l | (Bhdwh] | (B [$itAh) [$ihAah)
Total 25574 100,611 44.937| 100,03 § 552 | § 0% 704]4% kA3 £0.03
Fapany Generation * Total ¥ Total %2 of Grid
Fhnfiises [G W hiur] Load Gwhivr Load Renewables
Imports - 0.05 Curtailments 2401 293 25,652
Iet Battery Load 0 0.0%
[ Total Load [Giwhvr][ 100,611 ]

= Batterw charging included in salar and wind generation.
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