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MPRP		Maine Power Reliability Project 
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NH	RSP area—northern, eastern, and central New Hampshire/eastern Vermont and southwestern Maine
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OP 4		Operating Procedure No. 4, Action during a Capacity Deficiency (ISO New England)
PAC 		Planning Advisory Committee 
PPA		Proposed Plan Application
QP		queue position
RI		RSP area—Rhode Island/bordering MA
RSP		Regional System Plan 
RTEG		real-time emergency generation 
SCC		seasonal claimed capability 
SCED		security-constrained economic dispatch
SCUC		security-constrained unit commitment
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Executive Summary
Economic studies provide metrics depicting various possible future scenarios of expanding the New England power system and quantifying the advantages and disadvantages associated with each scenarios. Typically, these scenarios assess system performance under different conditions, such as with possible additional imports from Canada into the New England region, resource retirements, and resource additions, but they do not assess scenarios focused on the performance of individual assets. The studies use the GridView simulation tool that minimizes the total production cost, which consists of both the variable costs of dispatching electrical resources and the unit-commitment costs of starting resources.
The key metrics developed for this economic study include estimates of production costs, transmission congestion, electric energy costs for New England consumers, and a number of others. These metrics could suggest the most economic locations for resource development and the least economic locations for resource retirements. The study also assessed the effects of the various scenarios on reducing carbon dioxide (CO2) and other emissions.
This report, the 2015 Evaluation of Increasing the Keene Road Export Limit (Keene Road Economic Study), summarizes the detailed modeling methodology, input assumptions, simulation results, and general observations of an economic study analyzing an increase in the transfer capability out of the Keene Road area of northern Maine. Additional analysis beyond the economic study would be required to support any market-efficiency transmission upgrades.
Currently, 292 megawatts (MW) of resources are located behind the Keene Road export interface, and 53 MW of future wind resources are proposed for interconnecting to the 115 kilovolt (kV) system in the area. With existing resources, the results show an annual production cost savings of $1.6 million when increasing the Keene Road export interface limits from 165 MW to 225 MW or higher. 
The analysis also considered additional wind development behind the Keene Road export constraint and throughout the New England system. Most of the additional wind was located in Maine. Across all scenarios considered, the production cost savings for increasing the Keene Road interface transmission limit (i.e., to allow more electric energy to flow across it) from 165 MW to 225 MW ranged from a low of no savings to a high of $5.2 million/yr. Increasing Keene Road export limits from 165 MW to an unconstrained value shows a range from no production cost savings to $5.7 million/yr. The metric for New England-wide load-serving entity (LSE) energy expenses showed a wider range. This metric ranged from an increase of $2.1 million/yr to a reduction of $3.1 million/yr. The increase in LSE energy expense resulted because GridView, in response to increased access to resources behind the Keene Road export interface, selected a different complement of generators to serve New England loads. This change in unit commitment slightly increased marginal costs, which for some cases set higher locational marginal prices (LMPs) in some hours. Other cases showed a decrease in LSE energy expenses, resulting from economic dispatch by less-expensive generation in the Keene Road area, which lowered LMPs.
The environmental metric for this study was CO2 emissions. For the cases considered, systemwide CO2 emissions ranged from no change to a reduction of 51.2 kilotons (ktons) annually when the export limit increased from 165 to 225 MW. CO2 emissions decreased 0.161% for the 165 MW export case. For an increase in the Keene Road export limit from 165 MW to an unconstrained level, systemwide CO2 emissions ranged from no change to a 57.4 kton annual decrease (0.181% reduction). 
All electric energy generated in northern Maine, including Keene Road resources and imports from New Brunswick, must cross the Orrington South interface. However, transmission constraints affect the ability to transport energy from northern Maine to areas in New England south of the Orrington South interface. The results of this study showed that the amount of resources north of the Orrington South interface was the primary reason the interface reached its constraint limit. Orrington South was constrained 0.9% to 7.3% of the hours studied with the existing and proposed wind levels. This interface was constrained 69% of the hours when all 2,830 MW of wind in the ISO’s interconnection queue north of this interface were brought on line.[footnoteRef:1] [1:  Pursuant to Schedule 22, “Large Generator Interconnection Procedures;” Schedule 23, “Small Generator Interconnection Procedures;” and Schedule 25, “Elective Transmission Upgrade Interconnection Procedures” of the ISO New England Inc. Transmission, Markets, and Services Tariff (ISO tariff), Section II, Open Access Transmission Tariff, http://www.iso-ne.com/participate/rules-procedures/tariff/oatt.] 

With all the generation in the interconnection queue, and assuming New Brunswick imports were always available for dispatch up to 1,000 MW, the Orrington South interface was constrained 90.9% of the hours. Because imports from New Brunswick were modeled to have a threshold dispatch price higher than for New England hydroelectric or wind, the impact of imports on the amount of hydro or wind that would be bottled in due to transmission constraints was not significant. However, the amount of bottled-in imports from New Brunswick was significant. With all the wind in the interconnection queue, the transmission constraint at the Orrington South interface prevented the dispatch of resources south of Orrington South to change significantly when relaxing the Keene Road transmission interface. Consequently, with these high levels of available imports, the economic metrics showed little or no variation, case to case.

The ISO will be conducting further analysis to review the Keene Road area for any potential market-efficiency transmission upgrades (METUs).[footnoteRef:2] [2:  A market-efficiency transmission upgrade (METU) is a type of transmission system upgrade or addition not associated with the interconnection of a generator and primarily designed to reduce the total net production cost to supply the system load, including the costs for electric energy, capacity, reserves, and losses, as well as costs associated with the bilateral prices for electric energy. The METU process, if initiated, will reflect updates from the 2016–2025 Forecast Report of Capacity, Energy, Loads, and Transmission (2016 CELT Report) (May 1, 2016), http://www.iso-ne.com/static-assets/documents/2016/05/2016_celt_report.xls.] 
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Introduction
As a part of the regional system planning effort, ISO New England (ISO) conducts economic planning studies each year, as specified in Attachment K of its Open-Access Transmission Tariff (OATT).[footnoteRef:3] The economic studies provide information on system performance, such as estimated production costs, load-serving entity (LSE) energy expenses, transmission congestion, and environmental emission levels. The ISO annually performs studies requested by participants that analyze various future scenarios. This information can assist stakeholders in evaluating various resource and transmission options that can affect New England’s wholesale electricity markets. The studies may also assist policymakers who formulate strategic visions of the future New England power system. [3:  ISO New England Inc. Transmission, Markets, and Services Tariff (ISO tariff), Section II, Open Access Transmission Tariff, Attachment K, “Regional System Planning Process” (April 6, 2016), http://www.iso-ne.com/regulatory/tariff/sect_2/oatt/sect_ii.pdf] 

This report presents the results of one of the three 2015 ISO New England economic studies conducted in response to requests submitted by stakeholders participating in the Planning Advisory Committee (PAC). The report documents the study methodologies, data and assumptions, simulation results, and observations of an economic study that investigates the impact of relaxing the transmission constraint within the Keene Road export-constrained area. 
[bookmark: _Toc459884082]Economic Study Process 
Attachment K of the ISO’s OATT states that the ISO must conduct economic studies arising from one or more stakeholder requests submitted by April 1 of each year through the PAC. These may be requests to study the general locations for the expansion of various types of resources, resource retirements, and possible changes to transmission interface limits. By May 1 of each year, the proponents of these studies are provided an opportunity to present the PAC with the reasons for the suggested studies. The ISO discusses the draft scope(s) of work with the PAC by June 1 and reviews the study assumptions with the PAC at later meetings. The role of the PAC in the economic study process is to discuss, identify, and prioritize proposed studies.[footnoteRef:4] The ISO then performs up to three economic studies and subsequently reviews all results and findings with the PAC. [4:  OATT, Attachment K, Section 4.1b] 

In fulfillment of this obligation, ISO staff presented the scope of work, assumptions, draft results, and final results to the PAC for the Evaluation of Increasing the Keene Road Export Limit (2015 Keene Road Economic Study). The study does not include detailed transmission analysis that would be required to fully develop elective transmission upgrades or market-efficiency transmission upgrades.[footnoteRef:5] The results, however, may be used to determine the need for future analyses. [5:  An elective transmission upgrade is an upgrade to the New England transmission system voluntarily funded by one or more participants that have agreed to pay for all the costs of the upgrade. A market-efficiency transmission upgrade is a type of transmission system upgrade primarily designed to reduce the total net production cost to supply the system load, including the costs for electric energy, capacity, reserves, and losses, as well as costs associated with the bilateral prices for electric energy.] 

[bookmark: _Toc459884083]The Keene Road Export-Constrained Area
The Keene Road export-constrained area is a relatively small area of the ISO New England system, located in northern Maine, as shown in Figure 2‑1 and Figure 2‑2. The area has a peak load of approximately 38 megawatts (MW) and approximately 292 MW of installed resources. Nonwind resources consist of approximately 90 MW (seasonal claimed capability; SCC) (125 MW nameplate) of hydroelectric capacity and approximately 20 MW from one biomass plant.[footnoteRef:6] The existing amount of nameplate wind capacity as of April 1, 2015, was 147 MW, with 53 MW in the ISO’s interconnection queue. [6:  The seasonal claimed capability is a generating unit’s or an ISO-approved combination of units’ maximum dependable load-carrying ability for a summer or winter period, excluding capacity required for station use. A generator’s nameplate capacity is the maximum-rated output of a generator and a measure of its ability to produce electricity. ] 
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[bookmark: _Ref442881651][bookmark: _Toc454197621][bookmark: _Toc454197945]Figure 2‑1: The Keene Road export-constrained area in northern Maine.
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[bookmark: _Ref442882173][bookmark: _Toc454197622][bookmark: _Toc454197946]Figure 2‑2: Detail of Keene Road export-constrained area.
The ISO analyzed the Keene Road area to account for various system changes. In February 2016, the ISO made revisions to the definition of the Keene Road export interface, as shown in Figure 2-3. The revised interface limit defines the interface as the sum of the flow on the Keene Road transformer (115 kV to 345 kV) and the Keene Road–Enfield 115 kV circuit. Although the Keene Road export limit was reduced from 175 MW to 165 MW, the Passadumkeag and the Indeck/Covanta generating facilities are no longer considered behind the new interface definition.[footnoteRef:7] The economic study was revised to use 165 MW as the reference export limit of this new interface, and the study assumed an increase in the export limit by 60 MW to 225 MW.[footnoteRef:8] No specific project underlies this assumed increase in export capability.[footnoteRef:9] While “QP357_Passadumkeag Windpark" was within the Keene Road export interface, it was moved outside of the Keene Road export area for the results presented. Only Bowers Mountain, "QP476_Wind," was added behind Keene Road in Case 2 (refer to the Appendix, Section 6.4). [7:  The change in limits is based on analysis protected by the ISO Information Policy and is suitable for planning studies. Operating limits may vary with system conditions. See the ISO’s Keene Road Export Interface Definition Change, PAC presentation (February 17, 2016), http://www.iso-ne.com/static-assets/documents/2016/02/a3_keene_rd_interface_definition_change.pdf.]  [8:  ISO New England, Strategic Transmission Analysis: Wind Integration Study, PAC presentation (May 22, 2013), https://smd.iso-ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/ceii/mtrls/2013/may222013/a3_wind_integration_study_052213_rev1.pdf.]  [9:  The ISO presented preliminary economic study results based on the old definition of the interface. The ISO views the new definition as the correct representation of the Keene Road export-constrained area for the analysis of future system conditions. See the ISO’s 2015 Economic Study: Keene Road Constraints, PAC presentation (December 14, 2015), http://www.iso-ne.com/static-assets/documents/2015/12/a3_keene_rd_2015_economic_study_draft_results_presentation.pdf.] 
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[bookmark: _Toc454197623][bookmark: _Toc454197947]Figure 2‑3: Revised definition of the Keene Road export interface.
[bookmark: _Toc459884084]Historical Loads and Export Flows Out of the Keene Road Area
Figure 2‑4 shows the assumed chronological loads used to represent the Keene Road area in 2021. Figure 2‑5 shows this as a duration curve. The annual peak load was approximately 38 MW.
[image: ]
[bookmark: _Ref442882343][bookmark: _Toc454197624][bookmark: _Toc454197948]Figure 2‑4: Chronological loads—Keene Road export-constrained area, 2021 (MW).
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[bookmark: _Ref442882348][bookmark: _Toc454197625][bookmark: _Toc454197949]Figure 2‑5: Load duration—Keene Road export-constrained area, 2021 (MW).
Figure 2‑6 shows the historical chronological flows and limits across the Keene Road interface for 2012 to 2014 (in megawatt-hours/hour; MWh/h). The Keene Road area had some periods of net imports, which are not shown on the graph. 
[image: ]
[bookmark: _Ref442882937][bookmark: _Toc454197626][bookmark: _Toc454197950]Figure 2‑6: Historical chronological flows on the Keene Road interface (MW). 
Figure 2‑7 presents duration curves for 2012 to 2014 showing the export flow as a percentage of the hourly limit. The figure shows that the Keene Road interface was loaded above 90% of its limit for portions of the years: 1.9% in 2012, 4.5% in 2013, and 14.8% in 2014. Figure 2‑7 shows fewer than 8,760 hours for 2012 because data were not available for some of the hours. 
[image: ]
[bookmark: _Ref442883151][bookmark: _Toc454197627][bookmark: _Toc454197951]Figure 2‑7: Historical flow durations of the Keene Road interface.
Transmission construction in the Maine area (e.g., the Maine Power Reliability Project; MPRP), which reduced the capability of the transmission system from time to time, exacerbated historical congestion. Additionally, other system constraints, such as Orrington South and New England-wide minimum-generation conditions, are known to have also resulted in additional congestion.[footnoteRef:10] [10:  Minimum generation is a type of abnormal system condition declared by the ISO for which it anticipates requesting one or more generating resources to operate at or below its economic minimum limit. A widespread power outage that greatly reduces the demand for electricity compared with the forecasted demand is one type of situation for which the ISO will declare a Minimum Generation Emergency to reduce the excess amount of electric power available.] 

[bookmark: _Ref452113806][bookmark: _Toc459884085]Hydro Energy Available for Export
A key historical characteristic of the Keene Road export interface is that even though a significant amount of hydroelectric resources were dedicated to serving the local industrial demand (mostly paper mills), a surplus of energy still could be exported to serve New England loads. Overall, the area has been a net exporter of energy. With the closure of several paper mills in recent years, the local energy consumption has decreased and more hydroelectric generation has been made available for export. 
Figure 2‑8 shows the monthly historical energy produced from hydro resources, net of local consumption by the host industries, along with two possible forecasts. The red line in Figure 2‑8 for the future represents a forecast based on the average monthly values for 2012 through 2014. The second forecast was developed by analyzing 2015 system behavior. Based on the ratio of actual energy produced for the New England grid during the first nine months of 2015 to the same nine months of the three-year average, the amount of energy for 2015 was observed to be double the 2012 to 2014 average. The higher purple line is a forecast that reflects this recent history of higher net hydro production within the Keene Road area and was used in the simulations. 
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[bookmark: _Ref442883686][bookmark: _Toc454197628][bookmark: _Toc454197952]Figure 2‑8: Comparison of historical and forecast net hydro generation.
[bookmark: _Toc459884086]Submitted Economic Study Request for the Keene Road Export and the Scope of Work
Sun Edison requested an economic study to evaluate the economic impact of transmission upgrades that would increase the export transfer limit at Keene Road.[footnoteRef:11] Such an upgrade would relieve the constraint, allow more generation to be dispatched behind the constraint, and allow more resources to be added behind the export constraint. Approximately 147 MW of wind resources exist behind the Keene Road export interface, and 53 MW of additional future wind development are proposed for the area.  [11:  John Keene, “Keene Rd. Interface—economic study request,“ letter (April 1, 2015), http://www.iso-ne.com/static-assets/documents/2015/04/keene_road_interface_eco_study_request.pdf and Sun Edison, Keene Rd. Interface Economic Study Request, PAC presentation (April 22, 2015), http://www.iso-ne.com/static-assets/documents/2015/04/a6_sun_edison_presentation_economic_study_keene_rd.pdf.] 

Results were requested for a limited number of scenarios of wind development. The report provides high-level estimates for the amount of investment in transmission upgrades that might be justified but without identifying specific transmission projects. This metric allows the economic benefits of increased transfer levels to be weighed against the possible costs of improvements. 
While the economic study request proposed a single representative year or a set of a 10 sequential years, the study ultimately used a single year, 2021, as a proxy for all the other years. With the assumptions of low load growth, relatively constant fuel prices, and constant resources after the capacity commitment period for the 2018/2019 Forward Capacity Auction (FCA #9), the annual study results were reasonably expected to be relatively stable from year to year and the simulation results for 2021 would be representative for the other future years.[footnoteRef:12]   [12:  A capacity commitment period is the one-year period from June 1 through May 31 of the following year for which Forward Capacity Market obligations are assumed and payments are made.] 

The scope of work for the study was to develop metrics to quantify the effect of relieving the Keene Road export constraint. The benefits of allowing the additional production of relatively inexpensive resources north of Keene Road, including wind resources and hydro generation, was quantified. 
Because of changes in the topology of the transmission system after the study request was submitted, the identification of specific transmission upgrades for achieving the assumed higher export levels were outside the scope of this economic study. Therefore, approximate cost estimates for the transmission upgrades could not be included in this study. 
[bookmark: _Toc459884087]Keene Road Simulation Cases
The ISO used the GridView program to perform production cost analyses, which formed the basis for the economic studies. This analysis consisted of 15 cases based on five scenarios, one of which evaluated transfer capabilities with only existing resources, three of which evaluated various amounts of wind resources, and one of which investigated the impact of 1,000 MW of low-cost dispatchable energy imports from the interconnections with New Brunswick. The study investigated three levels of export capability out of the Keene Road export-constrained area: 165 MW, 225 MW, and unconstrained. The scenarios are as follows.  
· Case ID 1—Base Case with Existing Keene Road Wind: This scenario evaluated the benefits of increasing the transfer capability with only the existing wind resources, assuming only the amount of wind resources installed in New England as of April 1, 2015. The three levels of export capability were compared under this scenario to determine the benefits of relaxing the constraint. 
· Case ID 2—Future Keene Road Wind in the Queue (as of April 1, 2015): This case assumes that the resources within the Keene Road export-constrained area in the queue as of April 1, 2015, were installed. Outside the Keene Road export area, only the installed, existing wind resources were modeled. This increased the amount of wind within the Keene Road export constraint from 147 to 200 MW (nameplate). The three levels of export capability were then compared to determine the benefits of relaxing the constraint.
· Case ID 3A—All New England Wind with I.3.9 (as of April 1, 2015):[footnoteRef:13] This case assumes that all wind resources added were in the ISO interconnection queue and had an approved Proposed Plan Application (PPA) as of April 1, 2015. The total amount of wind in New England is 1,345 MW.  [13:  “I.3.9” refers to the section of the ISO tariff that includes the requirements for market participants’ and transmission owners’ (TO) submissions of new or revised plans for adding to or changing any generation or demand resource or transmission facility 69 kV or larger that could have a significant effect on the stability, reliability, or operating characteristics of a TO’s or market participant’s transmission facility or system. It also contains the ISO’s requirements for reviewing and approving these applications. The ISO’s list of these projects—“Interconnection Requests for New England Control Area Generation, Elective Transmission Upgrades, and Transmission Service Requests”—is also known as the ISO interconnection queue. See http://www.iso-ne.com/static-assets/documents/2014/09/interconnection_request_queue.pdf.] 

· Case ID 3B—All New England Wind in the Queue (as of April 1, 2015): This case added all wind resources in the ISO interconnection queue as of April 1, 2015. The total amount of wind in New England is 4,405 MW. 
· Case ID 4—All New England Wind in the Queue (as of April 1, 2015) and 1,000 MW of Imports from New Brunswick Available for Dispatch 24 x 7: This case increased the amount of imported energy available for dispatch compared with Case 3B. The purpose was to illustrate how the high levels of imports might affect the economics of increasing the export limit from Keene Road.
Table 2‑1 summarizes the amounts and location of the wind resources in these five scenarios. 
[bookmark: _Ref440984748][bookmark: _Toc454197671]Table 2‑1
Nameplate Wind by Location for Scenarios Investigated (MW) 
	Case ID
	Case
	Keene Road [1]
	North of Orrington, excl. Keene Road [2]
	Other/South of Orrington [3]
	New England [1] + [2] + [3] = [4]

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	147
	33
	698
	878

	2
	Future Keene Road wind in queue
(as of April 1, 2015)(a)
	200
	73
	698
	971

	3A
	All New England wind with I.3.9
(as of April 1, 2015)
	147
	84
	1,114
	1,345

	3B
	All New England wind in queue
(as of April 1, 2015)
	200
	2,630
	1,587
	4,405

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available 
for dispatch 24 x 7
	200
	2,630
	1,587
	4,405


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
  
[bookmark: _Toc459884088]
Data and Assumptions
This study used detailed resource modeling. The representation of thermal unit heat-rate curves allowed for deciding unit-commitment trade-offs and determining the marginal cost of energy at each nodal location. The representation of the transmission system was sufficiently detailed for modeling transmission constraints. The loads and resources contained in the 2015 CELT Report provided the basis for this study. This section describes the data, assumptions, and modeling inputs used.[footnoteRef:14] [14:   ISO New England, 2015—2024 Forecast Report of Capacity, Energy, Loads, and Transmission (May 1, 2015), http://www.iso-ne.com/static-assets/documents/2015/05/2015_celt_report.pdf.] 

[bookmark: _Toc459884089]Load Forecasts
The New England gross load forecast was based on the demand data for 2015 to 2024, as presented in the 2015 CELT Report. The gross summer peak load was 30,900 MW for 2021. The hourly profile was based on the historical 2006 hourly load profile, which reflected a 2006 weather pattern. The hourly profile for 2006 was used as the basis for representing the New England loads because of the availability of correlated, time-stamped estimated profiles for wind and photovoltaic resources.
[bookmark: _Toc459884090]Resources
Future additions and retirements to the resource mix reflected the 2015 CELT Report, including the results of FCA #9. The supply-side resource interconnection points were based on the 2015 NERC TPL-001-4 Compliance Study case for summer 2021 with a total capacity of 33,415 MW.[footnoteRef:15]  [15:  NERC, Transmission System Planning Performance Requirements, Standard TPL-001-4 (January 1, 2016), http://www.nerc.com/pa/Stand/Reliability%20Standards/TPL-001-4.pdf. ] 

The major capacity additions and retirements includes the 204 MW Medway gas turbine unit added in the Southeast Massachusetts (SEMA) Regional System Planning area, the 670 MW Towantic combined-cycle unit added in southwestern Connecticut, and the retirement of Vermont Yankee with a capacity of 650 MW. Across New England, existing wind totaled 878 MW, 467 MW had an approved PPA, and another 3,072 MW were in the queue.[footnoteRef:16]  [16:  Cape Wind had an active status in the queue, but it was not included in the study.] 

[bookmark: _Toc459884091]Detailed Modeling of Thermal Unit Heat-Rate Curves
The resource model for thermal resources included generating unit operational constraints, such as start-up costs, no-load costs, and incremental heat-rate curves. The model also reflected operating limits, including minimum up time, minimum down time, and start-up time. This detailed modeling allowed for an accurate determination of the marginal costs of supplying energy. 
[bookmark: _Toc459884092]Resource Availability
The simulations modeled planned and forced outages of generating units. The simulations accounted for planned maintenance periods by removing generating resources from service. To reflect the reduction in available energy due to forced outages, the maximum capacity of a resource was multiplied by an equivalent availability factor. Derating capacity to represent forced outages is a simplification of a more rigorous approach that would have required multiple Monte Carlo cases to be simulated, with the results combined to represent impacts when specific units were unavailable due to forced outages. A Monte-Carlo-based simulation would have more volatility in specific hours. However, past studies have demonstrated that because the simulation results are a summation of 8,760 hours, the effect of using a Monte-Carlo-based outage schedule would not have a significant impact on the annual metrics.
[bookmark: _Toc459884093]Fuel Prices
The fuel-price assumptions were based on the US Department of Energy’s (DOE’s) 2015 Annual Energy Outlook.[footnoteRef:17] Figure 3‑1 shows the EIA forecast from 2015 to 2030.  [17:  EIA, 2015 Annual Energy Outlook (DOE, April 2015), http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. ] 
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[bookmark: _Ref441506003][bookmark: _Toc454197629][bookmark: _Toc454197953]Figure 3‑1: Fuel-price assumptions based on EIA’s 2015 Annual Energy Outlook, updated December 21, 2015 ($/MWh).
Fuel prices were assumed constant across all months of the year studied with the exception of natural gas prices. Natural gas prices were assumed to vary monthly to reflect the seasonal trends resulting from shifts in supply and demand. Historical trends have shown that prices are higher for natural gas during the high heating, winter months and lower during nonheating seasons. Figure 3‑2 shows the assumed monthly natural gas price multiplier.
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[bookmark: _Ref440465473][bookmark: _Toc454197630][bookmark: _Toc454197954]Figure 3‑2: Assumed monthly variation in natural gas prices for New England, 2021.
[bookmark: _Toc459884094]Profiles for Energy Efficiency, Active Demand Resources, and Real-Time Emergency Generation
Energy efficiency (EE), active demand resources, and real-time emergency generation (RTEG) were modeled by developing a profile for each of the three components. These profiles underscore the ISO’s expectation that active demand resources and RTEGs will be activated when needed and must be ready to respond. The demand resources modeled in New England were based on the 2018/2019 capacity supply obligations plus an additional 695 MW of forecast EE that can be relied on to be implemented by 2021, as shown in Table 3‑1.[footnoteRef:18] [18:  ISO New England, Final 2015 Energy-Efficiency Forecast 2019–2024 (May 1, 2015), http://www.iso-ne.com/static-assets/documents/2015/04/iso_ne_final_2015_ee_forecast_2019_2024.pdf.] 

[bookmark: _Ref447296708][bookmark: _Toc454197672]Table 3‑1
Amount and Type of Demand Resources in New England, 2021 (MW)
	Resource Type
	FCA #9/Forecast Megawatts
	Modeled Megawatts

	FCA #9 energy efficiency (seasonal and on peak)
	2,305
	

	Forecast additional energy efficiency (2019–2021)
	695
	

	Total energy efficiency
	
	3,000

	FCA #9 real-time demand resources
	
	523

	FCA #9 real-time emergency generation (activated in OP 4, Action 6)(a)
	
	143


(a)	Operating Procedure No. 4 (OP 4) actions include allowing the depletion of the 30-minute reserves and the partial depletion of 10-minute reserves (1,000 MW), scheduling market participants’ submitted emergency transactions and arranging emergency purchases between balancing authority areas (1,600 to 2,000 MW), and implementing 5% voltage reductions (400 to 450 MW). Operating Procedure No. 4, Action during a Capacity Deficiency (June 24, 2015), http://www.iso-ne.com/static-assets/documents/rules_proceds/operating/isone/op4/op4_rto_final.pdf.
Figure 3‑3 presents the combined hourly profiles of EE, active demand resources, and RTEG used to modify the hourly load. These demand resources are distributed to the Regional System Plan (RSP) areas based on their FCA #9 capacity obligations. For modeling purposes, the profile mimics distributed resources by adjusting the hourly loads in RSP areas. The remaining load after these adjustments is the energy that generating resources or imports served.
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[bookmark: _Ref447296747][bookmark: _Toc454197631][bookmark: _Toc454197955]Figure 3‑3: Profile representing passive demand resources, active demand resources, and real-time emergency generation, 2021 (MW).
[bookmark: _Toc447284926][bookmark: _Toc447284927][bookmark: _Toc459884095]Photovoltaic Resources
The PV profile was developed from data from the National Renewable Energy Lab’s (NREL) Eastern Renewable Generation Integration Study.[footnoteRef:19] The NREL solar dataset was developed to represent a large amount of solar capacity that does not currently exist for studying the effects of large-scale deployment of solar. These profiles were developed to represent the forecasted PV fleet, which includes all forms of PV, such as FCM resources, energy-only resources, and load-reducing resources.[footnoteRef:20] The profiles were based on 2006 historical weather. The peak load reduction was 413 MW in 2021. [19:  NREL, Eastern Renewable Generation Integration Study (US Department of Energy, 2015), http://www.nrel.gov/electricity/transmission/eastern_renewable.html.]  [20:  Energy-only resources are generating units that are non-FCM settlement-only generators (and thus are not entitled to receive capacity credit) and other generators (per ISO’s Operating Procedure No. 14, Technical Requirements for Generators, Demand Resources, Asset-Related Demands, and Alternative Technology Regulation Resources [November 16, 2015], http://www.iso-ne.com/static-assets/documents/rules_proceds/operating/isone/op14/op14_rto_final.pdf) that produce less than 5 MW, but the ISO control room does not centrally dispatch them or monitor them in real time.] 

The graph on Figure 3‑4 shows the aggregate profile for all the PV resources modeled in New England. 
[bookmark: _Ref447112125]
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[bookmark: _Ref452113598][bookmark: _Toc454197632][bookmark: _Toc454197956]Figure 3‑4: New England aggregate photovoltaic profile, 2021 (MW).
[bookmark: _Toc459884096]Wind Resources
Wind resources modeled include FCA #9 resources. Additionally, some energy-only wind resources did not have a capacity supply obligation (CSO). Therefore, the total existing wind capacity was assumed to be 878 MW (installed nameplate capacity) across New England. 
Hourly wind profiles were based on data produced by NREL and updated in 2012 to reflect improvements in wind turbine efficiencies.[footnoteRef:21]  [21:  NREL, “Transmission Grid Integration: Eastern Wind Dataset” webpage (2015), http://www.nrel.gov/electricity/transmission/eastern_wind_methodology.html.] 

Figure 3‑5 presents an aggregate wind profile for all the wind units modeled in New England using 2006 synthetic wind estimates to create a chronological profile. Individual resources were assigned a profile based on the nearest NREL synthetic data site.
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[bookmark: _Ref441507122][bookmark: _Toc454197633][bookmark: _Toc454197957]Figure 3‑5: New England aggregate wind profile, 2006 (MW).
[bookmark: _Toc459884097]Hydroelectric Resources
Hydroelectric resources in New England were assumed to have monthly energy profiles based on historical generation. This monthly energy was then converted to an hourly profile assuming that while some amount of hydro would be produced in every hour, the hydro generation would tend to generate more when the loads were highest and generate less when loads were lower. This methodology was used in all areas of New England. The modeling of the hydro resources behind the Keene Road export interface was similar and based on the assumed hydro energy available. (See Section 2.4.)      
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[bookmark: _Toc454197634][bookmark: _Toc454197958]Figure 3‑6: New England aggregate hydro profile, 2006 (MW).
[bookmark: _Toc459884098]Environmental Emission Allowances
Emissions estimates from thermal units were based on the energy generated by each unit and its associated emission rates. Emission rates, developed in support of the 2014 ISO New England Electric Generator Air Emissions Report were used.[footnoteRef:22] The energy imported from New Brunswick, New York, and Québec were assumed to have zero emissions. [22:  ISO New England, 2014 ISO New England Electric Generator Air Emissions Report (January 2016), http://www.iso-ne.com/static-assets/documents/2016/01/2014_emissions_report.pdf. ] 

The value of emission allowances were based on the following assumptions: 
· Carbon dioxide (CO2)—$20/short ton
· Sulfur dioxide (SO2)—$6/short ton 
· Nitrogen oxides (NOX)—$5/short ton
In the simulations, the CO2 allowance values were the most significant. The emission rates for SO2 and NOX were much smaller than the CO2 emission rate, and coupled with the lower dollar-per-ton allowance values for the SO2 and NOX allowances, the impacts of these emissions would be negligible.
[bookmark: _Toc459884099]Imports and Exports
One of the key assumptions was New England’s import/export interchange flows with New York, Québec, and New Brunswick (the Maritimes). 
Figure 3‑7 shows the external areas along the periphery of the New England footprint. To represent energy flows between these external areas and New England, typical diurnal profiles were developed from historical flows. This approach captured the characteristics observed within recent historical data and represented the interchange by month throughout the year. An alternative to using daily diurnal curves would be to use a single 8,760-hour profile from a specific year as representative of future flows. However, such an historical profile would contain event-specific anomalies that may not be appropriate to include in a planning study. 
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[bookmark: _Ref440554739][bookmark: _Toc454197635][bookmark: _Toc454197959]Figure 3‑7: New England’s external interfaces.
Note: “HQ PII” refers to Hydro-Québec Phase II. 
For this analysis, data for 2012, 2013, and 2014 were used to develop the twelve monthly 24-hour diurnal profiles of the study year. The 24-hour profile for each month was developed by using the three-year historical average of flows from the interchange profile for each hour of the day of interest. Because each month has about 30 days, and the study used three historical years of data, each hour of the profile represented the average of approximately 90 historical values. 
The diurnal flows across these external interfaces are presented in Figure 3‑8 to Figure 3‑13. These graphs show the profiles for each of the three years, with the three-year average shown as a thick blue line. 
[bookmark: _Toc459884100]Québec
Figure 3‑8 shows the flows across Hydro-Québec Phase II (HQ PII) into Sandy Pond, and Figure 3‑9  shows the flows across the Highgate interconnection. 
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[bookmark: _Ref440554985][bookmark: _Toc454197636][bookmark: _Toc454197960]Figure 3‑8: Average diurnal flows by month, representing net energy injections into New England from Quebec at Hydro-Québec Phase II, 2012 to 2014 (MW).
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[bookmark: _Ref441507780][bookmark: _Toc454197637][bookmark: _Toc454197961]Figure 3‑9: Average diurnal flows by month, representing net energy injections into New England from Québec at Highgate, 2012 to 2014 (MW).
[bookmark: _Toc459884101]Maritimes
Instead of a three-year average, the New Brunswick imports, shown in Figure 3‑10, were based on the maximum daily diurnal profiles for 2013 and 2014, by month, to reflect the return of the Point Lepreau nuclear generating station in 2013. Because of the potential development of hydro resources in Labrador that could be available to the northeast, a sensitivity case was developed that assumed 1,000 MW of New Brunswick imports dispatchable in all hours. This sensitivity was associated with the higher level of wind to investigate the impacts on the study metrics due to higher interface flows along the Maine transmission corridor. 
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[bookmark: _Ref441507986][bookmark: _Toc454197638][bookmark: _Toc454197962]Figure 3‑10: Average diurnal flows by month, representing net energy injections into New England via the New Brunswick ties (MW).
[bookmark: _Toc459884102]New York
Figure 3‑11 through Figure 3‑13 show the interchange profiles between New England and New York for each of the years and an average for all three years. Figure 3‑11 shows the flows over the interconnection between New York and New England into the Hudson Valley region (Roseton). Figure 3‑12 shows the flows over the AC cable between Norwalk and Northport (NNC) on Long Island. Figure 3‑13 shows the flows across the DC Cross-Sound Cable (CSC) between New Haven and Shoreham on Long Island. 
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[bookmark: _Ref441508065][bookmark: _Toc454197639][bookmark: _Toc454197963]Figure 3‑11: Average diurnal flows by month, representing net energy injections into New England at the NY AC tie, 2012 to 2014 (MW).
[image: ] 
[bookmark: _Ref441509337][bookmark: _Toc454197640][bookmark: _Toc454197964]Figure 3‑12: Average diurnal flows by month, representing net energy injections into New England across the Norwalk to Northport cable, 2012 to 2014 (MW). 
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[bookmark: _Ref440555006][bookmark: _Toc454197641][bookmark: _Toc454197965]Figure 3‑13: Average diurnal flows by month, representing net energy injections into New England at Cross-Sound Cable, 2012 to 2014 (MW).
[bookmark: _Toc459884103]Transmission System Network
The detailed ISO New England transmission network was based on a 2021 summer steady-state base case in ISO’s NERC TPL-001-4 Compliance Study.[footnoteRef:23] The case reflects transmission improvements listed in the RSP Project List as of May 18, 2015, including the Maine Power Reliability Program.[footnoteRef:24] Transmission lines operated at 230 kV and above were monitored to ensure that flows remained within their long term ratings. [23:  ISO New England, ”Summary of Steady-State Base Cases for TPL-001-4 Studies,” http://www.iso-ne.com/static-assets/documents/2015/07/final_summary_of_steady_state_basecases_for_tpl_001_4.pdf.]  [24:  The Final RSP15 Project List (May 2015) is available at http://www.iso-ne.com/static-assets/documents/2015/06/final_rsp15_project_list_may_2015.xls.] 

[bookmark: _Toc459884104]Representing Loads
To allocate loads to the busses across the New England network, distribution factors developed by transmission owners for a 10-year forecast period were used. 
[bookmark: _Toc459884105]Transmission Interfaces
[bookmark: _Ref440986489]Major transmission interface limits between load and generation areas were modeled consistent with transmission improvements expected to be in service by 2021. These interface limits can act to restrict flows on the paths shown in Table 3‑2. Interface limits are the only mechanism available in GridView to represent voltage and stability limits in the simulations. The only significant local transmission constraints considered in this study were the 140 MW northern New Hampshire/ Vermont export limits and the Keene Road export interface. 
[bookmark: _Ref452114077][bookmark: _Toc454197673]Table 3‑2
Internal New England Interface Limits, 2021 (MW)
	Interface(a)
	2021 Limit (MW)

	Orrington South Export
	1,325

	Surowiec South
	1,500

	Maine–New Hampshire
	1,900

	North–South(b)
	2,675

	East–West
	3,500

	West–East 
	2,200

	Boston Import (N-1)(c)
	5,700

	SEMA/RI Import (N-1)(c)
	1,280

	Connecticut Import (N-1)(c)
	2,950

	SW Connecticut Import (N-1)(c)
	3,200


(a) 	The transmission interface limits are single-value, summer peak (except where noted to be winter), for use in subarea transportation models. The limits may not include possible simultaneous impacts and should not be considered as “firm.” 
(b) 	The North-South transfer capability reflects the retirements of Brayton Point and Vermont Yankee. 
(c) 	N-1 refers to a first contingency—the loss of the power element (facility) with the largest impact on system reliability.
[bookmark: _Toc448218406][bookmark: _Toc459884106]Contingency Modeling 
Stability and voltage constraints were modeled on potentially constraining major interfaces. Normal transmission limits on lines rated at 230 kV and above were respected in all simulations. In addition, approximately 100 contingencies were modeled to identify potential post-contingency thermal constraints on the transmission system that could limit power flows in the network. 
[bookmark: _Toc459884107]Production Costing Simulation Model
The GridView software application, developed by ABB Inc., simulates the economic dispatch of an electric power system, which includes transmission system constraints. The ISO used GridView to help analyze the planning of transmission and generation assets, estimate production cost simulation trends, identify transmission system bottlenecks, and evaluate the engineering and economic impacts of changes in the configuration of the system. GridView is designed to address changes in transmission system expansion and the addition and retirement of supply and demand resources and to quantify metrics associated with sensitivity to changes in assumptions, such as fuel prices and available resources.
GridView was used to simulate the economic operation of a power system in hourly intervals for periods ranging from one day to many years. To perform these simulations, GridView incorporated a detailed supply, demand, and transmission system model for large-scale transmission grid representation. The program simulated security-constrained unit commitment (SCUC) and security-constrained economic dispatch (SCED) that mimic the operation of the ISO’s system. The simulation was run chronologically to capture the intertemporal constraints by producing a realistic forecast of the power system components and energy flow patterns across the transmission grid for a given set of assumptions.
The GridView output information includes transmission and generator utilization, locational marginal prices (LMPs) for energy, and transmission bottleneck metrics. The results also include an assessment of system security under contingency conditions. Costs for certain ancillary services, such as operating reserve, were modeled.
[bookmark: _Toc459884108]
Simulation Results 
This section presents the simulation results for each of the scenarios investigated. The goal of this study was to quantify how the relaxation of the Keene Road export constraint would affect various metrics. The metrics included the ISO’s regionwide energy production cost, LSE energy expense, and emissions under various combinations of export levels and amounts and locations of wind resources. 
The metrics reflect a New England system that did not adjust the FCA #9 resource mix as the amount of installed wind increased. The addition of the wind resources, however, influenced the dispatch of generating units and thus the economic metrics. 
Note that the results presented in this report may not be exact due to rounding.
[bookmark: _Toc459884109]Simulation Metric Background
The goal of a production cost model is to minimize the total cost of energy produced over a specified period, which includes the variable cost of producing electrical energy and the unit-commitment costs for startup and shutdown. For example, to minimize total production costs, GridView may select a resource with a higher marginal production cost but with a lower start-up cost. In this simulation interval, the production cost can decrease while the marginal price may be slightly higher. The expected trend would be that with more wind, both production costs and LMP would decrease. 
[bookmark: _Toc459884110]Energy Bottled-In Behind Keene Road  
One of the primary metrics associated with a study of an export-constrained area is the amount of bottled-in energy—energy that cannot be produced and exported because of transmission constraints. The bottled-in energy metric is important in explaining results developed during this study.
[bookmark: _Toc459884111]Wind Energy
Wind was assumed to have the lowest dispatch price and has the ability to displace all other higher-priced resources. Table 4‑1 shows the amount of energy produced by the wind resource behind the Keene Road export interface for the 15 cases and the input wind energy profiles.[footnoteRef:25] In most of the cases, the amount of wind energy produced is equal to the profile, suggesting that wind energy is generated to serve load whenever the wind blows. Table 4‑2 shows the differences in wind energy produced compared with the input profiles, while Table 4‑3 shows the difference between the 165 MW reference case and the two cases with relaxed interface constraints.  [25:  The input wind energy profiles represent the absolute maximum wind energy production, assuming no transmission, dispatch/commitment, or economic constraint can limit the production.] 

[bookmark: _Ref440984880][bookmark: _Toc454197674]Table 4‑1
Wind Energy Behind Keene Road Export Constraint (GWh)
	Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	495
	495
	495
	495

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	674
	674
	674
	674

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	495
	495
	495
	495

	3B
	All New England wind in queue (as of April 1, 2015)
	674
	495
	495
	495

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	674
	500
	500
	500


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Ref440984885][bookmark: _Toc454197675]Table 4‑2
Bottled-In Wind Energy Behind Keene Road Export Constraint with Profile as the Reference (GWh)
	Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	0
	0
	0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	0
	0
	0

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	0
	0
	0

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	179
	179
	179

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	174
	174
	174


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Ref441571433][bookmark: _Toc454197676]Table 4‑3
Increase in Keene Road Wind Energy Compared with the 165 MW Export Reference Case (GWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	0
	0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	0
	0

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	0
	0

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0
	0

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0
	0


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
The results in Table 4‑2 show that only Case 3B and Case 4 exhibit any bottled-in wind energy. In Case 3B, a relaxation of the interface does not allow additional wind energy to be exported of the 179 GWh of bottled-in energy. This is because Case 3B has a significant amount of wind-on-wind competition in the area north of the Orrington South interface. In Case 4, when the amount of imports from New Brunswick was significantly increased, the amount of bottled-in wind decreased from 179 to 174 GWh because other resources in northern Maine were not committed; thus, additional wind energy could then be dispatched in the absence of those resources’ economic minimums.
[bookmark: _Toc459884112]Hydro Energy
The amount of bottled-in hydro energy can change significantly because of the threshold price at which wind, hydro, and imports will self-curtail.[footnoteRef:26] Hydro resources can be displaced by wind resources. Table 4‑4 shows the amount of energy produced by the hydro resources within the Keene Road export-constrained area for the 15 cases and the input aggregate hydro profiles. In the cases with an unconstrained interface, the amount of hydro energy produced is nearly equal to the profile, suggesting that hydro is produced whenever it is available. Table 4‑5 shows the differences compared with the input profiles. Table 4‑6 shows the difference between the reference 165 MW case and the two cases with a relaxed interface constraint.  [26:  The threshold price was used as a trigger price for decisions on whether to dispatch the hydro energy. Regardless of the trigger price, the production cost metic assumed that hydro resources had a $0/MWh cost of production.] 

[bookmark: _Ref440984889][bookmark: _Toc454197677]Table 4‑4
Hydro Energy Behind Keene Road Export Interface (GWh)
	 Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	745
	715
	743
	743

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	745
	626
	731
	743

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	745
	715
	743
	743

	3B
	All New England wind in queue (as of April 1, 2015)
	745
	503
	511
	511

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	745
	516
	525
	525


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Ref440984893][bookmark: _Toc454197678]Table 4‑5
Bottled-In Hydro Energy Behind Keene Road Export Interface with Profile as Reference (GWh) 
	Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	30
	2
	2

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	119
	14
	2

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	30
	2
	2

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	242
	234
	234

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	229
	220
	220


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Ref441574728][bookmark: _Toc454197679]Table 4‑6
Increase in Keene Road Hydro Energy Compared to the 165 MW Export Reference Case (GWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	28
	28

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	105
	117

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	28
	28

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	8
	8

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	9
	9


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
As shown in Case 1 with existing wind and with the 165 MW export limit, Table 4‑4 shows that 30 GWh of hydro energy was bottled in north of Keene Road. As shown in Table 4‑6, the relaxation of the interface in Case 1 from 165 to 225 MW allows another 28 GWh of hydro to be produced. Because Cases 1 and 3A have the same amount of wind resources inside of the Keene Road export interface, the additional hydro energy that can be produced and exported due to relieving the Keene Road export interface constraint is about the same. Because an additional 53 MW of wind resources is behind the Keene Road export interface in Case 2, the amount of additional hydro energy that can be produced and exported is 105 GWh if the interface is relaxed to 225 MW. If the interface is unconstrained, an additional 117 GWh can be produced and exported. 
However, if all the wind in the queue were added, the results from Cases 3B and 4 show that less than 10 GWh of additional hydro energy can be produced. This is because the addition of wind energy north of Orrington South supplants the production of hydro generation behind Keene Road. In Case 4, when the amount of imports from New Brunswick was significantly increased, the amount of bottled-in hydro that could be produced and exported increased by only 1 GWh compared with Case 3B because other thermal resources in northern Maine were not committed and some additional hydro energy could be dispatched in the absence of the thermal resources’ economic minimums.  
[bookmark: _Toc459884113]Energy from New Brunswick Imports
The amount of bottled-in energy imported from New Brunswick can change significantly due to the assumptions used in this study. Import resources have the next-higher threshold price after hydro and can be displaced by either wind or hydro.[footnoteRef:27] Table 4‑7 shows the amount of energy imported from New Brunswick in the 15 cases and the input profiles. In the cases that have less than New England’s full queue of wind, the imports are nearly equal to the import profile. In the cases with New England’s full queue of wind in New England, the Orrington South interface becomes a significant impediment to moving energy into the rest of New England and the amount of bottled-in imported energy increases. Table 4‑8 shows the difference in imported energy compared with the input profiles. In Cases 1 and 2, all the energy in the profile is imported, none of which is bottled-in. Case 3A shows 13 to 19 GWh of bottled-in imported energy, and the cases with all the wind in the New England queue shows 2,173 to 4,858 GWh of bottled-in New Brunswick imports.  [27:  The threshold price was used as a trigger price for decisions on whether to dispatch the available imported energy from New Brunswick. Regardless of the trigger price, the production cost metric assumed that imported energy had a  $0/MWh cost of production.] 

[bookmark: _Ref440984898][bookmark: _Toc454197680]Table 4‑7
New Brunswick Imports (GWh)
	Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	4,592
	4,592
	4,592
	4,592

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	4,592
	4,592
	4,590
	4,590

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	4,592
	4,579
	4,573
	4,573

	3B
	All New England wind in queue (as of April 1, 2015)
	4,592
	2,418
	2,411
	2,411

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	8,760
	3,911
	3,902
	3,902


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Ref440984918][bookmark: _Toc454197681]Table 4‑8
Bottled-In Energy from New Brunswick with Profile as Reference (GWh)
	Case ID
	Case
	Profile
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	0
	0
	0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	0
	1
	1

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	13
	19
	19

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	2,173
	2,180
	2,180

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	4,849
	4,858
	4,858


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
Table 4‑9 shows the difference in imports between the 165 MW export limit case and the two cases with a relaxed interface constraint. Unlike the wind and hydro energy, relaxing the Keene Road constraint decreases the amount of imported energy that enters New England. This is because relaxing the Keene Road interface allows more hydro and wind energy to flow into the area behind the Orrington South constraint where it displaces imports that had a higher threshold price.
[bookmark: _Ref441579003][bookmark: _Toc454197682]Table 4‑9
Decrease in New Brunswick Energy Compared with 165 MW Export Reference Case (GWh)   
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	0
	0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	1
	1

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	6
	6

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	7
	7

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	8
	8


(a) Outside the Keene Road export-constrained area, only "existing wind" is assumed.
[bookmark: _Toc459884114]Interface Constrained Hours
The Appendix (Section 6.2) shows key interface flows across potentially limited interfaces. The historical flows for 2015 compare favorably with the simulated results for Case 1, which has existing resources. The trends for the other simulations make intuitive sense.    
Table 4‑10 shows the percentage of time that the Keene Road export interface was binding. With existing wind behind the Keene Road export interface, the interface was binding 16.6% of the hours when it was limited to 165 MW. If the interface were relaxed to 225 MW, it was not constrained in any hours. When 53 MW of future wind was added behind the Keene Road export interface, the interface was constrained 32% of the hours at the 165 MW limit and 9.2% of the hours at 225 MW. As more wind was added outside the Keene Road export-constrained area, the interface was at the limit for less time. With future wind, the interface was constrained 5.5 to 6% of the hours because of wind-on-wind competition.
[bookmark: _Ref447210998][bookmark: _Toc454197683]Table 4‑10
Keene Road Export Interface—Percentage of Hours at limit as Keene Road Export Capability Increases
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	16.6
	0.0
	0.0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	32.1
	9.2
	0.0

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	16.5
	0.0
	0.0

	3B
	All New England wind in queue (as of April 1, 2015)
	5.5
	0.0
	0.0

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	6.0
	0.0
	0.0


(a) Outside Keene Road, only "existing wind" is assumed.
Table 4‑11 shows the percentage of time that the Orrington South interface was binding. As the Keene Road interface was relaxed, more hydro and wind energy was able to flow toward the Orrington South interface, which then became constrained more often. Table 4‑11 shows the increase in the percentage of constrained hours for Orrington South. 
[bookmark: _Ref447211001][bookmark: _Toc454197684]Table 4‑11
Orrington South Interface—Percentage of Hours at Limit as Keene Road Export Capability Increases 
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	0.9
	1.2
	1.2

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	1.7
	3.0
	3.3

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	7.3
	8.1
	8.1

	3B
	All New England wind in queue (as of April 1, 2015)
	69.0
	69.1
	69.1

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	90.9
	90.9
	90.9


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884115]Production Cost 
Production cost is the primary metric the ISO uses to evaluate potential changes to the New England transmission system and the addition of new types of resources in its economic studies. Table 4‑12 provides the total production cost metrics for each of the 15 cases. 
[bookmark: _Ref440984823][bookmark: _Toc454197685]Table 4‑12
Production Cost at Simulated Levels of Keene Road Export Limit (Millions of $)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	3,669.6
	3,667.9
	3,667.9

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	3,660.4
	3,655.2
	3,654.7

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	3,593.8
	3,593.0
	3,593.0

	3B
	All New England wind in queue (as of April 1, 2015)
	3,350.1
	3,350.1
	3,350.1

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	3,267.7
	3,267.7
	3,267.7


(a) Outside Keene Road, only "existing wind" is assumed.
Table 4‑13 shows the savings using the current 165 MW limit case as the reference. As shown in Case 1, with the existing resources, the ability to export up to 225 MW reduced production costs by $1.6 million/yr. No additional reduction in production cost was observed if the Keene Road export interface was unconstrained. The reduction in production cost was $5.2 million/yr when the amount of wind added behind the Keene Road export interface increased by 53 MW and the interface was increased to 225 MW. If the interface was unconstrained, the reduction in production cost was $5.7 million/yr.
[bookmark: _Ref440984838][bookmark: _Toc454197686]Table 4‑13
Production Cost Savings due to Increased Keene Road Export Limit (Millions of $) 
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	1.6
	1.6

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	5.2
	5.7

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	0.8
	0.8

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0.0
	0.0

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0.0
	0.0


(a) Outside Keene Road, only "existing wind" is assumed.
With wind added across New England that has an approved PPA (Case 3A), the reduction in production costs was $0.8 million/yr if the export interface is increased to either 225 MW or unconstrained. 
If the amount of wind added across New England includes all resources in the queue (Case 3B), and if the interface is increased to either 225 MW or unconstrained, the reduction on production cost is zero.
Case 4, which has a large amount of imports from New Brunswick, shows that increasing the Keene Road export interface limits does not reduce production costs. This is because almost all the production costs (i.e., the sum of the unit-specific energy production costs multiplied by the cost of producing that energy) are from generating units south of the Orrington South interface. The dispatch of resources across the rest of New England does not change significantly as the Keene Road export interface is relaxed because the energy crossing the Orrington South interface is at the limit over 90% of the time. While the source of the energy flowing over the Orrington South interface (e.g., a combination of wind, hydro, fossil fuels, biomass, and imports) may change as the Keene Road interface is relaxed, the effect on the dispatch of the rest of New England does not change.
[bookmark: _Toc459884116]Implied Range of Capital Investment Attributable to Production Cost Savings
The comparison of production cost savings with the annual revenue requirements (also called annual carrying charges) for transmission alternatives provides some relative measure of the potential economic viability of investment in the transmission system. Each potential transmission alternative has its annual requirements for covering fixed costs based on a project’s capital investment; financing costs, including debt service and return on investment plus operations; and maintenance costs. These annual costs can be estimated using annual carrying charges derived from representative capital costs for each alternative. This study assumes carrying charges of 14% to 16% of the capital costs. With a given savings in annual production costs, a range of capital investments can be estimated using these two fixed-charge rates. 
Table 4‑14 shows the implied range of capital investments attributable to production cost savings. For Case 1, the reduced production costs imply that between $10 and 12 million may be invested based on these reductions. In Case 2, which has larger production cost savings, the implied range of capital investments increases to the range of $32 to $40 million. For the cases where additional wind was added north of Orrington South, the savings in production costs was smaller and this reduced or eliminated the implied amount of capital investment that could be supported.
[bookmark: _Ref440984849][bookmark: _Toc454197687]Table 4‑14
Implied Range of Capital Investments Attributable to Production Cost Savings (Millions of $)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	10.1 to 11.6
	10.1 to 11.6

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	32.4 to 37.0
	35.5 to 40.5

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	4.9 to 5.6
	4.9 to 5.6

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0.1 to 0.1
	0.1 to 0.1

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0.0 to 0.0
	0.0 to 0.0


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884117]Load-Serving Entity Energy Expense
The metric for LSE energy expenses reflects the total amount that consumers of wholesale electric energy, including utilities and competitive power marketers, would spend to procure energy in the New England market. LSE energy expense is proxy for costs to consumers, recognizing that many LSEs purchase electric energy through bilateral contracts rather than in the spot markets. It is equivalent to the total electric energy revenues that resources and imports from neighboring systems would receive for supplying electric energy to the wholesale market plus the cost of congestion.[footnoteRef:28]  [28:  The LSE energy-expense metric does not include Auction Revenue Rights, which represent compensation derived from Financial Transmission Rights.] 

The LSE energy-expense metric is influenced by many factors and has some peculiar characteristics. For example, if excess wind causes an export-constrained area to experience low locational marginal prices, the aggregate New England LSE energy-expense metric would decrease. If the export-constrained interface were then relieved, the LMPs would increase within this area and the LSE energy expense metric associated with this area would increase. Because additional energy would be available to the rest of New England to displace the marginal resource in the rest of New England, the LMP would tend to decrease, and therefore the LSE energy-expense metric would decrease for the area outside the formerly export-constrained area.[footnoteRef:29] The sum of the increase and decrease in LSE energy expense, both inside and outside the formerly export-constrained area, may be positive or negative. In general, the net increase or decrease of the aggregate New England LSE energy expense would be affected by the magnitude of the load and geographic scope of the areas with LMPs that change. [29:  Because GridView is designed to minimize production costs, unit commitment may change if a lower-production-cost solution is identified after the network topology changed. Because the LMP is an outcome of the unit-commitment decision, not a part of GridView’s decision-making process, the resulting LMP may be higher in some instances, which would increase the LSE energy expense metric.] 

Table 4‑15 shows the LSE energy-expense metric for New England consumers for the 15 cases. Table 4‑16 shows the impact on this metric when the interface limit is increased to either 225 MW or unconstrained. 
[bookmark: _Ref440641956][bookmark: _Toc454197688]Table 4‑15
LSE Energy Expense at Simulated Levels of Keene Road Export Limit (Millions of $)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	7,240.5
	7,242.5
	7,242.5

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	7,234.5
	7,231.5
	7,231.3

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	7,179.8
	7,181.9
	7,181.9

	3B
	All New England wind in queue (as of April 1, 2015)
	6,963.1
	6,963.2
	6,963.2

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	6,928.6
	6,928.7
	6,928.7


(a) Outside of Keene Road, only "existing wind" is assumed.
[bookmark: _Ref440984863][bookmark: _Toc454197689]Table 4‑16
LSE Energy-Expense Reductions due to Increased Keene Road Export Limit (Millions of $)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	−2.0
	−2.0

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	3.0
	3.1

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	−2.1
	−2.1

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0.0
	0.0

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0.0
	0.0


(a) Outside Keene Road, only "existing wind" is assumed.
Case 1 shows that the LSE energy-expense metric increased by about $2.0 million/yr when the Keene Road interface was relaxed. This is because the LSE energy expense within the Keene Road area increased as the additional export capability allowed the prices to become synchronized with the outside area LMPs instead of separating and decreasing to a much lower price when constrained. The offsetting reduction in the LSE energy expense across the rest of New England was not sufficient to reduce this metric in aggregate.   
Case 2 shows a reduction in LSE energy expense of $3.0 million/yr when 53 MW of wind in the queue was added behind the Keene Road export interface and the interface increased to 225 MW. The reduction in LSE energy expense was slightly larger when the interface was unconstrained.
Case 3A shows that when only the wind in the queue with I.3.9 approval was added, the LSE energy expense increased by $2.1 million/yr.
Case 3B shows that when all the wind in the queue was added, the LSE energy expense did not decrease regardless of whether the interface increased to 225 MW or was unconstrained. The reductions to LSE energy expense were eliminated because the Orrington South interface was at its limit 70% of the hours, so that a change in the energy generated north of the Orrington South interface would not have any impact on the LMPs across much of New England. 
Case 4, which has a large amount of imports from New Brunswick, shows no changes in the LSE energy expense arising from relaxing the export limits from Keene Road. This is because the dispatch of the resources across the rest of New England does not change significantly since the energy crossing the Orrington South interface is at the limit 91% of the time. While the source of that energy (e.g. wind, hydro, fossil fuels, and imports) may change as the Keene Road interface is relaxed, the effect of the dispatch on the rest of New England does not change. Consequently, the marginal resources setting the LMP will remain unchanged. 
[bookmark: _Toc459884118]Locational Marginal Prices
The LSE energy expense is developed by summing the cost of energy at each location where there is customer demand. The energy is valued at the locational marginal price.   
[bookmark: _Toc459884119]Keene Road Export-Constrained Area
Figure 4‑1 and Table 4‑17 show the LMPs for the Keene Road export-constrained area for each of the 15 cases. From this graph, two observations can be made as shown in Cases 3A, 3B, and 4. First, as more wind and imports are added, the LMP became significantly lower. Case 4 with the highest penetration of wind resources and imports from New Brunswick has the lowest average LMP. The second observation is that as the Keene Road export interface increases from 165 to 225 MW and then becomes unconstrained, the LMP within the Keene Road export-constrained area increases. This is because the LMPs within the export-constrained area more often became the same as the higher price outside the Keene Road area. 

[image: ]
[bookmark: _Ref447198714][bookmark: _Toc454197642][bookmark: _Toc454197966]Figure 4‑1: LMPs for Keene Road export-constrained area ($/MWh).
[bookmark: _Ref447198742][bookmark: _Toc454197690]Table 4‑17
LMPs for Keene Export-Constrained Area ($/MWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	41.83
	48.63
	48.63

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	35.39
	44.55
	48.11

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	41.03
	46.39
	46.39

	3B
	All New England wind in queue (as of April 1, 2015)
	19.42
	19.77
	19.77

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	10.49
	10.76
	10.76


 (a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884120]Bangor Area
Figure 4‑2 and Table 4‑18 show the LMPs for the Bangor area (BHE) for each of the 15 cases. BHE encompasses the effect of the LMPs in the Keene Road export-constrained area. Because BHE contains the Keene Road export-constrained area, the effect shown in Figure 4‑1 is also observed here. As more wind and imports are added, the LMPs become significantly lower, as shown by the results for Cases 3A, 3B, and 4. Case 4, with the highest penetration of wind resources and imports from New Brunswick, has the lowest average LMP. Also, as the Keene Road export interface increases from 165 to 225 MW and then becomes unconstrained, the LMP within the BHE area increases because the higher LMPs at load busses within the Keene Road export-constrained area are included in the BHE LMPs. 
 
[image: ]
[bookmark: _Ref447198718][bookmark: _Toc454197643][bookmark: _Toc454197967]Figure 4‑2: LMPs for BHE, including Keene Road export-constrained area ($/MWh).

[bookmark: _Ref447198744][bookmark: _Toc454197691]Table 4‑18
LMPs for BHE including Keene Road Export-Constrained Area ($/MWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	47.88
	48.64
	48.64

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	46.99
	47.81
	48.11

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	46.08
	46.40
	46.40

	3B
	All New England wind in queue (as of April 1, 2015)
	19.76
	19.77
	19.77

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	10.75
	10.76
	10.76


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884121]Southern Maine Area
Figure 4‑3 and Table 4‑19 show the LMPs for the southern Maine area (SME) for each of the 15 cases. The SME area is south of the Orrington South interface as well as south of the Surowiec South interface. The results for Cases 3A, 3B, and 4 show that as more wind and imports are added, the LMPs decrease slightly. Case 4, with the highest penetration of wind resources and imports from New Brunswick, has an average LMP only slightly lower than the other cases. Additionally, the effect of relaxing the Keene Road export interface is barely discernible. An increase in the Keene Road export interface from 165 to 225 MW results in a slight increase in the LMP, which underlies the LSE energy-expense metrics discussed earlier. 
[image: ]
[bookmark: _Ref447198719][bookmark: _Toc454197644][bookmark: _Toc454197968]Figure 4‑3: LMPs for Southern Maine ($/MWh).
[bookmark: _Ref447198746][bookmark: _Toc454197692]Table 4‑19
LMPs for Southern Maine ($/MWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	48.82
	48.83
	48.83

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	48.79
	48.76
	48.75

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	48.39
	48.40
	48.40

	3B
	All New England wind in queue (as of April 1, 2015)
	47.17
	47.17
	47.17

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	47.04
	47.04
	47.04


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884122]New England
Figure 4‑4  and 
Table 4‑20 show the LMPs for the aggregate New England area for each of the 15 cases. These results show that as more wind and imports are added, the LMP become slightly lower. The effect of relaxing the Keene Road export interface sometimes results in a very slight increase or decrease in LMP, which underlies the LSE energy expense metrics discussed earlier. 
[image: ]
[bookmark: _Ref447198721][bookmark: _Toc454197645][bookmark: _Toc454197969][bookmark: _Ref447198752]Figure 4‑4: LMPs for aggregate ISO New England ($/MWh).
[bookmark: _Toc454197693]Table 4‑20
LMPs for ISO New England ($/MWh)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	49.06
	49.08
	49.08

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	49.02
	49.00
	49.00

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	48.65
	48.67
	48.67

	3B
	All New England wind in queue (as of April 1, 2015)
	47.18
	47.18
	47.18

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	46.95
	46.95
	46.95


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Toc459884123]CO2 System Emissions 
Environmental emissions are another important metric associated with increased exports of emission-free energy from the Keene Road area. This section summarizes the total New England CO2 emissions under the 15 cases investigated. Only the thermal units within New England contributed to this emission metric. Energy imported from external areas was assumed not to have any emissions. 
Table 4‑21 shows the total New England CO2 emissions for all cases. Table 4‑22 shows the reduction in total New England CO2 emissions as the Keene Road export interface is relaxed and more hydro energy was produced which displaced CO2 emitting thermal generation. Table 4‑23 shows the percentage reduction in New England CO2 emissions as the Keene Road export capability increases.
[bookmark: _Ref452114444][bookmark: _Toc454197694]Table 4‑21
Total New England CO2 Emissions (ktons)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	31,804.8
	31,793.2
	31,793.2

	2A
	Proposed Keene Road wind with I.3.9 (as of April 1, 2015)(a)
	31,773.4
	31,759.7
	31,759.7

	2B
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	31,730.9
	31,679.6
	31,673.5

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	31,059.9
	31,045.7
	31,045.7

	3B
	All New England wind in queue (as of April 1, 2015)
	28,249.3
	28,248.8
	28,248.8

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	27,378.7
	27,378.7
	27,378.7


(a) Outside Keene Road, only "existing wind" is assumed.
[bookmark: _Ref452114411][bookmark: _Toc454197695]Table 4‑22
Reduction in New England CO2 Emissions as Keene Road Export Capability Increases (ktons/yr)
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	11.7
	11.7

	2A
	Proposed Keene Road wind with I.3.9 (as of April 1, 2015)(a)
	Reference
	13.7
	13.7

	2B
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	51.2
	57.4

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	14.1
	14.1

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0.4
	0.4

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0.0
	0.0


(a) Outside of Keene Road, only "existing wind" is assumed.
[bookmark: _Ref452114417][bookmark: _Toc454197696]Table 4‑23
Percentage Reduction in New England CO2 Emissions as Keene Road Export Capability Increases
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	Reference
	0.037%
	0.037%

	2A
	Proposed Keene Road wind with I.3.9 (as of April 1, 2015)(a)
	Reference
	0.043%
	0.043%

	2B
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	Reference
	0.161%
	0.181%

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	Reference
	0.046%
	0.046%

	3B
	All New England wind in queue (as of April 1, 2015)
	Reference
	0.002%
	0.002%

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	Reference
	0.000%
	0.000%


(a) Outside Keene Road, only "existing wind" is assumed.
Case 1 shows that the CO2 emissions decreased 11.7 ktons/yr (0.037% reduction) when the Keene Road interface was relaxed. Case 2 shows that if only the wind generation in the queue behind the Keene Road interface was added, and the interface transfer limit increased to 225 MW, CO2 emissions decreased by 51.2 ktons/yr (0.161% reduction). The reduction was 57.4 ktons/yr (0.181% reduction) when the interface was unconstrained. Case 3A shows that if only the wind in the queue with I.3.9 approval was added and the interface limit increased to 225 MW, CO2 emissions decreased by 14.1 ktons/yr (0.046% reduction). 
Case 3B shows that if all the wind in the queue was added, the CO2 emissions decreased by 0.4 ktons/yr, regardless of whether the interface limit increased to 225 MW or was unconstrained. These reductions are smaller than in Cases 2 because the Orrington South interface was at its limit 69% of the hours, meaning that the change in the energy generated north of the Orrington South interface would not have an impact on the dispatch of other emitting resources across much of New England. 
Case 4, which has a large amount of imports from New Brunswick, shows no changes in CO2 emissions arising from relaxing the export limits from Keene Road. This is because the dispatch of the resources across the rest of New England does not change significantly in that the energy crossing the Orrington South interface is at the limit 91% of the time. While the source of this energy (e.g. wind, hydro, fossil fuel, and imports) may change as the Keene Road interface is relaxed, the effect on the dispatch of the rest of New England does not change. Consequently, the emissions from the marginal resources will remain unchanged.
[bookmark: _Toc447284957][bookmark: _Toc447284958][bookmark: _Toc447284959][bookmark: _Toc447285064][bookmark: _Toc447284960][bookmark: _Toc447284962][bookmark: _Toc447284963][bookmark: _Toc459884124]
Observations
The results of this study suggest that increasing the Keene Road interface from 165 MW to 225 MW shows production cost benefits of about $1.624 million/yr with the existing amounts of wind resources. Based on an assumed annual fixed-charge rate of 14% to 16%, the implied range of capital investment attributable to production cost savings would be $10.1 to $11.6 million. 
If an additional 53 MW of future wind resources from the queue behind the Keene Road export interface were to be considered, the annual savings would be $5.7 million/yr. Based on an assumed annual fixed-charge rate of 14% to 16%, the implied range of capital investment attributable to production cost savings would be $32.4 to $40.5 million. 
[bookmark: _Toc459884125]Orrington South Interface
Production cost benefits do not necessarily increase when wind is added north of Orrington South interface or if the Keene Road interface is relieved because the Orrington South interface may be constrained a significant number of hours. Further evaluation of increased transfer across this interface is considered in another 2015 Economic Study.[footnoteRef:30] [30:  ISO New England, 2015 Economic Study: Strategic Transmission Analysis—Onshore Wind Integration (August 2016), http://www.iso-ne.com/system-planning/system-plans-studies/rsp.] 

[bookmark: _Toc459884126]
Appendix
[bookmark: _Toc372102546][bookmark: _Toc385678562][bookmark: _Toc459884127]Economic Metrics from Production Simulation
The key economic metrics used to compare the cases are production cost and load-serving entity (LSE) energy expense. The absolute values of these metrics are not the focus of this analysis because the aim was to quantify relative changes. 
[bookmark: _Toc459884128][bookmark: _Toc385678563]Production Cost 
The production cost metric is based on the summation of dispatch costs for each unit multiplied by the amount of energy produced. This calculation aggregates all New England resources used to serve customer demands. Production costs for resources located in external areas would be constant in all cases and therefore would not affect the relative difference between cases. Therefore, external resources were not included.[footnoteRef:31] [31:  Interchange with neighboring areas is represented by a fixed interchange schedule with a zero cost for imports and zero revenues for exports.] 


Production Cost =   
Where:
i is a resource identifier (index)
h is the hour (index)
nUnit is the number of generating units in the simulation (count)
DispatchCosti is the cost of producing energy from resource ‘i’ ($/MWh)
MWhi,h is the generation of unit ‘i’ in hour ‘h’ (MWh)
[bookmark: _Toc459884129]Load-Serving Entity Energy Expense
LSE electric energy expense is calculated by taking the hourly marginal energy cost (e.g., the locational marginal price) in an area and multiplying it by the hourly load within that same area. Total LSE energy-expense is the summation of each area’s LSE energy-expense, which includes the effects of congestion.

LSE Energy Expense =   
Where:
r is an “area” (typically an RSP area) (index)
h is the hour (index)
nRSP is the number of areas (count)
LMPr,h is the energy price for area ‘r’ in hour ‘h’ ($/MWh)
MWhr,h is the load of area ‘r’ in hour ‘h’ (MWh)
[bookmark: _Ref451953887][bookmark: _Toc459884130]Interface Flows
Interface flow duration curves are shown for the Keene Road and Orrington South interfaces for each of the cases investigated.
[bookmark: _Ref452112343][bookmark: _Toc454197697]Table 6‑1
Legend Used in Identification of Cases
	Case ID
	Case
	165 MW
	225 MW
	Unconstrained

	1
	Base case with existing Keene Road wind (as of April 1, 2015)(a)
	165E
	225E
	UC-E

	2
	Future Keene Road wind in queue (as of April 1, 2015)(a)
	165F-KROnly
	225F-KROnly
	UC-F-KROnly

	3A
	All New England wind with I.3.9 (as of April 1, 2015)
	165P
	225P
	UC-P

	3B
	All New England wind in queue (as of April 1, 2015)
	165F
	225F
	UC-F

	4
	All New England wind in queue (as of April 1, 2015) and 1,000 MW of imports from New Brunswick available for dispatch 24 x 7
	165F-NB
	225F-NB
	UC-F-NB



[bookmark: _Toc459884131]Keene Road Interface

[image: ]
[bookmark: _Toc454197646][bookmark: _Toc454197970]Figure 6‑1: Keene Road—Case 1: Existing Wind, 2021 (MW).


[image: ]
[bookmark: _Toc454197647][bookmark: _Toc454197971]Figure 6‑2: Keene Road—Case 2: Future Keene Road Wind, 2021 (MW).

[image: ]
[bookmark: _Toc454197648][bookmark: _Toc454197972]Figure 6‑3: Keene Road—Case 3A: Proposed Wind, 2021 (MW).

[image: ]
[bookmark: _Toc454197649][bookmark: _Toc454197973]Figure 6‑4: Keene Road—Case 3B: Future Wind, 2021 (MW).

[image: ]
[bookmark: _Toc454197650][bookmark: _Toc454197974]Figure 6‑5: Keene Road—Case 4: Future Wind, with Imports from New Brunswick, 2021 (MW).
[bookmark: _Toc459884132]Orrington South
 [image: ]165E: Orrington South constrained 0.3% of time
225E: Orrington South constrained 1.3% of time
UC-E: Orrington South constrained 1.3% of time

[bookmark: _Toc454197651][bookmark: _Toc454197975]Figure 6‑6: Orrington South—Case 1: Existing Wind, 2021 (MW).


[image: ]165F: Orrington South constrained 1.8% of time
225F: Orrington South constrained 3.4% of time
UC-F: Orrington South constrained 7.4% of time

[bookmark: _Toc454197652][bookmark: _Toc454197976]Figure 6‑7: Orrington South—Case 2: Future Keene Road Wind, 2021 (MW).


[image: ]165P: Orrington South constrained 7.4% of time
225P: Orrington South constrained 8.2% of time
UC-P: Orrington South constrained 8.2% of time

[bookmark: _Toc454197653][bookmark: _Toc454197977]Figure 6‑8: Orrington South—Case 3A: Proposed Wind, 2021 (MW).


[image: ]165F: Orrington South constrained 69.1% of time
225F: Orrington South constrained 69.2% of time
UC-F: Orrington South constrained 69.2% of time

[bookmark: _Toc454197654][bookmark: _Toc454197978]Figure 6‑9: Orrington South—Case 3B: Future Wind, 2021 (MW).
[image: ]16F-NB: Orrington South constrained 90.9% of time
225F-NB: Orrington South constrained 90.9% of time
UC-F-NB: Orrington South constrained 90.9% of time

[bookmark: _Toc454197655][bookmark: _Toc454197979]Figure 6‑10: Orrington South—Case 4: Future Wind, with Imports from New Brunswick, 2021 (MW).
[bookmark: _Toc459884133]Locational Marginal Prices
LMP duration curves are shown for Southern Maine, Bangor (outside Keene Road), and within the Keene Road export-constrained interface for each of the cases investigated. Table 6‑1 above provides the legend used to identify the cases. 
[bookmark: _Toc459884134]Southern Maine

[image: ]LMPs in southern Maine are unaffected by the increased Keene Road export limit.

[bookmark: _Toc454197656][bookmark: _Toc454197980]Figure 6‑11: Southern Maine—Case 1: Existing Wind, 2021 ($/MWh).

[image: ]LMPs in southern Maine are unaffected by the increased Keene Road export limit.

[bookmark: _Toc454197657][bookmark: _Toc454197981]Figure 6‑12: Southern Maine—Case 2: Future Keene Road Wind, 2021 ($/MWh).

[image: ]LMPs in southern Maine are unaffected by the increased Keene Road export limit.

[bookmark: _Toc454197658][bookmark: _Toc454197982]Figure 6‑13: Southern Maine—Case 3A: Proposed Wind, 2021 ($/MWh).

[image: ]LMPs in southern Maine are unaffected by the increased Keene Road export limit.

[bookmark: _Toc454197659][bookmark: _Toc454197983]Figure 6‑14: Southern Maine—Case 3B: Future Wind, 2021 ($/MWh).

[image: ]LMPs in southern Maine are unaffected by the increased Keene Road export limit.

[bookmark: _Toc454197660][bookmark: _Toc454197984]Figure 6‑15: Southern Maine—Case 4: Future Wind, with Imports from New Brunswick, 2021 ($/MWh).
[bookmark: _Toc459884135]Bangor
[image: ]LMPs in Bangor decrease slightly in some hours as the Keene Road export limit increases because more wind energy is exported. 

[bookmark: _Toc454197661][bookmark: _Toc454197985]Figure 6‑16: Bangor—Case 1: Existing Wind, 2021 ($/MWh).

[image: ]LMPs in Bangor decrease slightly in some hours as the Keene Road export limit increases because more wind energy is exported. 

[bookmark: _Toc454197662][bookmark: _Toc454197986]Figure 6‑17: Bangor—Case 2: Future Keene Road Wind, 2021 ($/MWh).

[image: ]LMPs in Bangor decrease slightly in some hours as the Keene Road export limit increases because more wind energy is exported. 

[bookmark: _Toc454197663][bookmark: _Toc454197987]Figure 6‑18: Bangor—Case 3A: Proposed Wind, 2021 ($/MWh).


[image: ]Wind-on-wind competition at $0/MWh LMP
Imports set LMP at $10/MWh
Increased export capability increases LMPs in Bangor area because Keene Road LMPs increase in some hours.

[bookmark: _Toc454197664][bookmark: _Toc454197988]Figure 6‑19: Bangor—Case 3B: Future Wind, 2021 ($/MWh).
[image: ]Imports set LMP at $10/MWh over 50% of time
Wind-on-wind competition at $0/MWh LMP
Increased export capability increases LMPs in Bangor area because Keene Road LMPs increase in some hours.

[bookmark: _Toc454197665][bookmark: _Toc454197989]Figure 6‑20: Bangor—Case 4: Future Wind, with Imports from New Brunswick, 2021 ($/MWh).
[bookmark: _Toc459884136]Keene Road
[image: ]The 165 MW limit creates price separation behind Keene Road.

[bookmark: _Toc454197666][bookmark: _Toc454197990]Figure 6‑21: Keene Road—Case 1: Existing Wind, 2021 ($/MWh).


[image: ]The 225 MW export limit raises the LMP duration curve from the 165 MW export limit (blue).
The unconstrained export limit raises the LMP duration curve from the 165 MW (blue) and 225 MW (orange) export limit.

[bookmark: _Toc454197667][bookmark: _Toc454197991]Figure 6‑22: Keene Road—Case 2: Future Keene Road Wind, 2021 ($/MWh). 
[image: ]The unconstrained export limit raises the LMP duration curve from 165 MW (blue) to the 225 MW limit (green and orange).

[bookmark: _Toc454197668][bookmark: _Toc454197992]Figure 6‑23: Keene Road—Case 3A: Proposed Wind, 2021 ($/MWh). 
Note: The results for the 225 MW (225P) and Unconstrained (UC-P) cases are the same.


[image: ]The $5/MWh LMP is set by the threshold price of the hydro resource.
The $10/MWh LMP is set by the threshold price of imports from NB.
The $0/MWh LMP is set by “wind-on-wind” competition.

[bookmark: _Toc454197669][bookmark: _Toc454197993]Figure 6‑24: Keene Road—Case 3B: Future Wind, 2021 ($/MWh).
Note: The results for the 225 MW (225F) and Unconstrained (UC-F) cases are the same.

[image: ]The $0/MWh LMP is set by “wind-on-wind” competition.
The $5/MWh LMP is set by the threshold price of the hydro resource.
The $10/MWh LMP is set by the threshold price of imports from NB for about 50% time when NB imports available at 1,000 MW, 24/7.

[bookmark: _Toc454197670][bookmark: _Toc454197994]Figure 6‑25: Keene Road—Case 4: Future Wind, with Imports from New Brunswick. 2021 ($/MWh).
Note: The results for the 225 MW (225F-NB) and Unconstrained (UC-F-NB) cases are the same. 
[bookmark: _Toc459884137][bookmark: _Ref459884179]Wind Generation Queue
[bookmark: _Toc454197698]Table 6‑2
Wind Generation Modeled in the Existing, Proposed, and Future Cases (MW)
	Area Name
	Wind Resource Name or Queue Position (QP)
	Existing
	Proposed
	Future

	Keene Road 
	QP357_Passadumkeag Windpark(a) 
	0.0
	40.0
	0.0

	Keene Road 
	QP476_Wind(a)
	0.0
	0.0
	52.8

	Keene Road 
	Rollins Wind Plant 
	61.8
	0.0
	0.0

	Keene Road 
	Stetson II Wind Farm  
	26.3
	0.0
	0.0

	Keene Road 
	Stetson Wind Farm  
	58.7
	0.0
	0.0

	Area Total 
	146.8
	40.0
	52.8

	 
	 
	 
	 
	 

	BHE
	Bull Hill Wind 
	34.5
	0.0
	0.0

	BHE
	QP349_Pisgah Mountain  
	0.0
	9.1
	0.0

	BHE
	QP397_Hancock Wind Project 
	0.0
	0.0
	51.0

	BHE
	QP400_Wind 
	0.0
	0.0
	90.0

	BHE
	QP403_Pisgah Mountain Increase (see QP349) 
	0.0
	0.0
	0.1

	BHE
	QP417_Wind 
	0.0
	0.0
	250.0

	BHE
	QP420_Wind 
	0.0
	0.0
	72.6

	BHE
	QP435_Wind 
	0.0
	0.0
	111.0

	BHE
	QP458_Wind 
	0.0
	0.0
	104.0

	BHE
	QP459_Wind 
	0.0
	0.0
	104.0

	BHE
	QP460_Wind 
	0.0
	0.0
	104.0

	BHE
	QP461_Wind 
	0.0
	0.0
	104.0

	BHE
	QP462_Wind 
	0.0
	0.0
	104.0

	BHE
	QP470_Wind 
	0.0
	0.0
	600.6

	BHE
	QP471_Wind 
	0.0
	0.0
	600.6

	BHE
	QP486_Wind 
	0.0
	0.0
	250.0

	Area Total 
	34.5
	9.1
	2545.9

	 
	 
	 
	 
	 

	ME
	Georgia Mountain Community Wind (GMCW)
	)10.5
	0.0
	0.0

	ME
	Kibby Wind Power 
	149.6
	0.0
	0.0

	ME
	QP272_Oakfield II Wind – Keene Road 
	0.0
	147.6
	0.0

	ME
	Saddleback Ridge Wind 
	34.2
	0.0
	0.0

	ME
	Spruce Mountain Wind 
	20.0
	0.0
	0.0

	ME
	QP300_Canton Mountain Winds 
	0.0
	22.8
	0.0

	ME
	QP333_Bingham Wind 
	0.0
	184.8
	0.0

	ME
	QP350_Wind 
	0.0
	0.0
	96.9

	ME
	QP393_Wind 
	0.0
	0.0
	84.0

	ME
	QP406_Canton Increase (see QP300) 
	0.0
	0.0
	3.6

	ME
	QP407_Saddleback Ridge Increase  
	0.0
	0.0
	1.2

	ME
	QP452_Wind 
	0.0
	0.0
	85.8

	ME
	Record Hill Wind 
	50.6
	0.0
	0.0

	ME
	WND_MISC_ME
	6.3
	0.0
	0.0

	Area Total 
	271.2
	355.2
	271.5

	 
	 
	 
	 
	 

	BOSTON
	WND_MISC_Boston 
	12.2
	0.0
	0.0

	Area Total 
	12.2
	0.0
	0.0

	 
	 
	 
	 
	 

	CMA NEMA
	Princeton Wind Farm 
	3.0
	0.0
	0.0

	CMA NEMA
	WND_MISC_CMANEMA
	4.0
	0.0
	0.0

	Area Total 
	7.0
	0.0
	0.0

	 
	 
	 
	 
	 

	NH
	Lempster Wind 
	25.3
	0.0
	0.0

	NH
	Granite Reliable Power 
	120.2
	0.0
	0.0

	NH
	Groton Wind 
	50.5
	0.0
	0.0

	NH
	QP390_Spruce Ridge Wind Farm 
	0.0
	50.8
	0.0

	NH
	QP415_Jericho Wind 
	0.0
	12.1
	0.0

	NH
	QP543_Wind 
	0.0
	0.0
	28.4

	Area Total 
	196.0
	62.9
	28.4

	 
	 
	 
	 
	 

	RI
	WND_MISC_RI
	7.2
	0.0
	0.0

	Area Total 
	7.2
	0.0
	0.0

	 
	 
	 
	 
	 

	SEMA
	WND_MISC_SEMA
	22.9
	0.0
	0.0

	Area Total 
	22.9
	0.0
	0.0

	 
	 
	 
	 
	 

	VT
	Kingdom Community Wind 
	81.5
	0.0
	0.0

	VT
	QP488_Wind 
	0.0
	0.0
	96.9

	VT
	QP532_Wind 
	0.0
	0.0
	19.9

	VT
	QP536_Wind 
	0.0
	0.0
	5.0

	VT
	Searsburg Wind 
	1.7
	0.0
	0.0

	VT
	Sheffield Wind Plant 
	40.0
	0.0
	0.0

	Area Total 
	123.2
	0.0
	121.7

	 
	 
	 
	 
	 

	WMA
	Berkshire Wind Power Project 
	16.7
	0.0
	0.0

	WMA
	QP396_Berkshire Wind Increase 
	0.0
	0.0
	16.7

	WMA
	QP477_Wind 
	0.0
	0.0
	30.0

	WMA
	QP535_Wind 
	0.0
	0.0
	5.0

	WMA
	QP539_CNR Only 
	31.7
	0.0
	0.0

	WMA
	WND_MISC_WMA
	8.8
	0.0
	0.0

	Area Total 
	57.2
	0.0
	51.7


(a) 	While “QP357_Passadumkeag Windpark" was within the Keene Road export interface, it was moved outside of the Keene Road export area for the results presented. Only Bowers Mountain, "QP476_Wind," was added behind Keene Road in Case 2.
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