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Executive Summary 
This report documents RENEW’s request for an ISO New England (the ISO or ISO-NE) economic study of the impacts of increasing the operating limits of the Orrington-South interface in Maine. The ISO’s planning level operating limit is 1,325 megawatts (MW), and the real-time hourly operating limit cannot exceed this planning limit. Conducted for ISO stakeholders, the study examined this interface’s monthly operating limits under three different scenarios with various transmission buildout that increased these operating limits. 
The scenarios were studied under constrained transmission conditions and relaxed constraints. Threshold prices were used for the dispatch of various resources, including imports, hydroelectric, photovoltaics, and onshore and offshore wind, to examine which resources would need to be backed down when the amount of $0/megawatt-hour resources exceeded system load. Sensitivities were performed on the requested scenarios to identify the impacts of differing curtailment orders of the New England Clean Energy Connect (NECEC) (i.e., an assumed new tie from Québec). For the sensitivities, the NECEC threshold price was increased from $2/megawatt-hour (MWh) to $11/MWh, meaning that NECEC would be curtailed before assumed native New England wind and imports.[footnoteRef:2]  [2:  “Transmission Service Agreement Unitil—12.317 MW) by and between Central Maine Power Company, as Owner, And H.Q. Energy Services (U.S.) INC., as Purchaser,” (June 13, 2018), https://www.sec.gov/Archives/edgar/data/1634997/000156459018018891/agr-ex106_142.htm.] 

As expected, congestion of the Orrington-South interface decreased with the transmission buildout, specifically when adding the Cooper Mills static synchronous compensator (STATCOM) and a new 345 kilovolt transmission path from the Orrington substation to the Maine Yankee station. 
Production cost savings were shown to be on the order of $4 and $8 million per year in the constrained case and $5 and $9 million in the relaxed-constraint cases. For all cases, about 75% of the savings arises from a simplifying assumption that energy imported from New Brunswick had a zero production cost charge to New England. Assigning a cost equal to a New England locational marginal price, the energy imported from New Brunswick would reduce the adjusted savings to $1 and $2 million per year for both cases. 

As part of its request, RENEW asked the ISO to identify as a possible Market Efficiency Transmission Upgrade (METU) any upgrade from the scenarios that showed the expected production cost savings to New England customers exceeding the expected cost of that upgrade.[footnoteRef:3] The ISO’s Open Access Transmission Tariff, Attachment N, addresses transmission-upgrade procedures.[footnoteRef:4] Results showed that the limited reduction in production costs estimated in this study is not large enough to merit investigation of a METU.   [3:  ISO New England, “Market Efficiency Technology Upgrade,” webpage (2020), https://www.iso-ne.com/system-planning/system-plans-studies/metu.]  [4:  ISO New England, ISO New England Inc. Transmission, Markets, and Services Tariff (ISO tariff), Section II, Open Access Transmission Tariff, Attachment N, “Procedures for Regional System Plan Upgrades” (2020), https://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/oatt/sect_ii.pdf. ] 


[bookmark: _Toc51784655]
Background
[bookmark: _Ref51753922]The RENEW 2019 Economic Study was one of three economic studies submitted to the ISO in 2019.[footnoteRef:5] The other two economic study requests were from NESCOE and Anbaric, and separate reports were issued accordingly.[footnoteRef:6]  [5:  See PAC presentation (April 25, 2019), https://www.iso-ne.com/static-assets/documents/2019/04/a2_renew_2019_economic_study_request_presentation.pdf.  ]  [6:  The NESCOE 2019 Economic Study examined transmission system and wholesale market impacts associated with the increasing penetration of incremental offshore wind resources strategically placed in southern New England. NESCOE, Offshore Wind Integration, PAC presentation (April 25, 2019), https://www.iso-ne.com/static-assets/documents/2019/04/a2_nescoe_2019_economic_study_request_presentation.pptx. Also see, ISO New England, 2019 Economic Study: Offshore Wind Integration, final report (June 30, 2020), https://www.iso-ne.com/static-assets/documents/2020/06/2019_nescoe_economic_study_final.docx. The Anbaric 2019 Economic Study assessed the impacts on energy market prices, air emissions, and regional fuel security when the system conceptually experienced large penetrations of offshore wind resources. Theodore Paradise (senior vice president, Transmission Strategy and counsel, Anbaric Development Partners, LLC), “2019 ISO New England Economic Study Request for Offshore Wind Impacts,” letter to Peter Bernard (chair, ISO New England Inc. Planning Advisory Committee) (April 1, 2019), https://www.iso-ne.com/static-assets/documents/2019/04/anbaric_2019_economic_study_request.pdf. Also  see, ISO New England, 2019 Economic Study: Significant Offshore Wind Integration (October 5, 2020), https://www.iso-ne.com/static-assets/documents/2020/10/2019-anbaric-economic-study-final.docx.] 

As a part of the regional system planning effort and as specified in Attachment K of its Open-Access Transmission Tariff (OATT), the ISO may conduct economic planning studies each year.[footnoteRef:7] The economic studies provide information on system performance, such as estimated production costs, load-serving entity (LSE) energy expenses (LSEEEs), transmission congestion, and environmental emission levels.[footnoteRef:8] Scenario analyses also inform stakeholders about different future systems. These hypothetical systems should not be regarded as physically realizable interconnection plans or the ISO’s vision of realistic future development, projections, and preferences. While the scenarios may not fully reflect current laws, regulations, or policy incentives, they can assist readers by identifying key regional issues.  [7:  ISO New England , ISO New England Inc. Transmission, Markets, and Services Tariff (ISO tariff), Section II, Open Access Transmission Tariff, Attachment K, “Regional System Planning Process” (January 22, 2020), https://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/oatt/sect_ii.pdf. ]  [8:  Load-serving entity energy expenses are the costs the LSEs pay for the energy at the receipt point’s calculated locational marginal price (LMP). This 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.] 

[bookmark: _Ref43214196]The ISO conducts economic studies under the auspices of the Planning Advisory Committee (PAC). The role of the PAC in the economic study process is to discuss, identify, and otherwise assist the ISO by advising on the proposed studies.[footnoteRef:9] For this study, stakeholders and the study proponent, RENEW, drove the scope of work and assumptions. The assumptions for all three economic studies received in 2019 were discussed during PAC meetings held from April 2019 through November 2019 and are summarized in this report. The ISO’s production cost study results for the 2019 RENEW Economic Study were presented to the PAC on April 23, 2020.[footnoteRef:10]  [9:  OATT, Attachment K, Section 4.1b.]  [10:  ISO New England, 2019 Economic Study— Preliminary Results RENEW 2019 Economic Study, PAC presentation, (April 23, 2020), https://www.iso-ne.com/static-assets/documents/2020/04/a6-2019-economic-studies-renew-prelim-results.pdf.] 

The ISO encourages interested parties to compare the results for the different scenarios and to reach their own conclusions about the possible outcomes.
The report includes hyperlinks throughout to PAC presentations and other materials that contain more detailed information. Some of these links are for materials containing Critical Energy Infrastructure Information (CEII).[footnoteRef:11] These links are up to date as of the publication of the report. [11:  Information on how to access CEII materials is available at the ISO’s “Request Data and Information,” webpage (2020), https://www.iso-ne.com/participate/support/request-information.] 

[bookmark: _Toc51784656]
Purpose of the 2019 RENEW Economic Study
and Scenarios Analyzed
In April 2019, in accordance with the procedures of Attachment K of the ISO’s Open-Access Transmission Tariff (OATT), RENEW submitted a request to conduct an economic study evaluating the impacts of conceptual transmission upgrades (i.e., scenarios) that would increase the hourly operating limits of the Orrington-South interface in Maine. ISO system planning sets the upper bound on operational limits for defined transmission interfaces, and in the case of the Orrington-South interface, the planning limit is 1,325 MW. Additionally, based on real-time system conditions and taking into account such factors as transmission-element outages and generator dispatch, the ISO sets real-time operating limits, which are capped by the planning limit.                    
As part of its 2019 Economic Study request, RENEW asserted that the real-time hourly operating limit has been below the planning level most of the time and sometimes significantly, from hour to hour and month to month.[footnoteRef:12] This premise formed the basis of RENEW’s request to further investigate the impact of transmission buildout on interface congestion. Although RENEW requested that the ISO assess the interface limit on an hourly basis, the ISO’s modeling software does not have this capability. Also, while comparing hourly limits with actual operating experience may be informative, this information is market sensitive. Thus, the ISO varied the monthly limits, as proposed by RENEW, over the Orrington-South interface (refer to Section 4.2.2). [12:  Francis Pullaro (executive director, RENEW Northeast), “2019 Economic Study Request: Economic Impact of Targeted Upgrades to the Orrington-South Interface Limit,” letter to Peter Bernard (chair, ISO New England Inc. Planning Advisory Committee) (April 1, 2019), https://www.iso-ne.com/static-assets/documents/2019/04/renew_2019_economic_study_request.pdf. ] 

RENEW developed three scenarios, as follows, for the 2025 study year, which the ISO analyzed without adjusting:
· Base scenario: Estimated 2016 limits, modified to approximate the addition of the Cooper Mills static synchronous compensator (STATCOM).
· S1: Same as the Base scenario but has a transmission device at the Orrington-South interface with equivalent impact to a large synchronous generator dispatched nearby the interface. All monthly limits are equal to or higher than the Base scenario.
· S2: Same as the Base scenario but has a new 345 kilovolt (kV) transmission path from the Orrington substation to the Maine Yankee station. Monthly limits are higher than the Base or S1 scenarios. See Figure 3‑1.
[image: ]
[bookmark: _Ref51661079][bookmark: _Toc51784371]Figure 3‑1: Location of the Orrington-South interface and proposed 345 kV transmission line for the S2 scenario.
The study assessed the three scenarios under constrained (C) and relaxed-constraint (RC) transmission conditions, described in Section 4.2.1. Threshold prices for dispatching various resources, including imports, hydroelectric, photovoltaics (PV), and onshore and offshore wind, were used to examine which resources would need to be backed down first (i.e., spilled) when the amount of $0/megawatt-hour (MWh) resources exceeded system load, or were in oversupply. Additionally, sensitivities were performed on the requested scenarios to identify the impact of differing curtailment orders of the New England Clean Energy Connect (NECEC) (i.e., an assumed new tie from Québec). For the sensitivities, the NECEC threshold price was increased from $2/megawatt-hour (MWh) to $11/MWh, meaning that NECEC would be curtailed before assumed native New England wind and imports. These sensitivity cases are labeled Base_Sen, S1_Sen, and S2_Sen for the constrained scenarios and Base_Sen_RC, S1_Sen_RC, and S2_Sen_RC for the scenarios under relaxed-constraint conditions.
As part of its request, RENEW asked the ISO to identify as a possible Market Efficiency Transmission Upgrade (METU) any upgrade from the scenarios that showed the expected production cost savings to New England customers exceeding the expected cost of that upgrade.[footnoteRef:13]  [13:  Refer to the OATT, Attachment N, “Procedures for Regional System Plan Upgrades” (https://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/oatt/sect_ii.pdf). Also see: ISO New England, “Market Efficiency Technology Upgrade,” webpage (2020), https://www.iso-ne.com/system-planning/system-plans-studies/metu.] 

[bookmark: _Toc51784657]
Methodology and Assumptions 
Study assumptions drive the results, and some assumptions have a greater impact on the results than others (e.g., internal transmission interface limits). To gain efficiencies, the assumptions for all three economic studies submitted in 2019 were determined in concert. At the May 21, 2019, and August 8, 2019, PAC meetings, the ISO reviewed in detail the assumptions associated with the 2019 RENEW Economic Study.[footnoteRef:14] A status update was given on November 20, 2019.[footnoteRef:15] This section highlights the importance of certain assumptions and how modeling was performed for the 2019 RENEW Economic Study. [14:  ISO New England, PAC presentations, 2019 Economic Studies—Draft Scope of Work and High-Level Assumptions (May 21, 2019), https://www.iso-ne.com/static-assets/documents/2019/05/a2_2019_economic_study_draft_scope_of_work_and_high_level_assumptions.pptx; 2019 Economic Studies—Detailed Assumptions (August 8, 2019), https://www.iso-ne.com/static-assets/documents/2019/08/a8_2019_economic_studies_detailed_assumptions.pptx.]  [15:  ISO-NE, 2019 Economic Study Requests Status Update, PAC presentation (November 20, 2019), https://www.iso-ne.com/static-assets/documents/2019/11/a6_2019_economic_study_request_status_update.pdf.] 

[bookmark: _Toc51784658]Modeling Tools and Methodology
The analyses were conducted using ABB’s GridView economic-dispatch program. The program is a complex simulation tool that calculates least-cost transmission-security-constrained unit commitment and economic dispatch under differing sets of assumptions and minimizes production costs for a given set of unit characteristics. The program explicitly models a full network, and New England was modeled as a constrained single area for unit commitment.
The as-planned transmission system was used for estimating the system’s transfer limits for internal and external interfaces. The projected 2025 transfer capabilities for internal and external transmission interfaces were used.[footnoteRef:16] Regional resources were economically dispatched in the simulations to respect the assumed “normal” transmission system transfer limits.[footnoteRef:17] [16:  Detailed transmission interface limits for 2025 used for this study are available in the ISO’s PAC presentation, Forward Capacity Auction 14 Transmission Transfer Capabilities & Capacity Zone Development (March 21, 2019), slide 25, https://www.iso-ne.com/static-assets/documents/2019/03/a8_fca14_transmission_transfer_capabilities_and_capacity_zone_development.pdf. ]  [17:  Normal transmission system transfer limits account for transmission system security constraints, which consider expected transmission facilities in service and first-contingency (N-1) criteria. A first contingency is the loss of the power system element (facility) with the largest impact on system reliability. A second contingency (N-1-1) occurs after a first contingency when the facility that, at that time, has the largest impact on the system is lost. N-1-1 also can refer to a constraint met by maintaining an operating reserve that can increase output when the first contingency occurs.] 

[bookmark: _Ref42689949][bookmark: _Toc51784659]Assumptions
This section summarizes the assumptions made for the following parameters:
· Constrained and relaxed-constraint transmission
· New England Control Area internal interface limits
· Monthly operating limits at the Orrington-South interface
· Interchanges with neighboring systems
· Load levels
· Weather year
· Supply-side resources
· Fuel prices
· Air-emission allowance prices
· Resource threshold prices ($/MWh)
[bookmark: _Ref42679720][bookmark: _Toc51784660]Parameters for Simulating Constrained Relaxed-Constraint Transmission
Production costs were simulated under constrained and relaxed-constraint conditions. Under constrained transmission, the system was modeled using the “pipe” and Regional System Plan (RSP) “bubble” configuration, with “pipes” representing transmission interfaces that connect the “bubbles,” which represent the various planning subareas.[footnoteRef:18] See Figure 4‑1. Under relaxed-constraint transmission, the New England transmission system was modeled as pipe and RSP bubble at the Orrington-South interface and as a single bus for the rest of system. [18:  For more information on RSP areas, refer to the “System Planning Subareas” map at this ISO website link: https://www.iso-ne.com/about/key-stats/maps-and-diagrams/#system-planning-subareas. Also refer to the ISO’s “Regional System Plan” webpage at: https://www.iso-ne.com/system-planning/system-plans-studies/rsp/.] 

[image: ]
[bookmark: _Ref42588683][bookmark: _Toc51784372]Figure 4‑1: Assumed New England system interface constraints for the 2025 study year.(a)
Notes: (a) Ratings are a function of unit availabilities, area loads, or both. BHE = Northeastern Maine; CMA/NEMA = Central Massachusetts/Northeast Massachusetts; CSC = Cross-Sound Cable; CT = Connecticut; NB = New Brunswick, Canada; NE = New England; NH = New Hampshire; NOR = Norwalk; NY = New York; SEMA/RI = Southeast Massachusetts/Rhode Island; SME = Southern Maine; SWCT = Southwest Connecticut; OSW = offshore wind; VT = Vermont; WMA = Western Massachusetts. Refer to the System Planning Subareas map at this ISO link: https://www.iso-ne.com/about/key-stats/maps-and-diagrams/.
 (b) The Surowiec-South interface limit is 2,500 MW per NESCOE’s 2019 Economic Study request; see footnote 5.
[bookmark: _Ref51666837][bookmark: _Toc51784661]Monthly Operating Limits at the Orrington-South Interface
Based on the parameters described in RENEW’s economic study request, Table 4‑1 illustrates the monthly operating limits at the Orrington-South interface for the three main scenarios studied under constrained and relaxed-constraint transmission conditions.
[bookmark: _Ref51679854][bookmark: _Toc51784382]Table 4‑1
Monthly Operating Limits(a)
	Scenario
	Orrington-South Monthly Interface Limits (MW)

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Base
	1,200
	1,275
	1,200
	700
	700
	1,200
	1,275
	1,200
	1,175
	375
	1,200
	1,075

	S1
	1,275
	1,275
	1,275
	870
	870
	1,275
	1,275
	1,275
	1,275
	500
	1,275
	1,215

	S2
	1,300
	1,375
	1,300
	975
	975
	1,300
	1,375
	1,300
	1,300
	1,200
	1,300
	1,275


(a) Dispatch limits include a 50 MW buffer, as requested by RENEW.
[bookmark: _Toc51784662]Interchanges with Neighboring Systems
Table 4‑2 shows the assumed 2025 external interchanges with neighboring systems, including the NECEC. The same interface capabilities were assumed for all scenarios. Based on the historical profiles, the maximum energy-import values reflected Forward Capacity Market (FCM) capacity imports and other noncapacity energy imports, but they never exceeded the import-transfer capability of the ties.
[bookmark: _Ref51680346][bookmark: _Ref42591006][bookmark: _Toc51784383]Table 4‑2
Interchange with Neighboring Systems (MW)
	Interconnection
	Import Capability (MW)
	Interchange Modeling

	HIghgate
	217(a)
	Historical diurnal profile averaged over 2016 through 2018

	Hydro-Québec (HQ) Phase II
	2,000(a)
	Historical diurnal profile averaged over 2016 through 2018

	HQ-NECEC
	1,200
	Assumed firm energy delivery of 1,090 MW across all hours

	New Brunswick
	1,000(a)
	Historical diurnal profile averaged over 2016 through 2018

	New York AC
	1,400(a)
	Assume no interchange(b)

	CSC
	330(a)
	Assume no interchange(b)


(a) These values represent import capability for energy.
(b) Assuming no interchange allows a straight comparison of the regional production cost across all scenarios.
[bookmark: _Toc51784663][bookmark: _Ref43123389]Assumptions about Load Levels
For all scenarios, the ISO’s 2019 Forecast Report of Capacity, Energy, Loads, and Transmission (CELT Report) for year 2025 was the source for data on gross demand, energy efficiency (EE), and behind-the-meter photovoltaics (BTM PV).[footnoteRef:19] The study did not consider demand from additional policy-driven electrification of heat pumps and electric vehicles. [19:  ISO-New England, 2019 Forecast Report of Capacity, Energy, Loads, and Transmission (April 30, 2019), https://www.iso-ne.com/static-assets/documents/2019/04/2019_celt_report.xls.] 

[bookmark: _Toc51784664]Weather-Year Assumptions
The Base and S1 and S2 production cost scenarios used 2015 weather to align wind, solar, and load profiles (scaled to 2025). The use of different weather-year profiles can result in different magnitudes for the study metrics, but broad results would be similar.
[bookmark: _Toc51784665]Supply-Side Resources
Supply-side resource capacity (for new and existing generation and demand-response resources) was based on the 2019 CELT report and results of the thirteenth Forward Capacity Auction (FCA 13) for the 2022-2023 capacity commitment period.[footnoteRef:20] Resources that retired in FCA 13 were removed as well as Mystic substation units 8 and 9 in Boston, Massachusetts. Resources committed through a state-sponsored request-for-proposals (RFP) for renewable energy were included.[footnoteRef:21] [20:  ISO New England Inc., Docket No. ER19-___-000, Forward Capacity Auction Results Filing, FERC filing (February 28, 2019), https://www.iso-ne.com/static-assets/documents/2019/02/fca_13_results_filing.pdf. ]  [21:  RFP resources included 1,200 MW of offshore wind (nameplate), as well as 100 MW of solar and 73 MW onshore wind in the BHE RSP subarea.] 

[bookmark: _Toc51784666]Fuel-Price Assumptions
The assumed fuel prices for coal, oil, and natural gas were based on forecasts from the US Department of Energy (DOE), Energy Information Administration (EIA) 2019 Annual Energy Outlook (AEO) for New England.[footnoteRef:22] [22:  EIA, 2019 Annual Energy Outlook (2019), https://www.eia.gov/outlooks/archive/aeo19/.] 

[bookmark: _Toc51784667]Air Emission Allowance Prices
The study used the following allowance-price assumptions for 2025 for nitrogen oxide (NOX), sulfur dioxide (SO2), and carbon dioxide (CO2) air emissions, which affect the economic dispatch price for fossil-burning generation units:
· Nitrogen oxides: $18.87/short ton
· Sulfur dioxide: $18.87/short ton
· Carbon dioxide: $8.00/short ton
[bookmark: _Ref52289220]These prices are similar to those used for the 2016 Economic Study with exception of the CO2 prices.[footnoteRef:23] To check compliance with the Massachusetts Global Warming Solutions Act (GWSA), CO2 emissions from affected fossil fuel generators located in Massachusetts were compared with allowable limits.[footnoteRef:24] [23:  ISO New England, 2016 Economic Study: NEPOOL Scenario Analysis:  Implications of Public Policies on ISO New England Market Design, System Reliability and Operability, Resource Costs and Revenues, and Emissions (November 17, 2017), https://www.iso-ne.com/static-assets/documents/2017/11/final_2016_phase1_nepool_scenario_analysis_economic_study.docx.]  [24:  State of Massachusetts, An Act Establishing the Global Warming Solutions Act, 2008 acts, Chapter 298 (August 7, 2008), https://malegislature.gov/Laws/SessionLaws/Acts/2008/Chapter298.] 

[bookmark: _Toc51784668]Resource Threshold Prices
Threshold prices were assigned to certain resource types in this study, including imports, hydroelectric, photovoltaics, and onshore and offshore wind, to facilitate the analysis of load levels where the amount of $0/MWh resources exceeded the system load, which leads to oversupply.[footnoteRef:25] Threshold prices were used to determine which type of resources to back down first. They are not indicative of “true” cost, expected bidding behavior, or the preference for one type of resource over another.  [25:  Although offshore wind resources were modeled as price-taking resources in this study due to their threshold price of $0/MWh, these resources do exhibit some flexibility if they are “held-back” for reserves or operated under do-not-exceed dispatch (DNE) provisions. The DNE methodology sets an upper limit of how much generation the system can accommodate from an intermittent power resource. The resource may operate freely between 0 MW and this limit but must not exceed it. This helps maximize the amount of intermittent generation on the system by accommodating the variable nature of these resources’ fuel.] 

All three 2019 economic studies used similar threshold prices as in prior economic studies (2016 and 2017), with two adjustments:[footnoteRef:26] [26:  See footnote 22] 

· The behind-the-meter PV and utility-scale PV (FCM and energy only) were differentiated.
· A preferential threshold price (i.e., the $2/MWh price) was applied to energy from the newly proposed NECEC tie because contract terms are publicly available.[footnoteRef:27] [27:  Petition of Massachusetts Electric Company and Nantucket Electric Company, each d/b/a National Grid for approval by the Department of Public Utilities (DPU) of a long-term contract for procurement of Clean Energy Generation, pursuant to Section 83D of An Act Relative to Green Communities, St. 2008, c. 169, as amended by St. 2016, c. 188, § 12, DPU 18-64; DPU 18-65; Exhibit JU-3-A_Revised_10-17-18; Exhibit JU-3-B_Redacted_Revised_10-17-18; Exhibit JU-3-C_Revised_10-17-18.] 

The use of different threshold prices other than indicated in Table 4‑3 may produce different outcomes. 
[bookmark: _Ref51684213][bookmark: _Ref42603671][bookmark: _Toc51784384]Table 4‑3
Resource Threshold Prices ($/MWh)
	Price-Taking Resource
	Threshold Price ($/MWh)

	Behind-the-meter PV
	1

	NECEC (1,090 MW)
	2 / 11 (sensitivity)

	Utility-scale PV
	3

	Onshore/offshore wind
	4

	New England hydro
	4.5

	Imports from HQ (Highgate and Phase II)
	5

	Imports from NB
	10


[bookmark: _Toc51784669]
Key Observations
The analysis of congestion; production costs; load-serving entity energy expenses, including “uplift” (i.e., make-whole) costs; and CO2 emissions produced the most relevant results of this study.[footnoteRef:28] All scenarios produced directionally similar results. The study concluded that none of the transmission buildout scenarios resulted in production cost savings that would prompt a Market Efficiency Transmission Upgrade study pursuant to Attachment N of the OATT.   [28:  Additional results are included in April 23, 2020, PAC presentation (footnote 9).] 

[bookmark: _Toc51784670]Congestion 
Past economic studies have shown that locating resources near load centers reduces systemwide congestion and the need for transmission expansion. Transmission improvements are often sought to interconnect renewable resources and imports in northern New England. Study results for adding transmission improvements in Maine confirmed that transmission buildout could reduce congestion. The constrained Base scenario has the highest congestion costs for the Orrington-South interface, while the constrained S2 scenario has the lowest congestion costs; the interface congestion cost in the constrained S2 scenario is 11% of the constrained Base scenario’s cost. Congestion costs at the Orrington-South interface are higher when interfaces south of Orrington-South are relaxed and result in congestion concentrated on this interface. Figure 5‑1 compares transmission congestion costs for all scenarios studied.
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[bookmark: _Ref51688481][bookmark: _Toc51784373]Figure 5‑1: Congestion cost by interface ($ million). 
Monthly congestion of the Orrington-South interface is fairly consistent across all three scenarios, even with the month-to-month variations in the amount of congestion. Flow-duration curves were developed to exhibit monthly congestion. Figure 5‑2 to Figure 5‑4 illustrate periods of congestion for the Base, S1, and S2 scenarios, respectively, under constrained conditions and the $2/MWh NECEC threshold price. In each figure, the red line represents the monthly interface limit (Monthly Limit) and the blue line represents the simulated power flow during the month (Monthly Power Flow). Overlap of the red line and blue line indicates times of congestion. For the Base scenario, the Orrington-South interface is congested 22% of the year and 98% of the time during the month of October. For the S1 scenario, the Orrington-South interface is congested 13% of the year and 82% of the time during October. For the S2 scenario, the Orrington-South interface is congested 3% of the year but is congested less than 1% during October, supporting the premise that transmission buildout would be necessary to reduce transmission congestion when resources (and imports) are located in northern New England. Comparing congestion in the month of October among all three scenarios illustrates a decrease in congestion from the Base scenario to the S1 scenario, and from the S1 scenarios to the S2 scenario, meaning the proposed transmission buildout by RENEW would allow energy from the north to serve New England load south of the Orrington-South interface.

[image: ]
[bookmark: _Ref51689838][bookmark: _Toc51784374]Figure 5‑2: Monthly Orrington-South interface flow-duration curve and limit for the constrained Base scenario (MW).
[image: ]
[bookmark: _Ref51689839][bookmark: _Toc51784375]Figure 5‑3: Monthly Orrington-South interface-flow duration curve and limit for the constrained S1 scenario (MW).
[image: ]
[bookmark: _Ref51689841][bookmark: _Toc51784376]Figure 5‑4: Monthly Orrington-South interface flow-duration curve and limit for the constrained S2 scenario (MW).
Results for the threshold-price-sensitivity scenarios show that most months have the same amount of congestion at the Orrington-South interface between the $2/MWh and $11/MWh NECEC threshold prices. Months in which the Orrington-South interface is more congested tend to see higher congestion in the $11/MWh threshold-price-sensitivity scenarios due to New Brunswick imports being spilled less.[footnoteRef:29] Table 5‑1 summarizes monthly congestion at the Orrington-South interface, which is similar for the constrained and relaxed-constraint transmission scenarios as well as the threshold-price-sensitivity scenarios.  Differences in congestion between the constrained and relaxed-constraint transmission scenarios is not noticeable when the NECEC threshold price varies (refer to Section 4.2.1). [29:  Overall system spillage is relatively small at less than 1 TWh annually. Total annual spillage is similar between the $2/MWh and $11/MWh NECEC threshold-price-sensitivity scenarios. At the higher threshold price where NECEC is curtailed before other resource types, the New Brunswick imports, HQ imports, and native New England hydro spillage is reduced.] 

[bookmark: _Ref51690830][bookmark: _Toc51784385]Table 5‑1
Percentage of Time the Orrington-South Interface Is Congested by Month
	Scenario
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Base
	19%
	17%
	%
	30%
	36%
	7%
	11%
	24%
	6%
	98%
	1%
	9%

	S1
	13%
	17%
	1%
	2%
	10%
	1%
	11%
	13%
	1%
	82%
	0%
	2%

	S2
	11%
	4%
	1%
	0%
	10%
	1%
	1%
	10%
	1%
	0%
	0%
	1%

	Base_RC
	55%
	32%
	11%
	46%
	46%
	26%
	33%
	43%
	15%
	98%
	1%
	11%

	S1_RC
	42%
	32%
	4%
	6%
	14%
	13%
	33%
	36%
	9%
	82%
	1%
	4%

	S2_RC
	39%
	15%
	3%
	0%
	15%
	10%
	19%
	35%
	8%
	0%
	0%
	2%

	Base_Sen
	39%
	17%
	11%
	53%
	50%
	7%
	11%
	24%
	6%
	100%
	1%
	9%

	S1_Sen
	23%
	17%
	2%
	9%
	10%
	1%
	11%
	13%
	1%
	84%
	0%
	2%

	S2_Sen
	18%
	4%
	1%
	0%
	10%
	1%
	1%
	10%
	1%
	0%
	0%
	1%

	Base_Sen_RC
	55%
	32%
	13%
	55%
	50%
	26%
	33%
	43%
	15%
	100%
	1%
	11%

	S1_Sen_RC
	42%
	32%
	4%
	9%
	15%
	13%
	33%
	36%
	9%
	84%
	1%
	4%

	S2_Sen_RC
	39%
	15%
	3%
	0%
	15%
	10%
	19%
	35%
	8%
	0%
	0%
	2%



[bookmark: _Toc51784671]Production Costs 
Production costs reflect operating costs (which account for fuel-related costs), dispatch and unit commitment, and emission allowances. The amount of resources assumed for each scenario is adequate to meet the systemwide energy requirements. Natural gas consumption, and to a lesser extent other fossil fuels, drive production costs. 
Study results indicate that systemwide production cost drops slightly because no-cost New Brunswick imports ($0/MWh threshold price) replace price-taking natural gas when the Orrington-South interface limit increases from the Base to S1 scenario and from S1 to S2 scenario. As illustrated in Figure 5‑5, systemwide production cost savings are similar between the constrained and relaxed transmission scenarios. Varying the NECEC threshold price has no impact on production cost savings. Production cost savings are on the order of $4 and $8 million per year in the constrained case and $5 and $9 million in the relaxed-constraint cases. In all these results, approximately 75% of these apparent savings arise from a simplifying assumption that energy imported from New Brunswick had a zero production cost charge to New England. Assigning a cost to the energy imported from New Brunswick at a New England LMP would reduce the adjusted savings to approximately $1 and $2 million per year for the constrained and relaxed-constraint cases.
[image: ]
[bookmark: _Ref51691492][bookmark: _Toc51784377]Figure 5‑5: Systemwide production costs ($ million).
Imports from New Brunswick displace natural gas production as the Orrington-South interface limit is increased from the Base to S1 scenario and from S1 to S2 scenario. See Table 5‑2.
[bookmark: _Ref51693209][bookmark: _Toc51784386]Table 5‑2
Systemwide Energy Production (TWh) for Constrained (C) and Relaxed Constraints (RC) Transmission
	Fuel Type
	Scenarios, Constrained and with Relaxed Constraints

	
	Base
	S1
	S2

	
	C
	RC
	C
	RC
	C
	RC

	Offshore wind
	3.96
	3.96
	3.96
	3.96
	3.96
	3.96

	Onshore wind
	3.87
	3.87
	3.87
	3.87
	3.87
	3.87

	Natural gas
	25.21
	24.95
	25.11
	24.83
	25.02
	24.73

	Oil
	0
	0
	0
	0
	0
	0

	Imports
	26.3
	26.52
	26.41
	26.65
	26.52
	26.76

	Coal
	1.19
	1.27
	1.18
	1.26
	1.18
	1.26

	Landfill gas/
municipal solid waste
	2.92
	2.93
	2.92
	2.92
	2.91
	2.91

	Photovoltaics
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6

	Wood
	4.72
	4.72
	4.72
	4.72
	4.72
	4.72

	Nuclear
	29.85
	29.85
	29.85
	29.85
	29.85
	29.85

	Energy efficiency/
demand response
	31.61
	31.61
	31.61
	31.61
	31.61
	31.61

	Hydro
	9.25
	9.25
	9.25
	9.25
	9.25
	9.25



[bookmark: _Toc51784672]Load-Serving Entity Energy Expense and Uplift Costs
Load-serving entities represent organizations that directly serve retail electricity customers. Risk management is particularity important to LSEs because they are sensitive to and may not be able to hedge against sudden or unexpected price variations, which could affect their customers. Figure 5‑6 shows load-serving entity energy expenses and uplift costs for all constrained and relaxed-constraint cases. LSEEEs and uplift is very similar between scenarios and show the instability of this metric for making economic evaluations. For example, note that the LSEEE actually increases as the interface limit is raised from the Base values to the S2 values. Generally, LSEEE and uplift decrease as no-cost New Brunswick imports replace price-taking natural gas when the Orrington-South interface limit increases from the Base scenario to the S1 scenario and from S1 scenario to S2 scenario. LSEEE and uplift costs are higher in the S2 constrained scenario than in the S1 constrained scenario because the GridView model optimized production cost rather than LSEEE.[footnoteRef:30]  [30:  To minimize production cost, GridView may dispatch a high-variable-cost “peaker” unit rather than a baseload resource with high start-up cost, increasing LSEEEs.] 

[image: ]
[bookmark: _Ref51782593][bookmark: _Toc51784378]Figure 5‑6: Load-serving entity energy expenses and uplift costs ($ million).
[bookmark: _Toc51784673]Native New England Resource CO2 Emissions
The results for the metrics that assessed the environmental impacts associated with the different scenarios provide some insight on future emission trends. The total CO2 emissions associated with the different scenarios are directly associated with the type and amount of fossil fuels the different scenarios use to generate electricity. For the 2019 RENEW Economic Study, carbon emissions are similar across all scenarios for native New England resources in the 2025 study year. As shown in Figure 5‑7, CO2 emissions decrease slightly as New Brunswick imports replace natural gas when the Orrington-South interface limit increases from the Base scenario to the S1 scenario and from S1 scenario to the S2 scenario. For the NECEC threshold-price-sensitivity scenario, CO2 emissions do not differ significantly.
[image: ]
[bookmark: _Ref51694476][bookmark: _Toc51784379]Figure 5‑7: Native New England resource CO2 emissions (millions of short tons).
[bookmark: _Toc51784674]Annual Average Locational Marginal Prices
Increasing the Orrington-South interface limits revealed the impacts to average locational marginal prices for selected RSP subareas for the constrained and relaxed-constraint scenarios for the 2025 study year. The results showed that price separation between the BHE RSP subarea and the Rest of System is largest in the Base scenario and smallest in S2 scenario for both the constrained and relaxed-constraint scenarios. The annual BHE RSP subarea LMP increases as congestion at the Orrington-South interface decreases because energy from New Brunswick imports is setting the subarea’s LMP less frequently. In fact, the LMPs change very little for other RSP subareas. See Figure 5‑8. The LMPs do not differ, regardless of the NECEC threshold price. 
[image: ]
[bookmark: _Ref42675768][bookmark: _Toc51784380]Figure 5‑8: Annual average LMPs by RSP subarea ($/MWh).
[bookmark: _Ref166224595][bookmark: _Toc173682315][bookmark: _Ref462056355][bookmark: _Ref476319046][bookmark: _Toc51784675]
Summary 
The 2019 RENEW Economic Study assessed the economic impacts of increases in operating limits of the Orrington-South interface in Maine. Three distinct scenarios of transmission buildout were examined. As expected, congestion of the Orrington-South interface was reduced with the conceptual additional transmission buildout, specifically the addition of the Cooper Mills STATCOM and a new 345 KV transmission path from the Orrington substation to the Maine Yankee station. Congestion varied monthly. Generally, times of low load and high production by renewable resources resulted in the greatest amount of congestion, while times of high loads and low production by renewables resulted in the least amount of congestion.  
Production cost savings were shown to be approximately $4 and $8 million per year with about 75% of the saving arising from a simplifying assumption that energy imported from New Brunswick had a zero production cost charge to New England. Assigning a cost to the energy imported from New Brunswick at a New England LMP would reduce the adjusted savings to $1 and $2 million per year. The limited reduction in production cost savings based on the assumptions in this study is not significant enough to merit investigation of a Market Efficiency Transmission Upgrade.
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