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1 Production Cost Modeling Inputs

Public Act 103-0580 directs the IPA to evaluate the wholesale electricity price impacts, the net rate
impacts on lllinois ratepayers, the impacts on carbon and other pollutant emissions, and the impacts on
the state’s decarbonization goals of the policy proposals identified in the Act and in SB 1587. The Agency
utilized production simulation modeling to evaluate these impacts. In the present context, production
simulation modeling can answer questions regarding the impacts on wholesale electricity prices,
emissions and changes to the generation resource mix in lllinois over the modeling horizon.

Production cost simulation models are widely used in the electric power industry to support decision
making involving investments in new generation and storage facilities, assess the impact of policy making,
and analyze the cost of environmental regulations. Simulation models show how the subject electric
system can be expected to operate over a specific time horizon. These models start with inputs that define
the structure and operation of a regional electric system in terms of generation resources, costs, loads,
and operational characteristics as well as existing environmental and other regulatory considerations.
The modeling system then simulates how the electric system will operate given those inputs.

The models typically use an algorithm that draws on the database to simulate the operation of the system
in a least cost manner, that is the lowest cost resources are operated first up to the total amount of
resources required to generate the electricity that is needed to meet the electric system load. The
simulated operation is subject to the various constraints such as transmission limits and plant operating
characteristics.

Aurora, a chronological dispatch simulation model licensed from Energy Exemplar, was utilized to forecast
power market outcomes, including energy prices, capacity prices, power plant emissions, and natural gas
demand for electric generation. The default database provided by Energy Exemplar was used as a
foundation for the modeling inputs. Energy Exemplar’s database is augmented with extensive
customization based on public data sources and modeling experience. Aurora was used to model the
impact of three policy proposals:

1. Offshore wind project in Lake Michigan,
2. The SOO Green HVDC transmission line and associated renewable energy to energize it, and
3. Energy storage systems

Each of the individual policy proposals were included in a “but for” test that compared power market
outcomes against a Base Case without the resources against a modeling run with the resources in place.
A combined case with all three policy proposals enacted was also modeled. A comparison of the
simulation results with the base case provides a picture of how these additions would change the way the
electric system operates, the mix of generation resources and the cost of generating electricity. The
Aurora modeling was run with 2025 through 2050 as the study period.

Assumptions in the Base Case represent “known and knowable” expectations for lllinois and other states’
energy policies. The modeling included the specific state policy measures and goals that have been
announced, such as procurement targets for large-scale clean energy technologies and settled state
procurements. The modeling inputs for MISO relied primarily on Series 1A MISO Futures modeling
conducted by the Regional Transmission Organization (“RTO”) for long-term planning purposes,
specifically Future 1. The Futures modeling includes three Future scenarios, referred to as 1, 2, and 3,



that incorporate a range of load and resource assumptions. Future 1 includes the most conservative
modeling approach to decarbonization but incorporates the latest generation changes contemplated in
utility Integrated Resource Plans (“IRPs”).! The working Base Case for PJM was developed from publicly
available documentation as described further below.

1.1 Study Region

Aurora is utilized in a zonal configuration with the study region modeled to include MISO (North/Central)
and Western PJM. The RTOs are further divided into zones to capture transmission constraints within
each RTO. MISO was modeled with each of the seven Local Resource Zones (LRZs) that are part of the
North/Central regions. PJM’s ComEd and AEP transmission zones were modeled individually. The rest of
Western PJM was aggregated into a single zone, and the eastern transmission zones in PJIM were
aggregated into Rest of MAAC, Eastern MAAC, and Southwest MAAC zones. This approach reduced
computational burdens and detailed study of transmission constraints that are more than a “wheel” or
two away from lllinois.

Figure 1: Map of Study Region?
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Limited interface data sources for MISO, prevented the modeling of separate boundary flows into MISO
N/C from MISO South for some ties, such as TVA. Where feasible, boundary flows with other regions

! See F1 for a description of assumptions in MISO’s Series 1 modeling for Future 1:
MISO Futures One Pager538214.pdf (misoenergy.org)
2 Map generated with S&P Capital 1Q.



https://cdn.misoenergy.org/MISO%20Futures%20One%20Pager538214.pdf

(including MISO South, IESO, among others) were modeled based on an average weekly profile for each
month using three years of historical flow data (168 hours by 12 months, 2020-2022).

1.2 Transmission Transfer Limits
Inter-zonal transmission transfer limits are defined using several publicly available data sources:

* MISO Loss of Load Expectation (“LOLE”) Working Group Materials (Seasonal Capacity Import
Limits and Capacity Export Limits)
* PJM Base Residual Auction (“BRA”) Planning Parameters

These sources represent emergency transfer limits that may be used during particularly tight system
conditions. In PJM, these limits are adjusted to reflect operating data provided as PJM Day Ahead
Interface Flows and Limits.

In cases where data are not available or data sources conflict, the analysis relies on the default settings
provided by Energy Exemplar, as well as the professional judgment of the modeling team, to determine
appropriate limits. Energy Exemplar performs a nodal power flow simulation that informs the zonal
transmission transfer limits. The default database defines linkages between MISO’s Local Balancing
Authorities as well as PJM’s Transmission Zones.

1.3 Demand Forecast

RTO planning documents were relied upon as the basis for peak and annual energy forecasts. MISO has
published hourly and summary level load data for the Series 1A MISO Futures in meeting materials for the
Long Range Transmission Planning (“LRTP”) Workshop.® The Series 1A Futures forecast load through
2042. Future 1 forecasted load was extrapolated through 2050 assuming exponential growth consistent
with the Combined Annual Growth Rate (“CAGR"”) over the forecast. The 2042 hourly load shape is applied
to the remaining years in the forecast.

3 Long Range Transmission Planning (LRTP) Workshop (misoenergy.org) See April 28" meeting.



https://www.misoenergy.org/stakeholder-engagement/committees/long-range-transmission-planning/

Figure 2: Annual Energy Forecast, MISO*
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PJM’s 2023 Load Forecast Report data includes monthly metered and peak load values by zone through
2035. The load forecast for the rest of the study period was extrapolated by reconstituting the net energy
for load through adding back in behind the meter (“BTM”) solar generation. Net energy for load was
extrapolated forward assuming exponential growth consistent with the CAGR over the forecast.®> PJM
does not provide an hourly demand shape, so 2011 historical demand was the shaping factor input into
Aurora.® BTM solar, which is separately defined in PJM planning documents, is defined as a supply-side
resource in order to reflect the changes to the hourly shape of net load that solar creates, as solar
generation does not track demand. BTM solar generation is assumed to grow at a constant MWh rate per
the last year’s forecasted growth rate. Load growth in PJM at large is mainly driven by the development
of data centers in Virginia. BTM solar growth outpaces gross load growth in the extrapolated years.

4 Zone 4 is made up of three Local Balancing Authorities based in Illinois: Ameren Illinois (AMIL), City Water Light &
Power (CWPLP), and Southern lllinois Power Cooperative (SIPC). See Table 56.

Independent Energy and Peak Demand Forecasts to the Midcontinent Independent System Operator (MISQO)
(purdue.edu)

5 Some CAGR sampling adjustments are made to zones to account for transient changes in demand that individual
utilities request (see load-forecast-supplement.ashx (pjm.com) pp 18-22 and other observed near-term growth that
is inconsistent with long-term trends.

62011 is used as the historical year for shaping as data sources are available to generate renewable profiles for this
weather year, and limited BTM solar was in service that could skew the shape applied to gross load. 2011 weather
year data is also available in NREL’s WIND Toolkit database which is the source for wind resource data.
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https://www.purdue.edu/discoverypark/sufg/docs/publications/MISO/MISO%20forecast%20report%202022.pdf
https://www.purdue.edu/discoverypark/sufg/docs/publications/MISO/MISO%20forecast%20report%202022.pdf
https://www.pjm.com/-/media/planning/res-adeq/load-forecast/load-forecast-supplement.ashx

Figure 3: Annual Energy Forecast, PJIM
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1.4 Fuel and Allowance Price Forecasts

Fuel prices, as delivered to generators, are forecasted for natural gas, oil products, and coal. Nuclear
generators are price takers and do not have much dispatch flexibility. Therefore nuclear fuel prices are
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ignored with the assumption that nuclear plants run fully-loaded aside from scheduled refueling.

1.4.1 Natural Gas Price Forecast

The forecast of delivered natural gas prices started with NYMEX Henry Hub futures and basis projections
from S&P Market Intelligence. NYMEX Henry Hub futures are available through 2035. For the years 2036
and beyond, prices were escalated annually based on the forecasted annual growth rates of the average
price from EIA’s 2023 Annual Energy Outlook (“AEQ”), Reference and High Qil and Gas Supply cases. Basis
projections are generally constant after a few years, which reflects the lack of liquidity in futures markets

past the prompt year and significant volatility in pricing due to weather variability.



Figure 4: Monthly Delivered Gas Prices
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1.4.2 Other Fuel Price Forecasts

Coal prices were forecasted using the 2023 AEO prices for delivered coal to electric generators as a
commodity price, adjusted for recent EIA Short-Term Energy Outlook (“STEQ”) projections for near term.
These prices are then adjusted on a unit and state level to reflect local price adders based on basin
sourcing and transportation costs. These adders are developed by Energy Exemplar and are primarily
based on a review of EIA-923 fuel receipts data. Coal prices are projected to decline somewhat in real
terms, the long-term price increase reflects inflation.



Figure 5: Base Delivered Coal Price Forecast
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Delivered oil products prices are also forecasted based on the 2023 AEO, adjusted for recent STEO
projections for near term.

1.4.3 Emissions Allowance Price Forecasts

The model utilized the emissions allowance price forecast prepared by NYISO for its System and Resource
Outlook study.” This biennial study includes a 20-year capacity expansion and production cost model run
and was heavily vetted by stakeholders. Allowance pricing for criteria pollutants (NOx and SO>) will have
minimal impact on dispatch costs under this forecast. The overall effect on plant dispatch during the
ozone season will be less than $1/MWh for most facilities. The U.S. EPA recently proposed updates to the
Cross-State Air Pollution Rule (“CSAPR”) Good Neighbor rule, which is expected to receive protracted legal
challenges. These rules are more likely to impact fossil resources by incenting retirements or capital
investment in emissions controls rather than significantly affecting allowance prices. These decisions are
captured to the extent that utilities and merchant facilities have made retirement decisions in MISO and
PJM.

7 Economic Planning Process 2023-2042 System & Resource Outlook, presented by Sarah Carkner to the NYISO
Electric System Planning Working Group on September 21, 2023. See slides 18-19.

https://www.nyiso.com/documents/20142/40143257/05a 09212023 ESPWG 2023-2042 Outlook Update.pdf



https://www.nyiso.com/documents/20142/40143257/05a_09212023_ESPWG_2023-2042_Outlook_Update.pdf

1.5 Firm Resource Additions and Retirements

The model relied on Futures Siting data for Series 1A Future 1 that has been released to MISO stakeholders
to identify resources for addition and retirement.?

Given the delays in the PJM’s BRA schedule, conventional facilities identified as “under construction” in
the S&P Capital IQ power plant database are included in the base model.

1.5.1 Scheduled Renewable and Clean Energy Resource Additions

The model relied on siting data from MISO Series 1A Future 1 to identify clean energy resource additions
in MISO. The Futures cases include both “planned” resources, which are expected future build based on
MISO member-submitted updates, and “model-built” resources, which are generic resources selected by
MISQO’s capacity expansion model. Model-built capacity is mainly sited based on active queue positions
that are not already assumed as planned capacity. Model-built capacity was not included for MISO LRZ 4
(lllinois), as these resources are expected to compete with the resources that would be built under the
policy cases.

The forecast assumes that wind and solar with signed Interconnection Service Agreements (“ISAs”) in PJM
will be built. However, PJM reporting indicates that many solar projects within its interconnection queue
complete all required studies and still face attrition. All queued projects that are not yet designated
“under construction” but have an ISA in hand received a 50% derate.® Offshore wind procurement targets
in New Jersey, Virginia, and Maryland are taken into account.

As vertically integrated utilities, Dominion Virginia Power and Appalachian Power will have more options
(long-term contracting, owning facilities) to comply with state clean energy goals than other compliance
entities in PJM.1° 26 GW of incremental solar development, phased in gradually over the study period,
reflected Alternative Plan B of Dominion Virginia’s 2022 Update to the 2020 Integrated Resource Plan.?
This Alternative Plan reflects Virginia Clean Economy Act (VCEA) goals, which declare 16,100 MW of solar
and onshore wind to be in the public interest.?? The VCEA also includes a commitment to build 5.2 GW of

8 See October 2, 2023 meeting materials from the Long Range Transmission Planning workshop:
Long Range Transmission Planning (LRTP) Workshop (misoenergy.org)

% The 2022 State of the Market Report (2022 State of the Market Report for PJM (monitoringanalytics.com), see
Table 12-24) lists historic completion rates of 47.1% for projects that receive an FSA, and 57.4% for projects that
receive a CSA.

10 There are other vertically-integrated utilities in PJM, but they face less stringent clean energy targets than in
Virginia.

1https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/company/2022-va-integrated-
resource-plan.pdf See p. 19.

12 LIS > Bill Tracking > HB1526 > 2020 session (virginia.gov)



https://www.misoenergy.org/stakeholder-engagement/committees/long-range-transmission-planning/
https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2022/2022-som-pjm-sec12.pdf
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/company/2022-va-integrated-resource-plan.pdf
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/company/2022-va-integrated-resource-plan.pdf
https://lis.virginia.gov/cgi-bin/legp604.exe?201+sum+HB1526

offshore wind. Corporate ESG commitments related to Virginia’s future demand for power also support
the addition of renewables beyond the current legislative mandate. 3

1.5.2 Firm (Scheduled) Retirements

The Base Case included retirements documented by the ISOs in planning documents and notices. MISO
identified planned retirements in its LRTP stakeholder materials, and also provided default age-based
retirement assumptions in its Futures Refresh assumptions book.* MISO also includes retirement of fossil
plants subject to the Climate and Equitable Jobs Act (“CEJA”) through 2042. PJM deactivations lists are
reflected in the resource mix. Remaining Electric Generating Units (“EGUs”) in lllinois were identified for
retirement in 2045 under CEJA."®

Provisions in the Inflation Reduction Act and DOE’s Civil Nuclear Credit program, along with state support,
reduce near-term economic pressures on the nuclear fleet. Absent news to the contrary, nuclear units in
the study region were assumed to receive Subsequent License Renewals (“SLRs”), which generally bring
them to 80 in-service years.'® While the decision to make capital investments to extend facilities’
operating lives is heavily site specific, firms with nuclear assets have typically taken actions to preserve
their ability to receive SLRs. This assumption is consistent with MISO’s Futures Refresh assumptions.?’

Unit retirements due to other policy considerations in PJM at large were evaluated, as discussed in PJM’s
Energy Transition Special Report. The report estimates that as much as 24 GW of fossil capacity may retire
as a result of federal, state, and corporate policies.*®

1.6 Capacity Expansion Modeling

The capacity expansion forecast utilizes Aurora’s Long Term Capacity Expansion functionality to determine
an equilibrium path of annual resource additions and retirements beyond scheduled additions and
retirements. Under this functionality, Aurora calculates the present value of all existing resources and
determines which generators are candidates for retirement based on lowest present value over the
forecast period. Expected capacity prices are a direct driver of new build decisions under the simulation
logic.

The model iterates to an equilibrium solution given potential candidate new resource options and
retirements. In each iteration an updated set of candidate new resource options and retirements is placed
into the system and the model performs its chronological commitment and dispatch logic for those
resources. The model tracks the economic performance of all new resource options and resources

13 A large portion of the demand increase in PJM is attributable to new data centers planned by Amazon Web
Services. Given Amazon’s corporate commitments for ESG, along with Virginia state goals, offsetting renewables to
“green” this demand may be reasonable.

1420230428 LRTP Workshop Item 03b Futures Refresh Assumptions Book628727.pdf (misoenergy.org), p. 3.
15 CEJA defines EGUs as units with a generating capacity of 25 MW or greater.

16 Several nuclear units in PJM have applied for or intend to apply for NRC SLR, such as Peach Bottom, Surry, and
North Anna. Constellation has indicated plans to apply for SLR for the Dresden facility.

1720230428 LRTP Workshop Item 03b Futures Refresh Assumptions Book628727.pdf (misoenergy.org), p. 3.

18 energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx, p. 8.
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https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx

available for retirement based on market prices developed in the iteration. At the end of each iteration
the long-term logic decides how to adjust the current set of new builds and retirements, or it determines
that the model has converged on an optimal solution. This capacity expansion technique relies on each
ISO’s capacity demand in order to balance supply and demand and determine capacity prices.

Aurora was only used to conduct MISO capacity expansion modeling for the 2043-2050 period, which is
not covered by the Futures study.

1.6.1 Capacity Demand Curve Forecast

A projection of the PJM demand curve, the Variable Resource Requirement (“VRR”), is implemented in
the Aurora model to forecast PJM capacity prices. PJM’s BRA planning parameters for the 2025/2026
Delivery Year serve as the foundation of the VRR forecast. Parameters were adjusted per the latest
quadrennial review and future demand from the 2023 Load Forecast Report. Specifically, an adjustment
to the points on the VRR curve will be made for the RTO and each forecast LDA (MAAC, EMAAC) based on
a ratio of the forecasted peak demand, net BTM solar, to the reported BRA peak for the 2025/2026
Delivery Year. LDA-level requirements were determined using data available on Capacity Emergency
Transfer Limits (“CETL”) and Capacity Emergency Transfer Objectives (“CETQO”) in the area.

MISO does not have an administratively set demand curve for capacity; resources clear at the offer price
at the specified reserve margin. No Aurora capacity price was forecasted for MISO, as the Future 1A
capacity expansion for the region does not include an implied capacity price. Given the large reliance on
self-supply in MISO, the Planning Reserve Auction is more of a residual market. As noted in section 2.1.3,
MISO capacity prices were estimated outside of Aurora. Over time PJM and MISO capacity markets are
expected to tighten due to coal retirements and age-based attrition.

1.7 Addition/Attrition Forecasting
1.7.1 Candidate Additions

Model inputs include candidate resources which Aurora considers for new additions. Cost of New Entry
(“CONE”) study CC and CT units, along with battery storage, were modeled as candidate resources in both
MISO and PJM. Siting in MISO was informed by incremental new resources sited in MISO Future 2. Siting
in PJM was determined based on review of the interconnection queue, IRPs, and state policies. No new
fossil capacity was allowed to be built by Aurora in lllinois.

Renewable resources were included as candidate resources in PJM, but renewables were not forced to be
built to meet states’ Renewable Portfolio Standards. An Argus report notes recent REC market pressures
due to the significant backlog in PJM’s interconnection queue and tariff issues with solar products coming
from Asia. The report also notes that several states are looking to increase their RPS requirements and
exclude some existing resources such as municipal solid waste generators from Tier 1.°

Initial projections prior to detailed modeling indicate a long-term REC shortfall across the PJM region.
Current REC pricing is consistent with the projected starting point at the Maryland Alternative Compliance
Payment (“ACP”). The ACP represents a price that load serving entities may elect to pay back to the state

19 Viewpoint: PJM clean energy goals up for review | Argus Media
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https://www.argusmedia.com/en/news/2404708-viewpoint-pjm-clean-energy-goals-up-for-review

for shortfall quantities rather than securing RECs to meet their compliance obligations. Given that
Maryland’s long-run ACP is set at $22.50/MWh (nominal), merchant generators may struggle to sell RECs
without a long-term contract providing revenue certainty. Given these challenges and recent inflationary
pressures, renewable projects are not expected to enter the market without long-term contracts. Under
the balance shown below, lllinois and other PJM states would meet their compliance obligations while
Maryland would likely see ACPs used for compliance so that costs are minimized.

Figure 6: REC Balance and ACP Projection
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The carbon emissions intensity for MISO in the 2043-2050 time period did not significantly increase since
thermal generators and batteries were only added for resource adequacy.

1.7.2 Candidate Retirements

Candidates for retirement are restricted to fossil generation which does not serve a cogen purpose.
Smaller units (on the order of less than 20 MW) will be excluded from the candidate pool to reduce the
solve iterations needed.

1.8 Policy Proposal Modeling Approach

The IPA’s data requests to prospective developers and the legislation in the respective Senate and House
bills were reviewed to determine the appropriate inputs for each policy proposal. To the extent
information was not available from these sources, the modeling team relied on public sources of
information to determine the appropriate inputs for the Aurora model.

11



1.8.1 Offshore Wind Project in Lake Michigan

The modeling team assumed that the offshore wind (“OSW”) project will be constructed with a 2030 in-
service date, consistent with legislation. This assumption is aggressive relative to the expected
development timelines but preserves a 20-year life of the project within the study period. Hourly output
profiles were generated using the NREL's Wind Toolkit (“WTK”) database, which includes wind resource
data for the Great Lakes. WTK data for the 2011 weather year was utilized to preserve coincidence with
the existing model database of renewable output profiles.

NREL’s 5.5-MW reference land-based wind turbine from the NREL Annual Technology Baseline (“ATB”)
was utilized as the power curve input, consistent with the Current Cost Scenario in NREL’s Great Lakes
Wind Energy Challenges and Opportunities Assessment.?® The Current Cost Scenario assumes that under
the current technology, infrastructure and supply chain limitations, onshore wind turbines will be utilized
in the Great Lakes. The OSW project was modeled with a nameplate capacity of 200 MW and with
adjustments for losses (electrical, wake, availability, etc.) given this nameplate capacity to match the
energy target in the legislation.

For the 200 MW OSW fixed-bottom projects, CapEx and OpEx data from the March 2023 Great Lakes Wind
Energy Challenges and Opportunities Assessment from NREL was utilized.?! The CapEx values had to be
recalibrated to reflect the current technology scenario, rather than the advanced research technology
scenario (which reports far lower CapEx values). The cost values in the ensuing tables & charts reflect a
fixed-bottom project option.

An alternative option would be to consider a floating OSW project. The NREL 2023 Annual Technology
Baseline (ATB)?? reports the Class 8 Offshore Wind (which reports an average water depth of 159 meters,
the shallowest and least expensive of the floating projects), with a CapEx 23% higher than the deepest
available fixed project (Class 7 Offshore Wind). The reported OpEx for floating projects in the NREL Great
Lakes report is 15% higher than for fixed bottom projects. According to the NYSERDA Great Lakes Wind
Energy Feasibility Study (which considers installations of fixed-bottom foundations in Lake Erie, and
floating OSW in Ontario), estimated CapEx values are higher for OSW on Lake Ontario (median value of
$4,140/kW in 2030) compared to $4,050/kW for fixed-bottom OSW on Lake Erie.?® The increased costs
coupled with the additional uncertainty of employing a floating OSW platform, led to the use of a fixed
platform for this analysis. Overall, cost estimates optimistically reflect fixed platforms despite likely siting
at or near the maximum depths where fixed platforms are feasible. There is substantial uncertainty
regarding the future costs of floating wind technology; the largest floating project currently in service is
88 MW.

20 https://www.nrel.gov/docs/fy230sti/84605.pdf See table 6 on page 99.
21 https://www.nrel.gov/docs/fy230sti/84605.pdf
22 https://atb.nrel.gov/electricity/2023/data

23 NYSERDA. New York State Great Lakes Wind Energy Feasibility Study: Cost Analysis. December 2022. Page 40.
https://www.nyserda.ny.gov/All-Programs/Clean-Energy-Standard/Clean-Energy-Standard-Resources/Great-Lakes-
Wind-Feasibility-Study

24 Offshore Wind Market Report: 2023 Edition, U.S Department of Energy Office of Energy Efficiency and Renewable
Energy. Page 54. Offshore Wind Market Report: 2023 Edition (energy.gov)

12


https://www.nrel.gov/docs/fy23osti/84605.pdf
https://www.energy.gov/sites/default/files/2023-09/doe-offshore-wind-market-report-2023-edition.pdf

1.8.2 SO0O0 Green Renewables and HVDC Transmission

SO0 Green’s supplemental response to the IPA’s questions estimated commercial operation of the HVDC
facility would occur in 2030, and renewable projects in lowa serving the line would enter service in early
2029. For simplicity of modeling and reporting, all components of this policy option were assumed in
service at the beginning of 2030. Based on responses in the initial response memorandum, the HVDC
transmission is represented as a 2,100 MW one-way link between the Alliant West area in MISO LRZ 3 and
the ComEd zone in PJIM.% The line will have losses of about 3.1%; effectively about 2,035 MW will be
received at maximum flow across the line.

SO0 Green provided an optimized generation portfolio made up of wind, solar, and battery storage.
Renewable generation profiles from the portfolio analysis were utilized, and storage dispatch reflected
charging constraints on battery storage consistent with assumed restrictions. Battery storage is restricted
to only charge when overgeneration from the supply portfolio is available, and to only discharge when
transmission headroom is available.

A constraint ensures a minimum flow on the HVDC line at the hourly output of the green supply portfolio
(up to the maximum capacity of the line). This constraint reflects the incentive to deliver renewable
energy across the transmission line in order to receive Indexed REC revenues. Additional deliveries can
be made into ComEd if the economics are warranted but are not counted as “clean.” Incremental
deliveries of system energy would not receive contract payments under an Indexed REC structure.

The SOO Green line bears many similarities to the Clean Path NY (“CPNY”) transmission line, as
demonstrated in the table below. CPNY was a selected project in NYISO’s Tier 4 solicitation, which SOO
Green has cited as an example of a potential approach for commercialization.?® Rather than attempting
to develop a bottoms-up estimate of the HVDC line cost and associated renewable energy, the CPNY strike
price was adjusted to determine potential project costs.

25 Though the line will have bi-directional capability, commercial obligations and grid limitations on the receiving end
of the line will limit reversal of flow.

26 Information on NYSERDA’s Tier 4 solicitation, including public bid information and contracts, is on NYSERDA’s web
site: Solicitation and Award - NYSERDA
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Table 1: SOO Green & Clean Path NY Transmission Line Comparison

Clear Path & Soo Green Comparison

Items Units CPNY Soo Green
CPNY Strike Price S/MWh 129.75 115.08
HVDC Rating MW 1,300 2,100
Transmission Line Length Miles 178 350
How much of the lines are underground? Miles 178 350
Building topology Both primarily underground

Design/operating life Years 40 40
Expected life Years 70 60
Line Utilization Factor % 69.0% 69.4%

The reported strike price for the CPNY project is $129.75/MWh. Both CPNY, and the Champlain Hudson
Power Express (“CHPE”), which was also selected in the Tier 4 procurement, petitioned for strike price
adjustments via an inflation adjustment.?’ Given the run-up in inflation that occurred since the projects
were bid in 2021, the CPNY strike price was adjusted upward by about 15% to reflect cost escalation. The
inflation adjustment relied on the same index source and utilizes the same formula that NYSERDA has
adopted for future onshore renewables procurements.?® Comparisons were made between the historical
Levelized Cost of Energy (“LCOE”) of renewable (wind and solar projects) in both MISO and NYISO, to assist
in deriving a corresponding value for SOO Green based on the recalibrated 20-year contract price for
CPNY.?° The SOO Green price was further adjusted by taking into account the cost of bringing 4-hour MISO
battery capacity online for renewable supply balancing in 2030 (using similar cost assumptions for the
MISO battery projects described above).3° The strike price estimate did not account for changes in the
cost of debt financing, given potential differences in the debt-equity structure and other considerations
between SOO Green and CPNY. Interest rates have increased substantially since the Tier 4 projects’ price
submissions were made.

Given the large size and concentrated investment into a single contract, lllinois utilities may begin
collections for the SOO Green project in advance of delivery of clean energy across the line. The

27 See New York Department of Public Service Case 15-E-0302. CHPE filed a petition on August 28, 2023 and CPNY
filed on June 7, 2023. Both petitions were withdrawn, but nevertheless indicate that strike prices are unlikely to
support current costs.

28 See Update to Renewable Energy Standard Purchase of New York Tier 1 Eligible Renewable Energy Certificates
Request for Proposals (RFP) No. RESRFP22-1 RFP, released by NYSERDA on January 13, 2023. See page 53.

servlet.FileDownload (ny.gov)

Both Tier 4 projects cited this adjustment formula in their petitions.

2 US DOE. Land-Based Wind Market Report. 2023 Edition. August 2023. Weblink:
https://www.energy.gov/eere/wind/articles/land-based-wind-market-report-2023-edition. Lawrence Berkeley
National Laboratory. Utility-Scale Solar, 2023 Edition. October2023. Weblink:
https://emp.Ibl.gov/publications/utility-scale-solar-2023-edition

30 CPNY utilizes an existing pumped storage project for balancing, no incremental costs are associated with the
change in pumped storage operations.
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magnitude, timing, and financial treatment of advance collections is uncertain, so near-term rate effects
from such treatment were not quantified.

1.8.3 Energy Storage Systems Development

For the energy storage systems development targets, storage resources were added to meet the following
procurement targets:

1. 3,000 MW by 2026,
2. 5,000 MW by 2028, and
3. 7,500 MW by 2030.
Accounting for development time and delays in implementing the legislation, deployment assumed was:
1. 3,000 MW by 2031

2. 5,000 MW by 2033, and
3. 7,500 MW by 2035

Figure 7: Deployment Schedule for Energy Storage Systems
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Deployment targets were met at the beginning of the calendar year, rather than the delivery year, to
simplify reporting processes. Development was phased in over intermediate years. SB 1587 prescribes
that “[f]or all solicitations prior to the delivery year 2028, the Agency shall strive to procure at least 70%
of energy storage credits from energy storage systems interconnected to MISO, and at least 10% of energy
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storage credits from energy storage systems located within a city with population of more than 1,000,000
people and interconnected to PJM Interconnection, LLC.” From a zonal modeling perspective, those
requirements translate to at least 70% in LRZ 4 and 10% in ComEd, with 20% unspecified. The additional
20% was sited in ComEd.

The duration of energy storage systems was assumed to be 4 hours, with the exception of two 20 MW,
ten-hour units that will be developed under the long-duration/multi-day carveout in SB 1587.3! Round-
trip efficiency was assumed to be 85%, consistent with cost projections used in the NREL ATB.3? Charging
capacity is assumed to be identical to discharging capacity, and efficiency losses are “booked” as the
resource is charged.3® Most battery storage resources reporting in Form 860 to the EIA have identical
discharging and charging capacity, and interconnection studies typically model planned projects with the
same grid withdrawal and injection amounts.

Operations were limited to reflect daily cycling limitations that may be part of long-term service
agreements for maintenance. Under this constraint, discharge during a day was limited to the energy
storage capability of the storage resource.

For the 4-hour and 10-hour MISO and PJM storage systems, CapEx and OpEx data from the NREL 2023
Annual Technology Baseline (ATB) database for utility scale battery storage was utilized.3* The NREL ATB
database provides CapEx and Fixed O&M estimates benchmarked with industry and historical data. The
projects are planned to be built over several years — the costs per project decline by year. The conservative
scenario (a 4-hour storage project built in 2030 has CapEx and FOM costs 29% and 19% lower respectively
when compared to corresponding a 4-hour storage project built in 2023; future projects after 2030
observe an annual drop of 1.8% CapEx and 0.7% FOM) was selected.® The cost data is adjusted for
location using data taken from the EIA Assumptions to the 2023 AEO: Electricity Market Module.3®

1.8.4 Distributed Scale Paired Storage Sensitivity

Small-scale storage systems paired with distributed solar were considered as an additional policy option
to consider incrementally with the 7,500 MW goal. An additional 1,000 MW of four-hour storage was
modeled as in-service in 2030 to reflect additional storage realized by pairing with behind-the-meter solar.

31 5B 1587 gives the IPA discretion to adjust the duration requirements for solicitations in delivery year 2028 and
later, but capacity accreditation factors for 4-hour resources in PJM and MISO are projected to be robust (75% or
greater). Given that the main driver of cost for current energy storage systems is the storage capability, a 6-hour or
8-hour duration will not receive additional capacity revenue commensurate with costs.

32 Cost Projections for Utility-Scale Battery Storage: 2023 Update, Cole and Karmakar, National Renewable Energy
Laboratory issued June 2023. See page 8. https://www.nrel.gov/docs/fy230sti/85332.pdf

33 For example, under these assumptions a four-hour battery with 80% round-trip efficiency takes five hours to
charge.

34 https://atb.nrel.gov/electricity/2023/data
35 https://atb.nrel.gov/electricity/2023/utility-scale_battery_storage
36 published March 2023. https://www.eia.gov/outlooks/aeo/assumptions/
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Over the next two delivery years, the 2024 Long-Term Renewables Procurement Plan proposed 800 MW
of program block capacity to be procured through Illinois Shines.?” The block capacity for procurement
was assumed to persist through the 2030 delivery year, which would incent about 5,600 MW of capacity
to be procured to provide 8.3 million RECs. Of this quantity, about 20% is assumed to be small-scale solar,
and the rest is assumed to be commercial scale solar.3® Per NREL, battery nameplate for smaller
residential scale systems is typically installed at a 5 kW battery to 8 kW PV and inverter size.3® 200 MW
of paired storage at smaller scale was assumed, which implies about a 30% adoption rate. Commercial
paired storage are more typically paired at a one to one ratio of battery to solar capacity.*® The remaining
800 MW of paired storage was assumed at commercial scale, which implies about a 20% adoption rate.
These adoption rates are optimistic relative to recent history, which suggests about a 10% attachment
rate for residential and 5% for non-residential installations.*!

Given that storage charging often occurs during hours with solar generation, charging was not restricted
to a specific “paired” solar generator. Round trip efficiency was assumed to be identical to front-of-meter
resources and cycling remained limited to once daily.

For the 4-hour MISO and PJM storage systems, CapEx and OpEx data from the NREL 2023 Annual
Technology Baseline (ATB) database for residential (200 MW) and commercial (800 MW) battery storage
was utilized.*> The NREL ATB database provides CapEx and Fixed O&M estimates benchmarked with
industry and historical data. The projects are planned to be built in 2030. The conservative scenario (both
commercial and residential 4-hour storage projects built in 2030 have CapEx and FOM costs 19% and 19%
lower respectively when compared to corresponding 4-hour storage projects built in 2023; future projects
after 2030 observe an annual drop of 0.3% for both CapEx and FOM) was selected.*® The cost data is
adjusted for location using data taken from the EIA Assumptions to the 2023 AEO: Electricity Market
Module.**

372024 Long-Term Plan, lllinois Power Agency, October 20, 2023. See Tables 7-1 and 7-2.
Microsoft Word - 2024 Long-Term Plan (20 Oct 2023 515pm).docx (illinois.gov)

38 All of the Small Distributed Generation category, and one eighth of the Equity Eligible Contractor Category, is
assume to be small scale solar. Large DG, community solar, and Public Schools were assumed to be commercial-
scale systems.

39 Ramasamy, Vignesh, Zuboy, Jarett, O'Shaughnessy, Eric, Feldman, David, Desai, Jal, Woodhouse, Michael, Basore,
Paul, and Margolis, Robert. 2022. "U.S. Solar Photovoltaic System and Energy Storage Cost Benchmarks, With
Minimum Sustainable Price Analysis: Q1 2022". United States. See Table 7. https://doi.org/10.2172/1891204.
https://www.osti.gov/servlets/purl/1891204.

0 Id, see table 9.

41 Max lssokson, Distributed solar-plus-storage holds much promise, but where does it stand today? Published
August 10, 2023 by Wood Mackenzie.

https://www.woodmac.com/news/opinion/distributed-solar-plus-storage-holds-potential/

42 https://atb.nrel.gov/electricity/2023/data
43

https://atb.nrel.gov/electricity/2023/commercial_battery_storage and
https://atb.nrel.gov/electricity/2023/residential_battery_storage

4 published March 2023. https://www.eia.gov/outlooks/aeo/assumptions/
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No cost synergies for paired storage were included in the cost modeling, but the Investment Tax Credit
was applied to the cost values.

2 Production Cost Modeling Results

This section of the report provides a review of the Base Case results and compares the modeled benefits
of the policy proposal cases to the potential costs.

2.1 Base Case Results

Simulation modeling showed that when the bulk of Illinois fossil plants retired due to CEJA in 2045, energy
adequacy problems were created in the ComEd zone and LRZ4. The zones could not meet peak load with
expected renewables and storage on hand, subject to transmission import limits. Given that storage is
one of the policy options tested in but-for cases, the modeling team elected to “repower” about 8.5 GW
of fossil capacity retired under CEJA to Zero Emissions Fuel (ZEF) units, the bulk of which is switched over
in 2045. These units were assumed to have zero CO; emissions and maintain their emissions rates for
other pollutants (assuming that these values are driven in part by air permit limits). ZEFs have a high fuel
price (averaging about $45/MMBtu during the 2040-2050 period).** These resources are called on
sparingly during the production cost modeling, which effectively represents a 50/50 peak condition, but
would be critical to support lllinois during stressed system conditions. For production simulation modeling
of long-term transitions to non-carbon emitting future generation mixes, in the outer years of the
modeling horizon it is not unusual for the modeling to show generation shortfalls for limited periods of
time (usually a few hours) during periods with high demand and sustained low renewable output, which
limits storage ability to balance load and clean energy. Since the future peaking resources necessary to
cover these shortfalls have not been determined, the modeling assumes that proxy peaking units that do
not emit carbon will be used. In this instance ZEFs are dispatched (in only a handful of hours) to meet high
demand when renewable output is low. This technique is consistent with modeling practices that system
operators have adopted to consider a full transition away from fossil fuels. MISO utilized Flexible Attribute
Unit, or “Flex” technology in their Futures report to manage energy shortfall issues that were identified
during production cost modeling:

These “Flex” units are proxy resources that refer to a non-exhaustive range of existing
and nascent technologies, representing potential generation that is highly available,
highly accredited, low- or non-carbon emitting, and long in duration. As a proxy,
potential Flex resources could be, but are not limited to: reciprocating internal
combustion engines (RICE units), long-duration battery (>4 hours), traditional peaking

4 The fuel costs for zero emissions fuel units is based on hydrogen. The Hydrogen price was derived from NYSERDA’s
Climate Action Council Scoping Plan and the associated Integration Analysis. See data annex:
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/Energy-Analysis/IA-Annex-1-Inputs-and-
Assumptions-2022-revised.xlsx
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resources, combined-cycle with carbon capture and sequestration, nuclear SMRs, green
hydrogen, enhanced geothermal systems, and other emerging technologies.®

The state of New York has similar mandates to eliminate emissions from the electric grid via the Climate
Leadership and Community Protection Act as lllinois has under CEJA. The New York Independent System
Operator (NYISO) has therefore faced similar challenges to MISO in its economic planning forecasts

regarding reliability during the clean energy transition, and has adopted a similar modeling approach to
MISO.¥

Figure 8 MISO Generation by Fuel Type
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46 MISO Futures Report, Series 1A, published November 1, 2023. See pages 2-3. Series1A Futures Report630735.pdf
misoenergy.or,

47 “Substantial dispatchable emission-free resources (DEFR) will be required to fully replace fossil fueled generation,
which currently serves as the primary balancing resource. Long-duration, dispatchable, and emission-free resources
will be necessary to maintain reliability and meet the objectives of the CLCPA.” 2021-2040 System & Resource
Outlook (The Outlook), New York Independent System Operator, September 22, 2022. See pages 29-30.

a6ed272a-bc16-110b-c3f8-0e0910129ade (nyiso.com)
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Figure 9 MISO Capacity by Fuel Type
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During the study period, there is a decline in the generation of fossil fuels, particularly coal, as mandated
by utility planning, and the lllinois CEJA requirements. Concurrently, the generation from solar, wind, and
storage increases to compensate for the diminishing capacity of fossil fuel units and to meet the growing
energy demand in the region. Nuclear generation remains constant over the study period.

The introduction of ZEFs as an energy source in lllinois occurs after the complete retirement of all
remaining fossil units in lllinois in 2045. The “Others” category includes ZEFs, Qil, Hydro, Jet Fuel, Biomass,
and Refuse.



Figure 10 PJM Generation by Fuel Type
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Figure 11 PJM Capacity by Fuel Type
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Figure 12 Cumulative MISO Resource Addition and Retirement
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Figure 13 Coal Capacity in MISO
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Renewable energy resources, such as solar, wind, storage, and behind-the-meter solar, make up a large
portion of the additions to MISQO's resource portfolio. Following the conclusion of the MISO Future Study
period in 2042, the Long-Term (“LT”) model selects storage and CONE units (CC and CT units) to maintain
resource adequacy in the region. Toward the end of the study period, the retirement and addition of gas
plants nearly balance out, although these dynamics vary significantly across different locations. During
the studied period, all MISO LRZs phase out some portion of coal generation. MISO North (LRZs 1 and 2)
deactivates a smaller portion of coal resources, while MISO Central (LRZs 3-7) deactivate the lion’s share
of their coal resources. Net storage capacity exhibits a positive trend across all zones save for LRZ 4
(lllinois), where storage expansion was not considered in order to properly test the storage policy
implementation. Although older and less efficient gas units are replaced with planned and Futures model-
built, and Aurora expansion gas units, zones 1, 3, 5, and 6 experience more additions of gas units, while
in 2050, zones 2, 4, and 7 face more retirements than additions of gas units.



Figure 14 Cumulative PJM Resource Addition and Retirement
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In the PJM region, there is a substantial surge in both behind-the-meter solar and utility-scale solar,
amounting to a 50 GW increase by the year 2050. Additionally, there is a cumulative addition of 15.9 GW
in offshore wind capacity by the same year.
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2.2 Renewables and Emissions

Figure 15 Monthly Average RPS Output by RTOs
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The average RPS resource output in the studied regions of MISO and PJM exhibits a consistent upward
trend over time. Throughout the months of June, July, August, and September, the average RPS output
in MISO consistently surpasses that of PJM, with a margin ranging from 3.7 GW to 10.2 GW.

MISO LRZ 4 consistently maintains an even hourly average RPS output throughout the entire study period.

This pattern is primarily influenced by the addition of RPS resources, specifically solar, which exhibits its
peak output in the middle of the day.

In the PJM ComEd zone, a dual peak system is consistently observed. This system is governed by RPS
resources, with solar contributing to a peak in the middle of the day and wind reaching its peak later in
the evening and overnight. The heightened magnitude of the midday peak indicates that the pace of solar
additions is faster compared to other types of RPS resources.
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Figure 18 CO; Emission Rate
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Due to the shift in the resource mix towards cleaner energy sources, the CO, emission rate has shown a
consistent decline over the studied period. MISO exhibits a more pronounced and steeper decline
compared to PJM due to a more aggressive postulated renewable buildout. In MISO LRZ 4, there is a step
change in 2045, attributed to the phased-out fossil plants, particularly coal-fired generators that are
allowed to remain in system.

However, as the study period concludes, there is a slight uptick in both CO; emission amount and rate in
both RTOs. This increase is attributed to a higher utilization of gas generation, necessary for meeting
baseload and peak-hour demands and ensuring grid reliability. The rise in gas generation is particularly
crucial in light of the substantial penetration of intermittent renewable resources in both MISO and PJM.

2.2.1 Energy Prices

Throughout the study period, the relationship in the annual average energy prices remains consistent
among MISO LRZ 4, ComEd, and Chicago gas prices. Specifically, the price in MISO Zone 4 tends to be
approximately $2/MWh higher than in the ComEd zone. Following the retirement of fossil generation
under CEJA, there is a widening of the price gap, reaching $4.3 per MWh. MISO LRZ 4 and PJM ComEd
both undergo a comparable average annual price increase of approximately 2.7%. However, there is a
significant spike in the annual power price growth rate in 2045 to 10%, attributed to the impact of CEJA
which makes import constraints into lllinois zones bind more often, and takes gas generation off the
margin. In contrast, the Chicago gas price sees a slightly lower average annual increase, specifically at
1.8%. Energy prices projected for 2030 are similar to the last 12 months of power prices at the PIM
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Chicago Hub, which averaged $30/MWh, or the MIS lllinois Hub, which averaged $33/MWh.*® Power
prices increase with gas commodity from 2025-2040, and experience further pressure from load growth
and fossil retirements by the end of the Study Period.

Figure 19 Zonal Energy Price

70 7
60 6
50 5
s
— i
g 40 4 3
s 2
~ v
& v
[
2 30 3§
2 =
a (%]
©
o
20 2
10 1
o] 0
n O N~ 00 OO O d &N M s 10D O N 00 OO O 4 N M s 1N W N 0 O O
N N NN o~ oM o m o m o o o o o < <t < < < <t <t <t <t < wn
O 9O 9 O O O 9 O QO O Q O O O 9 Q9 9 9O 9 9 9 9 9 9O 9O 9
NN NN o~ NN NN ~N N o~ o o~ o o~ NN o~ o~ o~ o~ o~ o o~ o
——=MISO LRZ4 =——PJM CommEd =——Chicago Gas

48 Prices sourced from S&P Capital 1Q.



Figure 20 Hourly Energy Price Distribution in MISO LRZ4
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Plotting the frequency of prices in five-dollar ranges in snapshots for specific years (2030, 2040, and 2050)
in MISO LRZ 4 reveals a notable shift in the distribution of hourly prices over the study period. In 2030,
the distribution exhibits a strong positive skew to the right, suggesting a concentration of lower prices
with a few higher-priced outliers. This distribution tendency evolves toward a more central distribution in
2050, indicating a balance between lower and higher prices.

Examining specific price ranges, the largest share of hours falls within the $20 to $25/MWh bin in 2030,
shifts to the $35 to $40/MWh bin in 2040, and further increases to the $45 to $50/MWh bin in 2050. This
progression reflects a trend of increasing hourly prices over the years.

In 2050, hourly prices exhibit greater variability, spanning a wider range from $30/MWh to $80/MWh.

This increased variability reflects the volatility created by intermittent renewable resources and indicates
stronger benefits for energy storage.

31



Figure 21 Hourly Energy Price Distribution in PJM ComEd
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Similarly, analyzing the hourly prices in PJM ComEd reveals a pattern of distribution changes over the
study period. In 2030, the distribution has a strong positive skew to the right, indicating a concentration
of lower prices with a few higher-priced outliers. Examining specific price ranges, the largest share of
hours falls within the $20 to $25/MWh bin in 2030, shifts to the $30 to $35/MWh bin in 2040, and further
increases to the $40 to $45/MWh bin in 2050. In 2050, hourly prices exhibit greater variability, spanning
a wider range from $30/MWh to $80/MWHh.

2.2.2 Capacity Prices

Capacity prices are very difficult to forecast past the prompt year (i.e. the next delivery year that will be
cleared via auction). PJM and MISO are continually changing the market rules in their tariff. Both RTOs
have recently added seasonal components to their capacity markets, and MISO has currently made a
proposal to add a sloped demand curve to their capacity auctions. Both markets utilize the CONE, the
projected costs of a generic new unit, as a guidepost for the market price when resource margins are tight
or deficient. Since capacity is supposed to represent the “missing money” to secure investment in new
(and existing) resources to provide resource adequacy, the logic is that the price cannot be higher than
the cost of a new generating unit that is well-suited to provide capacity. As a first approximation, it follows
that when an RTO faces tight capacity supply conditions (i.e. just enough resources to meet peak demand
and reserve margin), the capacity price will rise to be CONE or net CONE after other revenues from
wholesale markets (energy and ancillary services) are credited out.
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Figure 22: Capacity Price Forecast

1400
1200
1000

800

” //\
h

400

Capacity Price ($/MW-day)

200

0

Q & & & > © © N @ O &
> > X FF > FS

R T S S S A R e T A WK )
PRI PP PP FPNFIIFS
BN N N SN RN N S X i S I P Sl X S R S S G g

D
== PJM Price PJIM Maximum Price MISO Price MISO CONE

Aurora’s capacity expansion functionality was utilized to determine capacity prices for PIM. For MISO, no
long-term case was modeled to determine capacity prices, since the forecast started with a static resource
expansion from MISO Future 1 modeling results. However, MISO Futures modeling indicates that surplus
accredited capacity will dwindle over time, with the RTO becoming tight starting in 2032.* Prices were
assumed to clear at CONE, MISQO’s administrative price ceiling, thereafter and CONE was escalated at
inflation. Both RTOs will need to add capacity to counterbalance fossil unit attrition, particularly coal-
fired steam turbines facing new environmental rules and state and utility initiatives.

The assumed CONE values that drive the forecasts are conservative in nature, as CONE may become more
expensive in the face of decarbonization initiatives. As an example, NYISO has previously utilized a short
amortization period for its CONE calculation for fossil generators to account for Climate Act compliance,
which requires a zero-emissions power grid by 2040. NYISO is currently considering battery storage
technologies and zero-emissions retrofits for gas turbines in its current CONE review cycle.>® As battery
storage may become the “reference” CONE unit in PJM or MISO in the future, capacity markets will
provide a strong revenue stream to make prospective storage projects viable.

49 MISO Futures Report, Figure 51.
20231002 LRTP Workshop - Draft Series1A Futures Report630365.pdf (misoenergy.org)

50 NYISO 2025-2029 ICAP Demand Curve Reset, November 8, 2023 presentation to the ICAP Working Group Meeting
by 1898 Co. PowerPoint Presentation (nyiso.com)

33


https://cdn.misoenergy.org/20231002%20LRTP%20Workshop%20-%20Draft%20Series1A%20Futures%20Report630365.pdf
https://www.nyiso.com/documents/20142/41049783/2025-2029%20DCR%20-%20BMcD%20Presentation%2011082023%20ICAPWG%20Draft%20v3.pdf/aca3178b-3b86-5e31-cd38-fa8ac8bea06e

Indirect (market price) impacts of adding incremental capacity into MISO and PJM were not estimated.
Perturbing the capacity expansion model makes creating a “but for” test for energy and environmental
effects difficult. Resource additions may be deferred and retirements accelerated in response to a new
addition, which may lead to limited or no net change in prices.

2.3 Policy Proposal Case Results

Case results are presented with benefits quantified and compared against potential costs. As explained
in section 1.8, costs were estimated and levelized over 20 years for the offshore wind and storage projects.
For SOO Green, annual contract costs are posited for a 25-year term. The policy proposals would be
commercialized in procurements oriented around an indexed product, RECs in the case of offshore wind
and SOO Green and Energy storage credits in the case of storage. Developers offer the costs of the policy
proposals, plus return on investment as a “strike price”. Ratepayers then cover the difference between
the strike price and energy and capacity revenues from the wholesale market.

To place the strike prices estimated for the policy projects in context, the average winning bid price for
the December 2023 procurement for utility scale wind and solar projects was about $75/MWh. The June
2023 procurement averaged about $70/MWh. The LCoEs shown below indicate that the strike prices for
the policy projects would range from about $115/MWh to $210/MWh. For SOO Green the market
forecasts indicate that ratepayers will need to pay indexed RECs at an average of $50/MWh over the 20-
year modeled period. The rate increase of 0.25% posited under SB1699 to fund the offshore wind pilot
program is shown for comparison in the futures below; as posited it falls far short of meeting the costs to
make a pilot project commercially viable. The wholesale energy cost reduction for electric demand in
Illinois, which is calculated as the product sum of hourly energy prices multiplied by hourly demand,
represents an indirect benefit of the project. The reduction in wholesale energy costs caused by adding
the SOO Green is $12.25/MWh. The figures below summarize the revenues, wholesale energy cost
reduction (energy market impact), and LCOE. Figure 23 and Figure 24 are reported in nominal and 2022
real dollars (“$2022”), respectively. Figure 25 discounts the values using a 2% discount rate (which
represents a societal discount rate based on long-term Treasury bond yields).
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Figure 24: Summary Projections, 2030-2049 ($2022)
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Figure 25: Summary Projections, 2030-2049 (NPV with 2% Discount Rate)
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The costs of these policy options will all represent an increase relative to current costs of power for lllinois
ratepayers. Per EIA data, lllinois ratepayers paid about 10 cents per kWh, or $100/MWh of electricity,
which includes charges for transmissions and distribution. Energy-only providers billed about 6 cents per
kWh, or $60/MWh.>! As shown in Figures 23, 24 and 25, the levelized cost of electricity under each
initiative exceeds the energy and capacity revenue and market impact offsets, so the proposals would
contribute to increasing electricity costs in lllinois if implemented. The net rate impact of the proposals
is the shortfall between the LCoE and the stacked bars. lllinois ratepayers will have to directly pay the
shortfall between the strike price and revenue offsets, but that index REC cost will be indirectly reduced
via wholesale price reductions in the Energy Market Impact. Figure 26 summarizes energy revenues,
capacity revenues, and energy market impact by individual case. Figure 27 summarizes CO2, SO2, NOx
and PM2.5 emissions reductions by case.

5! See EIA form 861.

37



Table 2: Summary Projections, 2030-2049 Contract Period ($1,000 Nominal)

Case Costs Energy Revenue Capacity Net Market  Energy Market Total  Energy Output
Revenue Revenues Impact

$1,000 Nominal GWh

OoSW 2,158,740 532,408 173,669 -$1,452,663 94,711 -1,357,952 13,668

Storage 33,916,273 2,650 22,127,646 -$11,785,977 850,151 -10,935,826 163,294

SOO Green 39,633,821 10,786,691 7,123,211 -$21,723,920 3,254,217 -18,469,703 265,620

All 85,115,605 9,656,633 29,288,778 -$46,170,194 2,676,269 -43,493,925 442,148

Table 3: Emissions Impact Summary, 2030-2049 Contract Period

Case co2 S02 NOx PM2.5
(Tons)
osw 7,805,663 1,139 598 47
Storage 29,620,394 12,392 28,976 800
SO0 Green 145,123,573 38,539 63,871 2,102
All 167,678,290 44,612 91,395 2,740
Case co2 S02 NOx PM2.5
(tons/MWh) (Ibs/MWh)
osw 0.57 0.17 0.09 0.01
Storage 0.18 0.15 0.35 0.01
SO0 Green 0.55 0.29 0.48 0.02
All 0.38 0.20 0.41 0.01

The environmental benefits associated with the policy proposals stem from the additional renewable
energy generation that the proposals would make possible. These benefits primarily involve avoiding the
pollutants that would have been emitted from electricity generated by the combustion of fossil fuels in
the absence of additional renewable generation made possible by the policy proposals. Emissions from
the combustion of fossil fuels—specifically, particulate matter (PM,s),>? sulfur dioxide (SO2) and nitrogen
oxides (NOx)—are linked to a wide range of adverse health effects. These pollutant emissions can also
damage the surfaces of agricultural crops adversely affecting growth rates and yields. Carbon dioxide
(CO2), emitted by the combustion of fossil fuels, contributes to climate change. CO; also indirectly impacts
public health concerns through reduced agricultural production, increased waterborne and pest-related
diseases, increased storm severity, and ocean acidification.>?

52 PM emissions are generally reported as either PMo, particulates that have diameters of 10 micrometers or less,
or PMy 5, particulates of 2.5 micrometers or less.

53 U.S. Environmental Protection Agency, Air Pollution: Current and Future Challenges,
, updated October 23, 2023, accessed November 11, 2023.

38


http://www.epa.gov/clean-air-act-overview/air-pollution-current-and-future-challenges
http://www.epa.gov/clean-air-act-overview/air-pollution-current-and-future-challenges

Emissions that are displaced by renewable generation can be determined with reasonable specificity,
however, assigning monetary values to these emissions benefits is subject to significant uncertainty.
Considering this uncertainty, in this report, the monetary benefits of the emissions displaced by the
additional wind and solar generation that would result from the implementation of the policy proposals
are reported as ranges.

Several studies®*>>>® developed estimates for the marginal costs from electricity generation emissions.
The ranges of costs in dollars per ton emitted are based on the monetary values reported in these studies

converted to 2022 dollars:*’

Table 4: Ranges for Criteria Pollutant Damages (2022 $/ton)

Pollutant Costs (2022 $/ton)
Minimum Maximum
SO, 7,900 35,000
NO, 2,200 16,700
PM, 12,900 120,700

The differences among the studies cost estimates highlight the considerable uncertainties associated with
the estimation of monetary values for emission costs. These estimations are dependent on a varying range
of assumptions and inputs between studies.

Estimates of the avoided costs from displaced CO2 emissions are based on the social cost of carbon. The
U.S. EPA defines the social cost of carbon (social cost of greenhouse gases) as the “monetary value of the
future stream of net damages associated with adding one ton of greenhouse gas to the atmosphere”. This
metric includes: “the value of all climate change impacts (both negative and positive) including (but not
limited to) changes in net agricultural productivity, human health effects, property damage from
increased flood risk, changes in the frequency and severity of natural disasters, disruption of energy
systems, risk of conflict, environmental migration, and the value of ecosystem services.” From the EPA’s
perspective, the social cost of carbon includes the costs and benefits associated with CO; emissions that

54 Jaramillo, P. and Muller, N., “Air pollution emissions and damages from energy production in the U.S.: 2002-2011,
Energy Policy 90 (2016) pp.202-211.

55 Goodkind, A.L. et al, “Fine-scale damage estimates of particulate matter air pollution reveal opportunities for
location-specific mitigation of emissions,” PNAS, April 30, 2019, vol. 116, no. 18, 8775-8780,

¢ Holland, S.P.; Mansur, E.T.; Muller, N.; Yates, A.J.; Decompositions and Policy Consequences of an Extraordinary
Decline in Air Pollution from Electricity Generation, NBER Working Paper 25339, December 2018.

57 Prices escalated using St. Louis Reserve Bank Price Indexes for Domestic Product. Release Tables, Table 1.1.4 Annual ,
https://fred.stlouisfed.org
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can be quantified. Each ton of CO; emitted results in both local and global impacts. While CO; emissions
have global impacts, the EPA’s quantification of the costs is focused on the costs and benefits that affect
individuals and accrue to entities in the U.S.

The social cost of carbon is typically presented in terms of dollars per ton of CO2. The social cost of carbon
measures the estimated future costs from carbon emissions in terms of present value using a discount
rate. Since 2008 the estimated values for the social cost of carbon have evolved based on growing
scientific data that improved the understanding of the impacts of greenhouse gas emissions. This
evolution generated considerable political controversy as the values of the social cost of carbon changed.

The Agency took into consideration a range of values for the social cost of carbon used to determine the
benefits of displaced CO, emissions. The lower end of the range reflects the domestic social cost of carbon
(in 2020 dollars escalated to 2022 dollars) of $15.50/ton determined using a 5% discount rate.>® This
value for the social cost of carbon is based on estimates and calculations by the Interagency Working
Group (“IWG”) developed in 2016. The U.S. EPA’s most recent social cost of carbon estimate (November
2023) uses a 2.5 percent discount rate to arrive at a value of $120/metric ton for 2020. Following the EPA’s
estimate of the real annual rate of increase of 1.55 percent for this cost, converting the value to 2022$
and converting to tons gives an equivalent social cost of carbon of $152/ton. This is the value that the
Agency is using as the upper end of the range of social cost of carbon values for the calculation of displaced
CO; emissions benefits.

The IPA estimated the monetized benefits associated with policy proposals based on the estimated
emissions avoided as calculated by the Aurora modeling and the costs presented in the previous table.
These benefits are shown in millions of 20228S.

Table 5: Monetized Benefits Associated with Policy Proposals (2022 $Millions)

Case co, co, SO, SO, NO, NO, PM, ¢ PM, ¢

Low High Low High Low High Low High
osw 121 1,186 9 40 1 10 1 6
ESS 459 4,502 98 434 64 484 10 97
HVDC 2,249 22,059 304 1,349 141 1,067 27 254
All 2,599 25,487 352 1,561 201 1,526 35 331

The offshore wind resource, which is targeted to represent about 700 GWh annually per HB 2132, would
represent about 0.5% of lllinois load when it enters service in 2030. The SOO Green project, which the

%8 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, February 2021,
Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide, Interim Estimates under Executive
Order 13990.

59 For context the $16.50/MWH Social Cost of Carbon used for the development of the Zero Emission Standard
Procurement Plan translates to $31.37/ton based on a CO, emissions factor of 1,052 Ibs./MWh.
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model estimates would deliver about 13,300 GWh annually, would represent about 9.2% of lllinois load.®
Energy storage systems would not represent incremental energy supply but help mitigate the system peak
and balance demand and renewable energy. Compared to approximately 30 GW projected system peak
projected in 2030, storage systems would meet about 25% of the peak.

The renewable policy projects are likely to continue operations after the 20-year period examined. Energy
storage technologies, particularly batteries, may require significant ongoing investment to counter the
degradation of storage capability. Once the assumed 20-year contract expires, lllinois would no longer
hold title to environmental attributes from the policy projects. The modeling team conservatively did not
count benefits that may accrue after the contracts contemplated in the policy proposals expire.

2.3.1 Offshore Wind in Lake Michigan

Offshore Wind receives a comparable energy revenue (in unit terms) to SOO Green. Unit capacity revenue
is relatively lower than other policy options due to the lower Unforced Capacity (UCAP) contribution,
which is the MW value of the resource as cleared in the capacity market, compared to Installed Capacity
(ICAP), which generally reflects the nameplate value.®? Unit energy market impact scales similarly to other
policy options.

Capacity market benefits for offshore wind are limited. PJM has identified declining UCAP expectations
for renewable resources as development becomes more saturated.®? PJM’s ELCC calculations cannot be
directly reproduced, but Aurora has some functionality to capture renewable resources’ declining
contributions to meeting peak demand. OSW averaged a 22.5% UCAP factor (as a percentage of ICAP)
during the procurement period (2030-2049), which compares well with GE ELCC results (29% in 2030, 20%
in 2040).

Offshore wind is an intermittent resource and has stronger output in the winter. The winter output profile
does track load fairly well. The summer output profile does complement solar output as generation is
lowest during the middle of the day but does not help to mitigate the loss of solar production with a strong
evening ramp. Under the current RTO load forecast, lllinois (and the RTOs at large) are still summer-
peaking, but if electrification of building heating grows then the seasonality of offshore wind will better
match the seasonality of load.

60 Total load, as forecasted by the RTOs as sourced in the inputs section, is about 144.5 GWh.

61 See PJM Glossary https://www.pjm.com/Glossary

62 December 2022 Effective Load Carrying Capability Report, PJM Interconnection, January 6, 2023.
elcc-report-december-2022.ashx (pjm.com)
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Figure 26: Load and Offshore Wind Average Profiles®
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2.3.2 Energy Storage Systems Development

For energy storage systems development, energy revenue represents the revenue net the cost of charging
the storage with grid power. Energy storage systems receive minimal energy revenue over the 20-year
period. Energy margins are narrowed with the introduction of large quantities of storage, as storage
charging increases prices and discharge reduces them. This dynamic is captured in the energy market
impact. Energy storage systems’ unit revenues and costs are calculated based on the discharge MWh of
the facilities.

Capacity market benefits make up the lion’s share of benefits for the energy storage systems proposal.
Per the duration assumptions chosen, the 7,500 MW energy systems storage portfolio modeled had a
weighted average UCAP factor of 82.6%. Ten-hour duration storage in each RTO was modeled at 100%
UCAP, and four-hour duration storage in MISO and PJM were modeled with long-term UCAP factors of
75% and 100% respectively.5* The energy storage systems ELCC values compare to 94% and 65% in GE’s
ELCC modeling, but notably GE’s ELCC values were modeled based on an isolated lllinois system. The

63 Load from 2050 averaged.
64 MISO UCAP factors were modeled annually using accreditation values from the Futures Refresh Assumptions Book:
20231002 LRTP Workshop - Futures Refresh Assumptions Book630366.pdf (misoenergy.org)

PJM UCAP factors were modeled based on the December 2022 ELCC Report, which estimates 4-hour ELCC at 100%
by 2030. See page 8.
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renewable resource build assumed was limited to planned capacity in the GE MARS run, but storage
resources may also have the opportunity to charge from surplus power if lllinois is receiving imports.

Storage is active in peak shaving and renewable balancing in the production cost modeling. During the
summer storage helps to mitigate the evening peak as solar generation ramps down. During the winter,
some discharging is done during the morning ramp to help mitigate the morning peak, charging occurs
midday to store solar output, and then batteries discharge to mitigate the evening peak.
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Figure 27: Load and Storage Profile, July 2050
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Figure 28: Load and Storage Profile, January 2050
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Ancillary services were not quantified in the Aurora modeling but represent additional revenue
opportunities for energy storage systems. MISO and PJM generally procure ancillary services through
separate products: (1) spinning reserves (2) supplemental non-spinning reserves, (3) synchronized/non-
synchronized reserve services, and (4) regulation. PJM and MISO define ancillary services are those
“services necessary to support the transmission of power from generators to retail customers given the
obligations of control areas and transmitting utilities within those control areas to maintain reliable
operations of the transmission system.®>% Energy storage resources do not need to deep charge or
discharge to provide ancillary services, which reduces cell degradation.®” PJM and MISO may need to
procure additional quantities of traditional reserve products (reserves, regulation) in order to mitigate
renewable output forecast error as more wind and solar come online.

MISO has also been considering the effect of the “duck curve.” This phenomenon is characterized by a
change in net load caused by increased large penetrations of intermittent resources (e.g., solar), where
net load drops around mid-day due to the impact of renewable resources (i.e., solar) and then in the
evening as the solar production decreases and electricity consumption increases. This all causes a

65 MISO, Redefining Energy and Ancillary Services Markets, December 2020. Available at
https://cdn.misoenergy.org/Redefining%20Energy%20and%20Ancillary%20Services%20Markets505270.pdf

66 PJM, Ancillary Services. Available at https://www.pjm.com/-/media/about-pjm/newsroom/fact-sheets/ancillary-
services-fact-sheet.ashx

67 CAISO, Special Report on Battery Storage, July 7, 2023, p. 21. Available at
https://www.caiso.com/Documents/2022-Special-Report-on-Battery-Storage-Jul-7-2023.pdf
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significant need for a rapid ramp-up of production from dispatchable generation resources. MISO has
indicated that energy storage and paired solar and storage resources may assist in mitigating the effects
of the duck curve on system reliability by helping reduce the evening peak net load by shifting demand to
off peak hours.®® Going forward, PJM and MISO may require flexible ramping products, as CAISO has
established.®® Ramping is upward or downward control by resources over a period of time needed to
maintain load-generation balance. This is most needed at times of major load shifts, especially during the
winter evening ramps, when increases in load coincide with decreases in solar output and are potentially
amplified by wind output changes.

2.3.3 SO0 Green HVDC Line

SOO Green has a similar unit energy market revenue to the offshore wind development. The energy
market impact is higher than for other policy options due to the stronger “around the clock” profile of the
clean energy imports. In addition, headroom on the HVDC transmission line may be used for economic
imports of system energy.

Capacity benefits of the SOO Green line were estimated based on the average clean energy flows over the
HVDC transmission line during peak hours of the observed system peak for PJM. Based on this calculation,
a90.1% UCAP factor was estimated for the SOO Green HVDC transmission project. Any incremental flows
from “system” energy that is not secured by SOO Green as clean energy supplied to lllinois via contract is
not assumed to provide capacity value. The renewable supply portfolio contracted for transport via SOO
Green is not assumed to provide any residual capacity to MISO; these contracted resources would likely
be required to “de-list” from the MISO market in order to become qualified as external resources in the
PJM capacity market. This UCAP estimate is similar to GE’s MARS ELCC results of 96% in 2030 and 92% in
2040.

SO0 Green has a consistently high capacity factor (about 72% over the study period) due to the
“overbuild” of renewable supply needed to energize the HVDC line, as well as the storage resource that
helps to bank surplus energy for later delivery over the line. The influence of solar on high delivery
volumes can be seen in the summer delivery profile. The facility essentially performs as a baseload or
efficient intermediate level generator for the ComEd zone.

68 MISO, 2022 Regional Resource Assessment, November 2022, p. 28-30. Available at
https://cdn.misoenergy.org/2022%20Regional%20Resource%20Assessment%20Report627163.pdf

69 CAISO 2022 Annual Report on Market Issues & Performance, July 11, 2023. See page 107.

2022-Annual-Report-on-Market-Issues-and-Performance-Jul-11-2023.pdf (caiso.com)
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Figure 29: lllinois Load and SOO Green Output Profiles, 2050
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2.3.4 All Policies Adopted

The unit benefits of the All Policies case are driven by the energy storage systems and SOO Green impacts,
given the relatively small size of the offshore wind project in relation to these projects. The energy storage
systems and SOO Green projects deliver similar amounts of energy, so the relative size of each benefit
category reflects this balance.

The UCAP contribution for the combined portfolio of offshore wind, energy storage systems, and the SOO
Green project totals 8,094 MW, or 82.6% of nameplate offshore wind, Illinois energy storage systems, and
SO0 Green HVDC transmission capacity. The calculated UCAP contribution for the SOO Green project
drops to 88.4% in the All Policies case due to slightly less flow over the line during peak conditions, in part
due to the other policy resources being available to meet peak.

2.3.5 Distributed Scale Paired Storage Sensitivity

The distributed scale paired storage sensitivity was not run through production cost modeling. However,
to provide a sense of expected costs, revenues, and benefits, the modeling team scaled results from the
Storage case to provide a first-cut estimate. The scaled results from the Storage case, combined with the
Residential and Commercial Storage cost data (briefly discussed above), are summarized below in Table
4.
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Table 6: Distributed Project Annualized ($2022) Summary

Description Costs Energy Revenue Capacity Net Market  Energy Market Total
Revenue Revenues Impact

Storage ($1,000 2022) $253,129 $13 $94,471 -$158,645 $4,335 -$154,310

Storage ($2022/MWh) $10.13 $0.00 $3.78 -$6.35 $0.17 -$6.17

2.4 Conclusions

Aurora production cost modeling results show that market energy and capacity revenues fall short of the
costs of the policy proposals. Thus, each of these policy projects individually, as well as if all three were to
be operated together, would result in higher electricity costs for lllinois. The net difference between the
annualized costs, offsets, and energy market benefit would result in net costs which would be reflected
in higher electricity rates in the state. Under the costs and revenues contemplated, SOO Green would
result in net annual costs of $337 million while the storage proposal would result in net annual costs of
$356 million. The OSW system would result in net annual costs of $43 million. In terms of impacts on the
Illinois power market, the state’s clean energy policies, and electricity costs, the storage initiative offers
the greatest benefits, slightly greater than SOO Green, but also has the highest costs. Offshore wind has
the highest cost on a $/MWh of energy output but the lowest net annual cost, which is reasonable given
the relatively small scale of the project size and substantial uncertainty over development in the Great
Lakes. Only the offshore wind subsidy value has been capped in the legislature’s directions to the IPA;
this analysis shows that the proposed subsidy value is unlikely to lead to a commercialized pilot project.

Table 7 - Project Annualized ($1,000 2022) Summary

Case Costs Energy Revenue Capacity Net Market  Energy Market Total
Revenue Revenues Impact

OoSwW $68,518 $16,799 $5,229 -$46,490 $3,704 -$42,786

Storage $1,050,160 $83 $669,025 -$381,052 $25,450 -$355,602

SOO Green $988,425 $342,697 $214,476 -$431,253 $93,896 -$337,356

All $2,664,275 $306,547 $884,643 -$1,473,085 $76,566 -$1,396,519

While reflecting increased costs of electricity, each policy initiative would offer significant environmental
benefits in terms of reductions in the emissions of CO2, SO2, NOx and PM2.5 than would occur if these
initiatives were not implemented. When considering electric system wide operations (including other
states in PJM and MISO), SOO Green has the greatest impact with estimated 20-year CO2 of 145 million
tons followed by the storage reductions of 30 million tons and the OSW project with 8 million tons. In
Illinois, SOO Green would reduce SO2 emissions by 39 thousand tons, NOx emissions by 64 thousand tons
and PM2.5 emissions by 2 thousand tons. The storage initiative would reduce SO2 emissions by 12
thousand tons, NOx emissions by 29 thousand tons and PM2.5 emissions by 800 tons. The OSW project
would have a much smaller impact on in-state emissions with reductions of SO2 emissions by 1 thousand
tons, NOX by 600 tons and PM2.5 of 47 tons.

The electricity cost impacts reflect the status of technology and markets based on currently available
information and assumptions. Capital and operating costs may decline more rapidly than the Conservative
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case assumed in the ATB. The recent cost pressures resulting from inflation and the supply chain issues
plaguing renewable power sources which have led to increased costs and many renewable project
cancellations are likely to abate. Wholesale power market rules and federal policy may also shift the
relative costs and benefits of the policy proposals. Interconnection costs, subject to changing Federal and
ISO regulations and policies, also represent a source of uncertainty. Interest rates represent another
source of uncertainty that affects financing costs. Storage costs may also be reduced by pairing the
facilities with renewable generation to receive the ITC, though these projects may have reduced
operational benefits due to restrictions on grid charging necessary to obtain the credit. Deeper
decarbonization of other economic sectors would increase load and could put upward pressure on market
prices.

The production cost modeling only considers a portion of the benefits of the policy proposals. Reductions
in carbon emissions may reduce long-term damages due to climate change, and reductions in other
criteria pollutants benefit lllinois and its neighbors through better health outcomes. The clean energy
investments made also have indirect and induced economic benefits associated with local spending, which
are captured in IMPLAN modeling.
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