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Executive Summary

The Alaska Railbelt utilities face growing challenges because of the declining supply of natural
gas from the Cook Inlet and substantial projected price increases. Renewable energy in the form
of wind and solar is a potentially cost-competitive option to reduce reliance on natural gas, which
in 2022 provided nearly two-thirds of the Railbelt electricity demand.

This study examines the system-level costs and benefits of increased renewable energy
deployment in the Railbelt grid,' in the context of a proposed 80% renewable portfolio standard
(RPS). This work studies the period from 2024 to 2040 and uses a model that simulates the
planning, evolution, and operation of the power system to identify the mix of resources that
maintains system reliability at the lowest electricity system cost over the period of analysis. The
model tracks several reliability metrics, including the ability to serve demand during all hours of
the year, even when normal power system failures occur. The model includes several measures
(and associated costs) to address the variable output of renewable resources, including additional
operating reserves, fuel storage, cycling of fossil plants, and additional equipment needed to
maintain system stability.

We evaluated three scenarios for comparison. The first scenario (referred to as No New RE) does
not allow for any new renewable capacity. The second (Reference) is a scenario without an RPS
requirement and represents the least-cost mix of resources. The third (RPS) enforces the RPS
trajectory where at least 80% of generation in the entire Railbelt must be derived from renewable
resources by 2040.

We assume that the following technologies (both existing and new) are eligible to meet RPS
requirements: wind, solar, geothermal, tidal, hydropower, biomass, and landfill gas—and we
include both existing and new deployments. Apart from retiring one relatively small power plant,
the model includes and maintains all existing hydropower and fossil generation resources that
continue to provide important reliability services. We also include the option to add new fossil
fuel generators and energy storage. We capture the impact of existing federal tax credits,
including the 40% investment tax for energy communities detailed in the main report, but
assume no other changes to state or federal policies. We assume load growth resulting from
population increases and electric vehicle (EV) adoption, with EV demand driving most of this
growth (we assume that 20% of all vehicles in the Railbelt are electrified by 2040.)

The primary goal of this current study is to examine differences in total electricity system costs
associated with deploying various amounts of renewable energy. In all scenarios, there will be
many common costs, including maintenance of existing transmission and distribution assets,
existing debt on generation assets, existing power purchase agreements, and many administrative
costs. These are shown at the bottom of Figure ES-1. Because the goal of this study is to
compare differences in system costs resulting from different generation mixes, we do not
estimate these common costs. Instead, we focus on factors that may vary across the different
scenarios, including investments in new fossil and renewable generators, and all fuel and other

1 The Railbelt power system extends from Fairbanks through Anchorage to the Kenai Peninsula and consists of five
utilities: the Golden Valley Electric Association, Chugach Electric Association, the Matanuska Energy Association,
City of Seward, and Homer Electric Association.
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variable costs from both new and existing resources. The system cost includes measures needed
to address the variability and uncertainty of renewable energy, sometimes referred to as
“integration costs.” Throughout this report, all results are presented in $2023.

J— Reference Case RPS Case Renewable Costs Include:

Capital

Operations and Maintenance
Interconnection

Transmission spur line
Additional natural gas storage

New Renewable and

Storage Costs New Renewable and

Storage Costs

Costs Grid-forming inverters
considered == New Fossil Fixed and Additional operating reserves
in this study — Scheduling, forecasting, and
New Fossil Fixed and communication
Fossil Generator Costs Include:
* Reduction in efficiency from
operating at part load
Common New Capital and Fixed Costs (Generation, * Additional stops and starts
Costs not Transmission, and Storage

considered ==
in this study

Existing Debt and PPA Obligations

$

Figure ES-1. Types of energy system costs considered in the analysis, depicted for two of the
three scenarios assessed (Reference and RPS). Because the overall study objective is to estimate
the difference in costs among the three scenarios, common costs are not considered in the
analysis.

The study presents six key findings.

Finding #1: The Least-Cost (Reference) Scenario Results in Substantial Deployment of
Renewable Energy and Cost Savings

The primary driver for economic deployment of new renewables is their ability to reduce the
quantity of fuel used in the existing fossil generators that serve the majority of Railbelt demand.
The cost of gas generation is expected to increase substantially because of the expected need for
imported liquified natural gas (LNG) at costs of at least $12.6 per million cubic feet ($2023)
starting in 2028.% This results in fuel-related costs of the most-efficient (lowest-cost) gas-
powered plants in the Railbelt increasing to more than $90/MWh in the late 2020s. Because of
continued technology improvements and the assumed eligibility of wind and solar for the 40%
investment tax credit (ITC), the cost of acquiring new solar and wind resources is expected to be
substantially less than the cost of fuel for existing natural-gas-powered generators. Cost and
performance of renewable technologies is based on the mid-case projections from the National
Renewable Energy Laboratory’s (NREL’s) 2023 Annual Technology Baseline, and an Alaska-
specific multiplier was applied to reflect higher capital and operating costs in Alaska. This result

2 $12.2 per million CF in $2023.
vii
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in levelized costs that are expected to be below $80/MWh for solar and below $70/MWh for
wind in the coming years. These costs are before consideration of the additional need for new
wind transmission interconnections, natural gas fuel storage, and impacts of addressing
renewable variability, which are included in the full cost accounting and discussed in more detail
in Finding #6.

After the impact of the need to address variability and uncertainty of the wind and solar is
included, these resources achieve “breakeven” conditions with variable costs of the most
efficient gas plants operating on imported LNG. As a result of this growing cost differential, the
model chooses to build large amounts of wind and some solar to reduce overall system costs, and
the Reference scenario reaches a 76% contribution from renewables by 2040 (Figure ES-2). (We
discuss potential trends that may occur after 2040 in Section 7.7.4.)
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Figure ES-2. Contribution of renewable energy to the Alaska Railbelt grid in the Reference and No
New RE scenarios

Figure ES-3 compares the evaluated costs in these scenarios, meaning the total of all system
costs that may vary across the different scenarios (fixed costs for new generators and variable
costs for all existing and new generators). Costs that do not vary across scenarios (e.g., servicing
existing debt, transmission, and distribution costs) are not included in these comparisons. Figure
ES-3 (top) shows the annual cost difference between the No New RE and Reference scenarios,
with savings shown as a positive value and costs shown as negative. The increased cost of
renewable energy purchases is more than offset by the decrease in fuel-related costs, which
produces a net savings (black line) which averages about $105 million/year from 2030 to 2040.

The Reference scenario avoids about $4.2 billion in fuel and other costs from 2024 to 2040. This
avoided cost requires renewable purchases and other costs of about $2.9 billion, resulting in a
cumulative (non-discounted) savings from 2024 to 2040 in the Reference scenario of about $1.3
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billion. Figure ES-3 (bottom) summarizes the difference in cumulative net present value (NPV)
of evaluated costs over the evaluation period (2024—2040), across a range of discount rates.
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Figure ES-3. Total annual savings ($2023) associated with the Reference scenario compared to the

No New RE scenario (top) shows annual savings of about $100 million per year in the early 2030s.

The cumulative (non-discounted) savings from 2024 to 2040 (bottom) reaches $1.3 billion. The net
present value of those cumulative savings is less, depending on discount rate used.
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Finding #2: The Least-Cost (Reference) Scenario Relies on a Mix of Renewable Energy
Resources and Locations

The Reference scenario deploys a mix of wind and solar resources, with wind providing most of
the new capacity, growing to about 51% of annual generation in 2040. Figure ES-4 shows the
capacity mix (top) and generation mix (bottom) between 2024 and 2040 for the No New RE and
Reference scenarios.
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Figure ES-4. Capacity (top) and generation mix (bottom) over time in the No New RE and
Reference scenarios

Finding #3: The 80% RPS Has Limited Impact on System Costs, With Much Greater
Uncertainty Driven by Future Costs of Renewables and Other Resources

Adding the RPS requirement has a small impact on the overall savings associated with
deployment of renewable energy compared to the Reference scenario. The Reference (least-cost)
scenario achieves a 76% contribution from renewable resources in 2040. Above this level of
renewable generation, additional renewables have a slightly higher cost than operating existing
gas plants based on the increasing curtailment (unusable generation) of wind and solar during
periods when the supply of renewables exceeds electricity demand. We assume that all
renewable energy must be paid for regardless of whether it is used.
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Figure ES-5 shows the annual savings associated with the Reference and RPS scenarios
compared to the No New RE scenario. The Reference (blue) line is the annual savings shown
previously in ES-3 (top). The RPS line shows the reduction in savings associated with the RPS
scenario resulting in about a $19 million cost (or $19 million reduction in benefits compared to
the Reference scenario) in 2040. This is less than a 2% decrease in cumulative savings. Because
the additional cost occurs almost entirely in 2040 and given the significant uncertainty in future
costs of renewables, fossil fuels, load growth, and other factors, there is essentially no
meaningful difference between the Reference scenario and the 80% RPS scenario. For
comparison, Figure ES-5 also shows how changes in the cost of renewables would have a greater
impact on the overall benefits of deploying renewable resources. A 10% reduction in the cost of
renewables (blue line) would increase the cumulative (non-discounted) savings by about $220M
from 2024 to 2040 (to nearly $1.6 billion). Increasing the cost of renewables by 20% (purple
line) reduces the cumulative benefits by about $470 M (to about $900 million).
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Figure ES-5. Requiring an 80% RPS reduces net savings associated by deploying renewable
energy by about $19 million in 2040, which is less than a 2% change in cumulative savings.
Overall, these differences are very small given the large uncertainty in future costs of fuels and
renewable generation demonstrated by the much larger impact of a change in the assumed cost
of renewable energy shown in the high- and low-cost renewable energy sensitivities.

These results suggest that any increase in system costs associated with an 80% RPS (compared
to the Reference scenario) are likely to occur well past 2030, when there will be greater
technological certainty and adjustments to RPS targets could be made to ensure least-cost
deployments.
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Finding #4: Demand Is Met in All Scenarios, Relying Heavily on Use of Existing Hydro and
Fossil-Fueled Generators During Periods of Low Renewable Output

Wind and solar resources provide significant cost savings by avoiding fuel use in existing
generators, but maintaining reliable operation in these scenarios depends significantly on
continued use of existing hydropower and fossil generators. There are many periods of low wind
and solar output, and these periods can last for many hours. This demonstrates a fundamental
change in how electricity generation is planned, where renewables may provide the majority of
the energy requirements on an annual basis, but with fossil resources providing a larger fraction
of the capacity requirements.

Finding #5: High-RE Systems Will Require Substantial Changes to How the System Is
Operated

The use of highly variable resources will require changes to how the system will maintain
supply-and-demand balance. These changes include increased variation in output from existing
fossil and hydropower plants and variation in transmission flows along the interties. We assume
that planning and operating are performed in a coordinated manner to minimize cost and ensure
resource adequacy and operational reliability across the entire Railbelt system, but that each
utility can operate independently. This kind of operation, including Railbelt-wide joint dispatch,
may require changes to contractual agreements or other practices to minimize the costs of
operating the system.

The system will need to rely increasingly on dispatching wind and solar generators by curtailing
their output (but still paying for the lost energy production at full price). The output from wind
power plants can be controlled over the available output range in less than 1 minute, while the
output from solar can be controlled over its output range in a few seconds. This will be needed to
maintain supply/demand balance but also for the provision of operating reserves from renewable
resources. Although the majority of operating reserves are derived from storage and existing
fossil and hydropower plants, wind and solar may play an increasing role in providing operating
reserves.

Finding #6: Cost Impacts of Addressing Variability and Uncertainty Are Modest Relative
to Savings but With Remaining Uncertainties

All results presented in this analysis include the impact of several factors associated with
integrating renewables and addressing variability and uncertainty, which increases the cost or
reduces the net value of renewable energy. To clarify these changes in costs, Figure ES-6
illustrates how addressing renewable variability and uncertainty impacts the net overall value of
renewable energy seen in the Reference scenario.

The left set of bars shows the total costs of renewable energy purchases and integration. The
bottom (pink) bar is the cost of renewable purchases, which captures all the annual fixed and
variable costs from the wind and solar power plants. By 2040, these direct project costs are about
$285M/year. Additional direct costs assumed for both wind and solar include spur line cost and
substation upgrades, natural gas storage and scheduling, communication, and forecasting, adding
about $27M/year by 2040. Additional factors include the costs associated with additional starts
and stops of power plants, the reduction in avoided natural gas associated with responding to
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variability and uncertainty, and additional operating reserves. These are “embedded” in the
results seen previously, but additional analysis was performed to isolate these costs—which are
estimated at about $18M/year by 2040. Combined, integration-related factors add about
$45M/year in 2040 to the cost of purchasing solar and wind energy.

The right set of bars shows the value of the fuel and variable costs avoided by this generation.

The difference in the total renewables cost (left bars) and avoided costs (right) produce the net
value, which averages about $105 million per year beginning in 2030 as shown in Finding #1.
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Figure ES-6. Annual costs of renewable energy, including integrating and addressing resource
variability, are shown in the left set of bars. These costs are included in all scenarios but are
broken out here for clarity. These increase renewable costs by about 16% compared to only the
cost of the renewable generator and interconnection. The right bars show the value of avoided
variable costs, with the difference being the net savings associated with renewable deployment.

These impacts are important not only to accurately assess the value of variable and uncertain
resources but also to consider when allocating system costs across multiple utilities. There is still
considerable uncertainty about some of these factors, particularly natural gas fuel storage.
Additional issues related to maintaining system stability with high levels of inverter-based
resources must also be addressed and may incur additional costs, which can be compared to the
annual savings.

Conclusions and Caveats

The high projected prices for natural gas in the Railbelt region make the addition of renewable
resources potentially cost-competitive despite challenges including development costs, moderate
resource quality, and the small system size, which increase the relative impact of variability and
uncertainty. Based on the assumptions used in this analysis, achieving more than a 75%
contribution of renewables toward Railbelt electricity by 2040 appears to be the least-cost option.
Moving to an 80% RPS slightly decreases the cumulative cost savings that result from
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renewables deployment (by about 1%) because the mismatch of renewable supply and electricity
demand limits the ability of renewables to displace the remaining fossil generation without
further cost reductions or use of new technologies such as seasonal storage.

There are several significant uncertainties around the scenarios evaluated in this work. Among
them are the potential load growth driven by EVs and the future price of natural gas.

This analysis was conducted based on the information available within timing constraints. It is a
starting point for additional research and consideration of investment or policy options. Other
factors that can inform decision making are not considered here. The analysis results are not
intended to be the sole basis of investment, policy, or regulatory decisions but are rather intended
to improve the understanding of the cost impacts of an 80% RPS. Only direct costs are
measured; other potential benefits of renewable energy such as energy security and reduced
exposure to fuel price volatility are not considered. We also do not consider potential benefits
associated with improved local air quality, which is a concern in several areas of Alaska’s
Railbelt that are at, or nearing, nonattainment status for fine particulate matter (PMz.s).
Additional modeling will be required to further validate the findings of this work, including
changes and associated additional costs that are likely needed to ensure stable operation when
nearly all the grid’s electricity is being derived from inverter-based wind, solar, and storage.
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