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INTRODUCTION AND KEY FINDINGS

In 2024, the Colorado Energy Office (CEO) commissioned a report from Ascend
Analytics, entitled Pathways to Deep Decarbonization in Colorados Electric Sector by
2040, to evaluate the potential to achieve near-zero and zero greenhouse gas emissions
from the electricity sector by 2040.*2

The study examined a business-as-usual—or Economic Deployment—scenario and six
other scenarios that achieve zero carbon emissions by 2040. Notably, the report claimed
that “with careful planning, Colorado can move to a reliable, affordable, and deeply
decarbonized electrical grid by 2040

However, an analysis conducted by Always On Energy Research (AOER) found Ascend
Analytics’ preferred zero-emissions by 2040 scenario, the “Optimized 100" scenario,
hereafter referred to as the “OT100” scenario, would lead to higher costs than using
natural gas or nuclear power to meet Colorado’s energy needs and cause massive rolling
blackouts.

» AOER found that the true cost of the OT100 scenario is an additional $114.3
billion through 2040 compared to operating the current grid. If these costs are
discounted at a six percent discount rate, as was the case in the Ascend analysis,
the costs would be $56.6 billion, which is $5 billion higher than the costs
reported in the Pathways to Deep Decarbonization Report conducted by Ascend
Analytics.?

» These higher cost estimates are due to several factors, including the fact that
AOER estimated additional transmission line expenses, while Ascend did not,
and AOER used current capital costs assumptions for new electricity generation
facilities, rather than future projections, and more realistic costs for green
hydrogen.

» OT100 scenario costs explode after 2040, costing an additional $214.6 billion
through 2050, due to the high cost of using capital-intensive 12-hour battery
storage and green hydrogen as a fuel for power plants to generate electricity
during periods of low wind and solar generation.
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» The OT100 scenario would result in rolling blackouts in 2040 during periods of
low wind and solar output when there is not enough electricity stored at battery
storage facilities to keep the lights on.

» From 2045 through 2049, the blackouts would be massive, with the longest
blackout lasting 66 hours and the largest causing 59 percent of the state to suffer
from power outages at its peak. These blackouts occur because the state would
run out of stored hydrogen needed to generate electricity during low wind and
solar output periods and charge the batteries on the system.

» These blackouts would be costly to Colorados economy. AOER identified a
hypothetical nine-day period in 2047 where Colorado would experience 136
hours of blackouts, which would cost Colorados economy more than $5.2 billion
in lost economic activity.

» Using natural gas to replace all but one of Colorados coal plants (Comanche
3) and meet the growing demand for power would only cost an additional $9.5
billion through 2040 and $15.3 billion through 2050, compared to operating
the current grid. This makes the 2050 cost of using natural gas far less than the
$214.6 billion in the OT100 scenario. This Natural Gas scenario would have zero
blackouts and cost a fraction of the price of the OT100 scenario.

» Colorado could build 15,500 megawatts (MW) of new nuclear power, batteries,
and combustion turbine natural gas plants for an additional $73 billion through
2040 and $145.9 billion through 2050, compared to operating the current grid.
This means using nuclear power, natural gas, and battery storage will cost $41.3
billion and $68.7 billion less than the cost of the OT100 scenario, respectively,
while achieving emissions reductions of 90 percent with zero blackouts.

» This plan balances costs and emissions reductions while taking advantage of
recent legislation allowing nuclear power to qualify as a “clean” resource for
meeting the Centennial state’s decarbonization mandates.

All energy decisions have trade-offs. Using natural gas power plants to meet growing
demand will provide the lowest-cost electricity for Colorado families and businesses, but
achieve the fewest emissions reductions on a per megawatt hour (MWh) basis. Nuclear
can achieve reliable electricity with large reductions in emissions, but at a higher

price tag than natural gas. The OT100 scenario is the worst of all worlds, subjecting
Coloradans to high prices and rolling blackouts, but it would reduce emissions the most.



\WHAT IS THE 0T100 SCENARIO?

Ascend Analytics describes the OT100 scenario as “a cost-optimized scenario that meets
the zero GHG emission by 2040 target, representing the least cost pathway to meeting

a 100 percent reduction in in-state GHG emissions by 2040. The model can select wind,
solar, batteries, clean hydrogen, geothermal, gas with

CCUS, and advanced nuclear. In this scenario, the

model adds 11,176 MW of wind, 8,890 MW of solar, ”AS[}E"[I AHHWUGS dBSU“heS
6,061 MW of hydrogen thermal plants, 7,361 MW of : i :
battery storagz, and 800 MW ofieothermal by 2040 to the []ﬂ[][] SGBHH[I[] 053 BUSt
meet demand optimized scenario that meets
Figure 1 shows the change in installed generation the 610 GHG E""SS"]" hy 2[]4[]
capacity over time in this scenario, along with the targe’[, representmg thE |East

growth in peak electricity demand. Peak electricity .
demand increases modestly, rising from 11,284 MW [}[]St I]athway t[] mEEtIﬂg d ][][]
in 2023 to 15,111 MW in 2040. However, total installed EPRREN

capacity on the grid grows rapidly, more than doubling pemem fEﬂU[}tI[]ﬂ I mStatE GHG
from 21,688 MW in 2023 to 50,810 MW in 2040 due emissions hv 2040. "
to the large growth in deployed wind, solar, battery

storage, and hydrogen-fired power plants.

This scenario also assumes a substantial buildout of rooftop solar, batteries located
on-site for customers, and Vehicle-to-Grid (V2G) resources, which would allow utilities
like Xcel Energy to drain the batteries of electric vehicles during times of low electricity
supplies to power the rest of the grid.
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Figure 1: Installed Capacity in Colorado “0T100" Scenario
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Figure 1. In the OT100 Scenario, installed electric generating capacity in 2040 is 2.3 times greater than

in 2023, despite the fact that electricity demand only grows by 34 percent. This graph excludes resources
from the legend that did not have any capacity installed in the OT100 scenario, including biomass, oil, gas
with CCUS, nuclear, and 100-hour iron-air battery storage.




THE NATURAL GAS AND NUCLEAR SCENARIOS

This report compares the cost of the OT100 scenario to two other potential energy
futures for Colorado: A Natural Gas scenario and a Nuclear scenario.

NATURAL GAS SCENARIO

The Natural Gas scenario utilizes existing natural gas capacity on the Colorado grid and
replaces the existing coal capacity on the same timeline as the 0T100 scenario, with the
exception of Comanche 3, which stays in service through 2050.

To meet rising electricity demand and replace coal plants, the Natural Gas scenario
utilizes new combined cycle (CC) natural gas plants to provide high-efficiency baseload
power with low fuel costs. When appropriate, natural gas combustion turbines (CT)
plants are installed to meet peak demand. The Natural Gas scenario also maintains the
existing wind and solar resources on the grid throughout the end of their lifespans, as it
would not make sense to decommission them, but places no more intermittent capacity
into service. These facilities are not repowered at the end of their useful lifetimes (See
Figure 2).

NUCLEAR SCENARIO

The Nuclear scenario builds 9,000 MW of nuclear power plants by 2040 to replace
nearly all of the carbon-emitting resources on the grid and adds battery storage (2,500
MW) and natural gas capacity (4,750 MW) as necessary to meet projected future peak
demand, with natural gas being an important bridge to allow construction for nuclear
plants while also maintaining reliability. Due to the long lead time for building nuclear
power plants, the first nuclear plants would come online in 2032, affording seven years
for planning, construction, testing, and initial operations.

This analysis uses generic cost assumptions for nuclear light water reactors from the
U.S. Energy Information Administration (EIA) in its Electricity Market Module (EMM)
for the Annual Energy Outlook 2025 (AEO) in the Rockies Region (RMRG).!
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New natural gas plants are used to phase out coal in the early years. Then, nuclear
plants are used to phase out the existing coal on the system (except Comanche 3) and
later to phase out some of the gas. Like the Natural Gas scenario, Colorados existing
wind, solar, and battery storage capacity is used until the end of its useful lifetime, but
no additional intermittent capacity is built.

Figure 2: Installed Capacity in Colorado Natural Gas Scenario
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Figure 2. Natural gas replaces almost all of Colorado’s coal capacity, and incremental gas capacity is
added to meet peak demand growth.

Figure 3: Installed Capacity in Colorado Nuclear Scenario
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Figure 3. New nuclear capacity comes online in 2032, and nuclear becomes the largest source of capacity
on the Colorado system by 2040, while battery storage and natural gas plants are kept online to provide
electricity during times of peak demand.



COLORADO’S ELECTRICITY MIX IN EACH

SCENARIO

In 2024, Colorado derived 27 percent of its electricity from coal, 29 percent from natural
gas, 29 percent from wind, 11.5 percent from solar, and 2.6 percent from hydroelectric
(See Figure 4).° Other resources, such as biomass, pumped storage, and petroleum, each
contributed less than one percent of electricity generation, and data labels for these
sources were excluded from Figure 4 to enhance its visual clarity.

This electricity mix would shift dramatically under each of the scenarios examined.
For the OT100 scenario, our model calculates the generation mix resulting from the
resource buildout shown in Figure 5. Wind and solar generation are based on historical
hourly wind and solar capacity factors from 2022 using data from the U.S. EIA.® Battery
storage and hydrogen plants are dispatched as needed during times of low wind and
solar output. For the purpose of this report, all storage assets, including vehicle-to-grid,
are classified as battery storage resources.

Figure 5 shows wind accounts for the largest share of electricity generation in 2040,
providing 53 percent of Colorados power. Solar constitutes 21 percent, followed by
hydrogen at 17 percent, geothermal at 5 percent, and battery storage and hydroelectric
both at 2 percent, respectively.

In the Natural Gas scenario, natural gas becomes the largest source of electricity,
generating 86 percent of Colorados power in 2040. Coal is the second largest source,
generating 11 percent of the state’s power. By 2050, all of the current wind and solar
assets on the Colorado grid have reached the end of their respective 20 to 25 year useful
lifespans and no longer contribute power to the grid (See Figure 7).

In the Nuclear scenario, nuclear power is added to the Colorado grid in quantities that
reduce emissions by 90 percent compared to 2022 while containing costs. Figure 9
shows nuclear accounts for 91 percent of electricity generation in 2040, while natural
gas is used sparingly to provide power on peak demand days. Hydroelectric also
provides 2 percent of the state’s power.
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Figure 4: Colorado Electricity Generation By Source 2024
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Figure 4. Natural gas, wind, and coal were the largest sources of electricity in Colorado in 2024. Solar also
contributed a significant portion of in-state generation.

Figure 5: Colorado Electricity Generation By Source 2040
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Figure 5. Natural gas and coal are completely phased out by 2040 as wind, solar, and hydrogen become
the largest sources of electricity.
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Figure 6: Colorado Annual Electricity Generation By Source as a
Percentage of Total Generation 0T100 Scenario
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Figure 6. This graph shows the share of electricity generated by each source on an annual basis. Wind
quickly becomes the largest source of electricity and gas plants are only operated in the later years for
reliability purposes.

Figure 7: Colorado Electricity Generation By Source 2040
Natural Gas Scenario
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Figure 7. Natural gas displaces coal generation to increase its market share. It also grows as wind and
solar facilities reach the end of their useful lives.
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Figure 8: Colorado Annual Electricity Generation By Source as a
Percentage of Total Generation Natural Gas Scenario
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Figure 8. The vast majority of Colorado’s coal plants are retired by 2030, with natural gas, wind, and solar
providing a large share of the power through 2030. Gas generation grows through 2040 to maintain grid
reliability. Comanche 3 remains online through 2050.

Figure 9: Colorado Electricity Generation By Source 2040
Nuclear Scenaro
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Figure 9. Nuclear power goes from generating zero electricity in Colorado in 2023 to supplying 97 percent
of the grid by 2040.
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Figure 10 shows that natural gas remains a crucial bridge fuel to provide reliable power
as new nuclear power plants are constructed and coal plants are phased out. Wind and
solar also contribute energy in this scenario, but are not repowered to maintain their
generation.

ARE ANY OF THESE PLANS REALISTIC?

Both the OT100 and Nuclear scenario will require massive buildouts of new power plant
capacity on aggressive timelines that may not even be possible.

Wind and solar advocates will likely claim that the planned nuclear power buildout

of 9,000 MW in the Nuclear scenario is unrealistic, citing cost overruns and delays at
the construction of Plant Vogtle in Georgia, the most recent nuclear power plant to
come online in the United States. These criticisms are fair and must be considered by
policymakers.

On the other hand, the massive capacity buildouts required under the OT100 scenario,
which total nearly 41,000 MW, will also be exceedingly difficult to achieve. U.S. EIA data
show that from 2010 through the end of 2023, Colorados installed wind capacity grew
from 1,294 MW of capacity to 5,336.7 MW, an average increase of 355.78 MW per year.
Solar capacity grew from 41 MW in 2010 to 2,173 MW in 2023, an average increase of 155
MW per year. However, Colorado added 871 MW of solar from 2022 to 2023.

Based on the 2024 capacity statistics in the OT100 scenario data files, Colorado would
need to build 682 MW of wind and 497 MW of solar each year to reach the capacity
totals modeled in the Ascend report, plus 379 MW of hydrogen and 441 MW of storage

Figure 10: Colorado Annual Electricity Generation By Source as a
Percentage of Total Generation Nuclear Scenario
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Figure 10. The Nuclear scenario sees a dramatic transformation of the Colorado grid from 2032 to 2040,
with nuclear power displacing natural gas generation. This scenario maintains the same retirement
schedule for the coal plants as the OT100 scenario, with the exception of Comanche 3, which is operated
until the end of 2039, when it is retired.
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facilities. These aggressive buildouts could be more difficult due to transmission
constraints or the potential elimination of federal subsidies. Other challenges remain.
For one, the OT100 scenario also relies heavily on 12-hour batteries that are not

widely commercially available and hydrogen turbines that do not yet exist at scale.
Furthermore, V2G technology is in its infancy, meaning many of the technologies in the
OT100 scenario are speculative, at best.

The most realistic of these scenarios is the Natural Gas scenario, which will require a
relatively modest 9,000 MW buildout of natural gas capacity to replace retiring coal
facilities and meet rising demand. This scenario prioritizes the buildout of a proven
technology with relatively low fuel costs. However, it too is contingent on policy
flexibility from lawmakers and state regulators, particularly in allowing Colorados last
remaining coal plant to stay online past its current scheduled early retirement date to
minimize costs and reliability risks. That may prove unrealistic, as state policymakers
have thus far resisted any discussion of extending the life of existing coal plants into the
2030s.”



SECTION I1i: COMPARING THE COSTS OF

EACH SCENARIO

Reducing carbon dioxide emissions, regardless of the method, is an expensive endeavor.
As such, both the OT100 and Nuclear scenarios will significantly increase the cost of
electricity for Colorado families and businesses, but the

Natural Gas scenario will reduce the emissions intensity of " ing indi
Colorados grid at a much lower cost. []ur mUdE"ng mdmates thE

Undiscounted cost of the
AOER generally reports the costs of each scenario .
studied in constant current-day dollars to give readers an []ﬂ[][] Scenario Wﬂ”ld hE
understanding of the actual costs of these proposals and how il H[][]Itll]llﬂ| $‘I‘I 4 3 hl|||[]ﬂ
they will impact the annual costs to ratepayers. However, '
we also included the discounted costs of each scenario th[[][]gh 2[]4[], thﬂ Natural
to provide a time-value-of-money comparison between .
our modeled scenarios and the costs projected by Ascend Gas SGeNarlo W[]Uld E[]St

Analytics in the Pathways Report. il admtmnal $95 h”lmn/

Our modeling indicates the undiscounted cost of the 0OT100 HII[] thE NU[}|EHF SCenario
scenario would be an additional $114.3 billion through 2040, o
the Natural Gas scenario would cost an additional $9.5 W[]”l[] BUSt i addltmnal
billion, and the Nuclear scenario would cost an additional $73 hl""]", [}[]mpamd
$73 billion, compared with operating the existing electric

grid., With operating the existing

. A/
Ascend Analytics estimated that the discounted cost of the E|E[}UI[} grm
OT100 scenario, which accounts for the time value of money,
would be $51.6 billion through 2040, and they did not provide a cost estimate through
2050. Discounting AOER’s cost estimate of complying with the OT100 scenario through
2040 would cost $56.6 billion, and $82.9 billion through 2050, compared to operating the
current electric grid.

AOER arrived at higher cost estimates than the Ascend report because our analysis
estimated the cost of the additional transmission lines necessary to carry electricity
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from distant wind and solar generators to the customers that need electricity. AOER
also used current capital costs from the EIA Electricity Market Module, rather than
future projections in the National Renewable Energy Laboratory (NREL) Annual
Technology Baseline (ATB), for more realistic costs for green hydrogen.

The OT100 scenario would more than double electricity prices, with rates rising from
11.76 cents per kilowatt hour (kWh) in 2023 to 27.94 cents per kWh in 2040. As a result,
the average annual cost for each Colorado utility customer would increase by $3,154 by
2040, the equivalent of paying an additional $263 per month (See Figure 11).

In contrast, the costs associated with the Natural Gas scenario would total an additional
$5.1 billion, which translates to an 8.2 percent increase of electricity prices, with prices
rising from 11.76 cents per kWh in 2023 to 12.73 cents per kwh in 2040, resulting in an
annual average additional cost of $255 for each utility customer in Colorado that year—
an additional $21 per month.

Lastly, the costs of the Nuclear scenario would total $33.7 billion through 2040, which
translates to a doubling of electricity prices, with prices rising from 11.76 cents per kWh
in 2023 to 23.39 cents per kwh in 2040, resulting in an average additional cost of $2,461
for each utility customer in Colorado that year—an additional $205 per month.

Table 1 shows the discounted and undiscounted cost of each scenario through 2040 and
through 2050. The discounted costs of these scenarios are used to compare the future
costs and benefits after accounting for the time value of money (i.e. that a dollar today
is worth more to most people than two dollars ten years from now).

The table shows that the OT100 scenario is the most expensive, while the natural gas
scenario is the most affordable. This is because the Natural Gas scenario requires very
little up-front capital spending, and modest fuel costs in the future. On the other hand,
both the OT100 and Nuclear scenarios incur larger capital expenses.

Table 1: Discounted and Undiscounted Costs of Each Scenario
(billions of dollars)

0T100 Ascend 0T100 AOER Natural Gas Scenario Nuclear Scenario

Discounted | Undiscounted | Discounted | Undiscounted | Discounted | Undiscounted | Discounted | Undiscounted
2040 $511 NA $96.6 $114.3 $5.0 $95 $33.7 $73.0
2050 NA NA $82.9 $214.6 $6.5 $15.3 $52.8 $145.9

Figure 11 shows the average cost of complying with each of the three scenarios studied
on an annual basis from 2024 through 2040, compared to the current cost of electricity.
This number is obtained by dividing the annual cost of the programs between all
Colorado utility customers, including residential, commercial, and industrial electricity
users.
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Figure 11: Average Annual Electric Bill for Colorado Customers
in Each Scenario
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Figure 11. The OT100 scenario costs the most in each year of the analysis, reaching 55,523 in 2040. The
Nuclear scenario is the second-most expensive, and electric bills in the Natural Gas scenario are largely
unchanged.

RESIDENTIAL CUSTOMERS

Under the OT100 scenario, residential electricity prices would more than double by
2040, causing residential customers to see their annual electricity costs increase from
$1,136 per year in 2023 to $2,782 in 2040, an increase of $1,646, or $137 per month (See
Figure 12).

Residential customers would see annual average electricity prices increase by 8 percent
under the Natural Gas scenario in 2040, resulting in an average additional cost of $114
per residential customer that year compared to the current costs, or $9 per month.
Lastly, the Nuclear scenario would cause residential costs to increase to $2,297 in 2040,
an increase of $1,161 in that year, or $97 per month.

COMMERCIAL CUSTOMERS

Under the OT100 scenario, commercial customers, like schools, hospitals, grocery
stores, and office buildings, would see their electricity costs increase from $6,063 per
year in 2023 to $16,231.% As a result, annual commercial electricity bills would be $10,168
higher in 2040 than in 2023, a monthly increase of $847.

Under the Natural Gas scenario, the average commercial customer would end up paying
an additional $1,228 in 2040 (See Figure 13), an increase of $102 per month. The Nuclear
scenario would cause electricity costs to increase by $7,337 by 2040, an increase of $611
per month.

15
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Figure 12: Annual Electric Bill for Colorado
Residential Customers in Each Scenario
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Figure 12. The OT100 scenario would cost customers the most an additional 5137 per month, the Nuclear

scenario an additional $97 per month, and the Natural Gas scenario would cost an additional $9 per
month.

Figure 13: Annual Electric Bill for Colorado
Commercial Customers in Each Scenario
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Figure 13. The OT100 scenario would cost customers the most, while the Natural Gas scenario would cost
the least.
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INDUSTRIAL CUSTOMERS

Industrial customers in Colorado would see yearly electricity costs increase by $169,399,
on average, in 2040 under the OT100 scenario (See Figure 14). Under the Natural Gas
scenario, average industrial electric bills would increase by $31,074 that year. Under the
Nuclear scenario the average industrial electric bill would increase by $125,590 in 2040.

FACTORS THAT CONTRIBUTE T0 COSTS IN EACH SCENARIO

0T100 scenario compliance costs are driven by the need to build enough wind turbines,
solar panels, battery storage facilities, hydrogen-ready power plants, and transmission
lines in the scenarios resource portfolio. Costs are also driven by the high cost of “green
hydrogen” fuel used to generate electricity when the wind isn’t blowing, the sun isn't
shining, and there is not enough battery storage available to meet demand.

Other factors that increase costs include rising property taxes as a result of having 2.3
times more capacity on the system than in 2023, and utility profits that would result
from their state-approved rate of return on undepreciated assets.

Natural Gas scenario costs are driven by building new natural gas, along with the higher
utility profits and property taxes. The Nuclear scenario costs are driven by building new
nuclear plants, higher utility profits, and property taxes.

Figure 14: Annual Electric Bill for Colorado
Industrial Customers in Each Scenario
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Figure 14. The OT100 scenario would cost industrial customers the mast, by far. Again, the Natural Gas
scenario would cost the least.



18

SECTION IV: HOW WIND, SOLAR, AND BATTERY

STORAGE DRIVE UP COSTS COMPARED T0
RELIABLE POWER PLANTS

Thus far, this report has summarized the cost difference between the OT100, Natural
Gas, and Nuclear scenarios. In this section, we will discuss how attempting to run a
reliable electric grid using mostly wind, solar, battery storage, and hydrogen power
plants drives up costs to a much greater extent than building a grid using reliable power
plants.

The most important thing to know about the electric grid is that the supply of electricity
must be in perfect balance with demand at every second of every day.’ If demand rises
as Coloradans flip on their air conditioners, an electric company must increase the
supply of power to meet it. If companies are unable to increase supply to meet demand,
grid operators are forced to cut power to consumers.

Generating more electricity is relatively easy with dispatchable power plants — plants
that can be turned up or down on command— like those powered by coal, natural gas,
and nuclear fuel. But adjusting to second-by-second fluctuations in electricity demand
is much more difficult with wind and solar, whose electricity production is dependent
on second-by-second fluctuations in the weather. As a result, it is much more difficult
to provide reliable power as we become more reliant upon wind and solar to meet our
energy needs.

It is possible to mitigate some of the inherent unreliability of wind and solar by building
more transmission lines, battery storage facilities, or hydrogen-powered peaking plants.
Another strategy is to vastly increase the amount of wind and solar capacity on the
grid, known as “overbuilding” wind and solar installations, to allow electricity demand
to be met even on cloudy or low-wind days, and curtailing, or turning off, much of this
capacity when wind and solar production is higher. Each of these mitigation strategies,
however, is a major driver of cost for the entire electric system.

These mitigations come with other additional costs, including higher profits for
investor-owned utilities like Xcel Energy, and higher property taxes. Each of these
additional costs will be discussed in greater detail below.
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INCREASING ELECTRICITY GENERATION CAPACITY

Building and operating new power plants is expensive. The OT100 scenario would
greatly increase the amount of new power plant capacity on Colorados electric grid,
while the Natural Gas scenario would build far less new capacity, and as a result, would
be far less expensive.

Here, the Nuclear scenario is an outlier because while it would require only slightly more
overall capacity than the Natural Gas scenario to meet electricity demand, the high

cost of nuclear reactors outweighs some of the benefits of needing to install less overall
capacity than the OT100 scenario, due to the fact that nuclear is a dispatchable energy
technology.

As shown in Figure 1, Colorado had 21,688 MW of installed power plant capacity on
the grid to meet electricity demand in 2023". Under the OT100 scenario, the amount
of capacity that Colorado relies upon would increase to 31,997 MW by 2030, and
50,810 MW by 2040. This means the OT100 scenario

would require twice as much power plant capacity as is ”Wh"E Hﬂﬂlng a[im“[]n'(]l
currently used to meet Colorados electricity demand. .
power plant capacity to the

While adding additional power plant capacity to the grid gnd may S[]UII[I ||kE 1 g[][]d
may sound like a good thing, increasing capacity merely L . .
to meet renewable energy mandates rather than meeting thmg, m[}r[']ﬂsmg [}apamtv

electricity demand is an unnecessary cost that will harm
Colorado families and the state’s economy.

merely to megt renewable
energy mandates rather than

Solar, wind, battery storage, and hydrogen thermal

capacity increase most, while coal and natural gas are mEEtIﬂg E|E[}UI[}IW ﬂBmHnﬂ |S
phased out by 2040 to comply with the OT100 scenario. il UHHBUESSHW [}[]St thHT W|”
Wind installations would grow the most under the harm Colorado families and the
0T100 scenario, increasing from 5,443 MW of installed ' p
capacity in 2023 to 16,618 MW of capacity in 2040. Solar State S B[}[]n[]mV

capacity would grow from 2,160 MW in 2023 to 11,050

MW in 2040, battery storage (including four-hour storage,

twelve-hour storage, and vehicle to grid storage) would increase from 265 MW in 2023
to 9,775, with four hours of storage per MW, in 2040. Hydrogen thermal would increase
from zero MW in 2023 to 6,061 MW in 2040."!

Through 2040, building these solar panels, wind turbines, battery facilities, and
hydrogen plants would cost $12.9 billion, $15.4 billion, $28.5 billion, and $4.1 billion,
respectively, while repowering these facilities at the end of their 20 to 25 year useful
lives would cost an additional $7.5 billion.'? Battery facilities are needed to comply with
the OT100 scenario because these facilities allow Colorado to store excess electricity
generated by solar and wind for later use.

Figure 15 shows the electricity provided by each resource from July 17 to July 22 in 2040,
which shows the period when electricity demand is typically the highest, frequently
referred to as peak electricity demand. Electric grids must be built to accommodate this
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demand, plus a margin of safety—called a “reserve margin"—much in the same way a
bridge must be built to handle its maximum capacity, plus a factor of safety, making it
stronger than its expected maximum load.

This graph is based on actual 2019 federal data for hourly electricity demand and
generation of wind and solar power plants in the Public Service Company of Colorado
region and shows a hypothetical week in 2040 under the OT100 scenario.

The black line shows electricity demand throughout the week. Solar generation, shown
in yellow, increases in the morning, peaking in mid-afternoon, before falling off in the
early evening."”” Wind generation is shown in light blue, and it varies considerably based
on wind speeds. Battery storage, shown in purple, and hydrogen, shown in grey, provide
electricity during the hours when wind and solar generation are insufficient to meet
electricity demand.

A portion of the extra wind and solar power must be used to charge the batteries and
produce green hydrogen. Once the batteries are fully charged, all excess electricity is
assumed to generate hydrogen with unlimited storage capability.

Figure 15: OT100 Scenario Hourly Electricity Supply
During Peak Demand in 20240
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Figure 15. Battery storage and hydrogen are needed to help meet electricity needs during periods when
wind and solar generation are insufficient to meet demand. The batteries are charged and hydrogen is
created by the solar panels and wind turbines when their generation exceeds the black demand line, and
discharged when wind and solar are unavailable.



NATURAL GAS AND NUCLEAR SCENARIOS

By contrast, the Natural Gas scenario would require just 9,000 MW of new natural gas
capacity, while the Nuclear scenario would require 15,500 MW of new nuclear, battery
storage, and natural gas capacity. Less capacity is needed in these scenarios because
they build power plants that are dispatchable, meaning they can be turned up or down
to match demand.

Figure 16 below shows the amount of capacity in each scenario. In the Natural Gas
scenario, the capacity serving the Colorado grid shrinks from 21,688 MW in 2023 to
17,935 MW in 2040. In the Nuclear scenario, the capacity shrinks to 19,271 MW by

2040. The total capacity in these scenarios shrinks as wind and solar facilities already
operating in the state reach the end of their useful 20 and 25-year lifetimes, respectively,
and are not repowered.

The amount of new power plant capacity added in the Natural Gas scenario is
substantial, but it is far lower than the OT100 scenario because the new power plants
are reliable, meaning they can be turned up or down as needed and without relying on
the weather. This is crucial because it means there is no need to overbuild for reliability.
Lastly, the Nuclear scenario reduces emissions by 90 percent compared to the current
grid and achieves 93 percent carbon free electricity by 2040 due to the use of nuclear
plants to provide the vast majority of the energy, while using battery storage and natural
gas only during times of peak electricity demand.
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Figure 16: Total Installed Capacity in Colorado for Each Scenario
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Figure 16. The OT100 scenario requires three times more capacity on the grid than the Natural Gas
scenario and 2.6 times mare capacity than the Nuclear scenario. The Nuclear scenario has more overall
capacity to reduce emissions and due to the use of battery storage for load balancing with nuclear power.



THE HIGH COST OF “GREEN HYDROGEN™

Green hydrogen is produced via electrolysis, a process that splits water molecules
into hydrogen and oxygen gases using an electric current generated from renewable
sources." Wind and solar advocates have increasingly promoted this technique as a
means to produce hydrogen fuel for various applications, including backing up wind
and solar facilities.

Hydrogen is a significant cost driver in the OT100 scenario because it is an incredibly
expensive fuel. Current cost estimates for green hydrogen range from $6.50 per kilogram
(kg) of fuel produced in Texas to $8.50 per kg for fuel produced in New York, but local
prices will be heavily dependent upon the availability and price of wind and solar
electricity.”

“Hydrogen is a significant

The Ascend Analytics report relied on optimistic price

projections from the 2020 Bloomberg New Energy Finance [}[]St []“VE[ m the []TI [][]
(BNEF) Hydrogen Economy Outlook, which assumed green . -
hydrogen costs would decrease dramatically to a range of SGenario hEl}HUSB It 1S aN

$1.25 to $2.75 per kilogram in 2030 and range from $0.70 to ; : : "
$1.60 per kg by 2050, incredibly expensive fuel:

However, the latest BNEF cost estimates have more than doubled compared to previous
estimates, with the projected cost of green hydrogen produced in Texas exceeding

$4 per kg in 2030 and approximately $3.75 per kg in 2040."” BNEF upwardly revised

its cost estimates due to higher costs for electrolyzers as the price of equipment has
risen sharply, stagnant demand as large projects have been canceled, and a reliance on
subsidies that are not large enough to make hydrogen competitive with other fuels.'®

Given the rising cost of producing so-called green hydrogen, it would be inappropriate
to use the assumptions used by Ascend in its report. As a result, AOER used a mid-point
cost of $4.05 per kg of hydrogen for fuel costs in its analysis. This figure represents an
average of the high and low cost estimates calculated by Dr. Jonathan Lesser in a 2024
report published by the Manhattan Institute."”
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Another factor driving the high cost of green hydrogen in the OT100 scenario is
utilization. The Ascend report assumes that green hydrogen power plants will operate
very infrequently, with capacity factors below 5.1 percent from 2030 to 2040. However,
AOER’s analysis determined these hydrogen thermal plants would need to run much
more frequently to prevent blackouts, operating at 28.8 percent capacity factors. The
higher fuel prices and utilization of the hydrogen facilities are a major driver of cost.
Through 2040, fuel costs alone amount to over $21 billion (in non-discounted constant
2024 values).



TRANSMISSION

The Electricity Futures Study published by NREL shows the amount of transmission
required to accommodate more wind and solar increases as they supply ever-greater
quantities of electricity.*

High-voltage transmission lines are expensive, routinely costing from $2 million to
$5.5 million per mile.* Due to the high cost of transmission lines, these expenses will
become significant as intermittent resources constitute a

larger share of the electric grid.”> However, the Ascend study " thE ASBB"[I Study
did not incorporate the cost of the transmission upgrades L
necessary to add more renewables to their analysis, causing dm not |[][}[][p[][3tﬂ thﬂ

the company to underestimate the true expense of the OT100

cost of the transmission

| B o Upgrades necessary to
To estimate transmission costs in this scenario, AOER
extrapolated the cost of Colorados Power Pathway, a $1.7 add more rBlIEWHh|BS
billion series of transmission lines sized to accommodate the :[[] thE" anE" SlS
injection of 5,500 MW of new generation capacity, to reflect y ’

the capacity additions built in the OT100 scenario.” [}ausmg J[he [}[]mpany ’[[]
AOER was conservative in its transmission cost analysis by UﬂdErEStlmHtE ThE UUB
excluding new battery storage facilities from necessitating

new transmission, instead assuming storage facilities are Expense UT the UTI[][;]’
located near customers with minimal need for new power Scenari.
lines.

According to the Ascend data files, the OT100 scenario will result in a net increase of
21,414 MW of incremental wind and solar capacity 2023 to 2040. Assuming a cost of
$309,000 per MW of new capacity, the new transmission lines would cost $6.6 billion.
These transmission costs would also incur additional utility profits and property taxes,
increasing the overall cost of the OT100 scenario.
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UTILITY RETURNS

Because investor-owned utilities (IOUs) in Colorado, such as Xcel Energy and Black
Hills Energy, are regulated monopolies, they are not allowed to make a profit on the
electricity they sell.

Instead, they are typically guaranteed around a 9.3 percent profit, or rate-of-return on
equity, when they spend money on capital assets such as power plants, transmission
lines, and even new corporate offices, if the Colorado Public Utilities Commission (PUC)
approves these expenses. This report utilizes the capital structure of Xcel to estimate
utility returns.?*

The OT100 scenario would require utilities to spend $73.1 billion on new infrastructure
through 2040, in addition to $6.6 billion in transmission lines, whereas capital
expenditures in the NGS scenario would be $5.8 billion, and the Nuclear scenario would
cost $75.9 billion through 2040.

As aresult, additional corporate profits for investor-owned utilities would be far higher
in the OT100 scenario, at $42.5 billion, than in the Natural Gas scenario ($4 billion). The
nuclear scenario would have the second-highest utility profits, $39.3 billion, due to the
high up-front capital costs of new nuclear reactors. This makes the utility returns the
largest expense in each of the three scenarios.

The ability for IOUs to make a government-approved rate of return on new power
plants, regardless of their reliability, gives these entities a powerful incentive to build
unreliable wind and solar facilities with battery and hydrogen backup to maximize
utility profits. This places the incentive of the utility in direct competition with those
of the ratepayers they serve, who would benefit most from the company investing in
reliable power plants that last 40 to 80 years.

This situation could be remedied if IOUs were only allowed to recoup the portion of
their costs based on the reliability of the assets in question.
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PROPERTY TAXES

Property taxes increase most under the OT100 scenario because, compared to the
current grid and Natural Gas scenario, there is much more property to tax. While the
property taxes assessed on power plants are often a crucial revenue stream for local
communities that host power plants, these taxes also effectively increase the cost of
producing and providing electricity for everyone.

For example, Xcel Energy, saw its property taxes increase exponentially as it built
wind, solar and transmission facilities to satisfy Minnesota’s original renewable energy
mandate, the NGEA. Property taxes increased from a low of $79 million in 2007 to $192
million projected in the year 2023, an increase of more than 143 percent (See Figure
17).5

Additional property tax payments under the OT100 scenario were calculated to be $19.8
billion in undiscounted dollars compared to operating the existing power grid. Under
the Natural Gas and Nuclear scenario, additional property taxes would be $1.9 billion,
and $17.7 billion, respectively, relative to current expenditures, as older, depreciated
coal plants are replaced with new nuclear power plants and other reliable carbon-free
technologies.

Figure 17: Xcel Energy Annual Property Tax Expense

Property taxes for Xcel Energy skyrocketed in Minnesota in the years following the passage of
the state's 25 percent renewable energy mandate as additional wind turbines, solar panels, and
transmission lines were built.
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Figure 17. Property taxes increase as more intermittent renewable energy sources are added to the grid
because there is more property to tax.
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TOTALCOST

Figure 18 shows the total cost comparison of the OT100, Natural Gas scenario, and
Nuclear scenario. The OT100 is more expensive than both the Natural Gas and Nuclear
scenario. The Nuclear scenario is significantly less expensive than the 0T100 scenario,
costing Colorado ratepayers $41.3 billion less through 2040, yet far more expensive than
the Natural Gas scenario, costing $63.5 billion more.

Figure 18: Total Additional Cost through 2040 for Each Scenario
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Figure 18. The OT100 scenario would cost 12 times more than Natural Gas scenario through 2040, with
costs driven by higher utility profits and generation costs.



SECTION V- THE LEVELIZED COST OF ENERGY

FOR DIFFERENT GENERATING RESOURCES

Almost all studies that examine the cost of renewable energy use a methodology called
the Levelized Cost of Energy, or LCOE, to assess the cost of wind and solar compared to
different technologies.”® LCOE estimates reflect the cost of generating electricity from
different types of power plants, on a per-unit-of-electricity basis (generally megawatt
hours), over an assumed lifetime and quantity of electricity generated by the plant.”

In other words, LCOE estimates are essentially like calculating the cost of your car on a
per-mile-driven basis after accounting for expenses like initial capital investment, loan
and insurance payments, fuel costs, and maintenance.

Wind and solar advocates often misquote LCOE estimates from Lazard or EIA to claim
that wind and solar are now lower cost than other sources of energy.”®,* However,
Lazard and EIA show the cost of operating a single wind or solar facility at its maximum
reasonable output; they do not convey the cost of reliably operating an entire electricity
system with high penetrations of wind and solar, which costs exponentially more.

For example, Lazard and EIA do not account for the expenses incurred to build new
transmission lines, the additional property taxes, or the cost of providing “backup”
electricity with natural gas, battery storage, or green hydrogen when the wind is not
blowing or the sun is not shining, referred to in this report as a “load balancing” cost.*
Even more importantly, the LCOE estimates generated by Lazard and EIA do not
account for the massive overbuilding and curtailment that must occur to ensure that
grids with high reliance on wind, solar, battery storage, and green hydrogen meet
electricity demand.

It is important for the reader to understand that the costs associated with load
balancing, overbuilding, and curtailment increase dramatically because the amount
of wind, solar, and battery storage, capacity must be “overbuilt” to account for the
intermittency of wind and solar, which is why the OT100 scenario has an installed
capacity of 50,810 MW by 2040, whereas the Natural Gas and Nuclear scenarios have
capacities of 17,935 MW and 19,271 MW, respectively.
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AOER’s model accounts for all of these additional expenses and attributes them to the
cost of wind and solar to get an “Always On” LCOE value for these energy sources. Our
Always On LCOE represents the cost of delivering the same reliability value of other
generating technologies, allowing for a more apples-to-apples comparison of the cost of
reliably meeting electricity demand with existing natural gas and coal plants operating
in Colorado, or new plants built under the OT100 scenario, Natural Gas scenario, or
Nuclear scenario.

Data from the Federal Energy Regulatory Commission (FERC) show Colorados coal
and natural gas plants are some of the lowest-cost sources of electricity in the state,
generating electricity for $35.27 per MWh and $31.78 per MWh, respectively (See Figure
19).

Under the OT100 scenario, these low-cost, reliable coal and natural gas plants would be
replaced with wind, solar, battery storage, and hydrogen plants by 2040. Figure 19 shows
the Always On LCOE of new wind and solar are $104 and $191 per MWh, respectively, in
2040. It should also be noted that the OT100 scenario does not maintain reliability, as
aresult the true Always On cost of serving load with wind and solar would need to be
higher to keep the grid stable in the form of larger load balancing or overbuilding and
curtailment costs.

Curtailment costs in the OT100 scenario are kept low because excess electricity is
stored in batteries or used to generate hydrogen. As a result, the major cost driver of
wind and solar is the load balancing expenses, which constitute the cost of battery
storage facilities, hydrogen thermal power plant capital costs, and the cost of hydrogen
fuel needed to maintain reliability. Therefore, the cost of battery storage, hydrogen,
overbuilding, and curtailing in Figure 19 can be thought of as a levelized cost of
intermittency or unreliability.

In the Natural Gas scenario, new natural gas plants constitute the only capital
expenditures. In the Nuclear scenario, large light water reactors, battery storage
facilities, and new natural gas plants are constructed to meet demand. Figure 19 shows
the cost of these new plants is $36 per MWh for new combined cycle natural gas plants
and $99 per MWh for new nuclear plants

As discussed in Section IV, costs are higher for wind and solar facilities because grids
powered with large concentrations of intermittent wind and solar require much more
total capacity and transmission to meet electricity demand than systems consisting
largely of dispatchable power systems, such as traditional fossil fuel plants and nuclear
reactors.
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Figure 19: LCOE: Existing Coal and Natural Gas vs. New Wind, Solar,

Natural Gas, and Nuclear
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Figure 19. New solar facilities are the most expensive form of new electricity generation built under the
0T100 scenario. Once costs such as property taxes, transmission, utility returns, battery storage, and
overbuilding and curtailment, are accounted for new wind costs $104 per MWh, and new solar costs 5191

per MiVh.
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SECTION VI: IMPLICATIONS FOR RELIABILITY

Reliability is the most crucial function of the electric grid. Our lives have never been
more dependent upon electronic devices, and it is highly unlikely that we will be less
dependent upon them in the future.

Despite the large increase in installed electricity generating capacity and modest
increases in electricity demand, AOER determined the OT100 scenario would result in
massive blackouts when the grid is stress tested against historical hourly wind and solar
capacity factors and electricity demand in Colorado due to a lack of electricity stored in
battery storage facilities and hydrogen to generate electricity during periods of low wind
and solar generation.

The Ascend Analytics report states that each scenario was required to meet utility
reliability requirements of less than 0.1 days of loss of load per year, or no more than 2.4
hours of blackouts per year.

To test this analysis, AOER compared the installed capacity in the OT100 scenario in the
Ascend Analytics report to hourly capacity factors for wind and solar generators and
hourly fluctuations in electricity demand using EIA data for 2019, 2020, 2021, 2022, and
2023. These years are referred to as Historical Comparison Years (HCYs) in our analysis.

These HCYs are run in succession in our model to examine the impact of this resource
plan in response to hourly fluctuations in five-year increments. For example, 2040 would
use the 2019 HCY for its hourly demand and capacity factor inputs, while 2041 uses the
2020 HCY, and so on. Then, the 2019 HCY would be used again for 2045 and the 2020
HCY would be used for 2046.

Ascend claimed wind and solar generation data is not publicly available and had to be
estimated using the NREL's System Advisor Model (SAM), but this is not true. The EIA
Hourly Grid monitor contains hourly wind and solar generation data for the Public
Service Company of Colorado (PSCO) territory for several years. Hourly capacity factors
were obtained by dividing hourly generation in several years by the amount of installed
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wind and solar capacity operating in the balancing authority during the corresponding
year.*!

These hourly wind and solar capacity factors were applied to the installed capacities
in the OT100 scenarios to determine whether there was enough excess electricity
generated during periods of high wind and solar output to charge the batteries on the
system and produce enough green hydrogen to maintain grid reliability during periods
of low generation from intermittent resources.

For the reliability analysis, AOER assumes Colorado will create and store green hydrogen
from wind and solar generation from 2035 through 2039, giving the state five years to
create a strategic reserve of fuel to use in later years. This results in 1.76 billion kg of
green hydrogen in storage at the beginning of 2040, when the OT100 scenario must be
completely carbon-free.

By 2044, the hydrogen reserves would be depleted, as there would not be enough
excess electricity generation to maintain sufficient green hydrogen reserves, resulting
in massive rolling blackouts. Figure 20 shows the depletion of the storage as Colorado
attempts to rely on the portfolio in the OT100 scenario.

Figure 20: Hydrogen Storage at the Start of Every Month
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Figure 20. Shows the storage of hydrogen at the start of each month throughout the ten-year reliability
analysis. Despite beginning with a large reserve of nearly 1.8 billion kilagrams (kg) of hydrogen available
for electricity generation in 2040, this is entirely depleted by 2045.
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The depletion of the strategic hydrogen reserve results in massive rolling blackouts.
Figure 21 shows the period when there is low wind and solar output, necessitating the
use of energy storage resources. As you can see, hydrogen reserves are already depleted,
and there isn’'t enough excess generation from wind and solar to maintain reliability

or charge battery storage facilities. As a result, the demand for electricity outstrips its
supply and capacity shortfalls occur.

During this hypothetical four-day period in July 2046, Colorado would experience

21 hours of blackouts. The longest blackout would last for six hours and result in a
maximum hourly shortfall of 9,000 MW of unserved demand. In layman’s terms, this
means 66 percent of the state of Colorado would be experiencing a blackout during this
hour. In total, 61,178 MWh of electricity demand would not be served during this four-
day period.

Another significant shortfall event occurs in 2047 during a 9-day period in February,
when wind capacity factors average just 17 percent, and solar 11 percent, as shown in
Figure 22. Due to the prolonged period of low wind and solar output, the battery storage
facilities were unable to charge, and hydrogen production wasn’t available to meet
demand. In total, there would be 136 hours of blackouts during this period, resulting
from the insufficient capacity on the system, with the longest duration lasting 66 hours.
Wind and solar averaged just 9 percent and 6 percent capacity factors during this
66-hour period starting at 5:00 PM on February 12, 2047 through 10 AM on February 15,
2047.

Figure 21: Colorado Hourly Generation in 2046 in the 0T100 Scenario
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Figure 21. The maximum shortfall event reaches over 9,000 MW during this capacity shortfall event.
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Figure 22: Capacity Shortfall Event: Colorado Hourly Generation
in 2047 in the 0T100 Scenario
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Figure 22. In total, there were 136 hours of shartfalls during this 9-day period in February, totaling
527,000 megawatt-hours of unserved demand, or 36 percent of total demand from when the blackouts
started and ended.

THE SOCIAL COST OF BLACKOUTS

Blackouts have a massive negative impact on the economy. Estimates of the economic
cost of the Spanish blackout in April of 2025 range from $454 million to $1.82 billion
after the nation experienced more than 12 consecutive hours of blackouts over the
course of a day.*>* Power shutoffs in Colorado have also harmed local residents and
businesses.

For example, in April of 2024, hundreds of thousands of Xcel Energy customers in
Colorado lost power as high winds damaged power lines, and Xcel preemptively shut off
the power to 55,000 customers to mitigate the risk of wildfires.** Among the customers
who lost power were homeowners and small businesses who received little to no
warning.

For example, the Niwot Market is a small, family-owned, and operated grocery store in
Niwot, Colorado, that sells groceries and natural pet supplies and operates a deli and
sushi bar. Despite the best efforts of the store owners to obtain refrigerated trucks, the
Denver Post reported the market lost $35,000 due to lost sales and thousands of dollars
in melted ice cream, frozen deli meat, and other spoiled products.

Economists attempt to measure the economic cost of blackouts using a metric called
the Value of Lost Load (VOLL), which can be thought of as a customer’s willingness to
pay to avoid losing electricity for a given period of time.

Southwest Power Pool (SPP), the Regional Transmission Organization (RTO) that
Colorado may join in the future, does not have a public VOLL estimate. However,
the Midcontinent Independent System Operator (MISO), an RTO to the east of SPP,
estimates the VOLL to be $10,000 per MWh of unserved energy.*®
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The hypothetical nine-day period in 2047 examined above would result in 527,000 MWh
of unserved load. As a result, the blackouts would cost Colorados economy more than
$5.2 billion during this stretch. However, these costs are not included in the total cost
estimates of the OT100 scenario.

In contrast, the Natural Gas and Nuclear scenarios would not result in any capacity
shortfalls. As a result, these scenarios are even less costly than the OT100 scenario that
the cost estimates presented earlier in this report would suggest.

Having reliable electricity is essential to human health and well-being and a strong
economy. The reliability challenges of the OT100 scenario merit serious discussion from
policymakers about the best way to run Colorados grid in the future.



SECTION VII: EMISSIONS REDUCTIONS

When evaluating energy policies aimed at reducing greenhouse gas emissions, it is
important to weigh the cost of reducing emissions against the expected benefits of
doing so. If the costs of reducing emissions exceed the expected benefits, the policy does
not make sense to enact.

To conduct this cost-benefit analysis, policymakers often use

a tool called the Social Cost of Carbon (SCC) to estimate the ”When Evaluatmg

economic costs, or damages, of emitting one additional ton L

of carbon dioxide into the atmosphere in terms of changing Enﬂfgy [ll]||[}IES HImEd

temperatures, and thus the benefits of reducing emissions.* i

While the SCC has serious shortcomings, it can help illustrate at rEdumng ngBﬂhUUSE

when the costs of a proposed policy obviously outweigh the gas em|SS|[][|S, |t S

benefits.” . .
important to weigh

Figure 23 shows the cost of reducing each ton of carbon dioxide the l]l]St []f redu[:mg

through 2040 under the OT100, Natural Gas, and Nuclear o .
scenarios and compares it to the SCC estimates established by gmissions ﬂgﬂmst thE

the Biden administration. EXI]E[}tE d I]EI]EfItS 0 f

Figure 23 shows that the cost of reducing carbon dioxide dumg 90. "
emissions in both the OT100 and Nuclear scenarios exceed the

Biden administration SCC estimates in at least one year. The

OT100 scenario far exceeds the Biden SCC beginning in 2035, suggesting the costs of
this scenario outweigh the benefits.

Figure 24 shows the CO2 emissions for the OT100, Natural Gas, and Nuclear scenarios in
each year from 2022 to 2040. While the OT100 and Nuclear scenarios reduce emissions,
emissions in the Natural Gas scenario increase as aging wind and solar facilities reach
the end of their useful lives and are not repowered. Emissions also increase to meet
rising electricity demand.
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Figure 23: Biden Social Cost of Carbon vs. Cost of Reducing CO2
Emissions

Cost of Reducing CO2 Emissions

C—/OTI00 c——/Nuclear ====BidenSCC

Figure 23. The cost of reducing emissions under the 0T100 and Nuclear scenarios both exceed the Biden
SCC estimates in at least one year. However, the nuclear scenario falls below Biden SCC estimates in the
later years, whereas the OT100 scenario continues to grow more expensive.

Figure 24: Colorado Annual Carbon Dioxide Emissions by Scenario
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Figure 24. Both the 0T100 and Nuclear scenarios achieve dramatic reductions in carbon dioxide emissions
by 2040, and the Natural Gas scenario reduces the intensity of emissions by replacing higher-emitting
resources like coal with natural gas plants.

The OT100 scenario would achieve the greatest emissions reductions, but at a
significantly higher cost than the Nuclear or Natural Gas scenarios.




Colorado policymakers must carefully weigh cost, reliability, and emissions reductions
as they shape the future of the electric grid. AOER’s analysis concludes using wind,
solar, battery storage, and green hydrogen to meet the requirements set out by the Polis
administration would cost far more than using natural gas or nuclear power.

Compliance with the OT100 scenario in Colorado would cost at least $114.3 billion
through 2040. This amounts to an average annual increase of $1,610 per electricity
customer per year through this timeframe. In comparison, the Natural Gas scenario
would increase costs for consumers by $9.5 billion through 2040, which is $105.2 billion
less than the cost of the OT100 scenario while maintaining grid reliability. Lastly, the
Nuclear scenario would cost $73 billion through 2040, $41.3 billion less than the 0T100
scenario.

0T100 scenario costs are driven by a massive buildout of solar panels, wind turbines,
and transmission lines, in addition to the costs associated with higher property taxes,
utility profits, and the cost of building battery storage and hydrogen production and
power facilities to provide power when the sun is not shining, or the wind is not
blowing. Natural Gas scenario costs are driven by building new natural gas power
plants, and the Nuclear scenario costs are driven by building new nuclear power plants,
natural gas plants, and battery storage.

In the end, the idea that Colorado can run its electric grid on wind turbines, solar
panels, batteries, and green hydrogen facilities is a dangerous and unserious one.
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APPENDIX

LOAD GROWTH

This analysis uses the annual load growth assumptions in the Ascend report, totaling
15,100 MW in 2040. This peak demand is held constant through 2050 to demonstrate the
cost of each modeled scenario.

AOER believes this load growth projection could be conservative. The authors’ previous
work in Colorado indicates that the projected peak demand growth for building
electrification would increase to 24,460 MW, which is substantially higher than the
estimates assumed by Ascend Analytics and the Colorado Energy Office.*® Additionally,
utilities and state policymakers are only just starting to confront a potentially
unprecedented rise in electricity demand from data centers and other large industrial
loads. Therefore, we believe that the Ascend analysis underestimates the true cost of
meeting decarbonization goals set forth in the report.

CAPITAL COSTS

AOER's analysis uses overnight capital costs from EIA's Capital Cost and Performance
Characteristics for Utility-Scale Electric Power Generating Technologies report.” These
costs are held constant throughout the model run due to the uncertainties involved in
predicting the future capital cost of generation technologies.

FUEL COSTS: HYDROGEN

AOER used current green hydrogen costs of $4.05 per kilogram. This figure represents an
average of the high and low cost estimates calculated by Dr. Jonathan Lesser in a 2024
report published by the Manhattan Institute.

As discussed above, the hydrogen costs used in the Ascend report were highly
speculative and based on an 80 percent reduction in the current cost of green hydrogen,
with costs falling from current costs of $5 per kilogram (kg) to $1 per kg.

Ascend Analytics used heat rates consistent with combined cycle natural gas plants for
its hydrogen fleet, which are more efficient than the hydrogen turbine assumptions used
by the U.S. EIA in its Assumptions to the Annual Energy Outlook. AOER used EIA heat
rates to reflect that hydrogen turbines are more likely to be used in a peaking capacity,
rather than a baseload capacity, where combined cycle units are more appropriate.

HOURLY LOAD SHAPES

Colorado hourly load shapes were modeled using historical hourly load data from EIA's
Hourly Grid Monitor for the Public Service Company of Colorado (PSCO) balancing
authority for 2019, 2020, 2021, 2022, and 2023. These values were scaled to meet EIA
annual values for Colorado retail electric sales.
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This is consistent with the methodology used by Ascend Analytics, which used hourly
data from PSCO and verified that it was consistent with load shapes for other major
utilities in Colorado (Tri-State Energy, Black Hills Colorado Electric, and Colorado
Springs Utilities). The historical data was scaled to match EIA monthly values

for Colorado retail electric sales, which is the same methodology used by Ascend
Analytics.”

These hourly load shapes were then scaled to match the coincident peak demand
forecasts in the Ascend Analytics study.

HOURLY WIND AND SOLAR CAPACITY FACTORS
Wind and Solar:

AOER's hourly capacity factor assumptions for wind and solar stem from the hourly
capacity generation data found in the EIA Hourly Grid Monitor and dividing by the
installed capacity of each resource online in the PSCO region each year. AOER upwardly
adjusted the wind capacity factors to better match Ascend’s assumptions, scaling

them up to 45 percent. Solar capacity factors were only slightly revised upward, to 26.4
percent.

Geothermal: Our analysis used a 50 percent capacity factor assumption for geothermal.
Hydrogen thermal: AOER’s hourly grid dispatch model found that the hydrogen thermal
power plants would need to run far more frequently than the assumptions used by
Ascend Analytics. On average, hydrogen thermal plants generated at 24 percent of their
potential output in 2040, compared to the 4.7 to 5.1 percent capacity factors found

in Ascend Analytics’ OT100 Summary found in their Colorado Clean by 2040 Results
Workbook.

Hydrogen supply and hattery storage assumption

AOER assumed Colorado will create and store green hydrogen from wind and solar
generation from 2035 through 2039, giving the state five years to create a strategic
reserve of fuel to use in later years. This results in 1.76 billion kg of green hydrogen in
storage at the beginning of 2040 when the OT100 scenario must be completely carbon-
free.

Hydrogen facilities can be used to charge batteries, and batteries can be used to
generate hydrogen. Battery storage receives preferential charging.

[mport assumptions

Our model assumed 1,500 MW of import capacity, consistent with the assumptions of
Ascend Analytics.
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Transmission constraints

Our model assumed a “copper sheet” transmission system that allows electricity
generated in any part of the state to be transferred to another. While this is less
realistic than taking real-world transmission constraints into account, it is a generous
assumption in terms of reliability because it means regional wind and solar generation
will not be curtailed due to lack of transmission line capacity.
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