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Appendix H: Capacity Expansion Model Results 

Overview 

Results of the capacity expansion model represent the optimization outcome to minimize total 

operational and fixed costs (including capital costs) over the entire 20-year study period. The 

system representation model of the NYCA (plus neighboring systems, including ISO-NE, PJM, and 

IESO) included modeling for each year with select representative days, as further described in 

Appendix D: Modeling and Methodologies, while satisfying policies and other constraints. Given 

that the global optimization results would differ if performed on a full nodal system representation 

with hourly resolution, which is performed in the production cost modeling in a single year, these 

results should not be viewed as buildouts that would fully achieve the CLCPA mandates or 

necessarily maintain a reliable system.1 Rather, these results represent potential future scenarios 

that can meet policy objectives absent the detailed technical constraints that are evaluated further 

in production cost simulations for the Policy Case scenarios. 

For purposes of this Outlook, the three capacity expansion scenarios are the Lower Demand 

scenario, the Higher Demand scenario, and the State Scenario. The resulting resource buildouts 

from the Lower and Higher Demand scenarios are further evaluated through production cost 

simulations in this Outlook. The results from these three scenarios are intended to show a range of 

potential future capacity buildouts based on differing input assumptions that consider the large 

uncertainty in the composition of the future grid. The NYISO developed the Lower and Higher 

Demand scenarios in consideration of feedback from NYISO stakeholders and coordinated 

extensively with the state agencies (DPS and NYSERDA) on the State Scenario as part of the 

Coordinated Grid Planning Process (CGPP). This Outlook does not endorse one scenario over the 

other, and these scenarios should be viewed as possible outcomes given the large uncertainty in the 

composition of the future system.  

The State Scenario results presented here are preliminary and may be further modified through 

work in CGPP. Because model development for the State Scenario will continue beyond this Outlook 

cycle to support the state’s CGPP, the results presented in this appendix represent a range of 

possible outcomes, bookended by two separate cases that represent differing headroom 

assumptions. The first case assumes no headroom within the model and, therefore, incurs no 

additional cost to upgrade the local transmission system as new generation resources are added. 

 
1 Resource adequacy analysis would be required to confirm reliability of the system, and such analysis is outside the scope of the System 
& Resource Outlook process.  
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This case is referred to as the “No Headroom Case.” The second case, which uses assumptions 

provided by NYSERDA and DPS, assumes a cost to add zonal headroom (i.e., upgrade the local 

transmission system) where the amount of headroom added is directly tied to the generation 

within each zone. In this case, headroom incurs a 15% compounding cost for every additional 1 GW 

of headroom required within each zone. This case is referred to as the “15% Compounding 

Headroom Cost Case.” The initial NYCA-level results presented in the following section use results 

from the 15% Compounding Headroom Cost Case. However, the NYCA-level results between the 

two State Scenario headroom cases are very similar—particularly with respect to total capacity per 

technology type in 2042. The change in the headroom assumption between these two cases 

primarily impacts the distribution of resources between zones and is described in detail later in this 

appendix. For a more detailed description of headroom, please refer to Appendix D: Modeling and 

Methodologies. 

Capacity Expansion Model Results 

For all three capacity expansion scenarios, the results show a significant amount of capacity 

from renewable generation and DEFRs installed by 2040, with approximately 95 GW of installed 

capacity for the Lower Demand scenario, approximately 114 GW for the Higher Demand scenario, 

and approximately 124 GW for the State Scenario. These installed capacity values only include 

NYCA generators and qualifying imports from Hydro-Québec. This level of total installed capacity is 

needed to be installed by 2040 to satisfy the state policy mandates, energy constraints, and capacity 

margin targets that have been incorporated in the model.  

Of this total amount of installed capacity, approximately 47 GW, 68 GW, and 78 GW are 

attributed to new generation expansion for the Lower Demand scenario, Higher Demand scenario, 

and the State Scenario, respectively. This is in addition to the 16 GW of renewable generation 

capacity that is planned through state contracts.2 For comparison, the Base and Contract Cases have 

approximately 40 GW and 57 GW, respectively, of total installed capacity in 2040. For reference, the 

total installed capacity was approximately 42 GW in the 2021 Benchmark simulation. 

To comply with the CLCPA requirement of a zero-emissions grid by 2040, the NYISO modeled 

all fossil-fuel generators as retired by 2040 based on the assumption that these CO2 emitting 

generators cannot operate starting January 1, 2040. Existing zero-emitting generation, such as 

 
2 Renewable energy projects assumed as firm resource additions include those in the NYSERDA Renewable Energy Certification contracts 
database and/or have announced awards as of the lockdown date for the 2023-2042 System & Resource Outlook Contract Case (October 
30, 2023). 
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nuclear, hydro, LBW, and UPV, remains operational in the system throughout the study horizon. 

Figure H-1: Capacity Expansion Model Results Comparison 

 

 

 

 

 

As shown in Figure H-1, the generation and capacity mix for the Lower Demand scenario and 

the Higher Demand scenario had similar results driven by similar input assumptions, particularly 

candidate resource types and their associated costs. Where these two scenarios differ is in the 

magnitude of resources built driven by differing load growth assumptions. With the increase in load 

growth in the Higher Demand scenario, this scenario builds out to a higher level of renewable 

penetration, particularly UPV, and larger amounts of DEFR capacity than the Lower Demand 

scenario. 

Figure H-1 also shows that the resulting capacity mix in the State Scenario is notably different 

from the Lower Demand scenario and the Higher Demand scenario. This difference is driven by 

differing input assumptions, particularly hydrogen-powered DEFR candidates with high operating 

costs in the State Scenario, as well as different renewable resource cost assumptions. For this 

reason, the State Scenario model primarily builds hydrogen-powered DEFR capacity to help satisfy 

Locational Capacity Requirements (LCR) but relies on energy from renewable resources with lower 
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operating costs. In all scenarios, capital cost is a major factor in the optimization for selecting 

certain resource(s). The technology-type locations that are selected (e.g., zonal buildout) are highly 

dependent upon relative locational specific costs for each technology. 

In all scenarios, a significant amount of LBW capacity was built by 2040. As compared to the 

other renewable technologies available to the model, LBW was preferred due to its assumed capital 

cost, generation profile (i.e., HRM shape’s implied capacity factor), and UCAP ratings. It is important 

to note that renewable resources (i.e., LBW, UPV, and OSW) are limited to maximum potential 

capacity levels within each zone.3 These limitations are applicable at varying degrees for all 

renewable resources and are driven by constraints, particularly land or lease area availability, 

informed by NYSERDA’s Large Scale Renewable Supply Curve analysis. While the max potential of 

LBW is not close to being met NYCA wide in the Lower Demand scenario, the State Scenario results 

show that LBW capacity reaches its max potential due to the assumed high energy demand and 

comparably high operating cost hydrogen-powered DEFR option. Similarly, in the Higher Demand 

scenario, LBW is an optimal resource and uses all but approximately 1 GW of maximum allowed 

capacity statewide.  

In both the Lower and Higher Demand scenarios, DEFRs are selected to build as a secondary 

economic option (compared to LBW) to supply capacity and/or energy needs due to their high firm 

capacity rating and flexible operational characteristics. 

In the Higher and Lower Demand scenarios, the DEFR options are technology agnostic and 

available using three separate cost combinations—High Capital/Low Operating cost, Medium 

Capital/Medium Operating cost, and Low Capital/High Operating cost. However, in the State 

Scenario, the DEFR option is limited to new and retrofit hydrogen-powered combustion turbines 

that use either simple cycle or combined cycle technology. These hydrogen-powered generators, 

despite having a competitive capital cost of modern combustion turbine technology, have a very 

high operating cost driven by the high fuel price assumed for hydrogen fuel. Furthermore, per the 

State Scenario’s assumptions on electrolysis, hydrogen-powered generators incur additional 

electrolysis load and, therefore, incur additional system costs. Because of the assumptions in the 

State Scenario, the results show that hydrogen-powered generator capacity is built primarily to 

serve LCRs downstate. This is demonstrated by the significant amount of hydrogen-powered 

generator capacity built in downstate regions but with very low utilization. 

 
3 Renewable resource locations and availability are determined by supply curve analysis undertaken by NYSERDA and consultants in 
2023. 

https://dps.ny.gov/system/files/documents/2023/09/eppac-sept-28-agenda-and-slides.pdf
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Notably, OSW generation has the highest capital cost investment of all renewable resources and 

is second highest of all candidate resources after the High Capital/Low Operating cost DEFR 

option.4 Subsequently, scenario results show that OSW generation is not typically selected for 

generation expansion beyond the requirement of 9 GW by 2035. The State Scenario results show 

OSW capacity exceeding the minimum requirement to help supply energy needs, which is primarily 

driven by the high operating cost that would be incurred by the hydrogen-powered generators and 

cumulative limit on solar capacity. 

Detailed results specific to each scenario are described further in the following sections. 

Lower Demand Capacity Expansion Results 

Results specific to the Lower Demand scenario are included in Figures H-2 through H-6 below.  

Figure H-2 displays 2021 Benchmark capacity (GW) and generation (TWh) alongside the 

capacity expansion model outputs provided in five-year intervals. Results on the NYCA level are 

broken out by generation type in both graphical and tabular form. The generation table includes 

calculation of total, renewable, and zero-emissions generation relative to the load in units of energy 

and shows that the CLCPA 70% renewable generation by 2030 and a zero-emissions grid by 2040 

policy constraints were satisfied. The resulting CO2 emissions (million tons) are also included in the 

figure. 

The results for the Lower Demand scenario show that a significant amount of DEFR capacity is 

needed to support higher loads and renewable penetration in 2040. The High Capital/Low 

Operating cost DEFR option generates a significant amount of energy in 2040, while the Low 

Capital/High Operating cost DEFR option generates very little energy. The Low Capital/High 

Operating cost DEFR option is primarily selected to help satisfy the capacity reserve margins at the 

statewide and locality levels due to its high assumed UCAP rating and low capital cost compared to 

other resource types. While an option for expansion, the Medium Capital/Medium Operating cost 

DEFR option is not selected to build in the Lower Demand scenario. 

OSW capacity does not exceed the 9 GW minimum requirement prescribed by CLCPA. As 

previously noted, OSW is assumed to have the highest capital cost with the exception of the High 

Capital Cost/Low Operating Cost DEFR option. The high capital cost investment and relatively 

lower UCAP rating of OSW (as compared to candidate DEFRs) are the primary reasons for this 

result. 

 
4 This candidate DEFR is include as an option in the Lower and Higher Demand scenarios. 
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Figure H-3 shows the distribution of both candidate and awarded resources between  upstate 

(Zones A-F) and downstate (Zones G-K). By 2040, the results show a similar total of added capacity 

between upstate and downstate with more renewables (i.e., LBW and UPV) concentrated upstate. 

Furthermore, Figure H-4 shows capacity distribution at a zonal level. A higher concentration of a 

particular resource in a single zone can be driven by economics, capacity margin target, or the 

maximum resource potential. The results for the Lower Demand scenario show DEFR capacity 

distributed in all zones with a concentration downstate, particularly in Zone J, to help support 

locational capacity margin targets. In addition, UPV, LBW, and OSW are distributed across all zones 

where these resources are available.  

Figure H-6 shows the generation characteristics in the Lower Demand scenario. Some DEFRs 

generate during most system conditions and operate in a similar manner to the existing fossil fleet 

when comparing 2030 to 2040. This DEFR generation is primarily produced by the High 

Capital/Low Operating cost DEFR option, while the Low Capital/High Operating cost DEFR option 

only generates at near peak periods. In 2042, the High Capital/Low Operating cost DEFR option 

often generates on a fleet-wide basis near its maximum rated capacity. In contrast, the Low 

Capital/High Operating cost DEFR option operates on a fleet-wide basis closer to 50% of its 

maximum rated capacity, which highlights its purpose for capacity needs rather than energy needs. 

Furthermore, OSW and LBW play a significant role in meeting energy demand during winter peak, 

while UPV plays an important role during summer peak periods. To better understand the 

representative days highlighted in Figure H-6, please see the ‘Time Representation” description in 

Appendix D: Modeling and Methodologies and Figure H-5, which includes a legend for interpreting 

the labeling for each representative day.  
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Figure H-2: Lower Demand Scenario Capacity Expansion Model Results 
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Figure H-3: Lower Demand Scenario Upstate Vs Downstate Cumulative Capacity Additions 

 
 

 
 

Figure H-4: Lower Demand Scenario Cumulative Capacity Additions by Zone 
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Figure H-5: Representative Days Label Legend 

 

Figure H-6: Lower Demand Scenario Generation on Representative Days by Year 
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Higher Demand Capacity Expansion Results 

Results specific to the Higher Demand scenario in the Policy Case are included in Figures H-7 

through H-10. With approximately 39 TWh more energy demand in the Higher Demand scenario 

than the Lower Demand scenario by 2042, approximately 25 GW of additional capacity are required 

in the Higher Demand scenario by the end of the study horizon. A significant portion of this 

increased load is due to changed assumptions for large loads. Where the Lower Demand scenario 

uses the “Baseline” forecast for large loads from the 2023 Gold Book, the Higher Demand scenario 

uses the “Higher Demand Policy Scenario” forecast and, therefore, adds an additional 8 TWh of 

load.5 In addition, there is a reduced penetration of behind-the-meter PV in the Higher Demand 

 
5 NYISO’s 2023 Load & Capacity Data Report (Gold Book). 

https://www.nyiso.com/documents/20142/2226333/2023-Gold-Book-Public.pdf/
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scenario that results in an increased need for utility-scale resources. Overall, the impact of this 

increased load sets a higher need for generation capacity, particularly to comply with the capacity 

reserve margin requirements and increases the amount of energy required to meet the CLCPA’s 

70% renewable mandate. 

The results for the Higher Demand scenario show that even more DEFR capacity is needed to 

support both higher peak and energy demand. Like the Lower Demand scenario, the High 

Capital/Low Operating cost DEFR option generates a significant amount of energy in 2040, while 

the Low Capital/High Operating cost DEFR option generates much less. The Low Capital/High 

Operating cost DEFR option is primarily selected to help satisfy the capacity reserve margins at the 

statewide and locality levels. To help illustrate, the average capacity factor of the High Capital/Low 

Operating cost DEFR option in 2040 is 63% (or approximately 40 TWh of annual generation) for a 

total of 7 GW of capacity, while the average capacity factor of the Low Capital/High Operating cost 

DEFR option is 2% (or approximately 4 TWh of annual generation) for a total of 33 GW. 

To meet the increase in energy required to meet the 70% renewable policy mandate, the results 

show an increase in both LBW and UPV. However, even with the increase in energy demand, OSW 

capacity still does not exceed the 9 GW minimum requirement prescribed by CLCPA due to its 

comparably high capital cost investment.  

Regarding the distribution of both candidate and awarded resources between upstate (Zones A-

F) and downstate (Zones G-K) in Figure H-8, the results show a higher level of total capacity 

downstate as compared to upstate by 2040. Such result is largely driven by more DEFR capacity 

and a balance of renewable capacity. This shift in more capacity downstate compared to the Lower 

Demand scenario is driven by the higher proportion of demand in this region. Because there is no 

limitation to building DEFR capacity in downstate and these zones are also required to build 

capacity to meet local capacity reserve margins, there likely is a benefit to having these resources 

located near load centers instead of facing transmission limitations in transferring energy from 

upstate to downstate. Figure H-9 shows the capacity distribution at a zonal level and shows similar 

trends to the Lower Demand scenario. However, the Higher Demand scenario shows an increase in 

UPV capacity primarily located in Zone F that is economically driven by the zonal-level cost 

assumptions for UPV (which are notably different than the county-level UPV cost assumptions used 

in the State Scenario) and differences in resource profile between zones. The zonal UPV capital 

costs for UPV located in Zone E and Zone F are comparable. However, Zone F has a slight capacity 

factor advantage and, therefore, the model chooses to locate UPV in Zone F over Zone E. 
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Regarding the generation characteristics in the Higher Demand scenario, according to Figure H-

10, the trends remain consistent, as compared to the Lower Demand scenario, with more 

generation from LBW, UPV, and DEFR to accommodate higher demand. UPV contributes most 

significantly in the Higher Demand scenario, resulting in approximately double the amount of 

generation compared to the Lower Demand scenario. 
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Figure H-7: Higher Demand Scenario Capacity Expansion Model Results 
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Figure H-8: Higher Demand Scenario Upstate Vs Downstate Cumulative Capacity Additions 

 
 

Figure H-9: Higher Demand Scenario Cumulative Capacity Additions by Zone 

 

 
 

A-F G-K A-F G-K A-F G-K A-F G-K A-F G-K
UPV 1,667 40 10,997 40 13,224 40 15,573 2,135 18,869 3,201
LBW 340 0 1,452 0 4,860 214 11,274 428 11,371 428
OSW 0 0 0 6,854 0 8,864 0 8,864 0 8,864
DEFR 0 0 0 0 3,689 643 16,763 22,645 16,766 25,280
Storage 1,365 85 1,738 1,212 1,738 1,490 2,586 4,506 3,721 5,497

2042Capacity Additions (MW) 2025 2030 2035 2040
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Figure H-10: Higher Demand Scenario Generation on Representative Days by Year 
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State Scenario Capacity Expansion Results 

Preliminary results specific to the State Scenario in the Policy Case are included in Figures H-11 

through H-13 for the No Headroom Case and Figures H-14 through H-17 for the 15% Compounding 

Headroom Cost Case. 

There are several assumptions within the State Scenario that differ from the Lower and Higher 

Demand scenarios and that impact the resulting generation and capacity mix. The most impactful 

assumption change is that the DEFR technology within the State Scenario is specifically defined as 

hydrogen-powered combustion turbines, including both simple cycle and combined cycle 

configurations. Because of this assumption, the State Scenario results show a higher reliance on 

alternative technologies that have lower operating costs due to the high operating costs assumed 

for hydrogen-powered DEFRs and the increased load due to electrolysis needed to support the 

hydrogen-powered generators. In addition to LBW, which was discussed in a prior section, the State 

Scenario results also show a much higher reliance on UPV in combination with ESR. While solar is 

limited to daylight hours, the representative days figures below (Figure H-17), specifically in 2040, 

show that UPV is complimentary to ESR charging, electrolysis (primarily from “rest of economy” 

demand6), and flexible EV charging—all of which the model can optimize by choosing when to 

charge and/or serve these loads. The model finds it optimal to meet these “flexible” loads during 

the daytime when solar generation is high. 

Because of the high energy needs in the State Scenario, which is similar to the energy demand in 

the Higher Demand scenario, the results show a need for additional OSW capacity above the 9 GW 

minimum requirement to meet the demand, despite its higher capital cost. It is important to 

 
6 See Integration Analysis Scenario 2. 
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consider that this increase in OSW capacity, and subsequent generation, is primarily driven by an 

assumed annual build limit on new solar capacity. 

Regarding the distribution of both candidate and awarded resources between upstate (Zones A-

F) and downstate (Zones G-K) in Figure H-12 and Figure H-15, the results show a high 

concentration of LBW, UPV, and ESR in upstate by 2040, while OSW, hydrogen-powered DEFR, and 

additional ESR are primarily concentrated downstate. 

Figure H-13 and Figure H-16 shows capacity distribution at a zonal level for both State Scenario 

cases. In the No Headroom Case, the results show a significant level of UPV capacity in Zone E. This 

result is driven by the low build cost of UPV, represented at the county level, that is assumed for 

Zone E compared to other zones in this case.7 In the 15% Compounding Headroom Cost Case, 

driven by the compounding cost of headroom in addition to the resource build cost, the results 

show a broader distribution of UPV capacity among the zones in upstate. As mentioned earlier, 

while the distribution of resources changes between these cases, the 2042 capacity mix at the NYCA 

level is roughly the same. While the cost associated with headroom in the 15% Compounding 

Headroom Cost Case is an approximation, this change in zonal distribution between cases 

highlights the importance of considering incremental costs associated with significant renewable 

generation builds in an area in capacity expansion modeling. Headroom, its associated costs, and its 

impact on capacity expansion will be further studied in the CGPP. 

Figure H-17 shows generation characteristics of the resources in the 15% Compounding 

Headroom Cost Case. The results show that hydrogen-powered DEFR primarily generates during 

peak system conditions both in winter and summer and when renewable output, particularly solar, 

is low. However, compared to the DEFR options in the Higher and Lower Demand scenarios, 

hydrogen-powered DEFRs in the State Scenario run even less due to their high operating cost and 

their constraint that requires additional electrolysis load within the year if utilized. In addition, ESR 

provides generation support as solar resources ramp up or down in morning and evening periods. 

Flexible EV charging load also helps to reduce demand during peak periods. Because this flexible 

load capability contributes to the NYCA system as firm capacity, it also reduces the need for other 

generation resources. 

  

 
7 100% of Zone E UPV is selected for the Jefferson, Lewis, and St. Lawrence county level aggregate costs.  
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Figure H-11: State Scenario Capacity Expansion Model Results – No Headroom Case 
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Figure H-12: State Scenario Upstate Vs Downstate Cumulative Capacity Additions – No Headroom 

Case 
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Figure H-13: State Scenario Cumulative Capacity Additions by Zone - No Headroom Case 
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Figure H-14: State Scenario Capacity Expansion Model Results – 15% Compounding Headroom Cost 

Case 
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Figure H-15: State Scenario Upstate Vs Downstate Cumulative Capacity Additions – 15% Compounding 

Headroom Cost Case 
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Figure H-16: State Scenario Cumulative Capacity Additions by Zone - 15% Compounding Headroom 

Cost Case 
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Figure H-17: State Scenario Generation on Representative Days by Year - 15% Compounding Headroom 

Cost Case 
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