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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 scenario. Typically, these scenarios assess system performance under different conditions, such as with the possible addition of offshore wind into the New England region, resource retirements, and resource additions, but they do not assess scenarios focused on the performance of individual assets. 
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. The results of these metrics could suggest the most economical locations for resource development and the least economical locations for resource retirements. The study also assesses the effects of the various scenarios on reducing carbon dioxide (CO2) and other emissions.
This report, the 2015 Evaluation of Offshore Wind Development, (Offshore Wind Economic Study) summarizes the detailed modeling methodology, input assumptions, simulation results, and general observations of an economic study analyzing the addition of offshore wind into three substations in the Southeastern Massachusetts/Rhode Island (SEMA/RI) area: 
· Barnstable, with 25% of total offshore wind capacity interconnected
· Brayton Point, with 50% of total offshore wind capacity interconnected
· Kent County, with 25% of total offshore wind capacity interconnected
The study considered three wind-expansion levels:
· 0 megawatts (MW) (reference level)
· 1,000 MW[footnoteRef:1] [1:  Nameplate values are used for wind resources in this report.] 

· 2,000 MW
Sensitivities on fuel prices, (CO2) emission allowance costs, and resource retirements were also taken into consideration. As a result, five scenarios were studied, as defined in Section 2.4:
· Business as Usual
· Most Favorable to Offshore Wind (OSW)
· Favorable to OSW
· Most Unfavorable to OSW
· Unfavorable to OSW
Across all cases studied, the production cost savings for the addition of 1,000 MW of offshore wind ranged from a low of $104 million/yr under the Most Unfavorable to OSW scenario to a high of $407 million/yr under the Most Favorable to OSW scenario. The addition of 2,000 MW of offshore wind showed a range of production cost savings from $205 million/yr under the Most Unfavorable to OSW scenario to $807 million/yr under the Most Favorable to OSW scenario. 
The addition of 1,000 MW of offshore wind reduced the New England-wide load-serving entity (LSE) energy expenses,  ranging from a reduction of $56 million/yr under the Most Unfavorable to OSW scenario to a reduction of $241 million/yr under the Most Favorable to OSW scenario. With the addition of 2,000 MW of offshore wind, the total reduction of LSE energy expenses ranged from $128 million/yr under the Most Unfavorable to OSW scenario to $491 million/yr under the Most Favorable to OSW scenario. 
The primary environmental metric for this study was CO2 emissions. For the cases considered, a 1,000 MW addition of offshore wind resulted in a reduction in systemwide CO2 emissions, ranging from 1,518 kilotons (kton/yr) under the Most Unfavorable to OSW scenario to 2,132 kton/yr under the Favorable to OSW scenario.[footnoteRef:2] Adding 2,000 MW of offshore wind, also reduced systemwide CO2 emissions, ranging from 3,034 kton/yr under the Most Unfavorable to OSW scenario to 4,230 kton/yr under the Favorable to OSW scenario.  [2:  With the Favorable to OSW scenario, CO2 emissions decreased slightly more than the Most Favorable to OSW scenario, which has higher production from coal units.] 

The regional New England locational marginal price (LMP) decreased with the addition of offshore wind. Wind energy was modeled as having a $0/MWh production cost. Each megawatt generated by offshore wind replaced more expensive marginal generation somewhere within the New England region and therefore reduced the regional LMP.
Adding offshore wind resulted in two major interfaces being less constrained. The SEMA/RI import interface and the North–South interface experienced fewer constrained hours over the course of the simulated year, 2021. No transmission constraints were seen on the SEMA/RI Export and East–West interfaces. 
A few 115 kilovolt (kV) constraints in the SEMA/RI area were observed under the Business as Usual, Most Favorable, and Favorable to OSW scenarios. However, these results are consistent with recent area study results.[footnoteRef:3] The associated congestion cost was insignificant, about $1 million per year. Therefore, these 115 kV constraints were not considered further as part of this economic study.  [3:  One such study is the SEMA/RI 2026 Needs Assessment draft report available at https://smd.iso-ne.com/operations-services/ceii/pac/2016/03/sema_ri_2026_needs_assessment_report_raft.pdf. ] 
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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:4] 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. [4:  ISO New England Inc. Transmission, Markets, and Services Tariff (ISO tariff), Section II, Open Access Transmission Tariff, Attachment K, “Regional System Planning Process” (April 13, 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 offshore wind deployment on New England’s wholesale electricity markets and operations. 
[bookmark: _Toc451502497]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:5] The ISO then performs up to three economic studies and subsequently reviews all results and findings with the PAC. [5:   OATT, Attachment K, Section 4.1b.] 

In fulfillment of this obligation, ISO staff presented the 2015 Evaluation of Offshore Wind Development, (Offshore Wind Economic Study) scope of work, assumptions, draft results, and final results to the PAC. The study does not include detailed transmission analysis that would be required to fully develop generator interconnection upgrades, elective transmission upgrades, or market-efficiency transmission upgrades.[footnoteRef:6] The results, however, may be used to determine the need for future analyses. [6:  A generator interconnection upgrade is an addition or modification to the New England transmission system for interconnecting a new or existing generating unit whose capability to provide energy or capacity is materially changing and increasing, whether or not the interconnection is for meeting the Network Capability Interconnection Standard or the Capacity Capability Interconnection Standard (both defined in the ISO’s OATT, Schedule 22, Large Generator Interconnection Procedures, available at http://www.iso-ne.com/participate/rules-procedures/tariff/oatt). 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.] 
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The Massachusetts Clean Energy Center (CEC) requested a 2015 economic study to evaluate the economic impact of up to 2,000 megawatts (MW) of offshore wind deployment into the Southeastern Massachusetts/Rhode Island (SEMA/RI) area.[footnoteRef:7] Figure 2‑1 shows a map of the Massachusetts and Rhode Island/Massachusetts wind energy areas for potential future commercial leasing of offshore wind.  [7:  Massachusetts CEC, “Economic Study Proposal to Evaluate the Impact of Offshore Wind Deployment on New England’s  Wholesale Electricity Markets and Operations” (April 1, 2015), http://www.iso-ne.com/static-assets/documents/2015/04/offshore_wind_deployment_eco_study_request.pdf.] 
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[bookmark: _Ref448312363][bookmark: _Toc451502589]Figure 2‑1: Massachusetts and Rhode Island/MA Wind Energy Area.
The CEC requested results for a limited number of scenarios of offshore wind development. The intent was to evaluate the economic impact of offshore wind deployment for the PAC by providing indicative results under the assumed study conditions. This economic study considered three offshore wind expansion levels:
· 0 MW (reference level)
· 1,000 MW[footnoteRef:8] [8:  Nameplate values are used for wind resources in this report.] 

· 2,000 MW
In terms of the wind generation’s points of interconnections (POIs), 25% of the total offshore wind nameplate capacity was assumed interconnected to the Kent County substation, 50% of the total offshore wind nameplate capacity was assumed interconnected to the Brayton Point substation, and the remaining 25% was assumed interconnected to the Barnstable substation.
Figure 2‑2 shows a map of the offshore wind interconnections. The thick blue lines represent 345 kV transmission lines, and the thin red lines represent 115 kV transmission lines. Additionally, solid lines represent existing transmission lines, and the dotted lines represent authorized or planned installations. The offshore wind either directly connects to major 345 kV substations or near major 345 kV substations, which enables the harvested offshore wind energy to be delivered to load. 
[image: ]
[bookmark: _Ref448387537][bookmark: _Toc451502590]Figure 2‑2: Offshore wind interconnection map.
Source: ISO New England, Forecast Report of Capacity, Energy, Loads, and Transmission (CELT) 2015–2024 (2015 CELT Report), “New England Geographic Transmission Map through 2024” (Revision December 17, 2014), http://www.iso-ne.com/static-assets/documents/2015/05/2015_celt_appendix_f.pdf.
Note: The thick blue lines represent 345 kV transmission lines, the thin red lines represent 115 kV transmission lines, the solid lines represent existing transmission lines, and the dotted lines represent authorized or planned installations. 
The economic study request proposed a single representative year, and the study ultimately simulated 2021. 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:9]   [9:  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 economic study scope of work was designed to develop metrics to quantify the effect of offshore wind deployment in the SEMA/RI area. The benefits of allowing the production of relatively inexpensive resources—offshore wind—in southern New England were quantified. 
[bookmark: _Toc451502499]Offshore Wind Capacity Value 
Pursuant to the ISO tariff, Section III.13.1.1.2.2.6, and as summarized in “Exhibit 2—Guideline for the Provision of Intermittent Resource (Wind) Data for New Resources Seeking Qualification for the Forward Capacity Market,” the ISO based the estimated capacity value for offshore wind on summer reliability hours, which are hours ending (HE) 2:00 p.m. to HE 6:00 p.m. from June to September.[footnoteRef:10] [10:  ISO tariff, Section III.13.1.1.2.2.6, http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_3/mr1_sec_13_14.pdf. Also see: Guideline for the Provision of Intermittent Resource (Wind) Data for New Resources Seeking Qualification for the Forward Capacity Market (June 2014), http://www.iso-ne.com/search?query=Intermittent%20Resources (Under FCA #10 Intermittent Resources Forms and Guidelines).] 

Because  wind data from the National Renewable Energy Laboratory (NREL) of the US Department of Energy (DOE) do not reflect Daylight Saving Time, the corresponding summer reliability hours’ data for this study are recorded NREL wind outputs at HE 1:00 p.m. to HE 3:00 p.m. from June to September. The offshore wind capacity value was calculated as the average of the daily medians of these NREL wind data.
The calculated wind capacity values associated with the three POIs are in the range of 30% to 37% of their nameplate values. A simplified capacity value of 30% was used for calculating the estimated offshore wind qualified capacity and also to determine the replacement capacity required from gas turbines in the nuclear retirement scenarios.
[bookmark: _Ref448408494][bookmark: _Toc451502500]Offshore Wind Simulation Scenarios
The ISO used the GridView program (refer to Section 3.8) to perform the production cost analyses that formed the basis of the economic studies. This analysis consisted of 15 scenarios developed from five cases of fuel-price assumptions for 2021 based on DOE’s Energy Information Administration (EIA) 2015 Annual Energy Outlook.[footnoteRef:11] These fuel-price cases used EIA reference prices for natural gas and oil (Reference case), prices double the EIA reference prices for natural gas and oil (Double EIA reference prices), high EIA oil prices (High Oil case), prices half the EIA reference prices for natural gas and oil (Half EIA reference prices ), and low EIA oil prices (Low Oil case). Refer to Section 3.4.3 for tabulations of the fuel prices. [11:  EIA, Annual Energy Outlook 2015 (April 2015) (2015 AEO), http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. ] 

The five main scenarios for this study are as follows. 
· Scenario A—Business as Usual: This scenario evaluated the benefits of offshore wind deployment with FCA #9-cleared resources and existing wind resources only. This scenario used the EIA Reference case for natural gas and oil prices.
· Scenario B—Most Favorable to Offshore Wind (OSW): This scenario is one of two that represent the potential retirement of New England nuclear plants. With about 4,000 MW of nuclear capacity (Millstone, Seabrook, and Pilgrim) retired, a combination of offshore wind and simple-cycle gas units provided the replacement capacity. A capacity rating factor of 30% was applied to calculate the offshore wind capacity value for this scenario. The remaining capacity shortfall to fully replace the nuclear capacity was fulfilled by simple-cycle gas units proportionally distributed at the nuclear sites. This scenario used the Double EIA reference prices for natural gas and oil. 
· Scenario C—Favorable to OSW: This second scenario representing the potential retirement of nuclear facilities in New England used the same assumptions as the Most Favorable to OSW scenario except that it applied the High Oil case for the fuel prices.
· Scenario D—Most Unfavorable to OSW: This scenario is one of two that investigated the impacts of the retirement of 5,160 MW of carbon-heavy units (shown in the appendix of this report, Section 6.2, Table 6-1). The replacement capacity came from efficient natural gas combined-cycle (NGCC) units. These NGCC units were modeled with exactly the same capacities and at the same locations as those retired units. This scenario used the Half EIA reference prices for natural gas and oil.
· Scenario E—Unfavorable to OSW: This second scenario representing the impacts of the retirement of New England’s carbon-heavy units used the same assumptions as the Most Favorable to OSW scenario expect that it applied the Low Oil case for the fuel prices.
Table 2‑1 and the sections that follow summarize the five scenarios studied. 
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[bookmark: _Ref448398957][bookmark: _Toc451503182]Table 2‑1
Matrix of Scenarios Investigated 
	Scenarios(a)
	Natural Gas /
Oil Prices
	Imports and Exports
	Retirements
	CO2 Allowance
Costs

	
	
	
	Nuclear
	Oil and Coal
	

	 
A. Business as Usual
 
 
	EIA reference 2021 NG and oil  prices

	Average of three years of historical interchange values for New York AC ties, CSC, NNC, HG, and Phase II(b)

Highest monthly diurnal values of 2013 or 2014 for the Maritimes

All resources are curtailable if LMP <$10/MWh(b)
	None(b)
	None
	Base: $20/
short ton

	 B. Most 
Favorable
to Offshore Wind
	Double the reference NG and oil prices
	Same as above
	FCA #9 resources and existing wind: Retire Pilgrim, Seabrook, and Millstone; replace them with simple-cycle gas units at specific substations proportionally (keeping total system capacity constant while adding offshore wind)
	None
	High: $40/
short ton

	 C. Favorable to OSW
	EIA high oil prices
	
	
	
	

	D. Most Unfavorable to OSW
	Half the reference NG and oil prices
	Same as above
	None(c)
	FCA #9 resources and all renewables in the queue with “active” status(d) as of April 1, 2015: Replace the carbon-heavy capacity with natural gas combined-cycle capacity
	Low: $10/
short ton

	E. Unfavorable to
OSW
	EIA low oil prices
	
	
	
	


(a) 	Scenario names are consistent with the original request from the Massachusetts Clean Energy Center.
(b) 	Cross-Sound Cable (CSC), Norwalk–Northport Cable (NNC), and Highgate (HG). Phase II refers to Hydro-Québec Phase II. LMP refers to locational marginal price.
(c) 	Pilgrim is not retired consistent with FCA #9. A total of 677 MW of base load nuclear generation could serve as a proxy for higher levels of energy efficiency (EE), wind, and imports.
(d) 	Block Island Wind was not modeled because it is a non-FERC jurisdictional project. Cape Wind was not modeled neither. 
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[bookmark: _Toc451502501]Scenario A—Business as Usual 
This scenario assumes only the amount of onshore wind resources installed as of April 1, 2015. Three levels of offshore wind expansion were compared to determine the benefits of adding offshore wind. The cases modeled EIA’s 2021 forecasted reference prices for natural gas and oil for the New England region and the base carbon allowance cost.
[bookmark: _Toc451502502]Scenario B—Most Favorable to OSW
This scenario assumes that all the New England nuclear capacities that cleared in FCA #9 were retired, including Millstone, Pilgrim, and Seabrook, totaling about 4,000 MW. The retired nuclear capacity was replaced by offshore wind and fast-start simple-cycle units.[footnoteRef:12] To calculate the qualified offshore wind capacity value, a simplified capacity rating factor of 30% was applied. The remaining capacity shortfall was fulfilled by simple-cycle gas units proportionally distributed at the three nuclear sites. For example, 1,000 MW of offshore wind accounted for 300 MW of replacement capacity, and the remaining 3,700 MW of required replacement capacity was provided by simple-cycle units proportionally distributed at the three nuclear sites.  [12:  “Fast-start” generators are those units that can be electrically synchronized to the system and reach maximum production or output within 10 to 30 minutes to respond to a contingency and serve demand. They can go from being off line to their full maximum power rating used by real-time operations in 10 minutes. These units do not need to participate in the 10-minute reserve market to be considered a fast-start unit in planning studies.] 

Natural gas and oil prices were modeled at double the reference prices in Scenario A. The carbon allowance cost was also assumed to be double the base CO2 allowance cost. The elevated fuel prices and emission allowance cost would help to increase the economic benefits of the offshore wind in this Most Favorable to OSW scenario.
[bookmark: _Toc451502503]Scenario C—Favorable to OSW
This scenario is similar to Scenario B except for the assumed fuel prices. Natural gas and oil prices of the EIA 2021 High Oil case were modeled in Scenario C. The oil prices of the High Oil fuel-price case are almost double those of the reference case’s oil fuel prices; however, the natural gas price increased only to 103% of the reference case’s natural gas price (refer to Section 3.4.3, Table 3‑2).
[bookmark: _Toc451502504]Scenario D—Most Unfavorable to OSW
This scenario adds all the onshore wind resources that had an “active” status in the ISO queue as of April 1, 2015.[footnoteRef:13] The total amount of New England onshore wind studied was 4,405 MW. This scenario also assumes that the New England high-carbon-emitting units (listed in Appendix Table 6‑1), totaling about 5,160 MW, have retired and were replaced by efficient combined-cycle gas units with the same capacity and at the same location. For example, Bridgeport Harbor unit #3, which is a coal-fired plant with an FCA #9 summer qualified capacity of 383 MW, was replaced with a new natural gas combined-cycle plant of 383 MW at the Pequonnock  Substation. [13:  The ISO also administers non-FERC projects, which were not modeled. Cape Wind was not modeled either.] 

The natural gas and oil prices modeled for this scenario were as low as half the reference prices in Scenario A. The carbon allowance cost was also assumed to be half the base CO2 allowance cost. The assumed low fuel prices and emission cost would help decrease the economic benefits of the offshore wind for this Most Unfavorable to OSW scenario.
[bookmark: _Toc451502505]Scenario E—Unfavorable to OSW
This scenario is similar to Scenario D except for the assumed fuel prices. Natural gas and oil prices of the EIA Low Oil case were modeled in this scenario. These oil prices were more than 30% lower compared with those of the reference case; however, the natural gas price was only 5% lower compared with the reference case natural gas price (refer to Section 3.4.3; Table 3‑2). 
[bookmark: _Toc448837384][bookmark: _Toc451502506]Offshore Wind Simulation Cases
For each of the five main scenarios, three offshore wind expansion levels were simulated—0 MW, 1,000 MW, and 2,000 MW—resulting in a total of 15 cases. Table 2‑2 presents the total New England onshore and offshore wind amount for each case. 
[bookmark: _Ref440984748][bookmark: _Toc451503183]Table 2‑2
Matrix of Cases Investigated—Total Nameplate Wind by Scenario (MW) 
	Offshore Wind
Expansion Levels Nameplate (MW) 
	Scenarios
	Description
	Onshore
Wind Nameplate (MW) 
	New England Total Wind (Offshore and Onshore) Nameplate (MW) 

	0
	A 
	Business as Usual
	878
	878

	
	B
	Most Favorable to OSW 
	878
	878

	
	C
	Favorable to OSW 
	878
	878

	
	D
	Most Unfavorable to OSW 
	4,405
	4,405

	
	E
	Unfavorable to OSW 
	4,405
	4,405

	1,000
	A 
	Business as Usual
	878
	1,878

	
	B
	Most Favorable to OSW 
	878
	1,878

	
	C
	Favorable to OSW 
	878
	1,878

	
	D
	Most Unfavorable to OSW 
	4,405
	5,405

	
	E 
	Unfavorable to OSW 
	4,405
	5,405

	2,000
	A
	Business as Usual
	878
	2,878

	
	B 
	Most Favorable to OSW 
	878
	2,878

	
	C
	Favorable to OSW 
	878
	2,878

	
	D
	Most Unfavorable to OSW 
	4,405
	6,405

	
	E
	Unfavorable to OSW 
	4,405
	6,405


 
[bookmark: _Toc448837386][bookmark: _Toc448837387][bookmark: _Toc448837388][bookmark: _Toc449363457][bookmark: _Toc449363531][bookmark: _Toc449363460][bookmark: _Toc449363534][bookmark: _Toc451502507]
Data and Assumptions
Using detailed models of load, energy efficiency (EE), and photovoltaic (PV) and generation resources, this study used thermal unit heat-rate curves to support unit-commitment trade-off decisions and determine the marginal cost of energy at each location. The transmission system was represented in sufficient detail to account for transmission constraints. The loads and resources contained in the ISO’s 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, Forecast Report of Capacity, Energy, Loads, and Transmission (CELT) 2015–2024 (May 1, 2015) (2015 CELT Report), http://www.iso-ne.com/static-assets/documents/2015/05/isone_fcst_data_2015.xls.] 

[bookmark: _Toc451502508]Demand Forecasts  
The simulations modeled a gross summer peak demand of 30,900 MW, which is the 50/50 peak value for the year 2021.[footnoteRef:15]  The hourly load profile was based on the historical 2006 hourly profile that reflects 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.  [15:  The 2021 load instead of the 2024 load was modeled in this study, which was an updated assumption to the 2015 Economic Study Offshore Wind Scope of Work—Revised Draft presented at the June 17, 2015, PAC meeting. The difference between the 2021 and  2024 net New England loads (equal to gross load minus PV resources and minus passive demand-response resources) is not significant, 388 MW, based on the CELT 2015. A 50/50 peak load has a 50% chance of being exceeded because of weather conditions, expected to occur in the summer in New England at a weighted New England-wide temperature of 90.2 °F, and in the winter, 7.0 °F.] 

[bookmark: _Ref450895425][bookmark: _Toc451502509]Profiles for Energy Efficiency, Active Demand Resources, and Real-Time Emergency Generation
Energy efficiency, 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 expected to be implemented by 2021 as shown in Table 3‑1.[footnoteRef:16] [16:  ISO New England, Final 2015 Energy-Efficiency Forecast 2019–2025, presentation (May 1, 2015), http://www.iso-ne.com/static-assets/documents/2015/04/iso_ne_final_2015_ee_forecast_2019_2024.pdf. A capacity supply obligation is a requirement for a resource to provide capacity, or a portion of capacity, to satisfy a portion of the ISO’s Installed Capacity Requirement acquired through a Forward Capacity Auction, a reconfiguration auction, or a CSO bilateral contract through which a market participant may transfer all of part of its CSO to another entity.] 

[bookmark: _Ref450897642][bookmark: _Toc451503184]Table 3‑1
Amount and Type of Demand Resources in New England (MW, 2021)
	Resource Type
	Modeled Megawatts
	FCA #9 Forecasted Megawatts

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

	Forecasted additional energy efficiency (2019–2021)
	
	695

	Total energy efficiency
	3,000
	

	FCA #9 real-time demand response
	523
	

	FCA #9 real-time emergency generation (activated in OP 4,
Action 6)
	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 (August 12, 2014), http://www.iso-ne.com/static-assets/documents/rules_proceds/operating/isone/op4/op4_rto_final.pdf.
Figure 3‑1 presents the combined hourly profiles of EE, active demand resources, and RTEG used to modify the hourly load. The distribution of these demand resources to the Regional System Plan (RSP) areas was based on their FCA #9 capacity obligations. For modeling purposes, the profile mimics distributed resources by adjusting the hourly loads in RSP areas.[footnoteRef:17] The remaining load after these adjustments is the energy that generating resources or imports must serve. [17:  Distributed resources typically are smaller-sized resources that use load-reduction technologies or on-site generators, often located at or near load centers and generally installed and owned by a commercial or industrial facility, sometimes used to help maintain the reliability of the electric supply during grid emergencies.] 

[image: ]
[bookmark: _Ref450897681][bookmark: _Toc451502591]Figure 3‑1: Profile representing passive demand resources, active demand resources, and real-time emergency generation (MW).
[bookmark: _Toc451502510]Photovoltaic Resources
The PV profile was developed from data from the National Renewable Energy Laboratory’s Eastern Renewable Generation Integration Study.[footnoteRef:18] The NREL solar dataset was developed to represent a large amount of solar capacity that does not currently exist to study 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:19] The New England profiles were based on 2006 historical weather. [18:  NREL, Eastern Renewable Generation Integration Study (US Department of Energy, 2015), http://www.nrel.gov/electricity/transmission/eastern_renewable.html.]  [19:  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 in Figure 3‑2 shows the aggregate profile for all the PV resources modeled in New England. 
[image: ]
[bookmark: _Ref450897816][bookmark: _Toc451502592]Figure 3‑2: New England aggregate photovoltaic profile (MW).
[bookmark: _Toc451502511]Generation 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 North American Electric Reliability Corporation (NERC) 2015 TPL-001-4 Compliance Study case for summer 2021 with a total capacity of 33,415 MW.[footnoteRef:20]  [20:  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 NERC 2021 summer power flow case is dated June 5, 2015.] 

The major capacity additions include the 204 MW Medway gas turbine unit added in SEMA and the 670 MW Towantic combined-cycle unit added in southwestern Connecticut. Across New England, existing wind totaled 878 MW, 467 MW had an approved Proposed Plan Application (PPA), and another 3,072 MW were in the queue.[footnoteRef:21] The major retirement was the retirement of Vermont Yankee with a capacity of 650 MW. [21:  Cape Wind had an active status in the queue, but it was not included in the study.] 

[bookmark: _Toc451502512]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, along with 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: _Toc451502513]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 electric 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 simulating multiple Monte-Carlo cases and combining the results to represent impacts when specific units were unavailable due to forced outages. A Monte-Carlo-based simulation would indicate 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: _Ref450724203][bookmark: _Toc451502514]Fuel Prices 
The assumptions for fuel prices were based on DOE’s 2015 Annual Energy Outlook.[footnoteRef:22] Figure 3‑3 shows EIA’s forecasted fuel prices for the New England region for 2015 to 2030.  [22:  DOE, 2015 AEO, http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. ] 

[image: ]
[bookmark: _Ref441506003][bookmark: _Toc451502593]Figure 3‑3: Fuel-price assumptions based on EIA’s 2015 Annual Energy Outlook ($/MWh). 
Fuel prices were assumed constant across all months in a year with the exception of natural gas prices. Natural gas prices were assumed to vary monthly to reflect the seasonal trends resulting from shifts in supply and demand. Historical trends have shown that natural gas prices are higher during the high heating, winter months and lower during the nonheating season months. Figure 3‑4 shows the assumed monthly natural gas price multiplier.
[image: ]
[bookmark: _Ref440465473][bookmark: _Toc451502594]Figure 3‑4: Assumed monthly variation in the natural gas prices for New England.
Table 3‑2 lists EIA’s forecasted 2021 oil and natural gas prices for the electric power sector in dollars per millions of British thermal units ($/MMBtu). Three sets of prices correspond to three EIA cases: Reference Case, High Oil Case, and Low Oil Case. Reference Case prices were used in the Business as Usual scenario, High Oil Case prices were modeled in the Favorable to OSW scenario, and Low Oil Case prices were modeled in the Unfavorable to OSW scenario. Forecasted natural gas prices did not change significantly case to case, although oil prices varied significantly when comparing the High Oil case with the Low Oil case.
[bookmark: _Ref447714063][bookmark: _Toc451503185]Table 3‑2
Forecasted 2021 Natural Gas and Oil Prices for Electric Power Sector 
Based on EIA’s Annual Energy Outlook 2015 ($/MMBtu)
	Electric Power Sector
	2021

	
	Reference Case
	High Oil Case
	Low Oil Case

	   Distillate fuel oil
	18.80
	32.19
	14.63

	   Residual fuel oil
	9.27
	19.73
	6.01

	   Natural gas
	5.46
	5.61
	5.16



[bookmark: _Toc447284926][bookmark: _Toc447284927][bookmark: _Toc451502515]Wind Resources 
Wind resources modeled include FCA #9 resources. Additionally, some energy-only wind resources did not have a capacity supply obligation. 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 turbine efficiencies.[footnoteRef:23] Figure 3‑5 presents an aggregate, chronological onshore wind profile for all the wind units modeled in New England using 2006 synthetic wind estimates. The profile assignment for each individual resource was based on the nearest NREL synthetic data site.  [23:  NREL, “Transmission Grid Integration,” webpage (May 6, 2015), http://www.nrel.gov/electricity/transmission/eastern_wind_methodology.html.] 

[bookmark: _Ref441507122][image: ]
[bookmark: _Ref450898559][bookmark: _Toc451502595]Figure 3‑5: New England aggregate onshore wind profile (MW).
Figure 3‑6 shows an aggregate, chronological offshore wind profile for the proposed offshore wind modeled in New England using 2006 synthetic wind estimates. The profile assignment for each offshore wind site was based on a representative NREL synthetic data site close to the specific point of interconnection.
[bookmark: _Ref447791142]
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[bookmark: _Ref450898586][bookmark: _Toc451502596]Figure 3‑6: New England aggregate offshore wind profiles (MW).
[bookmark: _Toc447811560][bookmark: _Toc448837411][bookmark: _Toc451502516]Hydroelectric Resources
Hydroelectric resources in New England were assumed to have monthly energy profiles based on historical generation. This monthly electric energy was then converted to an hourly profile, assuming that some amount of hydro would be produced in every hour, although the hydro generation would tend to be greater when the loads were highest and less when loads were lower. This methodology was used in all areas of New England. Figure 3‑7 shows an aggregate hydro profile modeled in New England. 
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[bookmark: _Ref450898665][bookmark: _Toc451502597]Figure 3‑7: New England aggregate hydro profile (MW).
[bookmark: _Toc451502517]Environmental Emission Allowances 
Estimates of emissions 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:24] The energy imported from New Brunswick, New York, and Québec were assumed to have zero emissions. [24:  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 values of emission allowances were based on the following assumptions: 
· Carbon dioxide (CO2)
· Base—$20/short ton
· High—$40/short ton
· Low—$10/short ton
· Sulfur dioxide (SO2)—$6/short ton 
· Nitrogen oxides (NOX)—$5/short ton
The base CO2 allowance value was assumed in the Business as Usual scenario, the high CO2 allowance value was assumed in the Most Favorable and Favorable to OSW scenarios, and the low CO2 allowance value was assumed in the Most Unfavorable and Unfavorable to OSW scenarios. 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 insignificant.
[bookmark: _Ref448830636][bookmark: _Toc451502518]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). 
[bookmark: _Ref440554739]Figure 3‑8 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 the historical data and represented the interchange by month throughout the year. An alternative to using daily diurnal curves would 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. 
[image: ]
[bookmark: _Ref450898786][bookmark: _Toc451502598]Figure 3‑8: New England’s external interfaces. 
Note: HQ 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 3‑9 to Figure 3‑14. These graphs show the profiles for each of the three years, with the three-year average shown as a thick blue line. 
[bookmark: _Toc451502519]Québec
Figure 3‑9 shows the flows across Hydro-Québec Phase II (HQ PII) into Sandy Pond, and Figure 3‑10  shows the flows across the Highgate interconnection. 
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[bookmark: _Ref440554985][bookmark: _Toc451502599]Figure 3‑9: Average diurnal flows by month, representing net energy injections into New England from Québec at HQ PII, 2012 to 2014 (MW).
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[bookmark: _Ref441507780][bookmark: _Toc451502600]Figure 3‑10: Average diurnal flows by month, representing net energy injections into New England from Québec at Highgate, 2012 to 2014 (MW).
[bookmark: _Toc451502520]The Maritimes
Instead of a three-year average, the New Brunswick imports, shown in Figure 3‑11, 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. 

[image: ]
[bookmark: _Ref441507986][bookmark: _Toc451502601]Figure 3‑11: Average diurnal flows by month, representing net energy injections into New England via the New Brunswick ties (MW).
[bookmark: _Toc451502521]New York
Figure 3‑12 through Figure 3‑14 show the interchange profiles between New England and New York for each of the years and an average for all three years. Figure 3‑12 shows the flows over the interconnection between New York and New England into the Hudson Valley region (Roseton). Figure 3‑13 shows the flows over the AC cable between Norwalk and Northport (NNC) on Long Island. Figure 3‑14 shows the flows across the DC Cross-Sound Cable (CSC) between New Haven and Shoreham on Long Island. 
[image: ]
[bookmark: _Ref441508065][bookmark: _Toc451502602]Figure 3‑12: Average diurnal flows by month, representing net energy injections into New England at the NY AC tie, 2012 to 2014 (MW).
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[bookmark: _Ref441509337][bookmark: _Toc451502603]Figure 3‑13: Average diurnal flows by month, representing net energy injections into New England across the Norwalk–Northport cable, 2012 to 2014 (MW).

[image: ]
[bookmark: _Ref440555006][bookmark: _Toc451502604]Figure 3‑14: Average diurnal flows by month, representing net energy injections into New England at the Cross-Sound Cable, 2012 to 2014 (MW).
[bookmark: _Toc451502522]Transmission System Network
The detailed ISO New England transmission network was based on a 2021 summer steady-state base case in the ISO’s NERC TPL-001-4 Compliance Study.[footnoteRef:25] The case reflects transmission improvements listed in the RSP Project List as of May 18, 2015, including the Maine Power Reliability Program.[footnoteRef:26] Transmission lines operated at 230 kV and above were monitored to ensure that flows remained within their long-term ratings. [25:  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.]  [26:  The Final RSP15 Project List (May 2015) is available at http://www.iso-ne.com/system-planning/system-plans-studies/rsp/. ] 

[bookmark: _Toc451502523]Representing Loads
The study used distribution factors developed by transmission owners for a 10-year forecast period to allocate loads to the busses across the New England network. 
[bookmark: _Toc451502524]Contingency Modeling 
Stability and voltage constraints were modeled on major interfaces that were potentially constraining. 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. Moreover, critical operational contingencies in the SEMA/RI area were modeled to better examine any potential transmission congestions caused by the offshore wind addition. These contingencies mainly model the loss of one transmission line operating at 115 kV or above or the loss of one 345/115 kV transformer.
[bookmark: _Toc451502525]Transmission interfaces
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 3‑3. Interface limits are the only mechanism available in GridView to represent voltage and stability limits in the simulations. The only significant local transmission constraint considered in this study was the SEMA/RI import interface. 
[bookmark: _Ref440986489][bookmark: _Toc451503186]Table 3‑3
Internal New England Interface Limits, 2021 (MW)
	Interface(a)
	2021

	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)
	5,700

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

	Connecticut Import (N-1)
	2,950

	SW Connecticut Import (N-1)
	3,200

	Norwalk–Stamford
	No limit


(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. 
[bookmark: _Ref451411427][bookmark: _Toc451502526]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. 
The GridView output information includes transmission and generator utilization, locational marginal prices (LMPs) for electric energy, and transmission bottleneck metrics. The results also included an assessment of system security under contingency conditions. Costs for certain ancillary services, such as operating reserve, were modeled.

[bookmark: _Toc451502527]
Simulation Results 
This section presents the simulation results for each of the scenarios investigated. The goal of this study was to quantify how the addition of offshore wind would affect various metrics. The metrics included the ISO’s regionwide energy production cost, LSE energy expense, and emissions under various combinations of resource mixes, fuel prices, emission allowance costs, and offshore wind expansion levels. 
Under each specific scenario, the metrics reflect how the New England system reacts to an increasing amount of installed offshore wind while the embedded resource mix, fuel-price assumptions, and emission allowance cost did not change. The addition of the offshore wind resources, however, influenced the dispatch of generating units and thus the economic metrics. 
[bookmark: _Toc451502528]Simulation Metric Background
The goal of the 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. The addition of offshore wind provides $0/MWh production cost wind energy to southern New England, which replaces energy produced by other more expensive marginal units. The expected trend would be that with more offshore wind, both production costs and LMP would decrease. 
The capital cost to build, interconnect, and to operate the proposed offshore wind facilities was not included in this economic study.
[bookmark: _Toc448837425][bookmark: _Toc448837426][bookmark: _Toc448837427][bookmark: _Toc448837428][bookmark: _Toc448837429][bookmark: _Toc448837431][bookmark: _Toc448837432][bookmark: _Toc448837433][bookmark: _Toc448837434][bookmark: _Toc448837436][bookmark: _Toc448837437][bookmark: _Toc448837438][bookmark: _Toc448837439][bookmark: _Toc448837440][bookmark: _Toc448837441][bookmark: _Toc448837442][bookmark: _Toc448837443][bookmark: _Toc448837444][bookmark: _Toc448837445][bookmark: _Toc448837446][bookmark: _Toc448837447][bookmark: _Toc448837448][bookmark: _Toc448837449][bookmark: _Toc448837450][bookmark: _Toc448837453][bookmark: _Toc448837454][bookmark: _Toc448837455][bookmark: _Toc448837456][bookmark: _Toc448837457][bookmark: _Toc448837459][bookmark: _Toc448837460][bookmark: _Toc448837462][bookmark: _Toc451502529]Production Cost 
Production cost is the primary metric the ISO uses to evaluate the potential economic benefits to New England with the addition of offshore wind. Table 4‑1 tabulates the total New England production cost metrics for each of the 15 cases in this economic study. 
[bookmark: _Ref440984823][bookmark: _Toc451503187]Table 4‑1
Production Cost at Tested Offshore Wind Cases (Millions of $/Yr)
	Scenario
	Description
	Production Cost (Millions of $/Yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	3,774
	3,577
	3,381

	B
	Most Favorable to OSW
	9,678
	9,271
	8,871

	C
	Favorable to OSW
	6,120
	5,854
	5,598

	D
	Most Unfavorable to OSW
	1,869
	1,765
	1,665

	E
	Unfavorable to OSW
	2,906
	2,732
	2,568



 

As shown in Table 4-1, the total production costs were in the same order of magnitude for the three offshore wind cases under each scenario simulated. As the offshore wind generation increased, the total production cost for that scenario decreased. 
Total production costs changed significantly among the five scenarios due to different assumptions used for resource mixes, fuel prices, and carbon allowance costs. The total production costs ranged from under $2,000 million/yr to over $9,000 million/yr.
Table 4‑2 tabulates the New England annual production cost savings compared with the corresponding reference case, which has 0 MW of offshore wind expansion. 
[bookmark: _Ref440984838][bookmark: _Toc451503188]Table 4‑2
Production Cost Savings due to the Addition of Offshore Wind (Millions of $/Yr)
	Scenario
	Description
	Production Cost Savings (Millions of $/Yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	Reference
	196
	392

	B
	Most Favorable to OSW
	Reference
	407
	807

	C
	Favorable to OSW
	Reference
	266
	522

	D
	Most Unfavorable to OSW
	Reference
	104
	205

	E
	Unfavorable to OSW
	Reference
	174
	339



With the addition of 1,000 MW of offshore wind, production cost savings ranged from a low of $104 million/yr under the Most Unfavorable to OSW scenario to a high of $407 million/yr under the Most Favorable to OSW scenario. The addition of 2,000 MW of offshore wind yielded a range of production cost savings of $205 million/yr under the Most Unfavorable to OSW scenario to $807 million/yr under the Most Favorable to OSW scenario. 
As shown under the Business as Usual scenario, the production cost savings doubled when offshore wind expansion increased from 1,000 MW to 2,000 MW, going from $196 million/yr to $392 million/yr. Similarly, when offshore wind expansion increased from 1,000 MW to 2,000 MW under the other four study scenarios, the production cost savings nearly doubled, ranging from 198% under the Most Favorable to OSW scenario to 195% under the Most Unfavorable to OSW scenarios. 
Figure 4‑1 illustrates the production cost savings realized for both the 1,000 MW and 2,000 MW offshore wind expansion cases compared with the no-offshore-wind cases for each of the five studied scenarios.

[image: ]
[bookmark: _Ref448756002][bookmark: _Toc451502605]Figure 4‑1: Production cost savings with two offshore wind expansion levels (millions of $/yr).
The production cost savings increased almost linearly when offshore wind expanded from 1,000 MW to 2,000 MW because the wind expansion caused few transmission system constraints.
[bookmark: _Toc451502530]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 electric 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 minus the cost of congestion.[footnoteRef:27]   [27:  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 LMPs, 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:28] 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. [28:  Because GridView is designed to minimize production costs, unit commitment may change if a lower-production-cost solution is identified after the network topology changes. 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 4‑3 tabulates the LSE energy-expense metric for New England consumers for the 15 cases. 
[bookmark: _Ref440641956][bookmark: _Toc451503189]Table 4‑3
LSE Energy Expense at Tested Offshore Wind Cases (Millions of $/Yr)
	Scenario
	Description
	LSE Energy Expense (Millions of $/Yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	6,788
	6,626
	6,440

	B
	Most Favorable to OSW
	14,872
	14,630
	14,380

	C
	Favorable to OSW
	10,254
	10,044
	9,843

	D
	Most Unfavorable to OSW
	3,302
	3,246
	3,174

	E
	Unfavorable to OSW
	5,406
	5,284
	5,133



LSE energy expense ranged from $6,440 million/yr to $6,788 million/yr under the Business as Usual scenario. Under each specific study scenario, the LSE energy expense decreased for the New England customers with a higher level of offshore wind expansion. Table 4‑4 summarizes the reductions in LSE energy expenses when offshore wind expansion increased by 1,000 MW and 2,000 MW compared with the corresponding 0 MW offshore wind cases. 
[bookmark: _Ref440984863][bookmark: _Toc451503190]Table 4‑4
LSE Energy-Expense Reductions due to the Addition of Offshore Wind (Millions of $/Yr)
	Scenario
	Description
	LSE Energy Expense Savings (Millions of $/Yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	Reference
	163
	348

	B
	Most Favorable to OSW
	Reference
	241
	491

	C
	Favorable to OSW
	Reference
	210
	412

	D
	Most Unfavorable to OSW
	Reference
	56
	128

	E
	Unfavorable to OSW
	Reference
	123
	273



With the addition of 1,000 MW of offshore wind, the total savings in New England LSE energy expenses ranged from $56 million/yr under the Most Unfavorable to OSW scenario to $241 million/yr under the Most Favorable to OSW scenario. With the addition of 2,000 MW of offshore wind, the total reduction of LSE energy expense ranged from $128 million/yr under the Most Unfavorable to OSW scenario to $491 million/yr under the Most Favorable to OSW scenario.
[bookmark: _Toc448837465][bookmark: _Toc448837466][bookmark: _Toc448837467][bookmark: _Toc451502531]Revenue to Offshore Wind 
The total revenue to offshore wind was developed by summing the product of offshore wind energy produced and the LMP at each point of offshore wind interconnection. 
Table 4‑5 tabulates the total revenue to offshore wind for the cases investigated. 
[bookmark: _Ref449351187][bookmark: _Toc451503191]Table 4‑5
Total Revenue to Offshore Wind (Millions of $/Yr)
	Scenario
	Description
	Total Revenue to Offshore Wind (Millions of $/Yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	NA
	168
	320

	B
	Most Favorable to OSW
	NA
	376
	732

	C
	Favorable to OSW
	NA
	255
	495

	D
	Most Unfavorable to OSW
	NA
	83
	160

	E
	Unfavorable to OSW
	NA
	134
	253



Across all cases studied, the total revenue to 1,000 MW of proposed offshore wind ranged from a low of $83 million/yr under the Most Unfavorable to OSW scenario to a high of $376 million/yr under the Most Favorable to OSW scenario. The total revenue to 2,000 MW of proposed offshore wind ranged from $160 million/yr under the Most Unfavorable to OSW scenario to $732 million/yr under the Most Favorable to OSW scenario.
The revenue to offshore wind for the 1,000 MW case, expressed in millions of $/yr, is equivalent to a revenue value expressed in $/kW-yr. For example, total revenue to 1,000 MW of installed offshore wind under the Business as Usual scenario was $168 million/yr, which is equivalent to $168/kW-yr or $ 14/kW-month.
The total revenue to offshore wind was almost doubled when offshore wind increased from 1,000 MW to 2,000 MW under each specific scenario. The revenue to 2,000 MW of offshore wind increased by 189% under the Unfavorable to OSW scenario and by 195% under the Most Favorable to OSW scenario compared with the revenues in the 1,000 MW offshore wind expansion cases. 
[bookmark: _Toc451502532]New England Locational Marginal Prices
Figure 4‑2  illustrates the regional LMPs for the New England region for each of the 15 cases. Grouped by the five study scenarios, the results show that LMPs decreased as more offshore wind was added. 
  
[image: ]
[bookmark: _Ref447198721][bookmark: _Toc451502606]Figure 4‑2: LMPs for ISO New England ($/MWh).
Table 4‑6 summarizes the LMPs for the New England region in the 15 cases. Under each specific scenario, the regional LMP decreased with higher levels of offshore wind expansion. For example, the LMP was $46/MWh in the 0 MW offshore wind case under the Business as Usual scenario. The 1,000 MW offshore wind addition brought the regional LMP down to $44.90/MWh. The 2,000 MW offshore wind addition further reduced the regional LMP to $43.63/MWh.
[bookmark: _Ref447198752][bookmark: _Toc451503192]Table 4‑6
LMPs for ISO New England ($/MWh)
	Scenario
	Description
	Region Average LMP ($/MWh)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	46.00
	44.90
	43.64

	B
	Most Favorable to OSW
	100.77
	99.14
	97.44

	C
	Favorable to OSW
	69.48
	68.06
	66.69

	D
	Most Unfavorable to OSW
	22.38
	22.00
	21.51

	E
	Unfavorable to OSW
	36.63
	35.80
	34.78


[bookmark: _Toc449363487][bookmark: _Toc449363561][bookmark: _Toc451502533]
CO2 System Emissions 
Environmental emissions are another important metric associated with offshore wind expansion. 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 4‑7 tabulates the total New England CO2 emissions for all simulated cases. For the range of cases considered, the addition of 1,000 MW of offshore wind decreased CO2 emissions systemwide, ranging from 1,518 kilotons (ktons) under the Most Unfavorable to OSW scenario to 2,132 ktons under the Favorable to OSW scenario. The addition of 2,000 MW of offshore wind also decreased systemwide CO2 emissions, ranging from 3,034 ktons/yr under the Most Unfavorable to OSW scenario to 4,230 ktons/yr under the Favorable to OSW scenario. 
[bookmark: _Ref440642004][bookmark: _Toc451503193]Table 4‑7
Total New England CO2 Emissions (Ktons)
	Scenario
	Description
	CO2 Amount (Kton/yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	31,880
	29,929
	28,013

	B
	Most Favorable to OSW
	52,251
	50,141
	48,069

	C
	Favorable to OSW
	43,295
	41,163
	39,065

	D
	Most Unfavorable to OSW
	27,595
	26,077
	24,561

	E
	Unfavorable to OSW
	27,434
	25,795
	24,234



Table 4‑8 summarizes the reduction in total New England CO2 emissions as offshore wind was added by 1,000 MW and 2,000 MW compared with the 0 MW offshore wind case under the same scenario. 
[bookmark: _Ref440642050][bookmark: _Toc451503194]Table 4‑8
Reduction in New England CO2 Emissions due to the Addition of Offshore Wind (Ktons/yr)
	Scenario
	Description
	CO2 Reduction (kton/yr)

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	Reference
	1,951
	3,867

	B
	Most Favorable to OSW
	Reference
	2,110
	4,182

	C
	Favorable to OSW
	Reference
	2,132
	4,230

	D
	Most Unfavorable to OSW
	Reference
	1,518
	3,034

	E
	Unfavorable to OSW
	Reference
	1,639
	3,200



The Favorable to OSW scenario resulted in a slightly greater reduction in CO2 emissions than that of the Most Favorable to OSW scenario. This is because coal units produced comparatively more electric energy in the Most Favorable to OSW scenario (refer to Section 4.8). 
Table 4‑9 shows the percentage reduction in total New England CO2 emissions as offshore wind was added by 1,000 MW and 2,000 MW compared with the 0 MW offshore wind case under the same scenario.
[bookmark: _Ref450815775][bookmark: _Toc451503195]Table 4‑9
Percentage Reduction in New England CO2 Emissions due to the Addition of Offshore Wind
	Scenario
	Description
	Percentage of CO2 Reduction

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	Reference
	−6.1%
	−12.1%

	B
	Most Favorable to OSW
	Reference
	−4.0%
	−8.0%

	C
	Favorable to OSW
	Reference
	−4.9%
	−9.8%

	D
	Most Unfavorable to OSW
	Reference
	−5.5%
	−11.0%

	E
	Unfavorable to OSW
	Reference
	−6.0%
	−11.7%



[bookmark: _Toc451502534]Interface-Constrained Hours
Figure 4‑3 illustrates the two major interfaces affected by offshore wind addition into the New England transmission system. The offshore wind was interconnected to three substations in the SEMA/RI area. The substations from west to east are Kent County, Brayton Point, and Barnstable. 
[image: ]
[bookmark: _Ref447805366][bookmark: _Toc451502607]Figure 4‑3: Illustration of offshore wind addition into New England.
Note: The substations from west to east are Kent County, Brayton Point, and Barnstable.
The simulation results show the North–South and SEMA/RI import interfaces become less binding with the addition of offshore wind resources.
[bookmark: _Toc451502535]North–South Interface
Table 4‑10 tabulates the percentage of time that the North–South interface was binding under the 15 studied cases. As offshore wind was added and provided $0/MWh energy in southern New England, less energy flowed through the North–South interface to feed southern New England load, which resulted in a less constrained North–South interface. 
[bookmark: _Ref447876091][bookmark: _Toc451503196]Table 4‑10
Percentage of Hours Annually the North–South Interface is at Limit
with the Addition of Offshore Wind
	Scenario
	Description
	% of Time North–South Interface at Limit

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	0.5%
	0.1%
	0.0%

	B
	Most Favorable to OSW
	0.0%
	0.0%
	0.0%

	C
	Favorable to OSW
	0.0%
	0.0%
	0.0%

	D
	Most Unfavorable to OSW
	37.4%
	29.6%
	22.0%

	E
	Unfavorable to OSW
	24.8%
	17.3%
	11.3%



The impact of offshore wind on relieving the North–South interface was greater under the Most Unfavorable and Unfavorable to OSW scenarios because the modeling of all active onshore wind in the queue as of April 1, 2015, resulted in this interface being constrained more often. The Most Favorable and Favorable to OSW scenarios observed no constraints on the North–South interface because Seabrook, a nuclear plant located to the north of this interface, was assumed retired and replaced by more expensive simple-cycle gas units. GridView dispatched less capacity from the North and therefore left the interface without any constraint.
Figure 4‑4 illustrates the decrease of constrained hours seen on the North–South interface with offshore wind installation under the Business as Usual scenario. As noted, the addition of offshore wind reduced the constrained hours observed on the North–South interface. Under the Business as Usual scenario, the North–South interface was at its limit for 42 hours/yr with 0 MW of offshore wind installation. The interface’s constrained hours were reduced to 11 hours/yr with 1,000 MW of offshore wind installation, and the constraints were almost eliminated (i.e., to 1 hour/yr) with 2,000 MW of offshore wind installation. 
[image: ]
[bookmark: _Ref447809516][bookmark: _Toc451502608]Figure 4‑4: Total annual constrained hours with offshore wind installation under the Business as Usual scenario.
[bookmark: _Toc451502536]SEMA/RI Import Interface
Table 4‑11 tabulates the percentage of time that the SEMA/RI import interface was binding in the 15 simulated cases. Similarly, as offshore wind was added and provided $0/MWh energy in southern New England, less energy was required to flow across the SEMA/RI import interface to supply SEMA/RI area load, which resulted in a less constrained SEMA/RI import interface.
[bookmark: _Ref447876110][bookmark: _Toc451503197]Table 4‑11
Percentage of Hours Annually the SEMA/RI Import Interface is at Limit
with the Addition of Offshore Wind
	Scenario
	Description
	% of Time SEMA/RI Import Interfaces at Limit

	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	0.4%
	0.0%
	0.0%

	B
	Most Favorable to OSW
	0.4%
	0.0%
	0.0%

	C
	Favorable to OSW
	0.0%
	0.0%
	0.0%

	D
	Most Unfavorable to OSW
	2.4%
	0.3%
	0.1%

	E
	Unfavorable to OSW
	1.3%
	0.1%
	0.0%



Figure 4‑5 illustrates the decrease of constrained hours observed on the SEMA/RI import interface with offshore wind installation under the Business as Usual scenario. Under the Business as Usual scenario, the SEMA/RI import interface was seen at limit for 32 hours/yr with 0 MW of offshore wind installation. The interface constraint was almost eliminated (i.e., to 1 hour/yr) with 1,000 MW of offshore wind installed. With 2,000 MW of offshore wind installed, the SEMA/RI import interface had no constrained hours per year.
[image: ]
[bookmark: _Ref447810566][bookmark: _Toc451502609]Figure 4‑5: Total annual constrained hours with offshore wind installation under the Business as Usual scenario.
[bookmark: _Ref451435721][bookmark: _Toc451502537]Annual Generation by Fuel Type 
One of the metrics associated with the offshore wind expansion study under various resource mixes, fuel prices, and emission allowance costs is the generation by fuel type—energy that was produced by each specific fuel type over the course of a year. 
Figure 4‑6 illustrates the annual generation output by fuel type for the 15 simulated cases. With the assumed high natural gas and oil prices under the Most Favorable to OSW scenario, coal-fired units became economic and produced more energy compared with that of other scenarios. The Most Favorable to OSW scenario’s resource assumption included the retirement of nuclear units replaced by simple-cycle gas-peaking units. 
[image: ]
[bookmark: _Ref448763694][bookmark: _Toc451502610]Figure 4‑6: Annual generation by fuel type (GWh).
[bookmark: _Toc451502538]Wind Energy
Wind is assumed to have the lowest dispatch price and therefore the ability to displace all other higher-priced resources. Table 4‑12 shows the annual generation output by onshore and offshore wind for the 15 studied cases. In all cases, the amount of offshore wind energy produced was equal to the offshore wind profile.[footnoteRef:29] This suggested that offshore wind energy was generated to serve load whenever the wind blew offshore. Most of the onshore wind energy generated by onshore wind resources was consumed by load as well.  [29:  The input wind energy profiles represent the absolute maximum wind energy production, assuming that no transmission, dispatch/commitment, or economic constraint can limit the production.] 

[bookmark: _Ref447875969][bookmark: _Toc451503198]Table 4‑12
Wind Energy by Offshore and Onshore Wind (GWh)
	Scenario
	Description
	Wind Type
	Annual Generation by Wind (GWh)

	
	
	
	0 MW
Offshore Wind
	1,000 MW
Offshore Wind
	2,000 MW
Offshore Wind

	A
	Business as Usual
	Offshore
	NA
	3,892
	7,785

	
	
	Onshore
	2,733
	2,733
	2,733

	B
	Most Favorable to OSW
	Offshore
	NA
	3,892
	7,785

	
	
	Onshore
	2,733
	2,733
	2,733

	C
	Favorable to OSW
	Offshore
	NA
	3,892
	7,785

	
	
	Onshore
	2,733
	2,733
	2,733

	D
	Most Unfavorable to OSW
	Offshore
	NA
	3,892
	7,785

	
	
	Onshore
	12,099
	12,094
	12,097

	E
	Unfavorable to OSW
	Offshore
	NA
	3,892
	7,785

	
	
	Onshore
	12,053
	12,078
	12,078




[bookmark: _Toc451502539]Energy by All Fuel Types
Table 4‑13 tabulates the annual generation output by all resource types for the 15 studied cases. 
Energy output from energy efficiency, demand resources, RTEG, and solar resources stayed constant across all studied cases because these resources were modeled with a fixed profile, as described in Section 3.2. Energy produced by nuclear plants was constant across all studied cases, as well, due to their base load characteristics. Imported energy through the ties was relatively constant under the Business as Usual, Most Favorable, and Favorable to OSW scenarios because the assumed dispatch price for imports was $10/MWh, which was lower than other dispatchable resources. The energy flowing into New England through the Maritimes was curtailed by the constraints on the Orrington South interface when all queued onshore wind resources were modeled under the Most Unfavorable and Unfavorable to OSW scenarios. Refer to Section 3.6 for details on import and export modeling assumptions. 

[bookmark: _Ref448827029][bookmark: _Toc451503199]Table 4‑13
Annual Generation by Fuel Type (GWh) 
	Scenario
	Annual Generation by Resource Type (GWh)

	
	Other Renewables
	EE, DR, RTEG
	Nuclear
	Hydro
	Solar
	Ties
	Gas
	Wind
	Oil
	Coal

	Business as Usual,
0 MW
	5,198
	14,238
	29,754
	6,545
	2,990
	20,388
	66,901
	2,733
	336
	1,138

	Business as Usual, 1,000 MW
	5,094
	14,238
	29,754
	6,479
	2,990
	20,385
	63,385
	6,626
	314
	956

	Business as Usual, 2,000 MW
	4,971
	14,238
	29,754
	6,340
	2,990
	20,363
	60,009
	10,518
	276
	755

	

	Most Favorable to OSW, 0 MW
	7,132
	14,238
	0
	7,120
	2,990
	20,383
	87,152
	2,733
	1,160
	7,314

	Most Favorable to OSW, 1,000 MW
	7,006
	14,238
	0
	7,117
	2,990
	20,383
	83,640
	6,626
	996
	7,225

	Most Favorable to OSW, 2,000 MW
	6,875
	14,238
	0
	7,109
	2,990
	20,383
	80,124
	10,518
	891
	7,086

	

	Favorable to OSW,
0 MW
	3,458
	14,238
	0
	6,612
	2,990
	20,389
	98,906
	2,733
	333
	562

	Favorable to OSW, 1,000 MW
	3,267
	14,238
	0
	6,584
	2,990
	20,389
	95,273
	6,626
	311
	541

	Favorable to OSW, 2,000 MW
	2,094
	14,238
	0
	6,456
	2,990
	20,391
	92,729
	10,518
	291
	506

	

	Most Unfavorable to OSW, 0 MW
	4,576
	14,238
	29,754
	9,828
	2,989
	18,007
	62,565
	12,090
	233
	0

	Most Unfavorable to OSW, 1,000 MW
	4,539
	14,238
	29,754
	9,575
	2,989
	17,996
	58,961
	15,995
	218
	0

	Most Unfavorable to OSW, 2,000 MW
	4,468
	14,238
	29,754
	9,328
	2,989
	17,961
	55,397
	19,908
	210
	0

	

	Unfavorable to OSW, 0 MW
	5,370
	14,238
	29,754
	9,721
	2,989
	18,003
	57,853
	12,058
	210
	1

	Unfavorable to OSW, 1,000 MW
	5,277
	14,238
	29,754
	9,554
	2,989
	18,006
	54,207
	15,953
	203
	0

	Unfavorable to OSW, 2,000 MW
	5,162
	14,238
	29,754
	9,350
	2,989
	17,997
	50,589
	19,895
	195
	0



Energy produced by offshore wind mainly offset energy from gas units. For example, annual wind energy in New England increased from 2,733 GWh to 6,626 GWh when 1,000 MW of offshore wind was added under the Business as Usual scenario. The incremental 3,893 GWh of wind energy replaced 3,516 GWh of energy produced by gas units. Thus, 90% of the incremental wind energy offset energy from gas units. The remaining 10% of wind energy offset energy produced by hydro, oil, coal, and other renewables. 
Table 4‑14 summarizes the change of the annual generation output with the addition of offshore wind by 1,000 MW and 2,000 MW compared with the 0 MW case under the same scenario.
[bookmark: _Ref450836523][bookmark: _Toc451503200]Table 4‑14
Annual Generation Change due to the Addition of Offshore Wind by Fuel Type (GWh) 
	Scenario
	Annual Generation Change due to Addition of Offshore Wind by Resource Type (GWh)

	
	Other Renewables
	EE, DR, RTEG
	Nuclear
	Hydro
	Solar
	Ties
	Gas
	Wind
	Oil
	Coal

	Business as Usual,
0 MW
	Ref(a)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	Business as Usual, 1,000 MW
	−104
	0
	0
	−66
	0
	−3
	−3,516
	3,893
	−22
	−182

	Business as Usual, 2,000 MW
	−227
	0
	0
	−205
	0
	−25
	−6,892
	7,785
	−60
	−383

	

	Most Favorable to OSW, 0 MW
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	Most Favorable to OSW, 1,000 MW
	−126
	0
	0
	−3
	0
	0
	−3,512
	3,893
	−164
	−89

	Most Favorable to OSW, 2,000 MW
	−257
	0
	0
	−11
	0
	0
	−7,028
	7,785
	−269
	−228

	

	Favorable to OSW,
0 MW
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	Favorable to OSW, 1,000 MW
	−191
	0
	0
	−28
	0
	0
	−3,633
	3,893
	−22
	−21

	Favorable to OSW, 2,000 MW
	−1,364
	0
	0
	−156
	0
	2
	−6,177
	7,785
	−42
	−56

	

	Most Unfavorable to OSW, 0 MW
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	Most Unfavorable to OSW, 1,000 MW
	−37
	0
	0
	−254
	0
	−10
	−3,604
	3,905
	−16
	0

	Most Unfavorable to OSW, 2,000 MW
	−108
	0
	0
	−501
	0
	−45
	−7,168
	7,817
	−24
	0

	

	Unfavorable to OSW, 0 MW
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	Unfavorable to OSW, 1,000 MW
	−93
	0
	0
	−167
	0
	3
	−3,646
	3,895
	−8
	−1

	Unfavorable to OSW, 2,000 MW
	−208
	0
	0
	−371
	0
	−6
	−7,265
	7,837
	−15
	−1


(a) “Ref” stands for Reference case.
[bookmark: _Toc447284957][bookmark: _Toc447284958][bookmark: _Toc447284959][bookmark: _Toc447285064][bookmark: _Toc447284960][bookmark: _Toc447284962][bookmark: _Toc447284963][bookmark: _Toc451502540]
Observations
The results of this study suggest that offshore wind deployment could bring sizable economic and environmental benefits to New England. The estimated economic benefits, mainly production cost savings and LSE energy expense savings, almost doubled when offshore wind expansion levels increased from 1,000 MW to 2,000 MW. This is because the transmission system, as modeled, was unconstrained for the assumed interconnection points at Kent County, Brayton Point, and Barnstable. The assumed resource mixes, fuel prices, and carbon allowance costs had a significant impact on total production costs and LSE energy expenses:  
· With the addition of 1,000 MW of offshore wind, production cost savings ranged from $104 million/yr under the Most Unfavorable to OSW scenario to $407 million/yr under the Most Favorable to OSW scenario. With the addition of 2,000 MW of offshore wind, production cost savings ranged from $205 million/yr under the Most Unfavorable to OSW scenario to $807 million/yr under the Most Favorable to OSW scenario. 
· With the addition of 1,000 MW of offshore wind, the New England wide LSE energy expense reductions ranged from $56 million/yr under the Most Unfavorable to OSW scenario to $241 million/yr under the Most Favorable to OSW scenario. With the addition of 2,000 MW of offshore wind, the total reduction of LSE energy expense ranged from $128 million/yr, under the Most Unfavorable to OSW scenario, to $491 million/yr under the Most Favorable to OSW scenarios. 
Because energy produced by offshore wind mainly offset emission-producing thermal units, the addition of offshore wind reduced the carbon emissions. Adding 1,000 MW of offshore wind resulted in decreasing systemwide CO2 emissions, ranging from 1,518 ktons/yr under the Most Unfavorable to OSW scenario to 2,132 ktons/yr under the Favorable to OSW scenario. Adding 2,000 MW of offshore wind reduced systemwide CO2 emissions from 3,034 ktons/yr under the Most Unfavorable to OSW scenario to 4,230 ktons/yr under the Favorable to OSW scenario.
The addition of offshore wind also caused two major interfaces, the North–South and SEMA/RI import interfaces, to be less constrained. 
Finally, this study also highlights that Kent County, Brayton Point, and Barnstable appear to be favorable interconnection points for low production cost resources.
[bookmark: _Toc448837480][bookmark: _Toc451502541]
Appendix
[bookmark: _Toc448837482][bookmark: _Toc372102546][bookmark: _Toc385678562][bookmark: _Toc451502542]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: _Toc385678563][bookmark: _Toc451502543]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:30] [30:  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: _Toc451502544]LSE Energy-Expense
LSE electric energy expense is calculated by taking the hourly marginal energy cost (e.g., the LMP) 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: _Toc449363500][bookmark: _Toc449363574][bookmark: _Ref450655050][bookmark: _Toc451502545]Carbon-Heavy Units Retired
Table 6‑1 lists the high-carbon-emitting units in New England, which were assumed to be retired in the Most Unfavorable and Unfavorable to OSW scenarios.
[bookmark: _Ref448408297][bookmark: _Toc451503201]Table 6‑1
List of High-Carbon-Emitting Units
	Name
	Asset ID
	RSP Subarea
	Fuel Type
	FCA #9 Summer Qualified Capacity (MW)

	Bridgeport Harbor 3
	340
	SWCT
	Subbituminous coal
	383.4

	Canal 1
	365
	SEMA
	Residual fuel oil (RFO)
	547.1

	Canal 2
	366
	SEMA
	RFO
	545.1

	Merrimack 1
	489
	NH
	Anthracite coal and Bituminous coal (BIT)
	112.5

	Merrimack 2
	490
	NH
	BIT
	334.2

	Middletown 2
	480
	CT
	RFO
	117.0

	Middletown 3
	481
	CT
	RFO
	236.0

	Middletown 4
	482
	CT
	RFO
	400.0

	Montville 5
	493
	CT
	RFO
	81.0

	Montville 6
	494
	CT
	RFO
	406.2

	Mystic 7
	502
	BOSTON
	Natural gas
	575.5

	New Haven Harbor 1
	513
	CT
	RFO
	447.9

	Newington 1
	508
	NH
	RFO
	400.2

	Schiller 4
	556
	NH
	BIT
	47.5

	Schiller 6
	558
	NH
	BIT
	47.9

	West Springfield 3
	633
	WMA
	Natural gas
	94.3

	Yarmouth 1
	639
	SME
	RFO
	0

	Yarmouth 2
	640
	SME
	RFO
	51.1

	Yarmouth 3
	641
	SME
	RFO
	115.1

	Yarmouth 4
	642
	SME
	RFO
	603.2





[bookmark: _Toc449363512][bookmark: _Toc449363586][bookmark: _Toc449363513][bookmark: _Toc449363587][bookmark: _Toc451502546]Interface Flows
[bookmark: _Toc451502547]Historical North–South Interface Flow (MW)
[image: ]
[bookmark: _Toc451502611]Figure 6‑1: North–South Interface Duration Curve, January to December 2015 (MW).
[bookmark: _Toc451502548]Simulated North–South Interface Flow (MW)
Interface duration curves are shown for the North–South interface for each of the cases investigated.
[image: ]As offshore wind generation increases, the North–South interface becomes less constrained.

0 MW: North–South constrained 0.5% of time.
1,000 MW: North–South constrained 0.1% of time.
2,000 MW: North–South constrained 0.0% of time.

[bookmark: _Toc451502612]Figure 6‑2: North–South Interface Duration Curve—Business as Usual, 2021 (MWh).
[image: ]As offshore wind generation increases, the energy flowing through the North–South Interface is reduced.
 
No constraint seen on the North–South Interface under the Most Favorable to OSW scenario. 

[bookmark: _Toc451502613]Figure 6‑3: North–South Interface Duration Curve—Most Favorable to OSW, 2021 (MWh).

[image: ]As offshore wind generation increases, the energy flowing through the North–South Interface is reduced. 
No constraint seen on the North–South Interface under the Most Favorable to OSW scenario.

[bookmark: _Toc451502614]Figure 6‑4: North – South Interface Duration Curve—Favorable to OSW, 2021 (MWh).
 
[image: ]As offshore wind generation increases, the North–South interface becomes less constrained.
0 MW: North–South constrained 37.4% of time.
1,000 MW: North–South constrained 29.6% of time.
2,000 MW: North–South constrained 22.0% of time.
More North–South constraints seen under the Most Unfavorable to OSW scenario because all wind projects in the queue as of April 1, 2015, were modeled, most of them located in the north.

[bookmark: _Toc451502615]Figure 6‑5: North–South Interface Duration Curve—Most Unfavorable to OSW, 2021 (MWh).
 
[image: ]As offshore wind generation increases, the North–South interface becomes less constrained.
0 MW: North–South constrained 24.8% of time.
1,000 MW: North–South constrained 17.3% of time.
2,000 MW: North –South constrained 11.3% of time.

[bookmark: _Toc451502616]Figure 6‑6: North–South Interface Duration Curve—Unfavorable to OSW, 2021 (MWh).

[bookmark: _Toc451502549]Historical SEMA/RI Interface Flow

[image: ]
[bookmark: _Toc451502617]Figure 6‑7: SEMA/RI Import Interface Duration Curve, January to December 2015 (MW).

[bookmark: _Toc451502550]Simulated SEMA/RI Import Interface Flow
Interface duration curves are shown for the SEMA/RI import interface for each of the cases investigated.

[image: ]As offshore wind generation increases, the SEMA/RI import interface becomes less constrained.
0 MW: SEMA/RI import constrained 32 hours.
1,000 MW: SEMA/RI import constrained 1 hour.
2,000 MW: SEMA/RI import constrained 0 hours.

[bookmark: _Toc451502618]Figure 6‑8: SEMA/RI Import Interface Duration Curve—Business as Usual, 2021 (MWh).


[image: ]As offshore wind generation increases, the SEMA/RI import interface becomes less constrained.
0 MW: SEMA/RI import constrained 31 hours.
1,000 MW: SEMA/RI import constrained 4 hours.
2,000 MW: SEMA/RI import constrained 2 hours.

[bookmark: _Toc451502619]Figure 6‑9: SEMA/RI Import Interface Duration Curve—Most Favorable to OSW, 2021 (MWh).

[image: ]As offshore wind generation increases, the energy flowing into the SEMA/RI is reduced. 
No constraint seen on the SEMA/RI import Interface under the Favorable to OSW scenario. 

[bookmark: _Toc451502620]Figure 6‑10: SEMA/RI Import Interface Duration Curve—Favorable to OSW, 2021 MWh).

[image: ]As offshore wind generation increases, the SEMA/RI import interface becomes less constrained.
0 MW: SEMA/RI import constrained 2.4% of time.
1,000 MW: SEMA/RI import constrained 0.3% of time.
2,000 MW: SEMA/RI import constrained 0.1% of time.

[bookmark: _Toc451502621]Figure 6‑11: SEMA/RI Import Interface Duration Curve—Most Unfavorable to OSW, 2021 (MWh).
[image: ]As offshore wind generation increases, the SEMA/RI import interface becomes less constrained.
0 MW: SEMA/RI import constrained 1.3% of time.
1,000 MW: SEMA/RI import constrained 0.1% of time.
2,000 MW: SEMA/RI import constrained 0.0% of time.

[bookmark: _Toc451502622]Figure 6‑12: SEMA/RI Import Interface Duration Curve—Unfavorable to OSW, 2021 (MHh).
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