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Abstract

:

We introduce firm solar forecasts as a strategy to operate optimally overbuilt solar power plants in conjunction with optimally sized storage systems so as to make up for any power prediction errors, and hence entirely remove load balancing uncertainty emanating from grid-connected solar fleets. A central part of this strategy is the plant overbuilding that we term implicit storage. We show that strategy, while economically justifiable on its own account, is an effective entry step to achieving least-cost ultra-high solar penetration where firm power generation will be a prerequisite. We demonstrate that in the absence of an implicit storage strategy, ultra-high solar penetration would be vastly more expensive. Using the New York Independent System Operator (NYISO) as a case study, we determine current and future costs of firm forecasts for a comprehensive set of scenarios in each ISO electrical region, comparing centralized vs. decentralized production and assessing load flexibility’s impact. We simulate the growth of the strategy from firm forecast to firm power generation. We conclude that ultra-high solar penetration enabled by the present strategy, whereby solar would firmly supply the entire NYISO load, could be achieved locally at electricity production costs comparable to current NYISO wholesale market prices.
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1. Introduction


Solar Forecasts: From minutes-ahead to days ahead, solar forecasts have become integral to utility operations as solar power generation–chiefly photovoltaics (PV)–penetrates power grids. The models underlying these forecasts are becoming more refined [1,2,3,4,5,6,7]. Probabilistic forecasts in particular that complement deterministic forecasts with expected condition-specific probability ranges are increasingly applied operationally as these integrate effectively with current grid management practices [8,9,10,11,12,13,14]. The underlying reason for solar forecasts is the intermittent nature of the non-dispatchable solar resource. Accurately anticipating future solar production can minimize load imbalances, hence the size of reserve margins and spot-market electricity price spikes. Penalties that are often levied on large solar producers are intended to reflect the cost of these solar-induced load imbalances. These penalties represent an economic measure of forecast accuracy. However, this measure can vary substantially from one service area to the next and often reflects regulatory decisions that may change over time and that are not always directly traceable to tangible operational costs. A recent publication by Antonanzas et al. attests to the influence of market structures on the apparent economic accuracy of solar forecasts [15].



Introducing Firm Power forecasts: The aim of firm power forecasts is to bypass the standard [probabilistic] forecast paradigm and to remove grid operator uncertainty. Of course, the forecast models themselves are not error-free, but the production of a PV plant or a fleet of plants can be guaranteed operationally by adding physical hardware and controls to these plants, namely energy storage to make up for over-forecasts, and plant overbuilding to safely curtail the output in cases of under-forecasts. Operational controls take real-time action on storage dispatch or curtailment to reconcile actual and predicted production so that the output seen by the grid exactly amounts to the predicted output. The cost of achieving firm forecasts is the cost of the optimally minimized hardware (storage and additional PV) needed for the task.



We recently showed that this cost also constituted a new, robust and repeatable forecast model error metric [16,17] that may be more reflective of operational grid imbalance costs than prevailing error metrics such as MAE, RMSE, or forecast skill, even as efforts to refine/standardize these prevailing metrics are actively pursued [18,19,20,21]. We showed, in particular, that simple persistence models scored considerably better relative to other models when gauged with the new operational cost metric than when gauged with traditional metrics [17].



From firm forecasts to least-cost ultra-high penetration: While the firm forecast overbuild/curtail/storage strategy may be economically justifiable for eliminating PV supply-side uncertainty, its most important value, as we will show in this article, lies in opening a logistical door to massive PV penetration at the lowest possible cost. As outlined in a new IEA-PVPS Task 16 activity [22], grid-connected PV, either dispersed or centralized, has developed and grown at the margin of a core of dispatchable and baseload conventional generation. The challenge ahead is to move PV beyond this marginal position and the reliance on conventional generation. The transformation of intermittent variable solar power generation into firm, effectively dispatchable power generation is a prerequisite to the gradual displacement of the underlying conventional generation core.



In a recent series of publications and reports [23,24,25,26], we have demonstrated that the least costly way to transform PV from intermittent to effectively dispatchable was to apply a strategy analogous to that described above for firm forecasting but on a larger scale. PV plant overbuilding and proactive curtailment can sufficiently reduce storage requirements to reach economically acceptable firm renewable power generation. Applying storage alone without overbuilding and proactively spilling excess PV would be prohibitively expensive. Figure 1 from Reference [24] illustrates the relationship between overbuilding and the LCOE of firm power generation.



As presented by Pierro et al. [26,27] for the Italian power grid, the entry-level firm forecast strategy based on storage and optimized overbuilding/curtailment can be gradually expanded over time, following the enabling of technology cost decreases and TSO’s learning curves, to meet more stringent requirements, until meeting demand 24/365 becomes realistically achievable economical without reliance on conventional resources.



Implicit storage: We introduce the term “implicit storage” to designate the overbuilt/curtailable part of PV applied to cost-minimize both firm power forecasts and firm power generation. This overbuilt part enables operational curtailment without the loss of planned production. It acts as a catalyst to storage, allowing storage to achieve its objective, i.e., transforming intermittent PV into a firm, effectively dispatchable resource, but at a considerably reduced cost. In the following sections, we will use this implicit storage term interchangeably with overbuild/curtail.



Paper objective and innovation: Our main objective is to chart the least-cost transitional pathways to ultra-high PV penetration enabled by implicit storage logistics and using a large Transmission System Operator (TSO) as a case study. This pathway originates at (current) low penetration levels with economically justifiable firm power forecasts. It evolves to ultra-high PV penetration that we will demonstrate to be a cost-realistic objective, even in the considered TSO region that is not particularly known for its abundant solar resources. While the concepts of firm power forecasts and firm power generation have already been independently introduced by the authors [16,17,23,24], this is one of the first peer-reviewed exercises that aims to demonstrate how their common logistical strategy can optimally evolve and transform PV from a marginal to a grid-dominant resource.



Paper structure: In Section 2, we first introduce the TSO used as experimental support for the present investigation. We then describe the specifics of firm forecasts at the onset of the grid penetration pathway (Section 2.1), and the specifics of firm power generation at the ultra-high penetration conclusion of this pathway (Section 2.2). The last part of the methods section describes the transitional pathway and evolving firmness requirements as a function of PV penetration (Section 2.3). The results section follows a similar structure, first presenting results pertaining to firm forecasts (Section 3.1), then firm power generation (Section 3.2), and finally the low-to-high penetration transition between the two (Section 3.3). The final result (Section 3.4) analyzes and discusses the above results in the context of regional PV fleet deployment and management, from centralized to homogeneously dispersed PV fleets, and from regionally localized to fully dispersed strategies.




2. Methods


2.1. New York Independent System Operator (NYISO) Case Study


NYISO manages the State of New York’s transmission power grid. We use load data from this transmission system operator (TSO) as experimental support to present and contrast the costs of initially achieving firm forecasts, and of ultimately achieving firm power generation capable of entirely displacing existing conventional generation.



NYISO includes eleven electrical regions labeled A through K (Figure 2). For each electrical region, we analyze firm forecasts and firm power generation from the standpoint of either single PV plants at the region’s center or homogeneously distributed PV fleets. We also consider the case of a distributed fleet for the entire NYISO territory.



The case study spans the year 2016, for which we acquired NYISO’s regional historical hourly load data.



The solar resource for the considered period across NYISO territory is illustrated in Figure 3. This is quantified in terms of the capacity factor for south-facing 30 ° fixed-tilt PV. Capacity factors range from less than 18% in the southwestern, central, and northern orographic parts of the state (zones A, C, and E) to almost 20% in the New York City metro and Long Island areas (zone H, I, J and K). Capacity factors are extracted from high-resolution SolarAnywhere data [28,29].




2.2. Firm Power Forecasts


The underlying forecast model we apply for this investigation is the SUNY model [28] that is served operationally by Clean Power Research under the trade name SolarAnywhere [29]. This model is an optimized blend of satellite-derived cloud motion forecasts and several global and regional numerical weather prediction (NWP) models [30,31,32,33].



The actual irradiances used to benchmark forecasts consist SolarAnywhere satellite-derived historical irradiances [34]. We have shown that using satellite-derived irradiances was acceptable, if not in some cases preferable, to evaluate forecast model performance, yielding error metrics comparable to ground measurements [35]. In a recent article [36] we reported on a detailed analysis of the appropriateness of satellite data for forecast validations. We showed that, while satellite data may be a suboptimal reference for single points’ short-term dynamics, they are appropriate for the type of transmission grid-integration issues addressed in this article, especially as the footprint evolves from individual plants to regionally distributed PV fleets.



We calculate the real and implicit storage requirements, as well as the corresponding capital cost premiums, and levelized energy production costs (LCOE). In addition to the capital cost (CAPEX) of PV and storage, LCOEs are also a function of the considered life cycle—we assume 30 years—the operation and maintenance costs (OPEX) of PV and storage—we assume, respectively, 1% per year for PV and 0.1% per full cycle for storage—as well as the Weighted Average Cost of Capital (WACC). For the latter, we selected 4% as representative of the utility industry [25]) for one-, three-, and 24-h-ahead forecasts. Real and implicit storage requirements are a function of:




	
The capital costs of PV and storage. We consider two scenarios: (1) a present/near-future scenario with PV at $1000/kWptc and storage at $200/kWh and, (2) a future scenario at the 20 years horizon with PV at $400/kWptc and storage at $50/kWh [37].



	
The round-trip efficiency of storage. We assume 90%.



	
Whether storage can be recharged at night during off-hours. We make this assumption here, whereby storage can be recharged at night at a conservatively ‘generic’ cost of $0.15/kWh.



	
The amount of flexibility allowed by the TSOs to deem forecasts firm. We consider two scenarios: (1) 0% flexibility, i.e., the output seen by the grid must be equal to the forecast; (2) 2.5% flexibility, i.e., the output seen by the grid may differ from the forecast by an amount exceeding at most 25 Watts per installed kW; (3) 5% flexibility, where differences between actual and predicted generation must be below 50 Watts per installed PV kW.








The financial specifics of LCOE calculations are identical to those applied in our previous article introducing oversizing and curtailment as keys to least-cost firm power generation [23] and applied in the USDOE’s Midcontinent ISO study [25]. These financial specifics assume:




	
A 30-year life cycle;



	
Operation and maintenance costs of 1% of CapEx per year for PV [25];



	
Operation and maintenance costs of 0.1% per full cycle for battery storage [25];



	
A 4% Weighted Average Cost of Capital, representative of the US utility industry.








For a given time horizon, location, and PV fleet configuration, the cost of firm forecasts is obtained by extracting the lowest life-cycle cost combination of storage, overbuilding, and nighttime recharge expenses sufficient to meet the firm forecast requirements.




2.3. Firm Power Generation


At the other end of the spectrum, we calculate storage and implicit storage requirements to firmly supply the demand of each individual NYISO region or the state in its entirety. We apply the Clean Power Research Clean Power Transformation (CPT) model to derive the optimum combination of real and implicit storage leading to the lowest possible firm generation cost [24,25].



Operational inputs are analogous to firm power forecasts, with some key differences:




	
The target output is not the forecast, but the [regional] NYISO load.



	
Since the objective is to supply the demand 24/7 at high-penetration, there is no external battery recharge possibility at night or in off-hours. Storage can only be recharged when renewable production exceeds demand.



	
We also consider flexibility defined not in terms of forecast guaranties, but in terms of the fraction of energy allowed from external, non-renewable sources. This external source could be supply-side, e.g., from legacy or new natural gas units, and/or demand-side from load management. We consider flexibility levels of 0%, 2.5% and 5%.



	
Unlike for forecasts where the target load (i.e., the forecast production) is largely independent of PV configuration, meeting a target load shape depends on PV configuration. We selected a fixed 30° tilt south-facing array geometry.









2.4. Evolving Penetration Strategy


Between the “light-duty” requirements of firm forecasts and the “heavy-duty” requirements of 100%-ready firm power generation, we evaluate intermediate steps at 10%, 25%, and 50% levels of PV grid energy penetration. The corresponding target load profiles evolve from day-ahead forecast production to grid demand commensurately with the degree of penetration. These evolving load shape targets on a yearly and daily basis are illustrated in Figure 4.




2.5. Key Performance Indicators


For all considered scenarios, optimal solutions are assessed in terms of:




	
Optimum storage requirements—quantified in terms of installed PV capacity-hours.



	
Optimum overbuilding—quantified as a percentage above unconstrained PV capacity needed to meet energy requirements without curtailment.



	
Additional CapEx from storage and overbuild requirements—quantified in $/kW.



	
“Bottom line” LCOE of optimally configured PV—quantified in cents per [firm] kWh.










3. Results


3.1. Firm Forecasts


Table 1, Table 2 and Table 3 report the nominal amount of storage, PV overbuilding, incremental capital costs, and plant/fleet LCOEs to achieve firm forecasts for all investigated scenarios: NYISO-wide, region-specific, 0% and 2.5% flexibility, current and future technology costs, centralized PV plants, and distributed fleets. Table 1 pertains to one hour-ahead forecast, Table 2 to three-hours-ahead forecasts, and Table 3 to 24-h-ahead forecasts.



Optimum storage requirements range from several minutes for one-hour-ahead to 1–2 h for firm 24-h-ahead forecasts. Optimum overbuilding is less than 10% for most fleet configurations. As will be discussed in Section 3.4, homogenous fleets require less storage and overbuild than centralized configuration. Likewise, TSO-wide strategies are slightly more economical than strategies confined to individual electrical regions.



In the most favorable future scenario, with 5% flexibility, firm 24-h forecasts could be achieved at CapEx premium of ~$70/kW.



The results presented in Table 1, Table 2 and Table 3 are, of course, dependent on the accuracy of the underlying forecast model. Figure 5 provides a measure of how these results would be affected if, instead of the state-of-the-art SUNY (SolarAnywhere) forecast model, we had applied less performant models, namely smart persistence [38], GFS [31], and ECMWF [30]—note that the last two models are internal components of the SUNY model. The quantity plotted in Figure 5 is the mean firm forecast cost premium per nominal PV kW across all scenarios analyzed. Full detailed results for these other forecast models are provided in Appendix A.




3.2. Firm Power Generation


Table 4 is analogous to Table 1, Table 2 and Table 3, but with a firm load target equal to NYISO load shapes instead of forecast PV production. Table 5 reports the same results but achieved without implicit storage—i.e., no overbuilding and no PV output curtailment. These two tables correspond respectively to point C and point B in Figure 1.



Supplying firm power 24/365 optimally requires from 3.5 to 10 h of storage and from 50% to 250% overbuilding depending on flexibility. The impact of fleet configuration (centralized vs. homogeneous dispersion) and regional vs. TSO strategies is considerably less marked than for forecasts (see discussion in Section 3.4).



In the most favorable future case, $400/kW PV, $50/kWh storage & 5% energy flexibility, the firm 24/365 PV generation LCOE for all NYISO regions would range from 4.2 to 6.3 ¢/kWh. These power generation numbers are comparable to current wholesale NYISO Location-Based Market Prices (LBMPs) [39]. Furthermore, as was shown in our investigation of the MISO power grid [24,25], these pure PV numbers could probably be reduced by 25% to 30% when optimally blending wind generation. While the analysis of this renewables blending is out of the scope of the current paper, it will nevertheless constitute a pertinent follow-up, given New York’s unique offshore wind resource potential [40].



A significant observation, when comparing Table 4 and Table 5, is the nearly tenfold difference between scenarios applying implicit storage and scenarios avoiding curtailment. Required storage quantities and bottom-line electricity production costs would be one order of magnitude larger without provisioning PV overbuilding and operational curtailment. Of course, this difference depends on the assumed relative costs of PV and storage. Here we have assumed $400/kW for PV and $50/kWh for storage for the future scenario. The PV estimate is likely a robust estimate since PV technology will increasingly represent a smaller part of a PV plant’s cost compared to structural outlays. Our storage estimate, however, while optimistically sourced from NREL predictions [37], could be considered too conservative by some, considering recent future flow battery ultra-low-cost claims [41]. Figure 6 illustrates the impact of storage cost on implicit storage levels and LCOE bottom lines. This shows that the tenfold difference observed under current assumptions would be moderately reduced if ultra-low-cost storage targets were to materialize, but that implicit storage would remain a crucial element to achieving the lowest possible firm production costs.




3.3. Evolving Penetration


Table 6, Table 7 and Table 8 report results for firm power generation logistics at 10%, 25%, and 50% penetration. Target load shapes (see Figure 4) for these evolving penetration levels are defined as a blend between day-ahead forecasts and NYISO load shapes proportional to the degree of penetration.



These tables illustrate the gradual transition from a firm forecast strategy applicable and economically justifiable at [current] low PV penetration, to firmer and firmer implicit storage-enabled strategies leading to economically acceptable ultra-high PV penetration.



Figure 7 illustrates the impact of flexibility and grid penetration—hence of load shape requirements—on storage and overbuilding in the case of NYISO-wide distributed PV generation.



As we had observed for the MISO and Italy studies [25,27], a small amount of demand flexibility from, e.g., limited natural gas generation, goes a long way in reducing both true and implicit storage requirements. Most importantly for the present investigation, the trends show that the firm forecast real and implicit storage requirements represent only a small fraction of the firm power generation’s requirements. This signifies (1) that in a future high PV penetration context, there will be ample storage and implicit storage available on power grids to address any production forecast uncertainty; and (2) that firm forecasts constitute a smart logistical entry step to building a future firm PV generation resource.



Figure 8 translates Figure 7′s hardware requirements into operational electricity production LCOEs. The solid horizontal line represents the electricity production LCOE that would be unconstrained by any firmness requirements, i.e., the cost basis of present-day power purchase agreements (PPAs). Importantly, the small incremental cost to insure firm day-ahead forecasts—although this may be economically justifiable on the basis of current load balancing economics—makes it a sensible and effective entry step to a least-cost firm PV power generation strategy. The value of such a strategy becomes fully apparent in Figure 9, where we compare firm production LCOEs with and without implicit storage. While the difference remains small when looking at firm forecasts (at low PV penetration), this grows exponentially, up to tenfold, when very high penetration will demand firm power generation. This observation implies that the sooner implicit storage strategies are put in place, the easier it will be to evolve towards a lowest-cost final objective.




3.4. Regional and Fleet Configuration Trends


The breadth of scenarios analyzed reveals interesting trends that will inform resource regional deployment and PV fleet configuration choices.



Influence of electrical region size: We define the firm LCOE premium as the difference between firm LCOE and unconstrained LCOE for a given scenario. In Figure 10, we plot this firm LCOE premium for homogenously distributed PV fleets as a function of the regional surface area. When the firmness requirement is for firm forecasts (i.e., low penetration in the context of this study), the trends indicate a decrease of the premium as a function of regional size (i.e., generating footprint size). The trend is most pronounced for the shortest-term forecasts. This finding is consistent with prior studies, including studies from the authors [35] showing that forecast accuracy improves as a function of the generating footprint. In other words, short-term weather-averaging is effective and results in smaller operational costs to firm-up large regional forecasts compared to small region forecasts.



Importantly, this region-size trend disappears when the objective is firm power generation. This is because short-term weather averaging is less important than other factors in providing load shape firmness, namely seasonal resource trends and overall resource capacity factor.



Influence of the solar resource: Figure 11 is analogous to Figure 10, but replaces the X-axis by the solar resource’s capacity factor.



The most important observation in Figure 11 is that the high-penetration’s firm power generation costs, while not influenced by the generating footprint as noted above in Figure 10, are influenced by the solar resource. As would be expected, the higher the solar resource (quantified here by the PV capacity factor), the less costly the task of transforming unconstrained power generation into firm power generation. Delivering firm forecasts, on the other hand, is less influenced by the solar resource—note that the positive forecast trends apparent in Figure 11 are a reflection of region size. Indeed, the smaller regions (see Figure 2) are located in the southern part of the state and benefit from a higher capacity factors (see Figure 3).



NYISO-Wide vs. single electric region strategy: We defined the regional penalty as the ratio between the mean regional firm generation LCOE and the firm LCOE for the entire NYISO, minus one. In Figure 12, we plotted this regional penalty across all scenarios considering homogenously dispersed PV fleets.



Consistently with the geographical trends observed in Figure 10, a statewide forecast balancing strategy would be considerably more cost-effective than region-specific strategies. However, this statewide advantage is reduced significantly when firmness requirements evolve from forecast production to demand load shape. Weather-averaging (and hence geographic dispersion) is important to reduce weather-induced forecast errors. At high penetration, however, the driving factor for cost is multi-day/seasonal variability [24] where weather (and hence the importance of weather averaging) has a comparatively lesser impact. This result is very important because it suggests that firm power generation could, if needed, be achieved within each electrical region at only a small premium compared to a NYISO-wide strategy that would have to rely on a strong transmission backbone.



Centralized power plants vs. distributed fleets’ strategy: Figure 13 is analogous to Figure 12, but compares the penalty of the centralized vs. homogeneously dispersed generation premium within each region. The trend is reminiscent of the above NYISO vs. region trend because the driving factors are essentially the same: weather-averaging is important to minimize forecast errors, and hence the cost of producing firm forecasts, but other factors, chiefly seasonal trends, become dominant as penetration increases. This result is logistically important because it suggests that a few strategically located large plants and/or clusters of urban/suburban-sited systems within each region could supply the bulk of firm power requirements, without having to ensure a perfectly homogeneous supply.





4. Conclusions


We presented a firm solar forecast strategy articulated around optimized physical and implicit storage (aka overbuilding solar resource) as an operational alternative to the standard practice of exploiting probabilistic forecast models to integrate solar resources into power grids. We showed that this strategy could entirely remove load-balancing uncertainty emanating from variable renewable resources such as solar at a modest operational cost premium. Most importantly, we showed that the firm forecast strategy was an effective entry step to achieving least-cost ultra-high solar penetration, where production firmness will be a prerequisite because achieving firmness in the absence of an implicit storage-enabled strategy could be unrealistically expensive.



Using the New York Independent System Operator as a case study, we showed that this ultra-high solar penetration future where solar would firmly supply the entire load shape could be achieved at electricity production costs commensurate current New York’s current wholesale market electricity prices. We also pointed out that applying an implicit storage strategy to an optimal mix of solar with wind would likely result in production cost targets below New York’s current wholesale prices.



Interestingly, we showed that while geographic dispersion had a significant impact on the cost of firm forecasts, its impact diminished considerably when the objective evolved from firm forecasts to firm power generation. This is because weather-driven short-term fluctuations driving forecast models’ uncertainty (and hence the cost of transforming these forecasts into firm forecasts) can be reduced with geographic dispersion by exploiting the well-documented smoothing effect [42]. These short-term fluctuations play less of a role compared to other factors such as seasonal variability when the objective evolves to meeting a given load shape. We noted that this observation had important implications. In particular, it suggests that large-scale geographic dispersion, implying strong transmission capabilities, would not be an absolute prerequisite to ultra-high penetration economics whereby locally resilient solutions contained in electrical sub-regions could be considered at a modest cost premium.
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Table A1. One-hour-ahead firm forecast results applying smart persistence.






Table A1. One-hour-ahead firm forecast results applying smart persistence.





	

	
1 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
201

	
0.61

	
4%

	
5.22

	
140

	
0.41

	
4%

	
4.96

	
92

	
0.38

	
0%

	
4.75

	
75

	
0.92

	
1%

	
2.07

	
53

	
0.47

	
3%

	
1.97

	
35

	
0.31

	
2%

	
1.89




	
Region A

	
226

	
0.73

	
4%

	
5.33

	
188

	
0.60

	
4%

	
5.17

	
134

	
0.56

	
−2%

	
4.93

	
94

	
0.73

	
4%

	
2.15

	
71

	
0.64

	
4%

	
2.05

	
60

	
0.64

	
3%

	
2.00




	
Region B

	
236

	
0.84

	
3%

	
5.37

	
194

	
0.71

	
3%

	
5.20

	
161

	
0.67

	
−2%

	
5.05

	
91

	
0.84

	
3%

	
2.14

	
70

	
0.71

	
3%

	
2.05

	
60

	
0.78

	
1%

	
2.00




	
Region C

	
259

	
0.75

	
6%

	
5.48

	
194

	
0.61

	
5%

	
5.20

	
154

	
0.59

	
0%

	
5.02

	
93

	
1.09

	
2%

	
2.14

	
70

	
0.83

	
2%

	
2.04

	
56

	
0.64

	
2%

	
1.98




	
Region D

	
228

	
0.60

	
6%

	
5.34

	
156

	
0.47

	
4%

	
5.03

	
119

	
0.42

	
2%

	
4.87

	
87

	
1.16

	
1%

	
2.12

	
60

	
0.53

	
3%

	
2.00

	
44

	
0.42

	
2%

	
1.93




	
Region E

	
224

	
0.65

	
5%

	
5.32

	
165

	
0.42

	
6%

	
5.07

	
117

	
0.38

	
2%

	
4.86

	
81

	
1.03

	
1%

	
2.09

	
62

	
0.68

	
2%

	
2.01

	
47

	
0.38

	
2%

	
1.94




	
Region F

	
228

	
0.36

	
10%

	
5.34

	
169

	
0.39

	
5%

	
5.09

	
110

	
0.34

	
1%

	
4.83

	
100

	
1.20

	
2%

	
2.18

	
71

	
0.53

	
5%

	
2.05

	
51

	
0.29

	
3%

	
1.96




	
Region G

	
208

	
0.42

	
7%

	
5.26

	
155

	
0.39

	
5%

	
5.03

	
113

	
0.36

	
0%

	
4.84

	
86

	
0.71

	
3%

	
2.11

	
67

	
0.39

	
5%

	
2.03

	
56

	
0.56

	
2%

	
1.98




	
Region H

	
300

	
0.77

	
3%

	
5.65

	
249

	
0.66

	
3%

	
5.43

	
197

	
0.61

	
0%

	
5.21

	
106

	
1.29

	
2%

	
2.20

	
97

	
1.00

	
4%

	
2.16

	
87

	
0.71

	
6%

	
2.12




	
Region I

	
261

	
0.87

	
4%

	
5.49

	
225

	
0.76

	
3%

	
5.33

	
200

	
0.72

	
2%

	
5.22

	
107

	
0.87

	
4%

	
2.20

	
91

	
0.71

	
5%

	
2.13

	
80

	
0.74

	
4%

	
2.09




	
Region J

	
225

	
0.69

	
4%

	
5.33

	
189

	
0.58

	
3%

	
5.17

	
156

	
0.50

	
3%

	
5.03

	
96

	
0.69

	
4%

	
2.16

	
80

	
0.53

	
5%

	
2.09

	
61

	
0.59

	
2%

	
2.01




	
Region K

	
229

	
0.66

	
5%

	
5.35

	
194

	
0.46

	
4%

	
5.19

	
148

	
0.44

	
0%

	
4.99

	
97

	
0.77

	
4%

	
2.16

	
84

	
0.72

	
5%

	
2.11

	
66

	
0.77

	
2%

	
2.03




	
Individual locations

	
Region A

	
291

	
0.88

	
6%

	
5.62

	
251

	
0.77

	
6%

	
5.44

	
224

	
0.70

	
2%

	
5.32

	
124

	
0.88

	
6%

	
2.28

	
100

	
0.88

	
5%

	
2.17

	
89

	
0.78

	
5%

	
2.13




	
Region B

	
280

	
0.89

	
5%

	
5.57

	
245

	
0.73

	
5%

	
5.41

	
216

	
0.63

	
5%

	
5.29

	
113

	
0.98

	
4%

	
2.23

	
104

	
0.69

	
7%

	
2.19

	
91

	
0.88

	
2%

	
2.14




	
Region C

	
279

	
0.76

	
7%

	
5.56

	
252

	
0.72

	
7%

	
5.45

	
235

	
0.62

	
8%

	
5.37

	
117

	
0.97

	
5%

	
2.25

	
98

	
1.16

	
3%

	
2.17

	
87

	
0.89

	
4%

	
2.12




	
Region D

	
265

	
0.92

	
4%

	
5.50

	
234

	
0.88

	
3%

	
5.37

	
201

	
0.72

	
3%

	
5.22

	
101

	
1.03

	
3%

	
2.18

	
84

	
0.88

	
3%

	
2.11

	
74

	
0.72

	
3%

	
2.06




	
Region E

	
305

	
0.75

	
9%

	
5.68

	
276

	
0.83

	
7%

	
5.55

	
246

	
0.84

	
0%

	
5.42

	
114

	
1.39

	
2%

	
2.24

	
104

	
1.05

	
4%

	
2.19

	
97

	
0.75

	
7%

	
2.16




	
Region F

	
277

	
0.82

	
6%

	
5.55

	
259

	
0.56

	
5%

	
5.48

	
227

	
0.58

	
2%

	
5.34

	
115

	
0.90

	
5%

	
2.24

	
102

	
0.93

	
5%

	
2.18

	
96

	
0.82

	
6%

	
2.16




	
Region G

	
291

	
0.95

	
5%

	
5.62

	
272

	
0.68

	
4%

	
5.53

	
226

	
0.64

	
0%

	
5.33

	
116

	
1.26

	
3%

	
2.24

	
104

	
1.09

	
4%

	
2.19

	
104

	
0.86

	
7%

	
2.19




	
Region H

	
326

	
0.92

	
8%

	
5.77

	
280

	
0.76

	
3%

	
5.57

	
230

	
0.70

	
0%

	
5.35

	
116

	
1.45

	
2%

	
2.25

	
105

	
1.27

	
3%

	
2.20

	
97

	
1.19

	
3%

	
2.16




	
Region I

	
291

	
1.02

	
4%

	
5.62

	
254

	
0.78

	
6%

	
5.45

	
230

	
0.70

	
5%

	
5.35

	
114

	
1.22

	
3%

	
2.24

	
100

	
0.87

	
5%

	
2.18

	
89

	
0.87

	
4%

	
2.13




	
Region J

	
270

	
0.99

	
2%

	
5.52

	
234

	
0.74

	
5%

	
5.37

	
203

	
0.72

	
2%

	
5.23

	
104

	
1.01

	
3%

	
2.19

	
92

	
0.84

	
4%

	
2.14

	
74

	
0.83

	
2%

	
2.06




	
Region K

	
289

	
0.70

	
9%

	
5.61

	
248

	
0.83

	
5%

	
5.43

	
229

	
0.67

	
4%

	
5.34

	
108

	
1.19

	
3%

	
2.21

	
94

	
0.83

	
5%

	
2.15

	
87

	
0.82

	
5%

	
2.12
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Table A2. One-hour-ahead firm forecast results applying GFS.






Table A2. One-hour-ahead firm forecast results applying GFS.





	

	
1 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% flexibIlity

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
585

	
0.88

	
27%

	
6.89

	
472

	
0.74

	
23%

	
6.40

	
383

	
0.58

	
21%

	
6.02

	
278

	
2.01

	
26%

	
2.95

	
210

	
1.39

	
23%

	
2.65

	
164

	
0.63

	
25%

	
2.45




	
Region A

	
733

	
1.62

	
15%

	
7.54

	
616

	
1.58

	
8%

	
7.03

	
512

	
1.51

	
3%

	
6.58

	
368

	
1.53

	
29%

	
3.34

	
292

	
3.93

	
12%

	
3.01

	
220

	
2.45

	
14%

	
2.70




	
Region B

	
737

	
1.54

	
16%

	
7.55

	
616

	
1.55

	
6%

	
7.03

	
511

	
1.50

	
1%

	
6.57

	
383

	
1.38

	
29%

	
3.41

	
308

	
2.12

	
29%

	
3.08

	
246

	
2.22

	
20%

	
2.81




	
Region C

	
690

	
1.14

	
25%

	
7.35

	
577

	
1.11

	
19%

	
6.86

	
480

	
1.05

	
15%

	
6.44

	
343

	
1.79

	
28%

	
3.23

	
270

	
1.53

	
26%

	
2.92

	
220

	
1.13

	
28%

	
2.70




	
Region D

	
1164

	
3.19

	
28%

	
9.41

	
1016

	
3.01

	
21%

	
8.77

	
883

	
2.87

	
13%

	
8.19

	
472

	
6.27

	
23%

	
3.79

	
417

	
5.60

	
22%

	
3.55

	
356

	
2.48

	
28%

	
3.29




	
Region E

	
757

	
1.37

	
29%

	
7.64

	
620

	
1.01

	
29%

	
7.05

	
517

	
0.87

	
25%

	
6.60

	
338

	
2.73

	
26%

	
3.21

	
277

	
1.77

	
29%

	
2.94

	
229

	
1.89

	
21%

	
2.74




	
Region F

	
808

	
1.62

	
29%

	
7.86

	
692

	
1.62

	
17%

	
7.36

	
584

	
1.54

	
11%

	
6.89

	
388

	
4.04

	
29%

	
3.43

	
317

	
1.43

	
29%

	
3.12

	
265

	
1.28

	
29%

	
2.89




	
Region G

	
794

	
1.94

	
24%

	
7.80

	
683

	
1.92

	
18%

	
7.32

	
604

	
1.75

	
17%

	
6.98

	
321

	
2.56

	
29%

	
3.13

	
270

	
1.95

	
29%

	
2.92

	
233

	
1.60

	
25%

	
2.75




	
Region H

	
681

	
2.16

	
17%

	
7.31

	
612

	
1.85

	
17%

	
7.01

	
558

	
1.57

	
19%

	
6.78

	
252

	
2.20

	
18%

	
2.84

	
228

	
1.76

	
21%

	
2.73

	
207

	
1.48

	
22%

	
2.64




	
Region I

	
663

	
2.03

	
15%

	
7.23

	
572

	
1.70

	
16%

	
6.84

	
510

	
1.34

	
19%

	
6.57

	
246

	
2.36

	
15%

	
2.81

	
217

	
1.78

	
18%

	
2.68

	
194

	
1.67

	
15%

	
2.59




	
Region J

	
720

	
1.61

	
19%

	
7.48

	
631

	
1.47

	
17%

	
7.09

	
551

	
1.43

	
12%

	
6.75

	
242

	
3.19

	
10%

	
2.79

	
214

	
2.74

	
11%

	
2.67

	
207

	
2.41

	
14%

	
2.64




	
Region K

	
672

	
2.03

	
21%

	
7.27

	
590

	
1.82

	
19%

	
6.92

	
518

	
1.66

	
16%

	
6.60

	
240

	
2.35

	
18%

	
2.78

	
201

	
2.39

	
13%

	
2.61

	
173

	
1.66

	
16%

	
2.49




	
Individual locations

	
Region A

	
1056

	
2.71

	
29%

	
8.94

	
977

	
2.52

	
29%

	
8.60

	
903

	
2.32

	
29%

	
8.28

	
421

	
4.93

	
23%

	
3.57

	
361

	
3.41

	
29%

	
3.31

	
342

	
3.34

	
29%

	
3.23




	
Region B

	
935

	
2.43

	
16%

	
8.42

	
827

	
2.23

	
16%

	
7.95

	
738

	
2.04

	
16%

	
7.56

	
453

	
3.83

	
27%

	
3.71

	
376

	
3.41

	
24%

	
3.38

	
327

	
3.34

	
23%

	
3.16




	
Region C

	
972

	
2.41

	
18%

	
8.58

	
838

	
2.34

	
7%

	
8.00

	
712

	
2.24

	
0%

	
7.45

	
426

	
3.69

	
29%

	
3.59

	
350

	
3.72

	
20%

	
3.26

	
305

	
3.18

	
20%

	
3.07




	
Region D

	
1425

	
3.82

	
29%

	
10.55

	
1276

	
3.48

	
29%

	
9.90

	
1145

	
3.29

	
24%

	
9.33

	
594

	
8.43

	
29%

	
4.32

	
543

	
7.86

	
29%

	
4.10

	
486

	
7.03

	
27%

	
3.85




	
Region E

	
829

	
1.83

	
27%

	
7.95

	
737

	
1.59

	
29%

	
7.56

	
671

	
1.40

	
29%

	
7.27

	
389

	
1.87

	
28%

	
3.43

	
323

	
1.75

	
28%

	
3.14

	
280

	
1.54

	
29%

	
2.96




	
Region F

	
1027

	
2.47

	
28%

	
8.82

	
930

	
2.25

	
29%

	
8.40

	
846

	
2.26

	
20%

	
8.03

	
378

	
4.03

	
29%

	
3.38

	
326

	
3.26

	
29%

	
3.16

	
300

	
2.84

	
27%

	
3.05




	
Region G

	
983

	
3.14

	
10%

	
8.63

	
887

	
2.96

	
15%

	
8.21

	
827

	
2.75

	
19%

	
7.95

	
381

	
3.85

	
26%

	
3.40

	
330

	
3.12

	
27%

	
3.18

	
290

	
2.76

	
25%

	
3.00




	
Region H

	
805

	
2.49

	
14%

	
7.85

	
705

	
2.20

	
20%

	
7.41

	
658

	
2.02

	
20%

	
7.21

	
285

	
2.78

	
19%

	
2.98

	
250

	
2.20

	
21%

	
2.83

	
232

	
1.98

	
22%

	
2.75




	
Region I

	
705

	
2.15

	
15%

	
7.42

	
635

	
1.87

	
16%

	
7.11

	
580

	
1.59

	
18%

	
6.87

	
268

	
2.90

	
15%

	
2.91

	
242

	
2.47

	
17%

	
2.79

	
223

	
2.08

	
19%

	
2.71




	
Region J

	
819

	
3.18

	
13%

	
7.91

	
739

	
2.12

	
10%

	
7.56

	
660

	
2.10

	
1%

	
7.22

	
264

	
3.18

	
13%

	
2.89

	
250

	
2.94

	
15%

	
2.83

	
238

	
2.68

	
17%

	
2.78




	
Region K

	
1129

	
3.37

	
22%

	
9.26

	
1024

	
3.14

	
19%

	
8.80

	
925

	
3.03

	
11%

	
8.37

	
476

	
3.20

	
29%

	
3.81

	
425

	
2.89

	
29%

	
3.59

	
381

	
2.59

	
29%

	
3.40
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Table A3. One-hour-ahead firm forecast results applying ECMF.






Table A3. One-hour-ahead firm forecast results applying ECMF.





	

	
1 Hour Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
522

	
1.22

	
7%

	
6.62

	
382

	
1.12

	
1%

	
6.01

	
274

	
1.00

	
0%

	
5.54

	
275

	
1.00

	
21%

	
2.93

	
193

	
0.95

	
12%

	
2.58

	
132

	
0.93

	
3%

	
2.31




	
Region A

	
640

	
1.61

	
4%

	
7.13

	
492

	
1.44

	
0%

	
6.49

	
368

	
1.22

	
0%

	
5.95

	
339

	
1.38

	
24%

	
3.22

	
257

	
1.25

	
15%

	
2.86

	
189

	
1.13

	
6%

	
2.56




	
Region B

	
629

	
1.60

	
5%

	
7.09

	
485

	
1.44

	
0%

	
6.46

	
363

	
1.22

	
0%

	
5.93

	
337

	
1.45

	
19%

	
3.21

	
252

	
1.29

	
13%

	
2.84

	
186

	
1.15

	
5%

	
2.55




	
Region C

	
612

	
1.44

	
6%

	
7.01

	
472

	
1.34

	
0%

	
6.40

	
356

	
1.17

	
0%

	
5.90

	
330

	
1.16

	
27%

	
3.18

	
250

	
1.12

	
15%

	
2.83

	
185

	
1.06

	
6%

	
2.55




	
Region D

	
749

	
1.59

	
25%

	
7.61

	
604

	
1.65

	
12%

	
6.98

	
479

	
1.69

	
0%

	
6.43

	
349

	
2.77

	
27%

	
3.26

	
278

	
2.24

	
25%

	
2.95

	
212

	
1.34

	
13%

	
2.66




	
Region E

	
609

	
1.45

	
6%

	
7.00

	
464

	
1.36

	
0%

	
6.37

	
350

	
1.21

	
0%

	
5.87

	
325

	
1.24

	
21%

	
3.16

	
239

	
1.15

	
14%

	
2.78

	
173

	
1.11

	
5%

	
2.49




	
Region F

	
587

	
1.11

	
16%

	
6.91

	
454

	
0.96

	
12%

	
6.33

	
344

	
0.86

	
7%

	
5.84

	
321

	
1.04

	
23%

	
3.14

	
237

	
0.92

	
14%

	
2.77

	
173

	
0.76

	
10%

	
2.49




	
Region G

	
624

	
1.61

	
12%

	
7.06

	
502

	
1.44

	
7%

	
6.53

	
393

	
1.37

	
0%

	
6.06

	
304

	
1.46

	
21%

	
3.06

	
237

	
1.31

	
15%

	
2.77

	
185

	
1.27

	
4%

	
2.54




	
Region H

	
697

	
2.41

	
2%

	
7.38

	
593

	
2.21

	
0%

	
6.93

	
508

	
2.01

	
0%

	
6.56

	
302

	
2.40

	
12%

	
3.06

	
249

	
2.15

	
9%

	
2.82

	
210

	
1.89

	
7%

	
2.65




	
Region I

	
693

	
2.20

	
10%

	
7.37

	
594

	
2.17

	
0%

	
6.93

	
506

	
1.94

	
0%

	
6.55

	
298

	
2.30

	
13%

	
3.04

	
245

	
1.92

	
15%

	
2.81

	
214

	
1.69

	
16%

	
2.67




	
Region J

	
585

	
1.79

	
4%

	
6.89

	
465

	
1.63

	
0%

	
6.37

	
375

	
1.40

	
0%

	
5.98

	
253

	
1.92

	
15%

	
2.84

	
211

	
1.56

	
17%

	
2.66

	
172

	
1.36

	
3%

	
2.49




	
Region K

	
579

	
1.51

	
19%

	
6.87

	
479

	
1.62

	
2%

	
6.44

	
382

	
1.48

	
0%

	
6.01

	
233

	
2.36

	
10%

	
2.75

	
186

	
1.83

	
12%

	
2.55

	
156

	
1.24

	
10%

	
2.42




	
Individual locations

	
Region A

	
768

	
1.77

	
8%

	
7.69

	
633

	
1.57

	
6%

	
7.10

	
516

	
1.43

	
0%

	
6.59

	
428

	
4.62

	
27%

	
3.60

	
352

	
1.42

	
20%

	
3.27

	
283

	
1.30

	
12%

	
2.97




	
Region B

	
755

	
1.97

	
7%

	
7.64

	
626

	
1.80

	
4%

	
7.07

	
512

	
1.69

	
0%

	
6.58

	
404

	
1.54

	
23%

	
3.50

	
325

	
1.45

	
17%

	
3.15

	
258

	
1.36

	
11%

	
2.86




	
Region C

	
786

	
1.87

	
10%

	
7.77

	
653

	
1.65

	
8%

	
7.19

	
532

	
1.64

	
0%

	
6.66

	
418

	
1.97

	
25%

	
3.56

	
339

	
1.93

	
14%

	
3.21

	
273

	
1.77

	
10%

	
2.93




	
Region D

	
791

	
1.85

	
20%

	
7.79

	
676

	
1.85

	
7%

	
7.29

	
570

	
1.84

	
0%

	
6.83

	
365

	
2.21

	
29%

	
3.33

	
302

	
1.63

	
29%

	
3.06

	
256

	
1.87

	
29%

	
2.85




	
Region E

	
671

	
1.46

	
7%

	
7.27

	
554

	
1.42

	
1%

	
6.76

	
450

	
1.31

	
0%

	
6.31

	
400

	
1.32

	
18%

	
3.48

	
317

	
1.39

	
12%

	
3.12

	
254

	
1.26

	
12%

	
2.84




	
Region F

	
732

	
1.90

	
10%

	
7.53

	
603

	
1.82

	
1%

	
6.97

	
482

	
1.63

	
0%

	
6.45

	
372

	
1.52

	
27%

	
3.36

	
304

	
1.38

	
21%

	
3.06

	
245

	
1.67

	
4%

	
2.81




	
Region G

	
684

	
1.71

	
7%

	
7.33

	
565

	
1.51

	
4%

	
6.81

	
454

	
1.40

	
0%

	
6.33

	
330

	
3.33

	
13%

	
3.18

	
274

	
2.64

	
14%

	
2.93

	
228

	
1.92

	
16%

	
2.73




	
Region H

	
749

	
2.20

	
8%

	
7.61

	
640

	
2.13

	
−2%

	
7.13

	
540

	
1.91

	
0%

	
6.70

	
317

	
2.71

	
16%

	
3.12

	
276

	
3.17

	
10%

	
2.94

	
237

	
2.74

	
10%

	
2.77




	
Region I

	
700

	
2.38

	
9%

	
7.39

	
627

	
2.31

	
0%

	
7.08

	
542

	
2.09

	
0%

	
6.71

	
283

	
2.54

	
11%

	
2.97

	
237

	
2.12

	
12%

	
2.77

	
209

	
2.19

	
10%

	
2.65




	
Region J

	
600

	
1.81

	
1%

	
6.96

	
483

	
1.61

	
0%

	
6.45

	
394

	
1.39

	
0%

	
6.06

	
275

	
2.20

	
15%

	
2.94

	
231

	
1.86

	
16%

	
2.74

	
194

	
1.35

	
3%

	
2.58




	
Region K

	
686

	
2.17

	
9%

	
7.33

	
604

	
1.94

	
9%

	
6.98

	
532

	
1.91

	
0%

	
6.66

	
303

	
2.53

	
15%

	
3.06

	
255

	
1.87

	
14%

	
2.85

	
219

	
1.70

	
10%

	
2.69
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Table A4. Three-hours-ahead firm forecast results applying smart persistence.






Table A4. Three-hours-ahead firm forecast results applying smart persistence.





	

	
3 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
486

	
1.90

	
3%

	
6.46

	
435

	
1.73

	
3%

	
6.24

	
386

	
1.56

	
3%

	
6.03

	
182

	
2.09

	
2%

	
2.53

	
156

	
1.73

	
3%

	
2.42

	
134

	
1.56

	
3%

	
1.90




	
Region A

	
584

	
2.30

	
4%

	
6.89

	
566

	
2.13

	
7%

	
6.81

	
538

	
2.11

	
0%

	
6.69

	
209

	
2.39

	
3%

	
2.65

	
184

	
2.61

	
1%

	
2.54

	
169

	
2.64

	
0%

	
1.71




	
Region B

	
618

	
2.66

	
2%

	
7.04

	
589

	
2.51

	
3%

	
6.91

	
564

	
2.38

	
4%

	
6.80

	
208

	
2.66

	
2%

	
2.64

	
195

	
2.51

	
3%

	
2.59

	
183

	
2.38

	
4%

	
1.97




	
Region C

	
676

	
2.78

	
4%

	
7.29

	
632

	
2.27

	
10%

	
7.10

	
597

	
2.09

	
12%

	
6.95

	
230

	
2.89

	
3%

	
2.74

	
213

	
2.70

	
4%

	
2.67

	
198

	
2.67

	
4%

	
1.99




	
Region D

	
578

	
2.55

	
1%

	
6.86

	
496

	
2.12

	
2%

	
6.51

	
429

	
1.84

	
2%

	
6.22

	
184

	
2.69

	
0%

	
2.54

	
166

	
2.12

	
2%

	
2.46

	
142

	
1.84

	
2%

	
1.91




	
Region E

	
581

	
2.64

	
0%

	
6.88

	
490

	
2.08

	
2%

	
6.48

	
429

	
1.83

	
2%

	
6.21

	
184

	
2.87

	
−1%

	
2.54

	
163

	
2.77

	
−2%

	
2.45

	
142

	
1.83

	
2%

	
1.92




	
Region F

	
540

	
1.86

	
7%

	
6.70

	
477

	
1.65

	
7%

	
6.42

	
420

	
1.51

	
6%

	
6.18

	
195

	
2.38

	
2%

	
2.59

	
173

	
2.17

	
2%

	
2.49

	
153

	
1.78

	
3%

	
1.93




	
Region G

	
496

	
1.52

	
8%

	
6.51

	
434

	
1.33

	
8%

	
6.24

	
381

	
1.16

	
7%

	
6.01

	
211

	
2.81

	
1%

	
2.66

	
182

	
2.42

	
1%

	
2.53

	
152

	
2.17

	
0%

	
1.71




	
Region H

	
598

	
1.56

	
15%

	
6.95

	
558

	
1.69

	
12%

	
6.78

	
508

	
1.78

	
8%

	
6.56

	
247

	
3.40

	
2%

	
2.81

	
214

	
2.96

	
2%

	
2.67

	
183

	
2.72

	
1%

	
1.71




	
Region I

	
595

	
2.25

	
5%

	
6.94

	
560

	
2.10

	
6%

	
6.79

	
523

	
1.99

	
6%

	
6.62

	
227

	
2.25

	
5%

	
2.73

	
196

	
2.61

	
2%

	
2.59

	
173

	
2.35

	
2%

	
1.71




	
Region J

	
511

	
1.66

	
7%

	
6.57

	
469

	
1.56

	
7%

	
6.39

	
444

	
1.52

	
7%

	
6.28

	
215

	
1.76

	
6%

	
2.68

	
190

	
2.03

	
4%

	
2.57

	
171

	
1.91

	
4%

	
1.71




	
Region K

	
555

	
2.08

	
5%

	
6.77

	
486

	
1.63

	
8%

	
6.46

	
417

	
1.50

	
6%

	
6.16

	
205

	
2.39

	
3%

	
2.63

	
181

	
2.03

	
4%

	
2.53

	
153

	
1.58

	
5%

	
1.71




	
Individual locations

	
Region A

	
708

	
2.93

	
4%

	
7.43

	
666

	
2.67

	
6%

	
7.25

	
640

	
2.24

	
12%

	
7.14

	
240

	
3.05

	
3%

	
2.78

	
228

	
2.92

	
4%

	
2.73

	
218

	
2.60

	
7%

	
1.71




	
Region B

	
649

	
2.54

	
5%

	
7.17

	
602

	
2.31

	
6%

	
6.97

	
563

	
2.19

	
6%

	
6.80

	
238

	
3.64

	
0%

	
2.78

	
219

	
2.47

	
5%

	
2.69

	
197

	
2.30

	
5%

	
1.71




	
Region C

	
669

	
2.75

	
4%

	
7.26

	
642

	
2.55

	
6%

	
7.14

	
625

	
2.47

	
7%

	
7.07

	
233

	
2.75

	
4%

	
2.75

	
223

	
2.55

	
6%

	
2.71

	
212

	
2.47

	
7%

	
1.71




	
Region D

	
623

	
2.45

	
5%

	
7.06

	
575

	
2.28

	
5%

	
6.85

	
521

	
2.12

	
4%

	
6.62

	
224

	
2.60

	
4%

	
2.72

	
200

	
2.38

	
4%

	
2.61

	
179

	
2.12

	
4%

	
1.71




	
Region E

	
666

	
2.96

	
1%

	
7.25

	
614

	
2.67

	
2%

	
7.02

	
563

	
2.33

	
4%

	
6.80

	
214

	
3.18

	
0%

	
2.67

	
201

	
2.67

	
2%

	
2.61

	
187

	
2.43

	
3%

	
1.71




	
Region F

	
532

	
1.84

	
6%

	
6.66

	
482

	
1.74

	
5%

	
6.45

	
430

	
1.61

	
4%

	
6.22

	
204

	
2.36

	
2%

	
2.63

	
182

	
2.10

	
2%

	
2.53

	
158

	
1.77

	
2%

	
1.94




	
Region G

	
594

	
1.86

	
10%

	
6.94

	
539

	
1.69

	
10%

	
6.69

	
506

	
1.56

	
11%

	
6.55

	
251

	
2.08

	
8%

	
2.83

	
225

	
1.69

	
10%

	
2.72

	
205

	
3.28

	
−1%

	
2.00




	
Region H

	
779

	
1.92

	
7%

	
7.74

	
693

	
1.85

	
3%

	
7.36

	
611

	
1.75

	
2%

	
7.01

	
293

	
5.14

	
−1%

	
3.02

	
269

	
4.74

	
−1%

	
2.91

	
238

	
4.05

	
0%

	
2.05




	
Region I

	
624

	
2.24

	
7%

	
7.06

	
575

	
2.18

	
6%

	
6.85

	
548

	
1.99

	
8%

	
6.73

	
246

	
2.24

	
7%

	
2.81

	
212

	
2.18

	
6%

	
2.66

	
201

	
2.11

	
7%

	
2.00




	
Region J

	
576

	
2.06

	
6%

	
6.85

	
538

	
1.96

	
5%

	
6.69

	
499

	
1.85

	
5%

	
6.52

	
231

	
2.06

	
6%

	
2.75

	
210

	
2.04

	
6%

	
2.65

	
189

	
1.82

	
7%

	
1.71




	
Region K

	
768

	
1.68

	
28%

	
7.69

	
748

	
2.64

	
13%

	
7.60

	
668

	
1.91

	
−2%

	
7.26

	
268

	
3.13

	
6%

	
2.90

	
254

	
3.08

	
7%

	
2.84

	
242

	
2.85

	
9%

	
2.06
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Table A5. Three-hours-ahead firm forecast results applying GFS.






Table A5. Three-hours-ahead firm forecast results applying GFS.





	

	
3 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
564

	
0.73

	
29%

	
6.81

	
462

	
0.56

	
27%

	
6.36

	
379

	
0.45

	
24%

	
6.00

	
271

	
1.74

	
28%

	
2.92

	
204

	
1.17

	
25%

	
2.63

	
160

	
0.50

	
26%

	
1.94




	
Region A

	
787

	
1.83

	
20%

	
7.77

	
665

	
1.70

	
15%

	
7.24

	
557

	
1.64

	
7%

	
6.77

	
379

	
1.67

	
28%

	
3.39

	
302

	
1.53

	
24%

	
3.06

	
230

	
2.55

	
15%

	
1.71




	
Region B

	
819

	
1.92

	
19%

	
7.91

	
700

	
1.80

	
15%

	
7.40

	
593

	
1.83

	
4%

	
6.93

	
391

	
2.32

	
29%

	
3.44

	
311

	
2.10

	
29%

	
3.09

	
248

	
2.18

	
21%

	
2.07




	
Region C

	
751

	
1.60

	
22%

	
7.62

	
644

	
1.53

	
18%

	
7.15

	
545

	
1.64

	
3%

	
6.72

	
344

	
1.89

	
29%

	
3.24

	
271

	
1.43

	
29%

	
2.92

	
224

	
1.26

	
28%

	
2.03




	
Region D

	
1150

	
3.09

	
29%

	
9.35

	
1005

	
2.92

	
22%

	
8.72

	
870

	
2.80

	
13%

	
8.13

	
467

	
6.12

	
24%

	
3.77

	
411

	
5.52

	
22%

	
3.53

	
354

	
2.43

	
27%

	
2.22




	
Region E

	
751

	
1.36

	
29%

	
7.62

	
615

	
1.00

	
29%

	
7.03

	
512

	
0.82

	
26%

	
6.58

	
329

	
2.68

	
26%

	
3.17

	
272

	
1.83

	
28%

	
2.92

	
226

	
1.69

	
23%

	
2.03




	
Region F

	
802

	
1.59

	
29%

	
7.84

	
690

	
1.53

	
21%

	
7.35

	
586

	
1.51

	
12%

	
6.90

	
389

	
1.61

	
29%

	
3.43

	
315

	
1.38

	
29%

	
3.11

	
262

	
1.21

	
29%

	
2.09




	
Region G

	
818

	
1.97

	
26%

	
7.91

	
705

	
2.00

	
18%

	
7.42

	
627

	
1.74

	
20%

	
7.08

	
336

	
2.71

	
29%

	
3.20

	
286

	
1.99

	
29%

	
2.98

	
244

	
1.57

	
26%

	
1.71




	
Region H

	
828

	
2.37

	
15%

	
7.95

	
722

	
2.09

	
15%

	
7.49

	
636

	
1.93

	
11%

	
7.12

	
291

	
3.05

	
19%

	
3.01

	
261

	
2.50

	
21%

	
2.87

	
234

	
2.00

	
23%

	
1.71




	
Region I

	
735

	
2.46

	
15%

	
7.55

	
650

	
2.10

	
12%

	
7.18

	
576

	
1.80

	
11%

	
6.86

	
265

	
2.65

	
17%

	
2.89

	
238

	
2.11

	
20%

	
2.77

	
216

	
1.78

	
21%

	
1.71




	
Region J

	
758

	
1.88

	
14%

	
7.65

	
667

	
1.81

	
9%

	
7.25

	
582

	
1.78

	
2%

	
6.88

	
258

	
3.24

	
13%

	
2.86

	
231

	
2.92

	
13%

	
2.74

	
220

	
2.53

	
16%

	
1.71




	
Region K

	
693

	
2.27

	
19%

	
7.36

	
613

	
2.05

	
17%

	
7.02

	
559

	
1.77

	
18%

	
6.78

	
239

	
2.27

	
19%

	
2.78

	
200

	
2.22

	
15%

	
2.61

	
184

	
1.86

	
17%

	
1.71




	
Individual locations

	
Region A

	
1063

	
2.71

	
29%

	
8.97

	
982

	
2.52

	
29%

	
8.62

	
910

	
2.32

	
29%

	
8.31

	
418

	
4.32

	
28%

	
3.56

	
371

	
3.68

	
29%

	
3.35

	
347

	
3.47

	
29%

	
1.71




	
Region B

	
977

	
2.66

	
15%

	
8.60

	
871

	
2.42

	
17%

	
8.14

	
785

	
2.17

	
20%

	
7.76

	
464

	
3.90

	
29%

	
3.76

	
383

	
3.41

	
26%

	
3.40

	
328

	
3.33

	
26%

	
1.71




	
Region C

	
996

	
2.61

	
12%

	
8.68

	
863

	
2.40

	
8%

	
8.10

	
738

	
2.30

	
0%

	
7.56

	
447

	
4.59

	
26%

	
3.69

	
382

	
4.42

	
20%

	
3.40

	
338

	
3.90

	
20%

	
1.71




	
Region D

	
1440

	
3.86

	
29%

	
10.61

	
1296

	
3.53

	
29%

	
9.99

	
1164

	
3.19

	
29%

	
9.41

	
592

	
8.19

	
29%

	
4.31

	
531

	
7.38

	
29%

	
4.05

	
478

	
6.70

	
29%

	
1.71




	
Region E

	
826

	
1.83

	
28%

	
7.94

	
738

	
1.62

	
29%

	
7.56

	
673

	
1.40

	
29%

	
7.28

	
376

	
2.01

	
29%

	
3.38

	
316

	
1.86

	
29%

	
3.11

	
285

	
1.66

	
29%

	
1.71




	
Region F

	
1021

	
2.52

	
29%

	
8.79

	
932

	
2.38

	
29%

	
8.40

	
872

	
2.24

	
29%

	
8.14

	
388

	
3.43

	
29%

	
3.43

	
345

	
3.01

	
29%

	
3.24

	
317

	
3.00

	
29%

	
2.16




	
Region G

	
988

	
3.08

	
14%

	
8.65

	
893

	
2.90

	
15%

	
8.23

	
832

	
2.72

	
17%

	
7.97

	
398

	
3.93

	
29%

	
3.47

	
350

	
3.35

	
29%

	
3.26

	
308

	
2.80

	
29%

	
2.15




	
Region H

	
831

	
2.50

	
15%

	
7.97

	
727

	
2.22

	
20%

	
7.51

	
684

	
1.95

	
25%

	
7.33

	
299

	
2.89

	
22%

	
3.04

	
261

	
2.14

	
25%

	
2.87

	
242

	
1.95

	
25%

	
2.06




	
Region I

	
772

	
2.06

	
15%

	
7.71

	
681

	
1.78

	
16%

	
7.31

	
608

	
1.60

	
14%

	
6.99

	
286

	
3.13

	
17%

	
2.98

	
263

	
2.65

	
20%

	
2.88

	
251

	
2.51

	
21%

	
2.07




	
Region J

	
842

	
2.25

	
13%

	
8.01

	
758

	
2.08

	
12%

	
7.65

	
675

	
2.06

	
0%

	
7.28

	
276

	
3.44

	
14%

	
2.94

	
260

	
3.00

	
17%

	
2.87

	
247

	
2.70

	
19%

	
1.71




	
Region K

	
1153

	
3.30

	
28%

	
9.36

	
1049

	
3.14

	
22%

	
8.91

	
946

	
3.04

	
14%

	
8.47

	
488

	
3.28

	
29%

	
3.86

	
434

	
2.97

	
29%

	
3.63

	
389

	
2.67

	
29%

	
2.27











[image: Table] 





Table A6. Three-hours-ahead firm forecast results applying ECMF.






Table A6. Three-hours-ahead firm forecast results applying ECMF.





	

	
3 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
501

	
0.96

	
15%

	
6.53

	
367

	
0.83

	
10%

	
5.95

	
257

	
0.89

	
0%

	
5.47

	
265

	
0.85

	
21%

	
2.89

	
182

	
0.75

	
13%

	
2.53

	
122

	
0.70

	
6%

	
1.89




	
Region A

	
641

	
1.62

	
3%

	
7.14

	
493

	
1.44

	
0%

	
6.49

	
370

	
1.22

	
0%

	
5.96

	
340

	
1.37

	
25%

	
3.22

	
259

	
1.24

	
16%

	
2.87

	
191

	
1.12

	
7%

	
1.71




	
Region B

	
631

	
1.61

	
4%

	
7.09

	
487

	
1.44

	
0%

	
6.47

	
366

	
1.22

	
0%

	
5.94

	
339

	
1.43

	
21%

	
3.21

	
255

	
1.30

	
12%

	
2.85

	
188

	
1.14

	
6%

	
1.98




	
Region C

	
593

	
1.43

	
3%

	
6.93

	
447

	
1.25

	
0%

	
6.29

	
326

	
1.01

	
0%

	
5.77

	
325

	
1.16

	
24%

	
3.16

	
243

	
1.04

	
14%

	
2.80

	
178

	
0.92

	
6%

	
1.97




	
Region D

	
759

	
1.78

	
20%

	
7.65

	
615

	
1.76

	
10%

	
7.03

	
490

	
1.74

	
0%

	
6.48

	
334

	
2.55

	
26%

	
3.19

	
265

	
2.25

	
22%

	
2.89

	
212

	
1.97

	
16%

	
2.01




	
Region E

	
563

	
0.86

	
21%

	
6.80

	
423

	
0.90

	
10%

	
6.19

	
306

	
0.90

	
1%

	
5.68

	
307

	
0.83

	
22%

	
3.07

	
222

	
0.75

	
15%

	
2.71

	
157

	
0.70

	
8%

	
1.94




	
Region F

	
577

	
0.94

	
21%

	
6.86

	
450

	
0.89

	
14%

	
6.31

	
342

	
0.88

	
6%

	
5.84

	
310

	
0.91

	
22%

	
3.09

	
230

	
0.73

	
19%

	
2.74

	
168

	
0.69

	
12%

	
1.95




	
Region G

	
620

	
1.65

	
11%

	
7.05

	
498

	
1.46

	
6%

	
6.52

	
389

	
1.37

	
0%

	
6.04

	
303

	
1.57

	
16%

	
3.06

	
234

	
1.33

	
14%

	
2.76

	
183

	
1.24

	
6%

	
1.71




	
Region H

	
705

	
2.38

	
4%

	
7.42

	
602

	
2.23

	
−2%

	
6.97

	
512

	
2.01

	
0%

	
6.58

	
304

	
2.76

	
14%

	
3.06

	
252

	
2.21

	
14%

	
2.84

	
217

	
1.78

	
14%

	
1.71




	
Region I

	
693

	
2.13

	
14%

	
7.37

	
588

	
2.16

	
0%

	
6.91

	
497

	
1.94

	
0%

	
6.51

	
286

	
2.20

	
14%

	
2.99

	
239

	
2.10

	
13%

	
2.78

	
210

	
1.87

	
14%

	
1.71




	
Region J

	
575

	
1.76

	
4%

	
6.85

	
464

	
1.60

	
0%

	
6.37

	
373

	
1.38

	
0%

	
5.97

	
252

	
2.12

	
14%

	
2.83

	
211

	
1.47

	
10%

	
2.66

	
172

	
1.32

	
6%

	
1.71




	
Region K

	
584

	
1.49

	
20%

	
6.89

	
480

	
1.62

	
2%

	
6.44

	
383

	
1.48

	
0%

	
6.02

	
231

	
2.49

	
9%

	
2.74

	
181

	
1.94

	
10%

	
2.53

	
155

	
1.56

	
12%

	
1.71




	
Individual locations

	
Region A

	
762

	
1.83

	
3%

	
7.66

	
621

	
1.61

	
1%

	
7.05

	
503

	
1.40

	
0%

	
6.54

	
423

	
4.65

	
26%

	
3.58

	
353

	
1.40

	
23%

	
3.27

	
285

	
1.29

	
13%

	
1.71




	
Region B

	
733

	
1.86

	
8%

	
7.54

	
608

	
1.71

	
4%

	
7.00

	
495

	
1.55

	
1%

	
6.51

	
397

	
1.51

	
21%

	
3.47

	
319

	
1.42

	
15%

	
3.13

	
254

	
1.31

	
10%

	
1.71




	
Region C

	
782

	
1.71

	
19%

	
7.75

	
666

	
1.64

	
11%

	
7.25

	
549

	
1.66

	
0%

	
6.74

	
410

	
1.52

	
26%

	
3.53

	
333

	
1.51

	
21%

	
3.19

	
272

	
1.69

	
11%

	
1.71




	
Region D

	
785

	
1.81

	
22%

	
7.76

	
672

	
1.85

	
7%

	
7.27

	
562

	
1.77

	
0%

	
6.79

	
367

	
2.52

	
29%

	
3.34

	
295

	
1.97

	
29%

	
3.02

	
250

	
1.76

	
29%

	
1.71




	
Region E

	
672

	
1.57

	
3%

	
7.27

	
545

	
1.43

	
0%

	
6.72

	
440

	
1.29

	
0%

	
6.27

	
398

	
1.33

	
22%

	
3.47

	
314

	
1.22

	
14%

	
3.11

	
246

	
1.12

	
8%

	
1.71




	
Region F

	
672

	
1.63

	
6%

	
7.27

	
544

	
1.52

	
−2%

	
6.72

	
430

	
1.31

	
0%

	
6.22

	
358

	
1.77

	
29%

	
3.30

	
291

	
1.39

	
26%

	
3.01

	
229

	
1.24

	
6%

	
2.04




	
Region G

	
664

	
1.67

	
6%

	
7.24

	
546

	
1.61

	
0%

	
6.73

	
449

	
1.42

	
0%

	
6.30

	
329

	
3.37

	
13%

	
3.17

	
271

	
2.63

	
14%

	
2.92

	
227

	
2.02

	
15%

	
2.04




	
Region H

	
741

	
2.16

	
10%

	
7.58

	
636

	
2.10

	
0%

	
7.11

	
536

	
1.91

	
0%

	
6.68

	
310

	
2.80

	
15%

	
3.09

	
272

	
2.73

	
14%

	
2.93

	
245

	
2.43

	
15%

	
2.06




	
Region I

	
701

	
2.35

	
10%

	
7.40

	
624

	
2.31

	
0%

	
7.06

	
536

	
2.09

	
0%

	
6.68

	
274

	
2.57

	
10%

	
2.93

	
236

	
2.41

	
10%

	
2.77

	
209

	
2.14

	
11%

	
2.01




	
Region J

	
590

	
1.78

	
1%

	
6.92

	
477

	
1.60

	
0%

	
6.42

	
387

	
1.37

	
0%

	
6.03

	
271

	
2.22

	
15%

	
2.92

	
230

	
1.91

	
16%

	
2.74

	
189

	
1.33

	
3%

	
1.71




	
Region K

	
695

	
2.13

	
11%

	
7.37

	
613

	
1.90

	
12%

	
7.02

	
533

	
1.91

	
0%

	
6.67

	
307

	
2.82

	
17%

	
3.08

	
256

	
1.90

	
12%

	
2.85

	
220

	
1.69

	
13%

	
2.03
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Table A7. Twenty-four-hours-ahead firm forecast results applying smart persistence.






Table A7. Twenty-four-hours-ahead firm forecast results applying smart persistence.





	

	
24 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
1190

	
2.76

	
29%

	
9.53

	
1027

	
2.71

	
20%

	
8.82

	
884

	
2.71

	
10%

	
8.20

	
448

	
7.52

	
1%

	
3.69

	
386

	
6.51

	
1%

	
3.42

	
336

	
5.51

	
2%

	
2.01




	
Region A

	
1483

	
4.35

	
13%

	
10.80

	
1314

	
4.23

	
5%

	
10.06

	
1155

	
4.09

	
0%

	
4.35

	
516

	
8.72

	
1%

	
3.98

	
473

	
7.90

	
2%

	
3.80

	
432

	
7.30

	
2%

	
1.72




	
Region B

	
1494

	
4.48

	
9%

	
10.85

	
1319

	
4.37

	
0%

	
10.09

	
1159

	
4.11

	
0%

	
9.39

	
494

	
8.42

	
1%

	
3.89

	
462

	
7.77

	
2%

	
3.75

	
435

	
7.06

	
4%

	
2.09




	
Region C

	
1448

	
4.13

	
16%

	
10.65

	
1267

	
4.06

	
4%

	
9.86

	
1106

	
3.88

	
0%

	
9.16

	
482

	
8.26

	
1%

	
3.84

	
445

	
7.46

	
2%

	
3.67

	
409

	
6.72

	
3%

	
2.07




	
Region D

	
1390

	
3.62

	
24%

	
10.40

	
1221

	
3.51

	
16%

	
9.66

	
1066

	
3.41

	
8%

	
8.99

	
475

	
6.15

	
10%

	
3.81

	
396

	
5.50

	
7%

	
3.46

	
330

	
4.93

	
4%

	
2.00




	
Region E

	
1350

	
3.67

	
27%

	
10.22

	
1180

	
3.65

	
14%

	
9.48

	
1028

	
3.54

	
6%

	
8.82

	
458

	
7.50

	
2%

	
3.73

	
391

	
6.40

	
2%

	
3.44

	
338

	
5.50

	
2%

	
2.01




	
Region F

	
1269

	
2.93

	
29%

	
9.87

	
1104

	
2.68

	
26%

	
9.15

	
950

	
2.86

	
7%

	
8.48

	
449

	
8.02

	
−1%

	
3.69

	
395

	
6.89

	
0%

	
3.46

	
345

	
5.86

	
1%

	
2.02




	
Region G

	
1287

	
3.19

	
10%

	
9.95

	
1109

	
2.98

	
6%

	
9.17

	
948

	
2.73

	
4%

	
4.35

	
445

	
7.40

	
1%

	
3.68

	
396

	
6.08

	
4%

	
3.46

	
346

	
4.84

	
7%

	
1.72




	
Region H

	
1400

	
4.82

	
24%

	
10.44

	
1229

	
4.35

	
21%

	
9.70

	
1068

	
4.01

	
16%

	
4.35

	
461

	
7.20

	
3%

	
3.74

	
400

	
6.20

	
4%

	
3.48

	
353

	
5.00

	
7%

	
1.72




	
Region I

	
1381

	
4.66

	
25%

	
10.36

	
1221

	
4.15

	
22%

	
9.66

	
1064

	
3.86

	
18%

	
4.35

	
486

	
8.50

	
0%

	
3.85

	
414

	
6.90

	
2%

	
3.54

	
355

	
5.05

	
7%

	
1.72




	
Region J

	
1412

	
3.59

	
1%

	
10.49

	
1232

	
3.33

	
0%

	
9.71

	
1064

	
3.02

	
0%

	
4.35

	
501

	
9.16

	
−1%

	
3.92

	
451

	
7.46

	
3%

	
3.70

	
401

	
5.65

	
9%

	
1.72




	
Region K

	
1527

	
3.99

	
14%

	
10.99

	
1351

	
3.85

	
6%

	
10.23

	
1190

	
3.67

	
0%

	
4.35

	
532

	
9.31

	
1%

	
4.05

	
455

	
8.15

	
1%

	
3.72

	
392

	
6.91

	
2%

	
1.72




	
Individual locations

	
Region A

	
1555

	
4.58

	
10%

	
11.11

	
1393

	
4.42

	
4%

	
10.41

	
1238

	
4.26

	
0%

	
4.35

	
570

	
9.78

	
1%

	
4.22

	
525

	
8.87

	
2%

	
4.02

	
482

	
8.03

	
3%

	
1.72




	
Region B

	
1602

	
4.70

	
7%

	
11.32

	
1430

	
4.59

	
0%

	
10.57

	
1268

	
4.29

	
0%

	
4.35

	
515

	
8.77

	
1%

	
3.98

	
493

	
8.01

	
3%

	
3.88

	
462

	
7.36

	
4%

	
1.72




	
Region C

	
1601

	
4.88

	
3%

	
11.31

	
1429

	
4.67

	
0%

	
10.56

	
1271

	
4.36

	
0%

	
4.35

	
529

	
9.24

	
0%

	
4.04

	
502

	
8.35

	
2%

	
3.93

	
478

	
7.65

	
4%

	
1.72




	
Region D

	
1542

	
4.38

	
1%

	
11.06

	
1377

	
4.10

	
3%

	
10.34

	
1215

	
3.94

	
0%

	
4.35

	
545

	
7.57

	
10%

	
4.11

	
476

	
7.05

	
7%

	
3.81

	
414

	
6.53

	
4%

	
1.72




	
Region E

	
1338

	
3.50

	
15%

	
10.17

	
1177

	
3.54

	
2%

	
9.47

	
1025

	
3.34

	
0%

	
4.35

	
471

	
8.39

	
−1%

	
3.79

	
438

	
7.61

	
0%

	
3.64

	
405

	
6.87

	
1%

	
1.72




	
Region F

	
1450

	
3.54

	
23%

	
10.66

	
1284

	
3.39

	
15%

	
9.94

	
1125

	
3.26

	
6%

	
9.24

	
461

	
8.09

	
−1%

	
3.75

	
418

	
7.17

	
0%

	
3.56

	
375

	
6.12

	
2%

	
2.04




	
Region G

	
1329

	
3.63

	
22%

	
10.13

	
1183

	
3.38

	
20%

	
9.49

	
1047

	
3.16

	
15%

	
8.90

	
412

	
6.85

	
0%

	
3.53

	
365

	
6.00

	
1%

	
3.33

	
329

	
5.14

	
3%

	
2.00




	
Region H

	
1313

	
3.32

	
2%

	
10.06

	
1154

	
3.03

	
3%

	
9.37

	
1007

	
2.73

	
4%

	
8.73

	
464

	
7.80

	
1%

	
3.76

	
413

	
6.69

	
3%

	
3.54

	
362

	
5.56

	
5%

	
2.03




	
Region I

	
1337

	
3.32

	
4%

	
10.16

	
1172

	
3.13

	
0%

	
9.45

	
1017

	
2.86

	
0%

	
8.77

	
489

	
8.26

	
1%

	
3.87

	
419

	
7.00

	
2%

	
3.56

	
355

	
5.37

	
5%

	
2.03




	
Region J

	
1417

	
3.67

	
3%

	
10.51

	
1244

	
3.44

	
0%

	
9.76

	
1082

	
3.14

	
0%

	
4.35

	
513

	
8.78

	
1%

	
3.97

	
430

	
7.76

	
0%

	
3.61

	
364

	
6.44

	
1%

	
1.72




	
Region K

	
1433

	
3.65

	
2%

	
10.59

	
1270

	
3.43

	
0%

	
9.87

	
1114

	
3.15

	
0%

	
9.20

	
515

	
9.33

	
0%

	
3.98

	
449

	
7.84

	
2%

	
3.69

	
392

	
6.69

	
3%

	
2.06
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Table A8. Twenty-four-hours-ahead firm forecast results applying GFS.






Table A8. Twenty-four-hours-ahead firm forecast results applying GFS.





	

	
24 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
NO Flexibility

	
2.5% flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
584

	
1.13

	
20%

	
6.89

	
467

	
0.99

	
12%

	
6.38

	
356

	
0.83

	
9%

	
5.90

	
284

	
1.51

	
29%

	
2.97

	
214

	
0.94

	
21%

	
2.67

	
164

	
0.82

	
18%

	
1.86




	
Region A

	
811

	
2.02

	
13%

	
7.88

	
671

	
1.84

	
9%

	
7.27

	
552

	
1.66

	
5%

	
4.35

	
411

	
1.69

	
27%

	
3.53

	
328

	
1.43

	
26%

	
3.17

	
252

	
3.49

	
7%

	
1.72




	
Region B

	
758

	
1.66

	
17%

	
7.65

	
625

	
1.63

	
8%

	
7.07

	
510

	
1.40

	
8%

	
6.57

	
395

	
1.41

	
29%

	
3.46

	
315

	
1.34

	
22%

	
3.11

	
248

	
1.29

	
15%

	
1.93




	
Region C

	
770

	
1.90

	
18%

	
7.70

	
644

	
1.70

	
17%

	
7.15

	
547

	
1.49

	
17%

	
6.73

	
368

	
2.19

	
28%

	
3.34

	
284

	
1.70

	
20%

	
2.97

	
221

	
1.49

	
17%

	
1.91




	
Region D

	
825

	
1.56

	
28%

	
7.94

	
723

	
1.64

	
18%

	
7.50

	
615

	
1.61

	
10%

	
7.02

	
384

	
2.23

	
29%

	
3.41

	
319

	
2.09

	
29%

	
3.13

	
263

	
2.07

	
25%

	
1.95




	
Region E

	
707

	
1.41

	
24%

	
7.42

	
604

	
1.10

	
27%

	
6.98

	
509

	
1.32

	
10%

	
6.56

	
341

	
1.40

	
29%

	
3.23

	
270

	
1.29

	
24%

	
2.91

	
209

	
1.40

	
19%

	
1.90




	
Region F

	
731

	
1.22

	
29%

	
7.53

	
622

	
1.10

	
26%

	
7.06

	
526

	
1.12

	
15%

	
6.64

	
363

	
2.22

	
29%

	
3.32

	
291

	
1.74

	
29%

	
3.01

	
237

	
1.36

	
26%

	
1.92




	
Region G

	
964

	
2.97

	
21%

	
8.54

	
852

	
2.77

	
17%

	
8.06

	
758

	
2.67

	
10%

	
4.35

	
379

	
3.15

	
29%

	
3.39

	
320

	
3.00

	
23%

	
3.13

	
276

	
2.32

	
24%

	
1.72




	
Region H

	
961

	
3.56

	
16%

	
8.53

	
883

	
3.26

	
14%

	
8.19

	
815

	
2.92

	
15%

	
4.35

	
332

	
3.56

	
16%

	
3.18

	
303

	
3.24

	
17%

	
3.06

	
280

	
2.84

	
19%

	
1.72




	
Region I

	
900

	
3.40

	
13%

	
8.26

	
823

	
3.05

	
13%

	
7.93

	
752

	
2.71

	
13%

	
4.35

	
307

	
3.87

	
10%

	
3.08

	
281

	
3.21

	
13%

	
2.96

	
259

	
2.66

	
16%

	
1.72




	
Region J

	
889

	
2.98

	
21%

	
8.22

	
785

	
2.17

	
15%

	
7.77

	
692

	
2.01

	
12%

	
4.35

	
314

	
3.03

	
20%

	
3.10

	
279

	
2.63

	
21%

	
2.95

	
248

	
2.36

	
20%

	
1.72




	
Region K

	
812

	
2.91

	
16%

	
7.88

	
719

	
2.48

	
17%

	
7.48

	
644

	
2.06

	
19%

	
4.35

	
279

	
2.91

	
16%

	
2.95

	
246

	
2.48

	
17%

	
2.81

	
220

	
2.14

	
18%

	
1.72




	
Individual locations

	
Region A

	
1097

	
3.20

	
21%

	
9.12

	
1002

	
2.92

	
24%

	
8.71

	
919

	
2.62

	
26%

	
4.35

	
448

	
5.38

	
19%

	
3.69

	
371

	
3.58

	
25%

	
3.35

	
331

	
2.82

	
28%

	
1.72




	
Region B

	
904

	
2.32

	
7%

	
8.28

	
786

	
2.11

	
9%

	
7.77

	
693

	
1.87

	
14%

	
4.35

	
485

	
1.92

	
29%

	
3.85

	
400

	
2.26

	
21%

	
3.48

	
322

	
3.37

	
11%

	
1.72




	
Region C

	
981

	
2.54

	
10%

	
8.62

	
856

	
2.37

	
7%

	
8.07

	
745

	
2.30

	
−2%

	
4.35

	
452

	
3.21

	
29%

	
3.70

	
374

	
3.10

	
28%

	
3.36

	
299

	
3.08

	
17%

	
1.72




	
Region D

	
1271

	
3.36

	
23%

	
9.88

	
1152

	
3.29

	
14%

	
9.36

	
1041

	
3.20

	
7%

	
4.35

	
482

	
4.16

	
29%

	
3.84

	
419

	
3.87

	
29%

	
3.56

	
368

	
3.59

	
29%

	
1.72




	
Region E

	
887

	
1.75

	
29%

	
8.21

	
790

	
1.56

	
29%

	
7.79

	
707

	
1.37

	
29%

	
4.35

	
398

	
2.51

	
29%

	
3.47

	
346

	
2.07

	
29%

	
3.25

	
306

	
1.72

	
29%

	
1.72




	
Region F

	
1091

	
2.76

	
27%

	
9.09

	
975

	
2.56

	
21%

	
8.59

	
876

	
2.40

	
14%

	
8.16

	
437

	
3.75

	
29%

	
3.64

	
391

	
3.53

	
29%

	
3.44

	
352

	
3.17

	
29%

	
2.02




	
Region G

	
996

	
2.93

	
13%

	
8.68

	
880

	
2.69

	
13%

	
8.18

	
802

	
2.46

	
17%

	
7.84

	
395

	
3.73

	
25%

	
3.46

	
342

	
3.06

	
25%

	
3.23

	
303

	
2.40

	
27%

	
1.98




	
Region H

	
995

	
3.68

	
15%

	
8.68

	
909

	
3.38

	
13%

	
8.30

	
847

	
3.06

	
13%

	
8.03

	
343

	
3.72

	
17%

	
3.23

	
310

	
3.28

	
18%

	
3.09

	
290

	
2.94

	
20%

	
1.97




	
Region I

	
937

	
3.34

	
17%

	
8.43

	
848

	
3.12

	
15%

	
8.04

	
793

	
2.80

	
17%

	
7.80

	
318

	
3.71

	
12%

	
3.12

	
290

	
3.12

	
15%

	
3.00

	
271

	
2.80

	
17%

	
1.95




	
Region J

	
959

	
2.22

	
28%

	
8.52

	
858

	
1.97

	
28%

	
8.08

	
773

	
1.77

	
27%

	
4.35

	
356

	
3.27

	
25%

	
3.29

	
313

	
2.84

	
25%

	
3.10

	
279

	
2.53

	
24%

	
1.72




	
Region K

	
1167

	
3.39

	
22%

	
9.43

	
1061

	
3.13

	
20%

	
8.97

	
960

	
3.00

	
13%

	
8.53

	
512

	
3.21

	
29%

	
3.97

	
456

	
2.91

	
29%

	
3.73

	
408

	
2.60

	
29%

	
2.07
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Table A9. Twenty-four-hours-ahead firm forecast results applying ECMF.
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24 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
576

	
1.28

	
12%

	
6.85

	
437

	
1.22

	
4%

	
6.25

	
317

	
1.12

	
0%

	
5.73

	
295

	
1.00

	
26%

	
3.02

	
215

	
0.98

	
16%

	
2.67

	
151

	
0.94

	
7%

	
1.85




	
Region A

	
754

	
1.96

	
12%

	
7.63

	
612

	
1.82

	
7%

	
7.01

	
498

	
1.67

	
4%

	
4.35

	
377

	
1.95

	
24%

	
3.38

	
285

	
1.73

	
17%

	
2.98

	
211

	
1.44

	
14%

	
1.72




	
Region B

	
725

	
1.86

	
14%

	
7.50

	
589

	
1.79

	
7%

	
6.91

	
488

	
1.59

	
6%

	
6.47

	
353

	
1.56

	
26%

	
3.27

	
266

	
1.46

	
20%

	
2.90

	
203

	
1.39

	
14%

	
1.89




	
Region C

	
661

	
1.50

	
7%

	
7.22

	
520

	
1.37

	
1%

	
6.61

	
392

	
1.20

	
0%

	
6.05

	
355

	
1.86

	
29%

	
3.29

	
271

	
1.60

	
18%

	
2.92

	
210

	
1.00

	
10%

	
1.90




	
Region D

	
720

	
1.76

	
9%

	
7.48

	
577

	
1.66

	
2%

	
6.86

	
451

	
1.50

	
0%

	
6.31

	
366

	
3.54

	
21%

	
3.33

	
292

	
1.38

	
18%

	
3.01

	
225

	
1.30

	
10%

	
1.91




	
Region E

	
668

	
1.64

	
8%

	
7.26

	
526

	
1.53

	
2%

	
6.64

	
402

	
1.38

	
0%

	
6.10

	
345

	
1.28

	
28%

	
3.24

	
263

	
1.26

	
17%

	
2.89

	
196

	
1.20

	
8%

	
1.89




	
Region F

	
633

	
1.35

	
7%

	
7.10

	
484

	
1.17

	
3%

	
6.46

	
361

	
1.00

	
0%

	
5.92

	
348

	
1.16

	
29%

	
3.26

	
269

	
1.03

	
20%

	
2.91

	
203

	
0.92

	
10%

	
1.89




	
Region G

	
700

	
1.89

	
13%

	
7.39

	
589

	
1.85

	
4%

	
6.91

	
486

	
1.77

	
0%

	
4.35

	
312

	
1.77

	
27%

	
3.10

	
257

	
1.45

	
26%

	
2.86

	
212

	
1.46

	
17%

	
1.72




	
Region H

	
715

	
2.19

	
15%

	
7.46

	
640

	
2.14

	
3%

	
7.14

	
545

	
1.98

	
0%

	
4.35

	
293

	
2.21

	
17%

	
3.02

	
253

	
1.88

	
19%

	
2.84

	
223

	
1.71

	
19%

	
1.72




	
Region I

	
634

	
1.77

	
6%

	
7.11

	
540

	
1.57

	
5%

	
6.70

	
458

	
1.59

	
0%

	
4.35

	
289

	
1.66

	
20%

	
3.00

	
249

	
1.42

	
22%

	
2.82

	
222

	
1.20

	
24%

	
1.72




	
Region J

	
663

	
2.04

	
6%

	
7.23

	
570

	
1.96

	
0%

	
6.83

	
489

	
1.80

	
0%

	
4.35

	
265

	
2.04

	
17%

	
2.89

	
224

	
1.66

	
19%

	
2.72

	
196

	
1.47

	
19%

	
1.72




	
Region K

	
729

	
2.61

	
13%

	
7.52

	
663

	
2.48

	
7%

	
7.23

	
590

	
2.44

	
0%

	
4.35

	
257

	
2.59

	
14%

	
2.86

	
222

	
2.35

	
15%

	
2.70

	
198

	
2.17

	
15%

	
1.72




	
Individual locations

	
Region A

	
916

	
2.48

	
10%

	
8.33

	
786

	
2.18

	
11%

	
7.77

	
672

	
2.04

	
7%

	
4.35

	
457

	
4.12

	
26%

	
3.73

	
375

	
3.03

	
27%

	
3.37

	
310

	
2.09

	
18%

	
1.72




	
Region B

	
819

	
2.17

	
3%

	
7.91

	
690

	
2.00

	
0%

	
7.35

	
575

	
1.85

	
0%

	
4.35

	
408

	
3.40

	
29%

	
3.51

	
346

	
2.20

	
17%

	
3.25

	
289

	
1.98

	
14%

	
1.72




	
Region C

	
808

	
1.97

	
3%

	
7.87

	
671

	
1.81

	
0%

	
7.27

	
550

	
1.60

	
0%

	
4.35

	
444

	
1.77

	
28%

	
3.67

	
359

	
1.89

	
18%

	
3.30

	
293

	
1.68

	
17%

	
1.72




	
Region D

	
795

	
1.92

	
14%

	
7.81

	
672

	
1.84

	
4%

	
7.27

	
565

	
1.78

	
0%

	
4.35

	
380

	
2.52

	
29%

	
3.39

	
304

	
1.90

	
28%

	
3.06

	
248

	
1.50

	
29%

	
1.72




	
Region E

	
758

	
1.74

	
6%

	
7.65

	
632

	
1.61

	
2%

	
7.10

	
519

	
1.46

	
0%

	
4.35

	
431

	
1.43

	
24%

	
3.62

	
351

	
1.47

	
18%

	
3.27

	
281

	
1.17

	
19%

	
1.72




	
Region F

	
737

	
1.72

	
9%

	
7.56

	
617

	
1.66

	
3%

	
7.03

	
503

	
1.48

	
0%

	
6.54

	
408

	
2.53

	
29%

	
3.51

	
338

	
1.48

	
12%

	
3.21

	
274

	
1.30

	
10%

	
1.96




	
Region G

	
773

	
2.09

	
9%

	
7.71

	
662

	
1.98

	
5%

	
7.23

	
569

	
1.96

	
0%

	
6.82

	
375

	
3.05

	
24%

	
3.37

	
315

	
2.46

	
24%

	
3.11

	
269

	
1.61

	
14%

	
1.95




	
Region H

	
766

	
2.38

	
5%

	
7.68

	
664

	
2.25

	
0%

	
7.24

	
568

	
2.00

	
0%

	
6.82

	
314

	
2.82

	
16%

	
3.10

	
272

	
2.13

	
20%

	
2.92

	
245

	
1.64

	
24%

	
1.93




	
Region I

	
655

	
1.90

	
15%

	
7.20

	
596

	
1.76

	
10%

	
6.94

	
517

	
1.73

	
0%

	
6.60

	
275

	
1.97

	
15%

	
2.94

	
243

	
1.66

	
18%

	
2.80

	
219

	
1.44

	
20%

	
1.91




	
Region J

	
709

	
2.00

	
20%

	
7.43

	
610

	
1.94

	
0%

	
7.00

	
522

	
1.69

	
3%

	
4.35

	
286

	
2.06

	
19%

	
2.99

	
244

	
1.86

	
19%

	
2.80

	
213

	
1.45

	
21%

	
1.72




	
Region K

	
876

	
2.76

	
23%

	
8.16

	
818

	
2.93

	
0%

	
7.91

	
730

	
2.77

	
0%

	
7.52

	
324

	
2.87

	
22%

	
3.15

	
290

	
2.58

	
24%

	
3.00

	
265

	
2.43

	
24%

	
1.95
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Figure 1. The influence of PV overbuilding on firm power generation LCOE. While unconstrained PV (A) is inexpensive (apparently below grid parity), firming PV to meet demand 24/365 with storage alone (B) is unrealistically expensive. Overbuilding of PV fleets reduces storage requirements to the point (C) where firm PV power generation can achieve true grid parity (D). Source: Reference [24]. 
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Figure 2. NYISO electrical regions map. 
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Figure 3. New York State solar resource for 2016—annual PV production capacity factor. 
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Figure 4. The evolution of the yearly (left) and daily (right) target load shape from firm forecasts to firm power generation. Notes: (1) for visual clarity, the yearly load shape presented in this figure was smoothed using a 60-day running mean to remove day-to-day variability; (2) the y-axis scales are nominal and were selected for visual clarity to better distinguish between load shapes. 
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Figure 5. Comparing firm forecast cost premium per nominal KW as a function of the forecast model. Displayed costs represent a mean for all scenarios and time horizons analyzed. 
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Figure 6. Comparing LCOE with and without implicit storage (top), and the optimum level of proactive curtailment (bottom) as a function of future storage costs. Note: this illustrative example if for the future NYISO-wide scenario @ 5% flexibility. 
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Figure 7. Physical storage (left) and implicit storage (right) optimum requirements as a function of penetration and flexibility. These illustrative plots are for the entire NYISO and represent a mean of current and future cost scenarios. Note the mentions of “firm forecast” at low penetration and “firm power generation” at high penetration indicating the morphing of load shape requirements from [current] low penetration where PV operates at the margin to grid-dominant PV where firm power generation will be a requirement. 
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Figure 8. The evolution of firm PV generation LCOE from low penetration firm forecast requirements to high penetration firm power generation requirements, compared to unconstrained PV generation LCOE, at current (left) and future (right) technology costs. Note: these illustrative plots are for the entire NYISO. 
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Figure 9. Comparing firm power generation LCOE with and without an implicit storage strategy. Note: this illustrative example is for NYISO-wide at 2.5% flexibility. 
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Figure 10. Firm LCOE premium as a function of electrical region size and firm load target. 
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Figure 11. Firm LCOE premium as a function of regional capacity factor and firm load target. 






Figure 11. Firm LCOE premium as a function of regional capacity factor and firm load target.



[image: Energies 13 04489 g011]







[image: Energies 13 04489 g012 550] 





Figure 12. Regional penalty as a function of penetration and firmness requirements from 24-h-ahead forecasts with firm power generation. 






Figure 12. Regional penalty as a function of penetration and firmness requirements from 24-h-ahead forecasts with firm power generation.



[image: Energies 13 04489 g012]







[image: Energies 13 04489 g013 550] 





Figure 13. The centralized generation LCOE premium as a function of firmness requirements from 24-h forecasts with firm power generation. 
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Table 1. One-hour-ahead forecasts.
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1 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
111

	
0.29

	
0%

	
4.83

	
29

	
0.19

	
0%

	
4.48

	
1

	
0.07

	
0%

	
4.35

	
62

	
0.72

	
0%

	
2.01

	
12

	
0.19

	
0%

	
1.79

	
1

	
0.07

	
0%

	
1.74




	
Region A

	
149

	
0.39

	
0%

	
5.00

	
68

	
0.28

	
0%

	
4.65

	
30

	
0.19

	
0%

	
4.48

	
79

	
0.98

	
0%

	
2.09

	
37

	
0.39

	
0%

	
1.90

	
13

	
0.19

	
0%

	
1.80




	
Region B

	
167

	
0.47

	
1%

	
5.08

	
88

	
0.40

	
0%

	
4.73

	
40

	
0.23

	
0%

	
4.52

	
75

	
0.72

	
1%

	
2.06

	
34

	
0.40

	
0%

	
1.89

	
17

	
0.23

	
0%

	
1.81




	
Region C

	
168

	
0.41

	
3%

	
5.08

	
84

	
0.38

	
0%

	
4.71

	
37

	
0.24

	
0%

	
4.51

	
69

	
0.78

	
0%

	
2.04

	
35

	
0.40

	
0%

	
1.89

	
14

	
0.24

	
0%

	
1.80




	
Region D

	
148

	
0.36

	
0%

	
5.00

	
72

	
0.29

	
0%

	
4.66

	
32

	
0.21

	
0%

	
4.49

	
68

	
0.81

	
0%

	
2.04

	
35

	
0.29

	
1%

	
1.89

	
13

	
0.21

	
0%

	
1.80




	
Region E

	
130

	
0.33

	
0%

	
4.92

	
49

	
0.24

	
0%

	
4.56

	
11

	
0.13

	
0%

	
4.40

	
72

	
0.86

	
0%

	
2.05

	
23

	
0.24

	
0%

	
1.84

	
3

	
0.13

	
0%

	
1.75




	
Region F

	
152

	
0.37

	
1%

	
5.01

	
68

	
0.29

	
0%

	
4.65

	
23

	
0.17

	
0%

	
4.45

	
78

	
0.86

	
1%

	
2.08

	
33

	
0.50

	
0%

	
1.88

	
9

	
0.17

	
0%

	
1.78




	
Region G

	
160

	
0.38

	
1%

	
5.05

	
70

	
0.26

	
0%

	
4.65

	
27

	
0.15

	
0%

	
4.47

	
77

	
0.80

	
1%

	
2.08

	
35

	
0.35

	
0%

	
1.89

	
14

	
0.21

	
0%

	
1.80




	
Region H

	
214

	
0.51

	
6%

	
5.28

	
169

	
0.42

	
0%

	
5.09

	
118

	
0.45

	
0%

	
4.86

	
98

	
0.97

	
2%

	
2.17

	
73

	
0.81

	
2%

	
2.06

	
60

	
0.71

	
2%

	
2.00




	
Region I

	
205

	
0.71

	
1%

	
5.24

	
178

	
0.64

	
0%

	
5.12

	
135

	
0.55

	
0%

	
4.94

	
89

	
0.89

	
1%

	
2.13

	
75

	
0.66

	
3%

	
2.07

	
62

	
0.87

	
0%

	
2.01




	
Region J

	
218

	
0.54

	
1%

	
5.30

	
156

	
0.55

	
0%

	
5.03

	
116

	
0.51

	
0%

	
4.85

	
100

	
0.83

	
3%

	
2.18

	
67

	
0.65

	
2%

	
2.03

	
50

	
0.64

	
0%

	
1.96




	
Region K

	
203

	
0.52

	
5%

	
5.23

	
140

	
0.54

	
0%

	
4.96

	
85

	
0.40

	
0%

	
4.72

	
89

	
0.72

	
3%

	
2.13

	
58

	
0.45

	
3%

	
1.99

	
36

	
0.39

	
0%

	
1.89




	
Individual locations

	
Region A

	
403

	
1.34

	
7%

	
6.11

	
364

	
1.15

	
9%

	
5.93

	
306

	
1.25

	
0%

	
5.68

	
156

	
1.70

	
4%

	
2.42

	
135

	
1.54

	
5%

	
2.33

	
118

	
1.06

	
9%

	
2.25




	
Region B

	
293

	
0.81

	
6%

	
5.62

	
233

	
0.78

	
4%

	
5.36

	
187

	
0.68

	
0%

	
5.16

	
130

	
0.96

	
4%

	
2.31

	
91

	
0.78

	
4%

	
2.14

	
84

	
0.82

	
4%

	
2.11




	
Region C

	
384

	
1.52

	
3%

	
6.02

	
322

	
1.28

	
3%

	
5.75

	
266

	
1.05

	
0%

	
5.51

	
139

	
1.52

	
3%

	
2.34

	
111

	
1.39

	
2%

	
2.22

	
95

	
1.09

	
3%

	
2.15




	
Region D

	
344

	
1.09

	
4%

	
5.85

	
276

	
0.98

	
5%

	
5.55

	
241

	
0.94

	
0%

	
5.40

	
140

	
1.24

	
7%

	
2.35

	
100

	
0.98

	
5%

	
2.17

	
98

	
0.85

	
8%

	
2.16




	
Region E

	
283

	
0.80

	
4%

	
5.58

	
231

	
0.71

	
5%

	
5.35

	
174

	
0.64

	
0%

	
5.11

	
136

	
0.76

	
8%

	
2.33

	
92

	
0.78

	
4%

	
2.14

	
80

	
0.68

	
5%

	
2.09




	
Region F

	
334

	
0.82

	
3%

	
5.80

	
267

	
0.84

	
0%

	
5.51

	
211

	
0.77

	
0%

	
5.27

	
130

	
1.43

	
3%

	
2.31

	
114

	
1.13

	
5%

	
2.23

	
98

	
0.89

	
6%

	
2.17




	
Region G

	
358

	
0.91

	
3%

	
5.91

	
282

	
0.85

	
0%

	
5.58

	
216

	
0.76

	
0%

	
5.29

	
147

	
1.53

	
4%

	
2.38

	
127

	
1.36

	
5%

	
2.29

	
114

	
1.10

	
7%

	
2.24




	
Region H

	
480

	
1.71

	
2%

	
6.44

	
400

	
1.59

	
0%

	
6.09

	
343

	
1.46

	
0%

	
5.84

	
188

	
2.26

	
5%

	
2.56

	
165

	
2.09

	
6%

	
2.46

	
137

	
1.44

	
0%

	
2.34




	
Region I

	
338

	
0.87

	
6%

	
5.82

	
262

	
0.94

	
3%

	
5.49

	
209

	
0.74

	
0%

	
5.26

	
127

	
1.59

	
1%

	
2.29

	
98

	
1.03

	
3%

	
2.17

	
85

	
0.76

	
5%

	
2.11




	
Region J

	
353

	
1.17

	
2%

	
5.88

	
293

	
1.08

	
2%

	
5.63

	
256

	
1.01

	
0%

	
5.46

	
143

	
1.16

	
6%

	
2.36

	
110

	
1.05

	
5%

	
2.22

	
87

	
1.01

	
3%

	
2.12




	
Region K

	
460

	
1.56

	
−1%

	
6.35

	
388

	
1.48

	
0%

	
6.04

	
341

	
1.39

	
0%

	
5.83

	
224

	
1.45

	
5%

	
2.71

	
174

	
1.36

	
4%

	
2.50

	
143

	
1.33

	
1%

	
2.36
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Table 2. Three-hours-ahead forecasts.
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3 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
259

	
0.50

	
5%

	
5.48

	
152

	
0.46

	
1%

	
5.01

	
84

	
0.40

	
0%

	
4.71

	
153

	
0.47

	
6%

	
2.41

	
77

	
0.47

	
1%

	
2.08

	
35

	
0.40

	
0%

	
1.76




	
Region A

	
367

	
1.01

	
0%

	
5.95

	
253

	
0.89

	
0%

	
5.45

	
186

	
0.78

	
0%

	
5.16

	
199

	
3.08

	
0%

	
2.61

	
120

	
1.87

	
0%

	
2.26

	
72

	
1.09

	
0%

	
1.71




	
Region B

	
398

	
1.26

	
0%

	
6.08

	
290

	
1.12

	
0%

	
5.61

	
231

	
0.98

	
0%

	
5.36

	
193

	
2.04

	
5%

	
2.58

	
128

	
1.24

	
3%

	
2.30

	
90

	
1.02

	
0%

	
1.84




	
Region C

	
379

	
1.16

	
0%

	
6.00

	
279

	
1.03

	
0%

	
5.56

	
212

	
0.90

	
0%

	
5.27

	
193

	
2.15

	
4%

	
2.58

	
124

	
1.76

	
0%

	
2.28

	
78

	
1.25

	
0%

	
1.82




	
Region D

	
375

	
0.98

	
0%

	
5.98

	
248

	
0.78

	
0%

	
5.43

	
155

	
0.58

	
0%

	
5.02

	
171

	
1.74

	
4%

	
2.48

	
115

	
1.32

	
0%

	
2.24

	
74

	
0.83

	
0%

	
1.82




	
Region E

	
310

	
0.71

	
1%

	
5.70

	
190

	
0.62

	
0%

	
5.18

	
120

	
0.51

	
0%

	
4.87

	
172

	
1.58

	
5%

	
2.49

	
105

	
1.06

	
1%

	
2.20

	
56

	
0.81

	
0%

	
1.79




	
Region F

	
333

	
0.76

	
0%

	
5.80

	
209

	
0.60

	
0%

	
5.26

	
133

	
0.49

	
0%

	
4.93

	
189

	
1.39

	
10%

	
2.56

	
125

	
1.06

	
3%

	
2.29

	
70

	
0.60

	
0%

	
1.81




	
Region G

	
392

	
0.97

	
3%

	
6.05

	
266

	
0.83

	
0%

	
5.51

	
169

	
0.63

	
0%

	
5.08

	
194

	
1.96

	
6%

	
2.59

	
133

	
1.16

	
5%

	
2.32

	
86

	
0.64

	
0%

	
1.71




	
Region H

	
442

	
1.37

	
6%

	
6.27

	
362

	
1.27

	
0%

	
5.93

	
280

	
1.05

	
0%

	
5.57

	
179

	
1.67

	
5%

	
2.52

	
151

	
1.48

	
6%

	
2.40

	
123

	
1.48

	
1%

	
1.71




	
Region I

	
478

	
1.44

	
6%

	
6.43

	
387

	
1.35

	
0%

	
6.03

	
303

	
1.13

	
0%

	
5.67

	
196

	
2.52

	
2%

	
2.59

	
160

	
2.04

	
3%

	
2.43

	
132

	
1.72

	
3%

	
1.71




	
Region J

	
454

	
1.31

	
3%

	
6.33

	
355

	
1.17

	
0%

	
5.89

	
272

	
0.97

	
0%

	
5.53

	
196

	
2.14

	
5%

	
2.59

	
161

	
1.65

	
7%

	
2.44

	
132

	
1.27

	
8%

	
1.71




	
Region K

	
407

	
1.28

	
3%

	
6.12

	
322

	
1.08

	
0%

	
5.75

	
247

	
0.96

	
0%

	
5.42

	
173

	
1.58

	
7%

	
2.49

	
129

	
0.98

	
10%

	
2.30

	
109

	
0.92

	
1%

	
1.71




	
Individual locations

	
Region A

	
498

	
1.37

	
4%

	
6.52

	
424

	
1.33

	
0%

	
6.19

	
346

	
1.19

	
0%

	
5.85

	
260

	
2.22

	
13%

	
2.87

	
173

	
2.06

	
0%

	
2.49

	
126

	
1.64

	
2%

	
1.71




	
Region B

	
474

	
1.11

	
5%

	
6.41

	
377

	
1.10

	
0%

	
5.99

	
298

	
1.03

	
0%

	
5.65

	
221

	
1.78

	
9%

	
2.70

	
163

	
1.51

	
5%

	
2.45

	
120

	
1.28

	
4%

	
1.71




	
Region C

	
536

	
1.41

	
0%

	
6.68

	
429

	
1.30

	
0%

	
6.22

	
349

	
1.20

	
0%

	
5.87

	
240

	
2.49

	
1%

	
2.79

	
179

	
2.07

	
2%

	
2.52

	
151

	
1.11

	
10%

	
1.71




	
Region D

	
512

	
1.35

	
0%

	
6.58

	
392

	
1.15

	
0%

	
6.05

	
301

	
0.97

	
0%

	
5.66

	
230

	
1.89

	
12%

	
2.74

	
182

	
1.65

	
10%

	
2.53

	
137

	
1.28

	
8%

	
1.71




	
Region E

	
465

	
1.36

	
4%

	
6.37

	
383

	
1.08

	
8%

	
6.02

	
321

	
1.07

	
0%

	
5.75

	
234

	
1.25

	
15%

	
2.76

	
172

	
1.39

	
3%

	
2.49

	
120

	
1.67

	
0%

	
1.71




	
Region F

	
491

	
1.18

	
3%

	
6.49

	
385

	
1.12

	
0%

	
6.02

	
300

	
0.96

	
0%

	
5.66

	
269

	
1.42

	
15%

	
2.91

	
211

	
1.15

	
3%

	
2.66

	
157

	
1.07

	
4%

	
1.94




	
Region G

	
538

	
1.43

	
1%

	
6.69

	
426

	
1.31

	
0%

	
6.20

	
345

	
1.14

	
0%

	
5.85

	
251

	
3.23

	
5%

	
2.83

	
200

	
2.48

	
6%

	
2.61

	
168

	
1.77

	
9%

	
1.95




	
Region H

	
579

	
1.82

	
0%

	
6.87

	
484

	
1.68

	
0%

	
6.45

	
412

	
1.54

	
0%

	
6.14

	
232

	
2.75

	
5%

	
2.75

	
202

	
1.99

	
10%

	
2.62

	
179

	
1.58

	
13%

	
1.97




	
Region I

	
493

	
1.47

	
3%

	
6.49

	
401

	
1.28

	
2%

	
6.09

	
321

	
1.08

	
0%

	
5.75

	
228

	
3.12

	
2%

	
2.73

	
183

	
2.17

	
5%

	
2.54

	
153

	
1.28

	
0%

	
1.93




	
Region J

	
498

	
1.39

	
2%

	
6.52

	
428

	
1.31

	
2%

	
6.21

	
366

	
1.26

	
0%

	
5.94

	
226

	
1.89

	
11%

	
2.72

	
183

	
1.57

	
11%

	
2.54

	
157

	
1.19

	
11%

	
1.71




	
Region K

	
594

	
1.64

	
5%

	
6.93

	
509

	
1.70

	
0%

	
6.56

	
435

	
1.56

	
0%

	
6.24

	
304

	
1.71

	
27%

	
3.06

	
255

	
1.52

	
7%

	
2.85

	
210

	
1.50

	
2%

	
2.01
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Table 3. Twenty-four-hours-ahead forecasts.






Table 3. Twenty-four-hours-ahead forecasts.





	

	
24 h Forecasts

	
Current Technology Cost: PV @ $1000/kW, Storage @ $200/kWh

	
Future Technology Cost: PV @ $400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
412

	
0.99

	
2%

	
6.14

	
261

	
0.82

	
0%

	
5.49

	
161

	
0.62

	
0%

	
5.05

	
216

	
1.87

	
9%

	
2.68

	
136

	
1.07

	
5%

	
2.33

	
77

	
0.71

	
1%

	
1.79




	
Region A

	
602

	
1.36

	
16%

	
6.97

	
462

	
1.31

	
10%

	
6.36

	
369

	
1.39

	
0%

	
4.35

	
251

	
3.49

	
2%

	
2.83

	
184

	
2.38

	
3%

	
2.54

	
141

	
1.82

	
3%

	
1.72




	
Region B

	
602

	
1.44

	
12%

	
6.97

	
467

	
1.46

	
3%

	
6.38

	
355

	
1.36

	
0%

	
5.89

	
269

	
3.04

	
5%

	
2.91

	
189

	
2.34

	
4%

	
2.56

	
140

	
1.67

	
4%

	
1.84




	
Region C

	
582

	
1.54

	
5%

	
6.88

	
431

	
1.41

	
0%

	
6.23

	
312

	
1.17

	
0%

	
5.71

	
255

	
2.77

	
6%

	
2.85

	
175

	
2.04

	
4%

	
2.50

	
134

	
1.66

	
3%

	
1.84




	
Region D

	
535

	
1.27

	
3%

	
6.68

	
387

	
1.08

	
0%

	
6.03

	
274

	
0.93

	
0%

	
5.54

	
246

	
2.72

	
6%

	
2.81

	
186

	
1.91

	
7%

	
2.55

	
134

	
1.59

	
2%

	
1.84




	
Region E

	
470

	
1.01

	
8%

	
6.40

	
326

	
0.87

	
3%

	
5.77

	
214

	
0.76

	
0%

	
5.28

	
226

	
1.99

	
8%

	
2.73

	
157

	
1.33

	
6%

	
2.42

	
100

	
1.03

	
0%

	
1.81




	
Region F

	
567

	
1.53

	
8%

	
6.82

	
416

	
1.39

	
1%

	
6.16

	
300

	
1.20

	
0%

	
5.66

	
262

	
2.22

	
12%

	
2.88

	
195

	
1.37

	
6%

	
2.59

	
130

	
1.26

	
−2%

	
1.83




	
Region G

	
577

	
1.70

	
12%

	
6.86

	
484

	
1.37

	
13%

	
6.46

	
385

	
1.39

	
1%

	
4.35

	
249

	
1.65

	
14%

	
2.82

	
190

	
1.62

	
10%

	
2.57

	
151

	
1.36

	
9%

	
1.72




	
Region H

	
734

	
2.47

	
13%

	
7.54

	
649

	
2.17

	
14%

	
7.17

	
580

	
2.01

	
9%

	
4.35

	
278

	
2.83

	
9%

	
2.95

	
234

	
2.47

	
10%

	
2.76

	
203

	
2.18

	
11%

	
1.72




	
Region I

	
664

	
2.36

	
9%

	
7.24

	
592

	
2.04

	
11%

	
6.93

	
532

	
1.80

	
12%

	
4.35

	
257

	
2.51

	
8%

	
2.86

	
220

	
2.04

	
11%

	
2.70

	
190

	
1.80

	
12%

	
1.72




	
Region J

	
735

	
2.76

	
9%

	
7.55

	
632

	
2.34

	
10%

	
7.10

	
548

	
2.01

	
10%

	
4.35

	
267

	
2.76

	
9%

	
2.90

	
219

	
2.41

	
9%

	
2.69

	
186

	
2.01

	
10%

	
1.72




	
Region K

	
699

	
2.66

	
9%

	
7.39

	
590

	
2.21

	
10%

	
6.92

	
533

	
1.95

	
11%

	
4.35

	
247

	
2.66

	
9%

	
2.81

	
198

	
2.21

	
10%

	
2.60

	
174

	
2.02

	
10%

	
1.72




	
Individual locations

	
Region A

	
696

	
1.43

	
22%

	
7.38

	
584

	
1.50

	
12%

	
6.89

	
480

	
1.42

	
0%

	
4.35

	
285

	
3.97

	
3%

	
2.98

	
237

	
2.85

	
6%

	
2.77

	
192

	
1.89

	
9%

	
1.72




	
Region B

	
706

	
1.79

	
4%

	
7.42

	
566

	
1.61

	
0%

	
6.81

	
442

	
1.40

	
0%

	
4.35

	
324

	
3.28

	
12%

	
3.15

	
245

	
2.99

	
4%

	
2.80

	
174

	
2.11

	
2%

	
1.72




	
Region C

	
761

	
2.14

	
1%

	
7.66

	
641

	
2.03

	
0%

	
7.14

	
536

	
1.85

	
0%

	
4.35

	
310

	
3.50

	
7%

	
3.09

	
238

	
2.82

	
5%

	
2.77

	
191

	
2.48

	
3%

	
1.72




	
Region D

	
616

	
1.51

	
3%

	
7.03

	
492

	
1.33

	
2%

	
6.49

	
388

	
1.19

	
0%

	
4.35

	
265

	
2.40

	
12%

	
2.89

	
213

	
1.83

	
12%

	
2.67

	
167

	
1.29

	
12%

	
1.72




	
Region E

	
626

	
1.41

	
6%

	
7.07

	
500

	
1.41

	
−2%

	
6.52

	
392

	
1.23

	
0%

	
4.35

	
306

	
3.39

	
7%

	
3.07

	
233

	
2.20

	
9%

	
2.75

	
174

	
1.60

	
8%

	
1.72




	
Region F

	
797

	
2.43

	
8%

	
7.82

	
651

	
2.30

	
0%

	
7.18

	
533

	
2.00

	
0%

	
6.67

	
350

	
2.83

	
20%

	
3.26

	
283

	
2.39

	
18%

	
2.97

	
238

	
2.45

	
1%

	
1.92




	
Region G

	
733

	
2.43

	
2%

	
7.54

	
605

	
2.00

	
6%

	
6.98

	
512

	
1.57

	
12%

	
6.58

	
298

	
2.93

	
11%

	
3.04

	
247

	
2.26

	
13%

	
2.81

	
199

	
1.52

	
15%

	
1.89




	
Region H

	
770

	
2.47

	
16%

	
7.70

	
676

	
2.17

	
16%

	
7.29

	
602

	
2.08

	
8%

	
6.97

	
283

	
3.31

	
7%

	
2.97

	
239

	
2.69

	
9%

	
2.78

	
206

	
2.30

	
10%

	
1.90




	
Region I

	
743

	
2.19

	
18%

	
7.58

	
646

	
2.01

	
16%

	
7.16

	
556

	
1.84

	
13%

	
6.77

	
270

	
3.07

	
6%

	
2.91

	
233

	
2.48

	
9%

	
2.75

	
197

	
1.96

	
11%

	
1.89




	
Region J

	
788

	
2.95

	
10%

	
7.78

	
671

	
2.45

	
11%

	
7.27

	
562

	
1.97

	
0%

	
4.35

	
285

	
2.95

	
10%

	
2.98

	
237

	
2.45

	
11%

	
2.77

	
199

	
1.97

	
12%

	
1.72




	
Region K

	
882

	
2.74

	
5%

	
8.19

	
758

	
2.64

	
−2%

	
7.65

	
650

	
2.40

	
0%

	
7.18

	
369

	
2.60

	
29%

	
3.35

	
322

	
2.53

	
29%

	
3.14

	
292

	
2.46

	
29%

	
1.97
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Table 4. Firm power generation with implicit storage.






Table 4. Firm power generation with implicit storage.





	

	
Firm Power Gen

	
Current Cost: PV @ 1000/kW, Storage @ $200/kWh

	
Future Cost: PV @ 400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
no Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
3299

	
6.7

	
197%

	
19.33

	
2062

	
4.4

	
118%

	
14.17

	
1654

	
3.7

	
92%

	
12.17

	
1107

	
6.8

	
192%

	
6.68

	
683

	
4.8

	
111%

	
5.47

	
541

	
4.2

	
83%

	
4.85




	
Region A

	
4390

	
5.6

	
328%

	
24.32

	
2630

	
4.5

	
174%

	
16.89

	
2143

	
3.5

	
145%

	
14.40

	
1581

	
6.6

	
313%

	
8.87

	
900

	
5.2

	
161%

	
6.52

	
734

	
4.1

	
132%

	
5.74




	
Region B

	
4313

	
7.3

	
285%

	
24.26

	
2634

	
4.6

	
171%

	
16.94

	
2141

	
3.6

	
142%

	
14.46

	
1505

	
7.3

	
285%

	
8.57

	
898

	
5.1

	
160%

	
6.52

	
731

	
4.1

	
132%

	
5.76




	
Region C

	
4541

	
10.4

	
245%

	
25.97

	
2626

	
4.9

	
164%

	
17.12

	
2153

	
4.0

	
136%

	
14.67

	
1503

	
10.4

	
245%

	
8.76

	
877

	
5.6

	
149%

	
6.54

	
719

	
4.8

	
120%

	
5.78




	
Region D

	
4088

	
8.2

	
245%

	
23.25

	
2881

	
5.5

	
179%

	
18.06

	
2411

	
4.7

	
148%

	
15.65

	
1376

	
8.3

	
241%

	
7.99

	
975

	
6.0

	
169%

	
6.90

	
810

	
5.1

	
139%

	
6.12




	
Region E

	
4209

	
7.7

	
267%

	
23.76

	
2630

	
5.1

	
161%

	
16.99

	
2181

	
4.3

	
132%

	
14.72

	
1434

	
9.0

	
245%

	
8.29

	
886

	
5.8

	
149%

	
6.54

	
732

	
4.7

	
125%

	
5.83




	
Region F

	
4001

	
10.8

	
184%

	
22.75

	
2273

	
5.2

	
122%

	
15.07

	
1863

	
4.5

	
96%

	
13.03

	
1276

	
10.8

	
184%

	
7.48

	
733

	
6.0

	
109%

	
5.71

	
594

	
5.1

	
85%

	
5.08




	
Region G

	
3417

	
10.2

	
138%

	
19.31

	
2031

	
6.3

	
78%

	
13.65

	
1689

	
4.6

	
76%

	
11.86

	
1049

	
10.9

	
126%

	
6.24

	
624

	
6.3

	
77%

	
5.08

	
519

	
5.3

	
64%

	
4.62




	
Region H

	
3541

	
11.8

	
118%

	
19.55

	
2119

	
6.5

	
81%

	
13.80

	
1759

	
5.1

	
75%

	
12.02

	
1063

	
11.8

	
118%

	
6.17

	
641

	
6.9

	
74%

	
5.16

	
534

	
5.8

	
61%

	
4.71




	
Region I

	
3026

	
11.4

	
74%

	
17.30

	
1984

	
6.1

	
75%

	
12.98

	
1625

	
5.1

	
61%

	
11.35

	
868

	
11.4

	
74%

	
5.34

	
581

	
7.5

	
52%

	
4.82

	
470

	
6.0

	
42%

	
4.38




	
Region J

	
3043

	
10.6

	
92%

	
17.29

	
1964

	
6.4

	
68%

	
12.93

	
1586

	
5.2

	
55%

	
11.17

	
875

	
12.6

	
61%

	
5.42

	
565

	
7.3

	
50%

	
4.70

	
457

	
6.0

	
40%

	
4.24




	
Region K

	
2898

	
10.8

	
74%

	
16.38

	
1823

	
6.1

	
61%

	
12.16

	
1524

	
5.0

	
51%

	
10.81

	
836

	
10.8

	
74%

	
5.09

	
538

	
6.4

	
54%

	
4.52

	
446

	
5.7

	
40%

	
4.25




	
Individual locations

	
Entire NYISO

	
4215

	
10.2

	
217%

	
24.65

	
2352

	
5.2

	
132%

	
16.02

	
1941

	
4.2

	
111%

	
13.85

	
1385

	
12.0

	
197%

	
8.35

	
773

	
5.6

	
124%

	
6.06

	
640

	
4.6

	
102%

	
5.42




	
Region A

	
4396

	
6.2

	
315%

	
24.91

	
2768

	
4.5

	
186%

	
17.80

	
2249

	
3.7

	
151%

	
15.13

	
1570

	
6.4

	
313%

	
8.98

	
951

	
5.2

	
173%

	
6.85

	
772

	
4.3

	
139%

	
5.99




	
Region B

	
4081

	
7.8

	
253%

	
23.57

	
2592

	
4.7

	
165%

	
16.95

	
2137

	
3.8

	
137%

	
14.61

	
1400

	
7.8

	
253%

	
8.22

	
878

	
5.4

	
152%

	
6.53

	
712

	
5.0

	
115%

	
5.77




	
Region C

	
4607

	
7.4

	
313%

	
25.84

	
2691

	
5.4

	
160%

	
17.50

	
2222

	
4.4

	
134%

	
15.07

	
1589

	
7.5

	
304%

	
9.04

	
889

	
6.2

	
145%

	
6.59

	
742

	
5.0

	
123%

	
5.90




	
Region D

	
4210

	
8.8

	
245%

	
24.41

	
2893

	
5.3

	
183%

	
18.47

	
2451

	
4.2

	
160%

	
16.08

	
1381

	
9.0

	
233%

	
8.22

	
990

	
5.7

	
176%

	
7.04

	
828

	
5.4

	
140%

	
6.32




	
Region E

	
6099

	
22.5

	
160%

	
35.11

	
2725

	
5.6

	
160%

	
17.86

	
2241

	
4.4

	
136%

	
15.32

	
1765

	
22.5

	
160%

	
10.50

	
897

	
6.6

	
142%

	
6.75

	
737

	
5.7

	
113%

	
6.01




	
Region F

	
4171

	
11.6

	
185%

	
23.04

	
2325

	
5.7

	
119%

	
15.00

	
1906

	
4.8

	
94%

	
12.96

	
1321

	
11.6

	
185%

	
7.52

	
736

	
6.5

	
103%

	
5.63

	
597

	
5.6

	
80%

	
5.01




	
Region G

	
3898

	
9.9

	
192%

	
20.94

	
2140

	
6.2

	
90%

	
13.90

	
1753

	
4.9

	
77%

	
12.01

	
1160

	
13.5

	
121%

	
6.70

	
652

	
6.7

	
79%

	
5.15

	
534

	
5.8

	
61%

	
4.65




	
Region H

	
3420

	
11.0

	
121%

	
19.00

	
2148

	
6.3

	
89%

	
13.90

	
1788

	
5.1

	
77%

	
12.15

	
1036

	
11.0

	
121%

	
6.06

	
655

	
7.2

	
74%

	
5.21

	
545

	
6.0

	
62%

	
4.76




	
Region I

	
2942

	
11.0

	
74%

	
16.86

	
1982

	
6.2

	
74%

	
12.92

	
1617

	
5.2

	
59%

	
11.30

	
847

	
11.0

	
74%

	
5.23

	
594

	
6.6

	
66%

	
4.77

	
468

	
6.0

	
42%

	
4.36




	
Region J

	
3153

	
11.6

	
83%

	
17.89

	
1944

	
6.6

	
62%

	
12.91

	
1580

	
5.0

	
58%

	
11.25

	
893

	
13.0

	
61%

	
5.52

	
560

	
7.2

	
50%

	
4.69

	
455

	
6.1

	
38%

	
4.24




	
Region K

	
3171

	
9.6

	
125%

	
17.40

	
1887

	
6.3

	
63%

	
12.51

	
1578

	
5.1

	
56%

	
11.09

	
939

	
11.9

	
86%

	
5.57

	
559

	
6.6

	
57%

	
4.64

	
466

	
5.6

	
46%

	
4.35
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Table 5. Firm power generation w/o implicit storage.






Table 5. Firm power generation w/o implicit storage.





	

	
Firm Power Gen

	
Current Cost: PV @ 1000/kW, Storage @ $200/kWh

	
Future Cost: PV @ 400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
42,757

	
213.8

	
0%

	
220

	
37,535

	
187.7

	
0%

	
189

	
32,037

	
160.2

	
0%

	
158

	
10,689

	
213.8

	
0%

	
56

	
9384

	
187.7

	
0%

	
49

	
8009

	
160.2

	
0%

	
41




	
Region A

	
52,591

	
263.0

	
0%

	
275

	
48,166

	
240.8

	
0%

	
247

	
43,508

	
217.5

	
0%

	
218

	
13,148

	
263.0

	
0%

	
70

	
12,042

	
240.8

	
0%

	
63

	
10,877

	
217.5

	
0%

	
56




	
Region B

	
51,671

	
258.4

	
0%

	
271

	
47,068

	
235.3

	
0%

	
242

	
42,227

	
211.1

	
0%

	
212

	
12,918

	
258.4

	
0%

	
68

	
11,767

	
235.3

	
0%

	
62

	
10,557

	
211.1

	
0%

	
54




	
Region C

	
52,172

	
260.9

	
0%

	
275

	
47,712

	
238.6

	
0%

	
247

	
43,017

	
215.1

	
0%

	
217

	
13,043

	
260.9

	
0%

	
70

	
11,928

	
238.6

	
0%

	
63

	
10,754

	
215.1

	
0%

	
56




	
Region D

	
60,504

	
302.5

	
0%

	
314

	
56,277

	
281.4

	
0%

	
286

	
51,914

	
259.6

	
0%

	
257

	
15,126

	
302.5

	
0%

	
79

	
14,069

	
281.4

	
0%

	
73

	
12,979

	
259.6

	
0%

	
66




	
Region E

	
55,382

	
276.9

	
0%

	
288

	
50,794

	
254.0

	
0%

	
259

	
46,033

	
230.2

	
0%

	
229

	
13,845

	
276.9

	
0%

	
73

	
12,699

	
254.0

	
0%

	
66

	
11,508

	
230.2

	
0%

	
59




	
Region F

	
45,056

	
225.3

	
0%

	
229

	
39,866

	
199.3

	
0%

	
199

	
34,420

	
172.1

	
0%

	
168

	
11,264

	
225.3

	
0%

	
58

	
9966

	
199.3

	
0%

	
51

	
8605

	
172.1

	
0%

	
43




	
Region G

	
35,207

	
176.0

	
0%

	
172

	
29,625

	
148.1

	
0%

	
143

	
25,758

	
128.8

	
0%

	
122

	
8802

	
176.0

	
0%

	
44

	
7406

	
148.1

	
0%

	
37

	
6440

	
128.8

	
0%

	
32




	
Region H

	
37,090

	
185.4

	
0%

	
177

	
31,515

	
157.6

	
0%

	
148

	
26,945

	
134.7

	
0%

	
124

	
9272

	
185.4

	
0%

	
45

	
7879

	
157.6

	
0%

	
38

	
6736

	
134.7

	
0%

	
32




	
Region I

	
31,524

	
157.6

	
0%

	
149

	
28,667

	
143.3

	
0%

	
133

	
27,941

	
139.7

	
0%

	
127

	
7881

	
157.6

	
0%

	
38

	
7167

	
143.3

	
0%

	
35

	
6985

	
139.7

	
0%

	
33




	
Region J

	
29,700

	
148.5

	
0%

	
141

	
26,802

	
134.0

	
0%

	
125

	
26,952

	
134.8

	
0%

	
123

	
7425

	
148.5

	
0%

	
36

	
6700

	
134.0

	
0%

	
32

	
6738

	
134.8

	
0%

	
32




	
Region K

	
32,438

	
162.2

	
0%

	
150

	
29,746

	
148.7

	
0%

	
136

	
30,915

	
154.6

	
0%

	
137

	
8109

	
162.2

	
0%

	
38

	
7436

	
148.7

	
0%

	
35

	
7729

	
154.6

	
0%

	
36




	
Individual locations

	
Entire NYISO

	
45,194

	
226.0

	
0%

	
240

	
40,565

	
202.8

	
0%

	
212

	
35,693

	
178.5

	
0%

	
182

	
11,298

	
226.0

	
0%

	
61

	
10,141

	
202.8

	
0%

	
54

	
8923

	
178.5

	
0%

	
47




	
Region A

	
52,287

	
261.4

	
0%

	
279

	
47,942

	
239.7

	
0%

	
251

	
43,522

	
217.6

	
0%

	
222

	
13,072

	
261.4

	
0%

	
70

	
11,985

	
239.7

	
0%

	
64

	
10,881

	
217.6

	
0%

	
57




	
Region B

	
49,154

	
245.8

	
0%

	
260

	
44,589

	
222.9

	
0%

	
232

	
39,783

	
198.9

	
0%

	
202

	
12,288

	
245.8

	
0%

	
66

	
11,147

	
222.9

	
0%

	
59

	
9946

	
198.9

	
0%

	
52




	
Region C

	
53,964

	
269.8

	
0%

	
286

	
49,517

	
247.6

	
0%

	
257

	
44,835

	
224.2

	
0%

	
227

	
13,491

	
269.8

	
0%

	
72

	
12,379

	
247.6

	
0%

	
65

	
11,209

	
224.2

	
0%

	
58




	
Region D

	
59,102

	
295.5

	
0%

	
314

	
55,050

	
275.2

	
0%

	
286

	
50,784

	
253.9

	
0%

	
257

	
14,776

	
295.5

	
0%

	
79

	
13,762

	
275.2

	
0%

	
73

	
12,696

	
253.9

	
0%

	
66




	
Region E

	
52,808

	
264.0

	
0%

	
282

	
48,348

	
241.7

	
0%

	
253

	
43,697

	
218.5

	
0%

	
223

	
13,202

	
264.0

	
0%

	
71

	
12,087

	
241.7

	
0%

	
64

	
10,924

	
218.5

	
0%

	
57




	
Region F

	
43,974

	
219.9

	
0%

	
219

	
38,660

	
193.3

	
0%

	
189

	
33,372

	
166.9

	
0%

	
159

	
10,994

	
219.9

	
0%

	
55

	
9665

	
193.3

	
0%

	
48

	
8343

	
166.9

	
0%

	
41




	
Region G

	
33,974

	
169.9

	
0%

	
164

	
28,323

	
141.6

	
0%

	
135

	
26,046

	
130.2

	
0%

	
121

	
8493

	
169.9

	
0%

	
42

	
7081

	
141.6

	
0%

	
35

	
6511

	
130.2

	
0%

	
32




	
Region H

	
37,211

	
186.1

	
0%

	
178

	
31,648

	
158.2

	
0%

	
149

	
26,951

	
134.8

	
0%

	
124

	
9303

	
186.1

	
0%

	
45

	
7912

	
158.2

	
0%

	
39

	
6738

	
134.8

	
0%

	
32




	
Region I

	
31,266

	
156.3

	
0%

	
148

	
28,495

	
142.5

	
0%

	
132

	
27,956

	
139.8

	
0%

	
127

	
7817

	
156.3

	
0%

	
37

	
7124

	
142.5

	
0%

	
34

	
6989

	
139.8

	
0%

	
33




	
Region J

	
30,548

	
152.7

	
0%

	
145

	
27,833

	
139.2

	
0%

	
130

	
27,441

	
137.2

	
0%

	
125

	
7637

	
152.7

	
0%

	
37

	
6958

	
139.2

	
0%

	
34

	
6860

	
137.2

	
0%

	
33




	
Region K

	
32,991

	
165.0

	
0%

	
154

	
30,325

	
151.6

	
0%

	
139

	
30,896

	
154.5

	
0%

	
138

	
8248

	
165.0

	
0%

	
39

	
7581

	
151.6

	
0%

	
36

	
7724

	
154.5

	
0%

	
36
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Table 6. Firm generation at 10% penetration.






Table 6. Firm generation at 10% penetration.





	

	
Firm Power Gen

	
Current Cost: PV @ 1000/kW, Storage @ $200/kWh

	
Future Cost: PV @ 400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
936

	
4.4

	
5%

	
8.93

	
541

	
1.6

	
23%

	
7.00

	
428

	
0.8

	
26%

	
6.28

	
242

	
4.4

	
5%

	
2.90

	
151

	
2.0

	
13%

	
2.74

	
135

	
1.0

	
21%

	
2.59




	
Region A

	
1074

	
4.5

	
17%

	
9.75

	
594

	
1.6

	
28%

	
7.44

	
455

	
1.1

	
24%

	
6.64

	
293

	
4.5

	
17%

	
3.20

	
167

	
2.0

	
17%

	
2.93

	
143

	
1.2

	
21%

	
2.75




	
Region B

	
1064

	
4.8

	
10%

	
9.74

	
618

	
1.7

	
29%

	
7.49

	
477

	
1.1

	
25%

	
6.71

	
282

	
4.8

	
10%

	
3.16

	
203

	
1.6

	
31%

	
2.99

	
140

	
1.6

	
15%

	
2.72




	
Region C

	
1081

	
4.9

	
10%

	
9.91

	
623

	
2.0

	
22%

	
7.67

	
500

	
1.2

	
26%

	
6.87

	
286

	
4.9

	
10%

	
3.20

	
178

	
2.2

	
17%

	
2.98

	
156

	
1.3

	
22%

	
2.81




	
Region D

	
1261

	
5.8

	
10%

	
10.68

	
661

	
2.4

	
19%

	
7.81

	
541

	
1.4

	
27%

	
7.00

	
331

	
5.8

	
10%

	
3.38

	
192

	
2.4

	
18%

	
3.04

	
168

	
1.5

	
23%

	
2.87




	
Region E

	
1146

	
4.6

	
23%

	
10.02

	
613

	
2.1

	
20%

	
7.54

	
488

	
1.2

	
24%

	
6.76

	
310

	
5.4

	
10%

	
3.28

	
170

	
2.8

	
8%

	
2.92

	
138

	
1.9

	
10%

	
2.75




	
Region F

	
1173

	
5.6

	
5%

	
10.03

	
658

	
2.5

	
17%

	
7.66

	
526

	
1.6

	
20%

	
6.84

	
301

	
5.6

	
5%

	
3.17

	
183

	
2.6

	
14%

	
2.97

	
155

	
1.8

	
17%

	
2.79




	
Region G

	
1244

	
5.7

	
10%

	
9.89

	
645

	
2.1

	
23%

	
7.23

	
506

	
1.6

	
18%

	
6.48

	
318

	
5.7

	
8%

	
3.10

	
184

	
2.3

	
17%

	
2.85

	
147

	
1.8

	
15%

	
2.65




	
Region H

	
1214

	
5.5

	
11%

	
9.50

	
674

	
2.1

	
25%

	
7.15

	
523

	
1.5

	
22%

	
6.36

	
319

	
5.5

	
11%

	
3.03

	
189

	
2.5

	
17%

	
2.80

	
157

	
1.6

	
19%

	
2.61




	
Region I

	
1226

	
5.4

	
14%

	
9.44

	
691

	
2.2

	
25%

	
7.17

	
539

	
1.4

	
26%

	
6.35

	
327

	
5.4

	
14%

	
3.02

	
186

	
2.9

	
10%

	
2.77

	
158

	
1.7

	
18%

	
2.60




	
Region J

	
1244

	
5.3

	
18%

	
9.51

	
691

	
2.3

	
23%

	
7.20

	
545

	
1.4

	
26%

	
6.38

	
340

	
5.5

	
17%

	
3.08

	
186

	
2.9

	
10%

	
2.77

	
159

	
1.7

	
19%

	
2.61




	
Region K

	
1196

	
4.8

	
23%

	
9.05

	
716

	
2.3

	
26%

	
7.07

	
535

	
1.6

	
21%

	
6.19

	
331

	
4.9

	
21%

	
2.96

	
199

	
2.7

	
17%

	
2.69

	
157

	
1.8

	
17%

	
2.49




	
Individual locations

	
Entire NYISO

	
1202

	
4.7

	
26%

	
10.47

	
717

	
2.8

	
17%

	
8.24

	
576

	
1.9

	
20%

	
7.40

	
327

	
5.4

	
14%

	
3.42

	
199

	
2.9

	
14%

	
3.12

	
160

	
2.4

	
10%

	
2.91




	
Region A

	
1113

	
4.7

	
17%

	
10.14

	
630

	
2.2

	
19%

	
7.85

	
510

	
1.3

	
25%

	
7.07

	
303

	
4.7

	
17%

	
3.31

	
183

	
2.3

	
17%

	
3.08

	
156

	
1.5

	
20%

	
2.91




	
Region B

	
1068

	
4.3

	
21%

	
9.78

	
642

	
2.2

	
21%

	
7.79

	
512

	
1.5

	
22%

	
6.99

	
296

	
4.6

	
17%

	
3.25

	
176

	
2.9

	
8%

	
2.95

	
152

	
1.7

	
17%

	
2.84




	
Region C

	
1089

	
4.9

	
10%

	
9.98

	
673

	
2.6

	
15%

	
8.01

	
573

	
1.5

	
28%

	
7.26

	
288

	
4.9

	
10%

	
3.22

	
186

	
2.9

	
10%

	
3.06

	
174

	
1.7

	
23%

	
2.94




	
Region D

	
1253

	
5.7

	
10%

	
10.88

	
721

	
2.5

	
22%

	
8.28

	
594

	
1.7

	
26%

	
7.46

	
329

	
5.7

	
10%

	
3.45

	
202

	
2.7

	
17%

	
3.18

	
168

	
2.5

	
10%

	
2.99




	
Region E

	
1424

	
5.2

	
38%

	
11.58

	
744

	
2.7

	
21%

	
8.45

	
602

	
2.0

	
21%

	
7.56

	
374

	
6.6

	
10%

	
3.70

	
207

	
2.9

	
15%

	
3.24

	
175

	
2.1

	
17%

	
3.03




	
Region F

	
1230

	
5.7

	
8%

	
10.05

	
722

	
2.8

	
17%

	
7.79

	
578

	
1.8

	
22%

	
6.94

	
320

	
5.7

	
8%

	
3.18

	
194

	
3.0

	
10%

	
2.95

	
167

	
2.0

	
17%

	
2.81




	
Region G

	
1228

	
5.9

	
5%

	
9.73

	
692

	
2.5

	
19%

	
7.40

	
544

	
1.8

	
18%

	
6.60

	
315

	
5.9

	
5%

	
3.06

	
185

	
2.9

	
10%

	
2.86

	
154

	
2.0

	
13%

	
2.67




	
Region H

	
1223

	
5.6

	
11%

	
9.56

	
673

	
2.2

	
23%

	
7.18

	
530

	
1.6

	
21%

	
6.42

	
322

	
5.6

	
11%

	
3.04

	
190

	
2.5

	
17%

	
2.81

	
155

	
1.8

	
17%

	
2.62




	
Region I

	
1233

	
5.3

	
17%

	
9.42

	
689

	
2.3

	
23%

	
7.16

	
537

	
1.5

	
23%

	
6.34

	
333

	
5.3

	
16%

	
3.03

	
187

	
2.9

	
10%

	
2.77

	
160

	
1.7

	
19%

	
2.60




	
Region J

	
1241

	
5.3

	
18%

	
9.52

	
701

	
2.7

	
17%

	
7.30

	
551

	
1.7

	
22%

	
6.46

	
337

	
5.4

	
17%

	
3.07

	
195

	
2.8

	
14%

	
2.81

	
160

	
1.9

	
17%

	
2.63




	
Region K

	
1242

	
4.9

	
27%

	
9.31

	
741

	
2.4

	
26%

	
7.25

	
560

	
1.7

	
22%

	
6.38

	
351

	
4.9

	
27%

	
3.06

	
206

	
2.8

	
17%

	
2.77

	
156

	
2.3

	
10%

	
2.53
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Table 7. Firm generation at 25% penetration.






Table 7. Firm generation at 25% penetration.





	

	
Firm Power Gen

	
Current Cost: PV @ 1000/kW, Storage @ $200/kWh

	
Future Cost: PV @ 400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
1813

	
3.6

	
109%

	
12.53

	
1014

	
2.6

	
50%

	
9.21

	
810

	
2.1

	
40%

	
8.56

	
596

	
3.8

	
101%

	
4.39

	
316

	
3.0

	
42%

	
3.55

	
249

	
3.1

	
23%

	
3.40




	
Region A

	
2345

	
3.7

	
160%

	
15.14

	
1234

	
2.5

	
74%

	
10.31

	
983

	
2.6

	
46%

	
9.37

	
817

	
3.7

	
158%

	
5.44

	
408

	
3.1

	
63%

	
4.00

	
312

	
3.1

	
40%

	
3.60




	
Region B

	
2385

	
3.9

	
160%

	
15.34

	
1279

	
2.6

	
76%

	
10.56

	
1032

	
2.2

	
59%

	
9.31

	
823

	
4.0

	
156%

	
5.47

	
416

	
3.3

	
63%

	
4.08

	
321

	
3.0

	
42%

	
3.67




	
Region C

	
2479

	
5.8

	
132%

	
16.19

	
1251

	
2.8

	
69%

	
10.55

	
1006

	
2.6

	
49%

	
9.31

	
787

	
6.3

	
118%

	
5.46

	
405

	
3.2

	
61%

	
4.05

	
314

	
3.2

	
39%

	
3.66




	
Region D

	
2221

	
5.1

	
120%

	
14.71

	
1319

	
3.2

	
68%

	
10.73

	
1095

	
3.0

	
49%

	
9.69

	
735

	
5.1

	
120%

	
5.10

	
425

	
3.5

	
63%

	
4.09

	
340

	
3.6

	
40%

	
3.75




	
Region E

	
2559

	
4.8

	
160%

	
16.15

	
1421

	
3.1

	
79%

	
11.27

	
1147

	
2.7

	
61%

	
9.89

	
865

	
5.0

	
154%

	
5.67

	
467

	
3.4

	
74%

	
4.36

	
364

	
3.3

	
50%

	
3.93




	
Region F

	
2263

	
5.9

	
109%

	
14.66

	
1177

	
3.3

	
51%

	
9.93

	
979

	
2.9

	
39%

	
9.20

	
709

	
6.0

	
102%

	
4.90

	
358

	
4.0

	
40%

	
3.74

	
293

	
3.5

	
30%

	
3.50




	
Region G

	
1915

	
6.1

	
70%

	
12.65

	
1079

	
3.5

	
37%

	
9.15

	
902

	
3.4

	
23%

	
8.70

	
564

	
7.3

	
50%

	
4.15

	
320

	
3.9

	
31%

	
3.45

	
260

	
3.4

	
23%

	
3.59




	
Region H

	
2302

	
7.6

	
77%

	
14.08

	
1311

	
4.1

	
50%

	
10.04

	
1081

	
3.3

	
42%

	
8.99

	
690

	
7.9

	
74%

	
4.57

	
391

	
4.5

	
41%

	
3.80

	
318

	
3.8

	
33%

	
3.60




	
Region I

	
1748

	
7.2

	
31%

	
11.72

	
1047

	
3.8

	
29%

	
8.80

	
861

	
3.7

	
13%

	
8.28

	
484

	
7.2

	
31%

	
3.69

	
294

	
4.1

	
22%

	
3.30

	
234

	
3.7

	
13%

	
3.37




	
Region J

	
1721

	
6.3

	
46%

	
11.51

	
1006

	
3.6

	
29%

	
8.67

	
818

	
3.4

	
14%

	
8.32

	
482

	
7.8

	
23%

	
3.72

	
279

	
3.9

	
21%

	
3.30

	
225

	
3.8

	
9%

	
3.47




	
Region K

	
1731

	
6.2

	
50%

	
11.28

	
1055

	
3.6

	
33%

	
8.75

	
866

	
3.3

	
21%

	
8.12

	
507

	
6.2

	
49%

	
3.67

	
309

	
3.7

	
31%

	
3.39

	
243

	
3.6

	
15%

	
3.39




	
Individual locations

	
Entire NYISO

	
2347

	
5.8

	
119%

	
15.69

	
1257

	
3.1

	
63%

	
10.67

	
1057

	
3.1

	
45%

	
9.71

	
765

	
5.8

	
119%

	
5.37

	
392

	
3.6

	
53%

	
4.01

	
318

	
3.6

	
34%

	
3.74




	
Region A

	
2417

	
4.1

	
160%

	
15.79

	
1355

	
2.6

	
84%

	
11.05

	
1062

	
3.1

	
44%

	
9.75

	
845

	
4.1

	
160%

	
5.68

	
445

	
3.3

	
70%

	
4.27

	
329

	
3.4

	
40%

	
3.78




	
Region B

	
2336

	
5.1

	
132%

	
15.48

	
1301

	
2.6

	
78%

	
10.76

	
1031

	
2.8

	
47%

	
9.49

	
769

	
5.2

	
128%

	
5.34

	
418

	
3.5

	
61%

	
4.14

	
319

	
3.2

	
40%

	
3.71




	
Region C

	
2457

	
4.3

	
160%

	
15.88

	
1301

	
3.2

	
67%

	
10.85

	
1074

	
3.0

	
48%

	
9.69

	
835

	
4.3

	
155%

	
5.60

	
417

	
3.4

	
61%

	
4.12

	
333

	
3.5

	
40%

	
3.79




	
Region D

	
2280

	
4.8

	
132%

	
15.26

	
1390

	
3.2

	
75%

	
11.28

	
1157

	
3.4

	
47%

	
10.17

	
752

	
4.9

	
127%

	
5.28

	
450

	
3.6

	
67%

	
4.29

	
359

	
3.5

	
46%

	
3.91




	
Region E

	
3703

	
14.0

	
90%

	
23.11

	
1535

	
3.4

	
85%

	
12.08

	
1261

	
3.4

	
58%

	
10.71

	
1061

	
14.0

	
90%

	
7.04

	
499

	
3.9

	
76%

	
4.62

	
390

	
3.8

	
50%

	
4.15




	
Region F

	
2258

	
6.5

	
96%

	
14.39

	
1218

	
3.7

	
48%

	
9.92

	
1038

	
3.2

	
39%

	
9.13

	
706

	
6.9

	
90%

	
4.81

	
362

	
4.1

	
40%

	
3.69

	
305

	
3.9

	
28%

	
3.48




	
Region G

	
2108

	
6.3

	
84%

	
13.30

	
1118

	
3.8

	
36%

	
9.22

	
936

	
3.5

	
23%

	
8.77

	
603

	
8.1

	
50%

	
4.29

	
327

	
4.1

	
30%

	
3.43

	
264

	
3.9

	
17%

	
3.53




	
Region H

	
2207

	
7.7

	
66%

	
13.75

	
1293

	
3.9

	
51%

	
9.96

	
1071

	
3.2

	
43%

	
8.96

	
651

	
7.7

	
66%

	
4.42

	
387

	
4.4

	
42%

	
3.78

	
314

	
3.8

	
31%

	
3.60




	
Region I

	
1676

	
6.8

	
32%

	
11.35

	
1055

	
3.5

	
36%

	
8.81

	
853

	
3.6

	
14%

	
8.22

	
467

	
6.8

	
32%

	
3.60

	
304

	
3.8

	
28%

	
3.35

	
234

	
3.6

	
14%

	
3.37




	
Region J

	
1769

	
6.8

	
40%

	
11.80

	
994

	
4.0

	
19%

	
8.78

	
809

	
2.8

	
24%

	
8.60

	
488

	
7.9

	
23%

	
3.75

	
273

	
4.2

	
16%

	
3.25

	
230

	
4.0

	
8%

	
3.67




	
Region K

	
1872

	
5.6

	
74%

	
11.84

	
1112

	
3.5

	
41%

	
8.99

	
926

	
2.7

	
38%

	
8.48

	
576

	
5.7

	
73%

	
3.95

	
315

	
4.0

	
29%

	
3.58

	
268

	
3.2

	
27%

	
3.68
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Table 8. Firm generation at 50% penetration.






Table 8. Firm generation at 50% penetration.





	

	
Firm Power Gen

	
Current Cost: PV @ 1000/kW, Storage @ $200/kWh

	
Future Cost: PV @ 400/kW, Storage @ $50/kWh




	

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility

	
No Flexibility

	
2.5% Flexibility

	
5% Flexibility




	

	
Electrical Region

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh

	
Add’l $ per PVkW

	
Storage PV h

	
Over-Sizing

	
LCOE ¢/kWh






	
homogeneously dispersed fleets

	
Entire NYISO

	
2778

	
5.8

	
162%

	
16.98

	
1681

	
3.6

	
97%

	
12.35

	
1326

	
3.1

	
71%

	
10.65

	
939

	
6.0

	
160%

	
5.93

	
554

	
3.9

	
90%

	
4.79

	
425

	
3.5

	
62%

	
4.25




	
Region A

	
3687

	
4.7

	
275%

	
21.12

	
2124

	
3.6

	
141%

	
14.50

	
1709

	
2.8

	
114%

	
12.40

	
1332

	
4.8

	
274%

	
7.72

	
730

	
4.1

	
132%

	
5.63

	
578

	
3.6

	
100%

	
4.95




	
Region B

	
3686

	
6.2

	
245%

	
21.35

	
2149

	
3.7

	
141%

	
14.63

	
1736

	
3.0

	
114%

	
12.56

	
1279

	
6.2

	
242%

	
7.55

	
720

	
4.9

	
119%

	
5.65

	
576

	
4.1

	
93%

	
5.00




	
Region C

	
3826

	
9.3

	
197%

	
22.66

	
2130

	
4.1

	
132%

	
14.75

	
1723

	
3.3

	
107%

	
12.65

	
1252

	
9.3

	
197%

	
7.61

	
711

	
4.5

	
121%

	
5.66

	
575

	
3.9

	
95%

	
5.02




	
Region D

	
3440

	
7.2

	
199%

	
20.31

	
2323

	
4.5

	
142%

	
15.43

	
1897

	
3.8

	
114%

	
13.28

	
1163

	
7.5

	
197%

	
7.04

	
784

	
4.9

	
135%

	
5.92

	
631

	
4.2

	
105%

	
5.22




	
Region E

	
3652

	
6.8

	
229%

	
21.21

	
2210

	
4.4

	
133%

	
15.00

	
1798

	
3.6

	
109%

	
12.93

	
1244

	
7.1

	
222%

	
7.39

	
743

	
4.7

	
126%

	
5.78

	
599

	
3.9

	
101%

	
5.14




	
Region F

	
3423

	
9.1

	
160%

	
20.04

	
1872

	
4.5

	
97%

	
13.19

	
1508

	
3.8

	
74%

	
11.39

	
1086

	
9.2

	
156%

	
6.62

	
596

	
5.2

	
84%

	
5.00

	
474

	
4.2

	
66%

	
4.45




	
Region G

	
2911

	
8.5

	
120%

	
17.02

	
1684

	
5.2

	
64%

	
12.02

	
1375

	
4.0

	
57%

	
10.47

	
889

	
9.7

	
101%

	
5.55

	
514

	
5.3

	
62%

	
4.50

	
420

	
4.4

	
50%

	
4.10




	
Region H

	
3129

	
10.4

	
105%

	
17.73

	
1836

	
5.7

	
69%

	
12.50

	
1512

	
4.3

	
65%

	
10.88

	
939

	
10.4

	
105%

	
5.64

	
554

	
6.2

	
62%

	
4.70

	
454

	
5.0

	
51%

	
4.28




	
Region I

	
2609

	
10.0

	
61%

	
15.47

	
1640

	
5.1

	
62%

	
11.40

	
1325

	
4.3

	
47%

	
10.00

	
717

	
10.3

	
51%

	
4.71

	
473

	
6.2

	
41%

	
4.23

	
381

	
5.0

	
33%

	
3.88




	
Region J

	
2603

	
9.2

	
77%

	
15.37

	
1597

	
5.2

	
57%

	
11.23

	
1279

	
4.4

	
41%

	
9.87

	
745

	
10.9

	
50%

	
4.86

	
455

	
6.3

	
36%

	
4.12

	
363

	
4.9

	
30%

	
3.83




	
Region K

	
2493

	
9.4

	
61%

	
14.64

	
1545

	
5.2

	
50%

	
10.90

	
1285

	
4.1

	
47%

	
9.80

	
716

	
9.4

	
61%

	
4.58

	
452

	
5.5

	
44%

	
4.08

	
369

	
5.1

	
29%

	
3.83




	
Individual locations

	
Entire NYISO

	
3654

	
8.4

	
197%

	
21.88

	
1947

	
4.1

	
112%

	
14.00

	
1606

	
3.7

	
86%

	
12.27

	
1175

	
8.8

	
184%

	
7.29

	
642

	
4.5

	
105%

	
5.34

	
517

	
4.2

	
76%

	
4.78




	
Region A

	
3726

	
5.3

	
266%

	
21.79

	
2248

	
3.6

	
153%

	
15.30

	
1813

	
3.1

	
119%

	
13.11

	
1320

	
6.8

	
245%

	
7.89

	
771

	
4.6

	
135%

	
5.94

	
612

	
3.8

	
105%

	
5.19




	
Region B

	
3491

	
6.9

	
211%

	
20.84

	
2120

	
3.8

	
136%

	
14.68

	
1746

	
3.3

	
109%

	
12.78

	
1190

	
6.9

	
211%

	
7.26

	
708

	
4.9

	
116%

	
5.67

	
572

	
4.2

	
90%

	
5.03




	
Region C

	
3828

	
6.4

	
255%

	
22.25

	
2186

	
4.3

	
132%

	
15.07

	
1804

	
3.6

	
109%

	
13.08

	
1348

	
7.3

	
245%

	
7.98

	
722

	
5.1

	
116%

	
5.71

	
593

	
4.3

	
95%

	
5.13




	
Region D

	
3502

	
7.6

	
198%

	
21.10

	
2371

	
4.4

	
150%

	
15.94

	
1970

	
3.4

	
128%

	
13.81

	
1173

	
7.7

	
197%

	
7.25

	
803

	
5.0

	
139%

	
6.12

	
659

	
4.5

	
109%

	
5.44




	
Region E

	
5295

	
19.9

	
132%

	
31.12

	
2303

	
4.7

	
136%

	
15.79

	
1887

	
3.8

	
114%

	
13.62

	
1521

	
19.9

	
132%

	
9.32

	
762

	
5.4

	
123%

	
6.02

	
609

	
4.9

	
91%

	
5.33




	
Region F

	
3555

	
9.8

	
160%

	
20.22

	
1896

	
5.0

	
90%

	
13.07

	
1554

	
4.3

	
70%

	
11.39

	
1117

	
9.9

	
156%

	
6.62

	
597

	
5.5

	
81%

	
4.91

	
479

	
4.7

	
61%

	
4.40




	
Region G

	
3307

	
8.5

	
160%

	
18.39

	
1752

	
5.4

	
67%

	
12.17

	
1438

	
4.3

	
58%

	
10.62

	
974

	
11.8

	
96%

	
5.90

	
534

	
5.6

	
63%

	
4.54

	
425

	
5.0

	
44%

	
4.10




	
Region H

	
3005

	
9.8

	
106%

	
17.18

	
1851

	
5.5

	
74%

	
12.55

	
1520

	
4.4

	
65%

	
10.94

	
910

	
9.8

	
106%

	
5.51

	
563

	
6.2

	
63%

	
4.74

	
458

	
5.2

	
50%

	
4.30




	
Region I

	
2525

	
9.6

	
61%

	
15.04

	
1630

	
5.2

	
59%

	
11.34

	
1321

	
4.3

	
46%

	
9.96

	
723

	
9.6

	
61%

	
4.70

	
472

	
6.1

	
41%

	
4.22

	
381

	
4.8

	
35%

	
3.86




	
Region J

	
2693

	
10.0

	
69%

	
15.87

	
1575

	
5.4

	
50%

	
11.21

	
1276

	
4.3

	
42%

	
9.86

	
759

	
11.2

	
50%

	
4.93

	
451

	
6.1

	
36%

	
4.10

	
361

	
5.0

	
27%

	
3.83




	
Region K

	
2704

	
8.4

	
102%

	
15.43

	
1607

	
5.3

	
55%

	
11.22

	
1321

	
4.4

	
44%

	
9.94

	
817

	
9.1

	
90%

	
5.00

	
470

	
5.8

	
45%

	
4.16

	
386

	
4.9

	
35%

	
3.91
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