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Executive Summary  
 

Executive Summary   

In 2019, Governor Mills signed LD 1494, ά!ƴ !Ŏǘ ǘƻ wŜŦƻǊƳ aŀƛƴŜΩǎ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘ (RPS),έ 

which sets ambitious renewable energy targets for the state. The act requires 80% of aŀƛƴŜΩǎ electricity to 

come from renewable resources by 2030 and sets a goal of having 100% ƻŦ aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜǊǾŜŘ ōȅ 

renewables by 2050. In addition, the electric sector is expected to support rapid load growth due to 

electrification of end uses, especially in the transportation and building sectors, to ƘŜƭǇ ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ 

greenhouse gas (GHG) reduction goals.  

Maine, like much of New England, has these dual goals to achieve ς 1) serving growing and likely more 

dynamic load due to electrification, and 2) increasing the share of renewables serving thŜ ǎǘŀǘŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 

needs. Maine has an abundance of high-quality renewable resources available for development that 

positions the state well to achieve both these goalsΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ aŀƛƴŜΩǎ ŎǳǊǊŜƴǘ ǊŜǎƻǳǊŎŜ ƳƛȄ, 

geography, and population distribution pose unique considerations that need to be addressed through 

intentional action and thoughtful policy support to the market to ensure that the renewable transition is 

effective, affordable, and equitable. 

This studyΣ ǎǇƻƴǎƻǊŜŘ ōȅ ǘƘŜ aŀƛƴŜ DƻǾŜǊƴƻǊΩǎ 9ƴŜǊƎȅ hŦŦƛŎŜ όD9hύ and conducted by Energy & 

Environmental Economics (E3) and Applied Economics Clinic (AEC), fulfills the requirements of LD 1494, 

which called for a Renewable Energy Goals Market Assessment (REGMA) to assess options for how to meet 

the renewable transition in Maine over the next decade. It is meant to support policy discussions and 

decision-making ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǎǘŀǘŜΩǎ wt{Φ The analysis in this study is meant to complement the work of 

the Maine Climate Council (MCC) in studying and supporting pathways to ƳŜŜǘƛƴƎ aŀƛƴŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ 

and GHG reduction requirements. 

The REGMA analyzes six future scenarios to explore plausible renewable portfolios that would enable 

Maine to meet its 2030 RPS target. The scenarios were informed by stakeholder feedback and are meant 

to reflect the characteristics that are unique to Maine ς onshore resource potential, land use 

considerations, transmission availability, offshore wind potential, and coordination with the rest of New 

England. Comparing the resource portfolios, costs, and equity impacts across the scenarios provides insight 

into the possible effects ƻŦ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǳƴƛǉǳŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻƴ aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴΦ 

Taken together, these individual effects paint a larger picture of the opportunities and challenges that 

Maine may face as it works towards achieving the RPS. As such, the scenarios and their results are not 

meant to be prescriptive and are instead intended to highlight the considerations to support policy 

discussions and decisions related to the RPS.  

Key findings from the study that provide insight into how Maine may achieve its RPS target in the next 

decade are found below. 

é Maine is on track to meeting its RPS until 2026, but new resources will be needed to meet 

increasing goals thereafter. A combination of existing generation and resources procured 

previously and through LD 1494 and LD 1711, άAn Act To Promote Solar Energy Projects and 

Distributed Generation Resources in Maine,έ will be sufficient to meet the need for renewable 
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energy credits (RECs) until 2026. Beyond this point, new resources will be needed to meet 

increasing goals. Scenario analysis indicates a range of new builds between 800 and 900 MW by 

2030 will be needed. This need can be satisfied by a number of resources, though each requires 

the consideration of tradeoffs: aŀƛƴŜΩǎ high-quality onshore wind potential is largely inaccessible 

absent investments in transmission; small-scale solar may be developed in proximity to loads and 

provides resiliency, but significant transmission and distribution upgrades are likely needed to 

interconnect large amounts of these systems; and offshore wind is still in the nascent stages of 

technological development but could emerge as a competitive source of renewable supply. Given 

the challenges facing renewable development in the state ς particularly with respect to 

transmission ς there is need for action well before 2026 so that the intervening years are used to 

develop and implement plans to ensure enough new renewable generation is online and 

operational by 2026. Further, given federal tax incentive expiration, there are cost savings to 

advancing development to before 2026.  

é Transmission will be a key driver of renewable development. Building new transmission is difficult 

in New England and can be challenging in Maine. At the same time, the report required by LD 14011 

and subsequent findings show that key transmission pathways in Maine are severely congested 

and constrained. This study highlights that many lower-cost pathways ǘƻ ƳŜŜǘ aŀƛƴŜΩǎ RPS 

requirements in the next decade are achievable through the development of high-quality wind 

resources in western and northern Maine, which in turn require new transmission investments. 

The scale of these transmission investments, along with the longer development timelines as 

compared to renewable projects, will make it difficult for any single wind project to shoulder the 

development burden of these transmission projects. Limited transmission availability will present 

similar challenges for the development of other generation sources, such as solar. A state-

sponsored anticipatory transmission planning process could help address this issue by identifying 

the transmission needed to meet the RPS in advance of renewable development. Maine could look 

to states like Texas (Competitive Renewable Energy Zone, or CREZ, process) or California 

(Renewable Energy Transmission Initiative, or RETI) to see how other states in similar situations 

have successfully approached this challenge.  

é A technologically diverse portfolio helps lower risk. Each resource type has its own set of 

challenges that introduce risk into the resource portfolio. Onshore resources in western and 

northern Maine require transmission upgrades and could face siting challenges. Floating offshore 

wind is not yet deployed at scale and thus has a higher initial cost, which may decrease with 

increasing penetration. Large penetrations of distributed generation, which are expected by 2025 

(500 MW), will likely require distribution and transmission upgrades. There is also uncertainty 

associated with the resource costs, as technologies are continuing to evolve. Pursuing a diverse 

portfolio serves as a hedge against several uncertainties, including slower-than-expected cost 

declines and the development of new transmission. This study explores one such diverse portfolio, 

but the appropriate mix will be ultimately decided to meet multiple policy objectives. 

 

1 άwŜǎƻƭǾŜΣ ¢ƻ {ǘǳŘȅ ¢ǊŀƴǎƳƛǎǎƛƻƴ {ƻƭǳǘƛƻƴǎ ǘƻ 9ƴŀōƭŜ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ LƴǾŜǎǘƳŜƴǘ ƛƴ ǘƘŜ {ǘŀǘŜ Cƛƴŀƭ wŜǇƻǊǘΣέ нлнлΦ 
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é Regional coordination can help lower the costs of ƳŜŜǘƛƴƎ aŀƛƴŜΩǎ wt{. In addition to having a 

large amount of land for renewable development, Maine has some of the highest-quality wind 

resources available in New England. If developed, these resources can help to meet both Maine 

ŀƴŘ ǘƘŜ ōǊƻŀŘŜǊ ǊŜƎƛƻƴΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ ƎƻŀƭǎΦ New transmission is required to access these 

resources, however, due to their remote location. The study results show that coordination of 

Maine with neighboring states can ƳƛǘƛƎŀǘŜ ǘƘŜ άƭǳƳǇƛƴŜǎǎέ ŎƘŀƭƭŜƴƎŜ ƻŦ ƴŜǿ ǘǊŀƴǎƳƛǎǎƛƻƴ 

investmentτthat transmission projects are generally large in size, are expensive, and the full 

project has to be developed before any benefits can be realizedτso ǘƘŀǘ aŀƛƴŜΩǎ customers do 

not bear the full cost of transmission to access high-quality wind resources in the northern and 

western parts of the state.  

é Storage paired with solar resources can provide value. Storage paired with solar was found to be 

chosen economically alongside onshore wind. MaƛƴŜΩǎ ǿƛƴǘŜǊ ǇŜŀƪ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ 

heating electrification. Pairing solar with storage improves the combined generation profile of 

these hybrid resources, enabling them to generate during evening peak demand, increasing their 

value to the system. Storage has additional benefits, such as transmission and distribution deferral 

value, resiliency, and ancillary services provision, which are not captured in this RPS-focused study. 

Including these value streams is likely to further improve the economics of storage. 

é Energy equity challenges cut across four dimensions: resource diversity, customer-sited 

resources, geographic resource distribution, and cost. {ǳŎŎŜǎǎŦǳƭƭȅ ŀŎƘƛŜǾƛƴƎ aŀƛƴŜΩǎ ǊŜƴŜǿŀōƭŜ 

energy goals may result in at least three benefits for its vulnerable communities: 1) reductions in 

emissions resulting in corresponding improvements in air quality and human health, 2) renewable 

resources increasing the energy supplyΩǎ resiliency, and 3) clean energy development creating 

employment and community investment. Ensuring equity considerations are prioritized during 

aŀƛƴŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴ ǊŜǉǳƛǊŜǎ ŎŀǊŜŦǳƭ ŀǘǘŜƴǘƛƻƴ ǘƻ ǊŜǎƻǳǊŎŜ diversity, customer-sited 

resources, geographic resource distribution, and the cost impacts experienced by vulnerable 

communities. Thoughtful selection of a resource mix should be complemented with periodic 

ǊŜǾƛŜǿ ŀƴŘ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ǘƻ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜ ǘƻ ŜƴǎǳǊŜ aŀƛƴŜΩǎ ǾǳƭƴŜǊŀōƭŜ ŎƻƳƳǳƴƛǘƛŜǎ ŀǊŜ ƴƻǘ 

adversely impacted. Investment in programs that provide resources to vulnerable communities 

should also continue to be supported. Furthermore, siting of new resources should consider and 

seek to minimize impacts to existing industries, stakeholders, communities, and natural resources.  

This study finds that Maine has several economical pathways to meet its renewable goals. Each resource 

option has its own set of challenges to overcome, with the primary challenge being building transmission 

to access high-quality renewables in the state and the associated siting, permitting, and environmental 

concerns. This study outlines potential policy implications of the renewable transition and is meant to 

support policy considerations as the state charts its way to a high renewable future. 

  



 

   

 

Introduction  1 

1 Introduc tion   

 

The State of Maine has been a leader in both recognizing the potential impacts of climate change on the 

state and in enacting policy to mitigate and prepare for the risks associated with climate change impacts. 

In 2019, Governor Janet Mills signed landmark bipartisan legislation establishing the Maine Climate Council 

and mandating that Maine reduce GHG emissions 45% below 1990 levels by 2030 and 80% by 2050. This 

was followed by an Executive Order committing the state to a carbon-neutral target by 2045. In support of 

those targets, Governor Mills also signed [5 мпфпΣ ά!ƴ !Ŏǘ ǘƻ wŜŦƻǊƳ aŀƛƴŜΩǎ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘ 

(RPS),έ which sets ambitious renewable energy targets for the state through 2050. The act requires that 

80% of aŀƛƴŜΩǎ electricity come from renewable resources by 2030 and sets a goal of a 100% RPS by 2050. 

The law also calls for a 10-year Renewable Energy Goals Market Assessment (REGMA).  

This study fulfills the market assessment requirement by evaluating the current renewable market in 

Maine, assessing the need for Renewable Energy Credits (RECs) until 2030 (based on the RPS targets 

established by LD 1494), and estimating the costs of multiple renewable resource portfolios that meet the 

2030 RPS targets, along with additional equity considerations. 

In addition to modeling renewable resource portfolios, this study also identifies areas that may require 

ǇƻƭƛŎȅ ŀŎǘƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ RPS requirements and discusses options available to the state to enable 

a smooth and equitable transition to a high renewable future, while ensuring affordable and reliable 

electricity ŦƻǊ ǘƘŜ ǎǘŀǘŜΩǎ ǊŀǘŜǇŀȅŜǊǎΦ The aim of this study is not to be prescriptive in determining the exact 

mix of resources that Maine must procure, but rather ς through the modeling and analysis of example 

portfolios -- extract general themes of benefits, challenges, and barriers to renewable development in the 

state. As such, the analysis and policy options discussed in this study are intended to support policy 

discussions and decision-making ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǎǘŀǘŜΩǎ wt{. 

 

The GEO is the sponsor of this study and selected E3 and the AEC to conduct this work. GEO worked with 

the consultants in designing the study, conducting public comment processes, facilitating, and participating 

in meetings between stakeholders and consultants, and preparing this report.  

 

As part of this study, GEO, E3, and AEC conducted a public comment process in which stakeholders were 

invited to participate in two webinars. In the first webinar, conducted on November 6, 2020, E3 presented 

the initial study design and solicited feedback from stakeholders. This feedback was then used to modify 

the study design and the scenarios modeled. Follow-up meetings to gather more data were scheduled as 

needed. A summary of the received feedback can be found in the Appendix.  
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The second webinar was conducted on February 17, 2021 and presented the final scenario analysis results 

and key findings provided in this report. Stakeholders were invited to provide comments on the final report 

following this webinar, the summary of which of will be posted online. 

 

The key objectives of this study are to: 

é !ǎǎŜǎǎ aŀƛƴŜΩǎ ŜȄƛǎǘƛƴƎ ǊŜƴŜǿŀōƭŜǎ to help quantify RECs expected to be generated and used to 

meet MaineΩǎ RPS through 2030 from existing resources.  

é Establish the need for RECs through 2030. Establish the need for incremental RECs through 2030, 

after ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ w9/ǎ ŦǊƻƳ aŀƛƴŜΩǎ ŜȄƛǎǘƛƴƎ ǊŜǎƻǳǊŎŜǎ.  

é Explore resource portfolios that help the state meet its renewable targets through 2030. 

Determine portfolios of resources that can economically meet the incremental REC need through 

2030 and determine the costs of such portfolios.  

é Explore the implications of regional coordination. Identify impacts of regional coordination 

strategies on the achievement of the ǎǘŀǘŜΩǎ RPS.  

é Consider the equity implications of renewable development ƻƴ aŀƛƴŜΩǎ population.  

é Explore policy options to support achieving aŀƛƴŜΩǎ RPS by 2030 by reviewing analysis results 

and stakeholder feedback.  

 

The remainder of the report is organized as follows:  

é Section 2 provides background and study context, including an overview of aŀƛƴŜΩǎ wt{ ŀƴŘ DID 

mandates and targets, and the relevant policy considerations assessed through the scenario 

analysis. This sectioƴ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜǎ aŀƛƴŜΩǎ ǎƻŎƛŀƭƭȅ ǾǳƭƴŜǊŀōƭŜ ŎƻƳƳunities, which helps 

contextualize the equity impacts of the results of this study (presented in Section 4). 

é Section 3 provides an overview of the modeling approach, scenarios modeled, and key assumptions 

utilized in the scenario analysis.  

é Section 4 presents results from the scenario analysis and discusses the drivers of the results.  

é Section 5 describes the policy implications of the scenario analysis performed and includes a 

discussion of the options to reduce challenges and barriers to renewable development in the state.  

é Section 6 summarizes the anticipated energy equity benefits and challenges ƻŦ aŀƛƴŜΩǎ ǘǊŀƴǎƛǘƛƻƴ 

to a high renewable state on aŀƛƴŜΩǎ most vulnerable populations. 

é Section 7 summarizes the key takeaways from the study. 

é Section 8 is an Appendix that provides a summary of stakeholder feedback collected as part of this 

study and contains other supplemental material.



 

   

 

Background and Context  2 
2 Background and context  

This section provides background on the current energy policy, resource mix, and equity context under 

which this study is conducted.  

 

The State of Maine has set some of the most ambitious decarbonization policies in the country, aimed at 

mitigating the worst impacts of climate change on the state and catalyzing the development of aŀƛƴŜΩǎ 

clean energy economy. Three important pieces of bipartisan legislation, signed by Governor Mills in 2019, 

ŀǊŜ ŎŜƴǘǊŀƭ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ policy agenda:  

é LD 1679 (An Act To Promote Clean Energy Jobs and To Establish the Maine Climate Council): This 

act established the Maine Climate Council, which is tasked with advising on strategies for Maine to 

meet economy-wide emission reductions of at least 45% below 1990 levels by 2030 and 80% below 

by 2050. These targets are based on 38 M.R.S.A. § 576. Since the signing of this legislation, 

Governor Mills has also issued an Executive Order aimed at achieving economy-wide carbon 

neutrality by 2045.  

é LD 1494 (An Act Tƻ wŜŦƻǊƳ aŀƛƴŜΩǎ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘύ: This act increased the share 

of the stateΩǎ electricity coming from renewable resources to a total of 80% by 2030 and a goal of 

100% by 2050. This law also requires the Maine Public Utilities Commission (MPUC) to procure 

long-term clean energy generation contracts ǘƻǘŀƭƛƴƎ мп҈ ƻŦ aŀƛƴŜΩǎ 2018 retail sales in two 

rounds of procurement in 2020 and 2021. This act also provides the basis for the renewable energy 

assessment developed in this study.  

é LD 1711 (An Act To Promote Solar Energy Projects and Distributed Generation Resources in 

Maine): The policy levers within this bill are aimed at encouraging broader participation in the 

renewable energy market. This act issues procurement orders for a total of 375 MW of distributed 

generation, primarily expected to be small solar photovoltaic (PV) projects, by 2024, and creates 

incentives for commercial, institutional, and community projects. The bill also removes caps on Net 

Energy Billing (NEB), increases the eligible project size to 5 MW, and requires that community 

projects support low- and moderate-income customers. As of the time of writing of this report, 

Block 1 of the 375 MW distributed generation procurement was deemed not competitive by the 

MPUC. Under current law, a new competitive procurement for Block 1 is required to occur by July 

2021.2 

These laws, and others, provide complementary policy support for economy-wide decarbonization. In 

December 2020, the Maine Climate Council released its four-year climate action plan, aŀƛƴŜ ²ƻƴΩǘ ²ŀƛǘ, 

to set the state on a path to achieve the ambitious economy-wide decarbonization targets outlined in LD 

1679. The plan requires action across all emitting sectors of the economy, including transportation, 

 

2 άwŜǇƻǊǘ ƻƴ wŜƴŜǿŀōƭŜ 5ƛǎǘǊƛōǳǘŜŘ DŜƴŜǊŀǘƛƻƴ {ƻƭƛŎƛǘŀǘƛƻƴέ όaŀƛƴŜ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴΣ нлнлύΦ 
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buildings, industry, and power. In the action plan, low-carbon power generation plays a critical role: 

reducing overall power sector emissions, while enabling beneficial electrification of transportation and 

buildings. Thus, achieving the requirements of LD 1494 are not only essential for compliance with the law 

ς but will also ensure that overall economy-wide decarbonization is achieved.  

The LD 1494 RPS targets give Maine one of the most ambitious RPS targets in the country. It is designed to 

spur investment in new renewables while also incentivizing existing resources to generate and contribute 

RECs to ƳŜŜǘƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ wt{.  

 

The majority of MaineΩǎ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƛǎ ƻǇŜǊŀǘŜŘ ōȅ L{h-NE,3  an independent, non-profit Regional 

Transmission Organization (RTO) that operates a regional wholesale power market. Lƴ нлнлΣ aŀƛƴŜΩǎ ǎƘŀǊŜ 

of ISO-b9Ωǎ ŀƴƴǳŀƭ ƭƻŀŘ, which includes all six New England states, was 10%.4 MaineΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǘƘƛǎ 

market provides opportunities for coordinated decarbonization activities across the region that could lower 

costs and provide benefits to Maine ratepayers. Similar to Maine, the other five New England statesτ

Massachusetts, Connecticut, New Hampshire, Rhode Island, and Vermontτare pursuing a range of policies 

to dramatically reduce GHG emissions and increase renewable energy deployment. These include RPS, 

Clean Energy Standards (CES), technology-specific deployment targets, and economy-wide emissions 

reduction targets. 9ŀŎƘ ǎǘŀǘŜΩǎ ƪey policies and share of regional load are summarized below: 

é Massachusetts (MA):  

o RPS: MA passed a mandate in 1997 for 35% Class 1 RECs by 2030, with an additional 1% 

each year thereafter; results in 55% by 2050. Class 1 RECs are generated by eligible new 

renewable resources (those developed after 1997).  

o CES: in 2018, MA also passed a CES, which initially required 16% clean energy in 2018, 

increasing 2% each year to 80% in 2050. While similar to the RPS, CES compliance can be 

achieved with a wider range of technologies, including nuclear, large hydro imports, and 

fossil generators with carbon capture and sequestration. 

o Technology Specific: MA has mandated that 3,200 MW of offshore wind are procured by 

2035. 

o Emissions: The Global Warming Solutions Act of 2008 requires the state to set a target of 

at least an 80% reduction in economy-wide emissions by 2050, relative to 1990 levels. In 

April 2020, this target was increased to net-zero GHG emissions by 2050, including at least 

85% direct emissions reductions.  

 

3 !ōƻǳǘ р҈ ƻŦ aŀƛƴŜΩǎ ƭƻŀŘ ƛǎ ƛƴ ǘƘŜ bƻǊǘƘŜǊƴ aŀƛƴŜ LƴŘŜǇŜƴŘŜƴǘ {ȅǎǘŜƳ !ŘƳƛƴƛǎǘǊŀǘƻǊ όbaL{!ύΦ baL{! ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǊŜǎǘ ƻŦ Maine 
indirectly through Canada. 

4 άL{h bŜǿ 9ƴƎƭŀƴŘ - Energy, Load, and Demand wŜǇƻǊǘǎΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ мфΣ нлнмΣ ƘǘǘǇǎΥκκǿǿǿΦƛǎƻ-ne.com/isoexpress/web/reports/load-
and-demand/-/tree/zone-info. 
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o Percentage of Regional Load5: 45% 

é Connecticut (CT):  

o RPS: CT passed an RPS mandate in 1998 for 40% Class I RECs by 2030, with an additional 

4% from either Class I or Class II resources. 

o Technology Specific: CT has mandated that 2,000 MW of offshore wind are procured by 

2030. 

o Emissions: The Act Concerning Connecticut Global Warming Solutions requires the state 

to achieve an 80% reduction in emissions relative to 2001 levels by 2050. 

o Percentage of Regional Load: 24% 

é New Hampshire (NH):  

o RPS: NH passed an RPS mandate in 2007 for 25.2% REC procurement by 2030. This is an 

aggregate target across renewable resource classes. 

o Emissions: ¢ƘŜ ǎǘŀǘŜΩǎ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴ ƻǳǘƭƛƴŜǎ ŀ ǊŜŎƻƳƳŜƴŘŜŘ Ǝƻŀƭ ƻŦ an 80% 

reduction in GHG emissions below 1990 levels by 2050.  

o Percentage of Regional Load: 10% 

é Rhode Island (RI):  

o RPS: RI passed an RPS mandate in 2004, which escalates from 3% in 2007 to 38.5% in 2035. 

o Emissions: The Resilient Rhode Island Act of 2014 set an economy-wide target of 80% GHG 

reductions relative to 1990 levels by 2050.  

o Percentage of Regional Load: 7% 

é Vermont (VT):  

o RPS: VT passed an RPS mandate in 2015 for 75% by 2032. 

o Emissions: TƘŜ ǎǘŀǘŜΩǎ /ƻƳǇǊŜƘŜƴǎƛǾŜ 9ƴŜǊƎȅ tƭŀƴ ŜǎǘŀōƭƛǎƘŜǎ ŀ Ǝƻŀƭ ƻŦ ул% to 95% GHG 

reduction below 1990 levels by 2050.  

o Percentage of Regional Load: 4% 

  

 

5 άL{h bŜǿ 9ƴƎƭŀƴŘ - 9ƴŜǊƎȅΣ [ƻŀŘΣ ŀƴŘ 5ŜƳŀƴŘ wŜǇƻǊǘǎΦέ 
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Figure 1. New England StateǎΩ Renewable Portfolio Standards in 2050 

 

 

As of 2018, Maine had an installed capacity of 4,864 MW6, as shown in Figure 2. Half of this capacity was 

fossil fuel based (natural gas and petroleum) and the other half was made up of RPS-eligible resources such 

as wind, biomass, wood-fired, solar, and hydroelectric facilities.  

  

 

6 άaŀƛƴŜ - State Energy Profile Overview - ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΣέ ŀŎŎŜǎǎŜŘ 5ŜŎŜƳōŜǊ ноΣ нлнлΣ 
https://www.eia.gov/state/?sid=ME. 

Maine 
Goal of 100% by 2050 

Massachusetts 
55% by 2050 

Rhode Island 
38.5% by 2050 

Connecticut 
44% by 2050 

Vermont 
75% by 2050 

New Hampshire 
25.2% by 2050 
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Figure 2. MaineΩǎ installed capacity from 2014-2018 

 

¢ƘƻǳƎƘ ƘŀƭŦ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƛǎ Ŧƻǎǎƛƭ ōŀǎŜŘΣ тр҈ ƻŦ aŀƛƴŜΩǎ electricity generation was 

obtained from renewable sources, as shown in Figure 3. The four largest sources of electricity generation 

in Maine are hydroelectric (33%), wind (25%), natural gas (20%), and wood/biomass (16%). Together, these 

supply 94҈ ƻŦ aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅΦ7 The rest is supplied by relatively small amounts of petroleum, solar, coal, 

and storage.  

Figure 3. MaineΩǎ electric generation mix by fuel8 

  

 

7 άaŀƛƴŜ - State Energy Profile Overview - U.S. Energy InŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΦέ 

8 Maine Public Utilities CommƛǎǎƛƻƴΣ άнлмф !ƴƴǳŀƭ wŜǇƻǊǘΣέ CŜōǊǳŀǊȅ мΣ нлнлΣ 
https://www.maine.gov/tools/whatsnew/attach.php?id=2074549&an=1. 
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The amount of wind in the electricity mix has increased over the years, as seen in both installed capacities 

and electric generation mix figures. Additionally, the amount of electricity generation from natural gas has 

significantly decreased. Over 2019 and 2020, the amount of wind has increased further, spurred on by a 

slew of clean energy bills passed into legislation such as the ones described in Section 2.1, among others. 

The electric generation mix shown above is not the same as the state's RPS requirements. The RPS is a 

mechanism that requires compliance to a renewable standard through REC purchases that represent the 

environmental attributes of electric generation. 

 

Renewable Portfolio Standard (RPS) compliance can offer a variety of benefits to states. A transition away 

from fossil fuel resources to low- and zero-carbon renewable resources can significantly reduce greenhouse 

gas emissions, mitigating the impacts of climate change. This reduction in emissions, including of particulate 

emissions from burning fossil fuels, can offer improvements in public health.9 The growth of the clean 

energy sector through policies like the RPS presents economic development opportunities throughout the 

associated supply chains, and the potential of innovative solutions to create additional products and 

services for the state, regional, and even global markets. The development of clean energy projects can 

provide various community benefits, from financial benefits in the form of property or income taxes, 

community benefits agreements, and workforce opportunities.10 As the growth progresses, the associated 

job creation presents workforce opportunities across a broad range of positions with varying education and 

experience requirements. Jobs in the clean energy sector tend to be higher paying for relatively lower 

educational requirements ς though often requiring training credentials ς and are more likely to offer health 

care and retirement benefits than the rest of the private sector.11 While not an inclusive analysis of 

associated benefits, this overview is illustrative of the types of benefits associated with growing the clean 

energy sector through policies like RPS. 

Fossil fuels often experience price volatility that is influenced by a global market. In contrast, renewable 

energy generation can provide price stability through its ability to utilize existing non-purchase fuels such 

as solar, wind, water, and geothermal after development. The overall costs of building and generating 

electricity from renewable sources have shown to be stable or decreasing over time, compared to the 

fluctuating costs of fossil fuels. Not only can in-state generation resources provide more stable energy 

costs, but the economic benefits and payments for purchase of these sources of energy can stay within the 

state, rather than going to out-of-state fossil fuel providers.12 In 2018, Maine spent $4.4 billion on out-of-

state fossil fuels, with the majority of that spending going to out-of-state fossil fuel providers.13 As the state 

 

9 United States Environmental Protection Agency, State and Local Energy and Environment Program. Public Health Benefits per kWh of Energy 
Efficiency and Renewable Energy in the United States: A Technical Report. July 2019. Retrieved from 
https://www.epa.gov/sites/production/files/2019-07/documents/bpk-report-final-508.pdf 

10 aŀƛƴŜ DƻǾŜǊƴƻǊΩǎ 9ƴŜǊƎȅ hŦŦƛŎŜΦ {ǘǊŜƴƎǘƘŜƴƛƴƎ aŀƛƴŜΩǎ /ƭŜŀƴ 9ƴŜǊƎȅ 9Ŏƻnomy. 
https://www.maine.gov/energy/sites/maine.gov.energy/files/inline-files/StrengtheningMainesCleanEnergyEconomy_Nov92020.pdf 

11 https://e2.org/reports/clean-jobs-better-jobs/ 

12 Dan Lieberman and Siobhan Doherty. Commission for Environmental Cooperation. Renewable Energy as a Hedge Against Fuel Price 
Fluctuation. 2008. http://www3.cec.org/islandora/fr/item/2360-renewable-energy-hedge-against-fuel-price-fluctuation-en.pdf 

13 ά¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ - EIA - LƴŘŜǇŜƴŘŜƴǘ {ǘŀǘƛǎǘƛŎǎ ŀƴŘ !ƴŀƭȅǎƛǎΣέ ŀŎŎŜǎǎŜŘ CŜōǊǳŀǊȅ оΣ нлнмΣ 
https://www.eia.gov/state/seds/. 
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moves to beneficial electrification and biofuels developed from resources in Maine, these energy dollars 

Ŏŀƴ ǎǘŀȅ ǿƛǘƘƛƴ aŀƛƴŜΩǎ ŜŎƻƴƻƳȅΦ   

 

As Maine transitions to decarbonizing its grid, the state is working to ensure that this transition is equitable 

ŀƴŘ ǘƘŀǘ ƛǘ ōǊƛƴƎǎ ōŜƴŜŦƛǘǎ ǘƻ aŀƛƴŜΩǎ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ŎƻƳƳǳƴƛǘƛŜǎΦ To help understand the equity 

implications of the renewable portfolios consƛŘŜǊŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΩǎ ŀƴŀƭȅǎƛǎΣ !9/ ŎƻƴŘǳŎǘŜŘ ŀƴ energy equity 

assessment alongside the renewable modeling to identify the equity benefits that people in Maine are likely 

to gain from the renewable transition and the corresponding equity challenges that need to be 

preemptively avoided through careful policy action. AEC developed a Social Vulnerability Index (SVI) for 

Maine ς an index to identify the stateΩǎ most socially vulnerable populations ς which provides an equity 

lens through which to interpret the analysis results presented in Section 4. It is also useful to contextualize 

the equity benefits and challenges that Maine is likely to face during the renewable transition and the 

corresponding policy implications, which are discussed in Section 6. This section explains the SVI and the 

key takeaway from the SVI analysis as ŀǇǇƭƛŜŘ ǘƻ aŀƛƴŜΩǎ ŎǳǊǊŜƴǘ population. The full development of the 

SVI can be found in the Appendix. 

Vulnerable communities are those that contain populations that are disproportionately burdened by 

existing inequitiesτfor example, people of color experience more pollution from fossil fuel generation than 

their white counterparts across the United States14τand/or lack the capacity to withstand new or 

worsening burdens. AEC calculated an SVI for Maine15 that combines values from six categories of 

vulnerability, each expressed as a share of population: children (17 and younger), limited English-speaking 

households, older adults (65 and older), people of color, people with disabilities, and low-to-no income 

individuals.16 

Population shares for the six vulnerable groups are combined into a single measure of vulnerability in each 

ƭƻŎŀƭ ŀǊŜŀ όōȅ ŎƻǳƴǘƛŜǎ ŀƴŘ άŎŜƴǎǳǎ ǘǊŀŎǘǎέ17). A higher SVI score (darker color) indicates a greater degree 

of vulnerability (see Figure 4). ¢ƘŜ ƪŜȅ ǘŀƪŜŀǿŀȅ ŦƻǊ aŀƛƴŜΩǎ ǇƻǇǳƭŀǘƛƻƴ is: 

é Vulnerability is not evenly distributed across Maine and the three most socially vulnerable 

counties are located in the northern and eastern parts of Maine. Piscataquis and Aroostook 

counties in the north, and Washington County in the east (see Figure 4) are the three most socially 

vulnerable counties in the state. Large portions of Piscataquis and Aroostook counties are served 

by the Northern Maine Independent System Administrator (NMISA) and utilizes electricity 

 

14 C.W. Tessum, Inequity in Consumption of Goods and Services Adds to RacialςEthnic Disparities in Air Pollution Exposure, vol. 116 
(Proceedings of the National Academy of Sciences of the United State of America (PNAS, 2019), https://www.pnas.org/content/116/13/6001. 

15 bƻǘŜ ǘƘŀǘ ǿƘƛƭŜ ǘƘŜ ŎǊƛǘŜǊƛŀ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ aŀƛƴŜΩǎ {±L ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƛƳƛƭŀǊ ǾǳƭƴŜǊŀōƭŜ ƛƴŘƛŎŜǎΣ ǘƘŜ numerical values of 
the SVI calculated in this study are for internal comparison among Maine jurisdictions and are not meant to be compared to ones calculated for 
other jurisdictions. 

16 Defined as income that is 150 percent of the federal poverty level or less. 

17 Census tracts are small statistical subdivisions of a county that are updated prior to each decennial census, and typically have a population 
size between 1,200 and 8,000 people, see: U.S.Census Bureau n.d, Glossary, n.d., https://www.census.gov/programs-
surveys/geography/about/glossary.html#par_textimage_13. 
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predominantly from New Brunswick rather than Maine. Washington County is served by Eastern 

Maine Electric Cooperative and Versant Power. 

Figure 4. Maine Social Vulnerability Index18 

 

 

 

18 U.S. Census Bureau, 2019 American Community Survey 1-¸ŜŀǊ 9ǎǘƛƳŀǘŜǎΦ ά9ŀǊƴƛƴƎǎ ƛƴ ǘƘŜ tŀǎǘ мн aƻƴǘƘǎέ ό¢ŀōƭŜ {нллмύΣ ά[ƛƳƛǘŜŘ 9ƴƎƭƛǎƘ 
IƻǳǎŜƘƻƭŘǎέ ό¢ŀōƭŜ {мслнύΣ ά5ƛǎŀōƛƭƛǘȅ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎέ ό¢ŀōƭŜ {мумлύΣ ά!ƎŜ ŀƴŘ {ŜȄέ ό¢ŀōƭŜ {лмлмύΣ άwŀŎŜ ŀƴŘ tƻǇǳƭŀǘƛƻƴ ό¢ŀōle B02001). 



 

   

 

3 Modeling and Scenario Analysis Approach 

3 Modeling and scenari o analysis approach  

¢Ƙƛǎ ǎǘǳŘȅΩǎ ŀƴŀƭȅǎƛǎ identifies potential least-cost renewable resource portfolios under a range of 

assumptions regarding policy and market conditions. This section describes the modeling approach used in 

this study, the scenarios evaluated, and key modeling assumptions.  

 

The model used in this study is a spreadsheet tool that aims to extǊŀŎǘ ǇƻǊǘŦƻƭƛƻǎ ǘƘŀǘ ƳŜŜǘ aŀƛƴŜΩǎ w9/ 

needs over the next decade. The model is not meant to be a power-flow tool that analyzes the operational 

reliability of the resultant portfolios. The focus is, rather, on defining multiple scenarios, determining 

portfolios that are policy compliant across those scenarios, and understanding the economic and policy 

implications of such portfolios.  

The goals of the modeling approach are: 1) to identify the need for renewables to meet future policy goals 

(referred to as the Renewable Net Short (RNS) in this study); 2) to curate a set of candidate renewable 

resources to fill the identified need (ǘƘŜ άRenewable Supply Curveέ); and 3) to select the least-cost portfolio 

from the renewable supply curve to fill the identified need. This approach is ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ǘƘŜ ΨaƻŘŜƭ [ƻƎƛŎΩ 

portion of the model schematic shown in Figure 5. A variety of inputs are needed to develop both the RNS 

and the Renewable Supply Curves. Key inputs ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ΨLƴǇǳǘǎΩ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǎŎƘŜƳŀǘƛŎΦ In 

particular, a demand forecast, an RPS target, and existing renewables all go into establishing the RNS. 

Figure 5. Model Schematic 
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The model calculates the άnet costέ for each candidate resource, taking the following factors into account:  

é Cost of the resource; 

é An estimate of the transmission upgrades (if any) needed to interconnect and deliver the resource; 

é Energy value of the resource; and 

é Capacity value of the resource. 

Once the net cost has been calculated for each resource, the model fills in the RNS with a portfolio of 

resources19 that, together, have the lowest total cost to the system while meeting the RPS policy goals and 

scenario parameters. More details of the assumptions of the model are given in Section 3.3.  

 

The analysis studied six scenarios:  1) a base scenario that assumed current market trends through 2030 

and 2) five scenarios that varied key input assumptions from the base scenario to explore how renewable 

resource portfolios and their costs change under plausible future conditions. The list of scenarios 

considered in this analysis is shown in Table 1; each is described in further detail below. The input 

assumptions for these scenarios were derived from discussions with stakeholders and publicly available 

data sets. 

Table 1. Scenarios studied in this report 

Scenarios 

1. Base Case 

Policy-compliant Business-As-Usual (BAU) case; uses current trends through 2025 and 

then meets need with least cost resources after including land use restrictions; lower 

loads tested as a sensitivity 

2. Unconstrained Land 

Use 
Similar to Base Case without additional land-use restrictions imposed 

3. High Offshore Wind Assumes the addition of up to 1 gigawatt (GW) of offshore wind by 2030 

4. Existing 

Transmission 

Assumes only existing onshore transmission can be used to deliver resources to meet 

the RPS 

5. Regional 

Coordination 

Scenario where Maine coordinates with the broader New England region through the 

use of out-of-state RECs and shared onshore transmission costs 

6. Diverse Portfolio 

A diverse portfolio consisting of onshore wind, offshore wind, utility solar paired with 

storage, distributed generation resources, out-of-state RECs, and mechanisms for cost-

sharing of onshore transmission by 2030 

  

All scenarios are consistent with existing clean energy and decarbonization policy in Maine and include load 

growth from building and vehicle electrification likely ƴŜŜŘŜŘ ǘƻ ŀŎƘƛŜǾŜ aŀƛƴŜΩǎ ŜŎƻƴƻƳȅ-wide GHG 

 

19 In addition to in-state resources, in some scenarios, out of state RECs are also eligible to meet the RNS. Out of state RECs that are currently 
ƳŜŜǘƛƴƎ ŀ ǇƻǊǘƛƻƴ ƻŦ aŀƛƴŜΩǎ w9/ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ŎƻƴǘƛƴǳŜ ŘƻƛƴƎ ǎƻ ǘƘǊƻǳƎƘ ǘƘŜ ǎǘǳŘȅ ƘƻǊƛȊƻƴΦ    
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emissions targets.20 In addition, the scenarios assume that some existing hydroelectric facilities,21 planned 

procurements of Class IA resources,22 and a percentage of distributed resources procured per Maine law 

or in executed NEB agreements with Central Maine Power (CMP) or Versant Power will all qualify for and 

contribute to the ǎǘŀǘŜΩǎ RPS targets.23 Any remaining Class I/IA REC need is assumed to be met from either 

new in-state generation or out-of-state RECs24. Identifying these new resources is the focus of this study. 

For the purposes of this study, Class II RECs are assumed to continue to be available to Maine and are not 

expected to drive significant investment in new renewables in the short term. An overview of each scenario 

is provided in Sections 3.2.1 through 3.2.6 that follow.  

 

This scenario represents a future in which Maine meets its RPS targets through least-cost resources, based 

on current market trends and policy implemented in Maine and the broader New England region. This 

scenario allows the development of onshore resources as well as offshore wind resources to the extent 

they are cost effective during the 2020-2030 window.   

To construct realistic estimates of potential renewable availability within Maine, this analysis starts with 

the solar and wind technical potential values available from the National Renewable Energy LaboratoryΩǎ 

(bw9[Ωǎ) Regional Energy Development System (ReEDS) model, which represents all potential resources 

available for development after land-use screens that remove land area that is either protected or already 

developed (e.g., national parks or cities).25 IƻǿŜǾŜǊΣ bw9[Ωǎ ǘƻǘŀƭ ǊŜǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭ likely still far exceeds 

what can feasibly be developed in the state. Thus, this analysis adds additional land use constraints to 

reflect the practical challenges around land use for renewable development and the impact this would have 

in reducing the resource potentials of renewable resources. This scenario layers on restrictions that limit 

onshore wind technical potential to 2% farmland and 2% forest, 26  and utility-scale solar to 4% of 

 

20 WŀƳƛŜ Iŀƭƭ Ŝǘ ŀƭΦΣ ά±ƻƭǳƳŜ оΥ aŀƛƴŜ 9Ƴƛǎǎƛƻƴǎ !ƴŀƭȅǎƛǎ /ƻƴǎƻƭƛŘŀǘŜŘ 9ƴŜǊƎȅ {ŜŎǘƻǊǎ aƻŘŜƭƛƴƎ wŜǎǳƭǘǎΣέ 
https://www.maine.gov/future/sites/maine.gov.future/files/inline-files/ERG_MCC_Vol3_MaineEmissionsAnalysisSynapse_11-9-2020.pdf. 

21 άaw{ ¢ƛǘƭŜ ор-!Σ {ŜŎǘƛƻƴ онмлΦ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜǎΣέ ƴΦŘΦΣ ƘǘǘǇǎΥκκƳŀƛƴŜƭŜƎƛǎƭŀǘǳǊŜΦƻǊƎκƭŜƎƛǎκǎǘŀǘǳǘŜǎκор-A/title35-Asec3210.html. 

22 ά{ΦtΦ прт - [Φ5Φ мпфпΥ !ƴ !Ŏǘ ǘƻ wŜŦƻǊƳ aŀƛƴŜΩǎ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘΣέ нлмфΦ 

23 ά/at wŜǎǇƻƴǎŜ ǘƻ 5ƻŎƪŜǘ bƻΦ нлнл-ллмффέ ό/ŜƴǘǊŀƭ aŀƛƴŜ tƻǿŜǊΣ нлнлύΣ ƘǘǘǇǎΥκκƳǇǳŎ-
cms.maine.gov/CQM.Public.WebUI/MatterManagement/MatterFilingItem.aspx?FilingSeq=109306&CaseNumber=2020-ллмффΤ ά±ŜǊǎŀƴǘ 
Response to Docket No. 2020-ллмффέ ό±ŜǊǎŀƴǘ tƻǿŜǊΣ нлнлύΣ ƘǘǘǇǎΥκκƳǇǳŎ-
cms.maine.gov/CQM.Public.WebUI/MatterManagement/MatterFilingItem.aspx?FilingSeq=109323&CaseNumber=2020-00199. 

24 Depending on scenario definitions. See sections 3.2.1 - 3.2.6 for more detail. 

25 The resource potential within NREL ReEDS for solar includes land located on large parcels outside urban boundaries, excluding federally 
ǇǊƻǘŜŎǘŜŘ ƭŀƴŘǎΣ ƛƴǾŜƴǘƻǊƛŜŘ άǊƻŀŘƭŜǎǎέ ŀǊŜŀǎΣ ¦Φ{Φ .ǳǊŜŀǳ ƻŦ [ŀƴŘ aŀƴŀƎŜƳŜƴǘ ŀǊŜŀǎ ƻŦ ŎǊƛǘƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴΣ ŀƴŘ ŀǊŜŀǎ ǿƛǘƘ ǎƭƻǇŜ 
greater than 5%. For onshore wind, the resource potential excludes areas considered unlikely to be developed for environmental or technical 
reasons: federal and state protected areas (e.g., parks, wilderness areas, and wildlife sanctuaries), areas covered by water, urban areas, 
wetlands, airports, and rough terrain. Areas classified as non-ridge-crest forest, U.S. Forest Service and U.S. Department of Defense lands, and 
state forests are 50% excluded. 

26 2% of farmland corresponds to 26,000 acres and 2% of forest land corresponds to 403,000 acres. 
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farmland.27,28 This report is not suggesting the implementation of these specific land-use screens but is 

including these screens to better understand land use restrictionsΩ overall impact on development 

opportunities.  

Currently, the standard load assumptions represent high levels of beneficial electrification consistent with 

Maine achieving its GHG emissions goals. However, it may be possible for Maine to achieve these goals 

with lower load growth through strategies such as more aggressive building weatherization, reduced 

vehicle miles traveled (VMT), grid flexibility or demand management. To test such a future, a Low Load 

sensitivity on the Base Case was evaluated to investigate the influence of different load trajectories on the 

resource and transmission build and costs. 

 

This scenario investigates the impact of removing the additional land use restrictions on utility-scale 

renewables, particularly onshore wind and utility-scale solar construction. This is meant as a mechanism to 

better understand what additional constraints are binding if these additional land use restrictions are 

removed.  

 

The Gulf of Maine is characterized by its vast offshore wind resource, and up to 5 GW of offshore wind 

development have been contemplated by 2030.29 The high offshore wind scenario studies the impact of 

including up to 1 GW of offshore wind in aŀƛƴŜΩǎ ǊŜǎƻǳǊŎŜ ǇƻǊǘŦƻƭƛƻ ǘƻ ƳŜŜǘ the 2030 RPS. This includes up 

to 144 MW from the State of Maine-proposed floating offshore wind research array beginning in 2025.30 

Offshore wind costs are projected to drop, especially beyond 2030 as technology advances (see Section 

3.3.2 for more details). As a result, offshore wind is expected to play a greater role in the 2030 and beyond 

timeline.  

 

Transmission was overwhelmingly identified ōȅ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅΩǎ ǇǳōƭƛŎ ŎƻƳƳŜƴǘ ǇǊƻŎŜǎǎ as a 

key obstacle to renewable energy development in Maine. At the same time, transmission projects regularly 

face a number of siting, permitting, land-use, legal, and environmental challenges. This scenario is meant 

to simulate an extreme scenario where no onshore transmission is built in the state. The resultant portfolio 

will point to an alternative mix of resources that could be used to ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ RPS requirements in 

 

27 These indicative numbers were previously used in another New England renewable transition study and those numbers in turn are loosely 
derived by back-calculating the total percentage of available land that would be used for renewable development in California that would 
enable the state to reach its 100% by 2045 clean-energy goal (https://www.ethree.com/wp-
content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf) 

28 άbŜǘ-Zero New England: Ensuring Electric Reliability in a Low-/ŀǊōƻƴ CǳǘǳǊŜέ ό9ƴŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŎƻƴƻƳƛŎǎΣ LƴŎΦΣ нлнлύΣ 
https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-Decarbonization_Full-
Report_November_2020.pdf. 

29 άCƛƴŀƭ wŜǇƻǊǘ ƻŦ ǘƘŜ hŎŜŀƴ 9ƴŜǊƎȅ ¢ŀǎƪ CƻǊŎŜΣέ нллфΣ ƘǘǘǇǎΥκκǳƳŀƛƴŜΦŜŘǳκƻŦŦǎƘƻǊŜǿƛƴŘǘŜǎǘǎƛǘŜκǿǇ-
content/uploads/sites/303/2017/02/OETF_FinalReportAppendices.pdf. 

30 άDǳƭŦ ƻŦ aŀƛƴŜ CƭƻŀǘƛƴƎ hŦŦǎƘƻǊŜ ²ƛƴŘ wŜǎŜŀǊŎƘ !ǊǊŀȅ μ DƻǾŜǊƴƻǊΩǎ 9ƴŜǊƎȅ hŦŦƛŎŜΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ рΣ нлнмΣ 
https://www.maine.gov/energy/initiatives/offshorewind/researcharray. 
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such an extreme scenario. The Base Case and this scenario are meant to represent two extreme 

transmission futures ς one where onshore transmission face no significant hurdles and another where it is 

extremely challenging to build more onshore transmission. 

 

As noted above, stakeholders have identified that transmission can be a key component of renewable 

energy development, particularly in Maine, where the transmission system experiences significant 

congestion and constraints that impact the ability and cost of building new generation in the state. In this 

scenario, building new transmission can be facilitated by sharing costs between Maine and out-of-state 

entities, such as other New England states. Such cost sharing is motivated by the fact that Maine is currently 

already a net exporter of energy31 and its existing solar and wind resources sell their RECs out-of-state.32 

Given the role today ƻŦ aŀƛƴŜΩǎ ŎǳǊǊŜƴǘ renewable generation in supporting other New England statesΩ RPS 

requirements and energy needs, tƘŜǊŜ ƛǎ ŎƻƴǘƛƴǳŜŘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ aŀƛƴŜΩǎ ƛƴ-state resources to support not 

ƻƴƭȅ ƛǘǎ ƻǿƴ ōǳǘ ŀƭǎƻ bŜǿ 9ƴƎƭŀƴŘΩǎ renewable energy requirements, facilitated by sharing the costs of 

transmission upgrades in Maine between Maine itself and the rest of New England. This type of approach 

has the potential to offer lower-cost ƻǇǘƛƻƴǎ ǘƻ ƳŜŜǘ aŀƛƴŜΩǎ ƎƻŀƭǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀŘŘƛǘƛƻƴŀƭ ŜŎƻƴƻƳƛŎΣ 

community, and workforce benefits for Maine communities. 

Further, Maine currently partially relies on RECs produced by out-of-state biomass generators to meet its 

REC needs.33 Throughout the study period, Connecticut is planning to reduce the number of biomass 

generators that can qualify for its Class I requirement.34 This creates the possibility that Maine could 

purchase additional Class I RECs on top of those it acquires today, instead of building new generation in-

state to meet its renewable goals. 

Lƴ ǘƘƛǎ ǎŎŜƴŀǊƛƻΣ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘǿƻ ŜƭŜƳŜƴǘǎ ƻŦ ǊŜƎƛƻƴŀƭ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻƴ aŀƛƴŜΩǎ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ƛǘǎ 

renewable energy requirements are modeled: 1) cost-sharing of transmission upgrades with the rest of 

New England, and 2) the potential availability of additional out-of-state RECs for purchase by Maine (in 

addition to those available today). 

 

Informed by the results of the five previous scenarios, a hand-crafted diverse portfolio is modeled. This 

portfolio consists of onshore wind, offshore wind, utility solar paired with storage, distributed generation 

resources, out-of-state RECs, and mechanisms for cost sharing of onshore transmission. While this is not a 

suggestion of the ideal resource mix, it provides insight into the downstream portfolio and cost impacts of 

a mixed resource scenario. 

 

31 άaŀƛƴŜ - State Energy Profile Overview - ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΦέ 

32 ά!ƴƴǳŀƭ wŜǇƻǊǘ ƻƴ bŜǿ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜ tƻǊǘŦƻƭƛƻ wŜǉǳƛǊŜƳŜƴǘΥ wŜǇƻǊǘ ŦƻǊ нлмт !ŎǘƛǾƛǘȅέ όaŀƛƴŜ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴΣ 2019). 

33 ά!ƴƴǳŀƭ wŜǇƻǊǘ ƻƴ bŜǿ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜ tƻǊǘŦƻƭƛƻ wŜǉǳƛǊŜƳŜƴǘΥ wŜǇƻǊǘ ŦƻǊ нлмт !ŎǘƛǾƛǘȅΦέ 

34 ά/ƻƴƴŜŎǘƛŎǳǘ ǘƻ tƘŀǎŜ Řƻǿƴ ±ŀƭǳŜ ƻŦ .ƛƻƳŀǎǎΣ [ŀƴŘŦƛƭƭ Dŀǎ w9/ǎ μ .ƛƻƳŀǎǎƳŀƎŀȊƛƴŜΦ/ƻƳΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ сΣ нлнмΣ 
http://biomassmagazine.com/articles/15065/connecticut-to-phase-down-value-of-biomass-landfill-gas-recs. 
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This section provides details on the key assumptions utilized in the analysis. This section describes key 

assumptions in and the methodology behind establishing Class I/IA REC need and then the resources 

needed to fill in that need.  

 

The RNS, as calculated in this study, is aŀƛƴŜΩǎ w9/ ƴŜŜŘ in every modeled year, after accounting for the 

RECs that are available to the state from existing and planned resources. To determine aŀƛƴŜΩǎ RNS 

ǊŜǉǳƛǊŜŘ ǘƻ ƳŜŜǘ aŀƛƴŜΩǎ нлол wt{ ǘŀǊƎŜǘΣ ǎŜǾŜǊŀƭ ǇƛŜŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ are required: 1) a forecast of 

future energy demands, 2) the ǎǘŀǘŜΩǎ future RPS requirements, and 3) the availability of existing and 

planned renewable generation ǘƻ ƳŜŜǘ aŀƛƴŜΩǎ wt{ ƴŜŜŘǎ. The first two pieces of information determine 

the gross REC need (shown by the blue line in Figure 9), while the third piece provides information on RECs 

that are available from existing and planned generation. RECs from existing generation physically located 

both in and out of state hŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ƳŜŜǘ aŀƛƴŜΩǎ RPS needs historically. 

While the gross REC need includes REC need from all classes (Classes I, IA, and II), the focus of this study is 

primarily on Class I/IA need,35 as this is expected to drive most of the new renewable investment in the 

state over the coming decade. This I/IA need is shown in Figure 6 and is indicated by the black circle. RECs 

from existing and planned procurements are also shown. Maine is projected to have a sufficient supply of 

I/IA RECs through 2026, and new REC-generating resources are required by 2026 for most scenarios and 

by 2027 for the Offshore Wind and Diverse Portfolio scenarios. While the exact mixture of REC sources 

ǳǎŜŘ ǘƻ ǎŀǘƛǎŦȅ aŀƛƴŜΩǎ wt{ may not be precisely what is shown in Figure 6, it is anticipated that as Class 

I/IA REC need increases in Maine, their price will also increase, in turn driving the sale of RECs to Maine. 

Figure 6. Class I/IA REC need through 2030 

 

Specific data and assumptions used to determine the RNS are listed below. 

 

35 It is assumed in this study that Class II RECs are in sufficient supply to meet Class II need through 2030. Current low Class II REC prices as well 
as the relatively large hydro portfolio that qualifies for Class II RECs support this assumption.  
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3.3.1.1 Load Forecast 

The primary load forecast used in this study was developed for the MCCΩǎ Electric Sector study. The MCC 

study showed that this load forecast (called T4/H4 forecast in the study) ǿƻǳƭŘ ƳŜŜǘ aŀƛƴŜΩǎ нлол DID 

reduction targets. Specifically, it incorporates aggressive levels of transportation and heating electrification; 

85% of new Light-Duty Vehicles (LDV) sales by 2030 are assumed to be electric, while 55% of Heavy-Duty 

Vehicles (HDV) are assumed to be zero-emission vehicles. LDV and HDV VMT are also assumed to decline 

by 20% and 4% by 2030, respectively.36 Fuel efficiency is assumed to reach 42 MPG for new cars and 30 

MPG for new light trucks by 2050. A portion of electric vehicle (EV) charging is also assumed to be managed. 

The forecast also assumes a 1.5% cumulative residential space heat energy reduction by 2030 through 

weatherization. Furthermore, 90% of all residential and commercial heating systems that burn out are 

assumed to be replaced with heat pumps by 2030.37 See Figure 7.  

Figure 7. Load forecast used in this study 

 

The load for intermediate study years was linearly interpolated between the Energy Information AgencyΩǎ 

(9L!Ωǎ) 2018 net load38 in Maine and the 2030 H4/T4 projection. 

3.3.1.2 Policy Requirements 

LD 1494 established a requirement of 80% RPS by 2030 and a target of 100% by 2050. A breakdown of 

these requirements and goals as percentages of retail sales is shown in Figure 8. Ten percent of retail sales 

are required to be met by Class I resources, 30% from Class II resources, and the remaining is to be met 

from Class IA resources. 

 

36 Hall et alΦΣ ά±ƻƭǳƳŜ оΥ aŀƛƴŜ 9Ƴƛǎǎƛƻƴǎ !ƴŀƭȅǎƛǎ /ƻƴǎƻƭƛŘŀǘŜŘ 9ƴŜǊƎȅ {ŜŎǘƻǊǎ aƻŘŜƭƛƴƎ wŜǎǳƭǘǎΦέ 

37 Hall et al. 

38 άaŀƛƴŜ - State Energy Profile Overview - U.S. Energy Information Administration (9L!ύΦέ 
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Class I and IA resources represent most of the growth in MaineΩǎ wt{Φ ¢ƘŜǎŜ άƴŜǿέ ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎ 
can be any capacity when powered by wind or solar energy and cannot exceed 100 MW in capacity if 
powered in some part by any of fuel cells, tidal power, geothermal, hydro, or biomass.  

Class II resources are pre-existing resources (with an in-service date prior to September 1, 2005 and not 

refurbished) that have capacities that do not exceed 100 MW and either have thermal efficiencies greater 

than 60% or are powered by fuel cells, tidal power, solar arrays, wind, geothermal, hydro, biomass, or 

municipal solid waste.39  

Figure 8. Maine RPS targets as percentage of retail sales 

 

The focus of this study is the Class IA requirement that is expected to drive the need for new renewables 

in Maine. Class II RECs are assumed to continue to be available to Maine and are not expected to drive 

significant investment in new renewables in the short-term. In 2017, Class II REC prices ranged from 

$0/MWh to $2/MWh, signaling a significant oversupply of Class II-eligible resources relative to Class II REC 

need.40 This oversupply likely comes from some hydroelectric resources, which qualify as Class II resources 

in Maine alone. Given this historic oversupply and commentary from stakeholders, it is envisioned that 

these resources will continue to be sufficiently available through the study period. As a result, it is assumed 

that the Class II requirement will be met by existing resources and that any REC need will arise from Class 

I/IA deficits. 

 

39 A detailed description of these classes is available on the Maine Public Utilities /ƻƳƳƛǎǎƛƻƴΩǎ website.άwt{aŀƛƴΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ сΣ нлнмΣ 
https://www.maine.gov/mpuc/electricity/RPSMain.htm.  

40 ά!ƴƴǳŀƭ wŜǇƻǊǘ ƻƴ bŜǿ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜ tƻǊǘŦƻƭƛƻ wŜǉǳƛǊŜƳŜƴǘΥ wŜǇƻǊǘ ŦƻǊ нлмт !ŎǘƛǾƛǘȅΦέ 
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Figure 9. Renewable energy need (dark blue line) and assumed baseline RECs provided by  
existing and planned Class I/IA resources (gray band, excludes offshore wind) and existing  

Class II resources (black band) 

 

3.3.1.3 Existing REC Resources 

9ȄƛǎǘƛƴƎ w9/ ǊŜǎƻǳǊŎŜǎ ǿƛƭƭ ƳŜŜǘ ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƴŜŜŘǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ŀ ŎƻƳōƛƴŀǘƛƻƴ of Class I and 

Class II resources. As mentioned above, this study focuses on REC needs driven by Class I/IA requirements. 

To this end, existing and planned Class I/IA resources are listed below. These resources are assumed to 

meet some of the REC need and the remaining need will drive renewable investment and is the focus of 

this study. 

Class I/IA Resources 

The baseline of Class I/IA RECs are assumed to come from a variety of sources: 

é Existing generation. Historically, Maine Class I requirements have been met by a mixture of RECs 

generated by in-state and out-of-state resources, most of which are fueled by biomass, as shown 

in Figure 10.41  

  

 

41 aŀƛƴŜ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴΣ άнлмф !ƴƴǳŀƭ wŜǇƻǊǘΦέ 
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Figure 10. Class I REC mix used to meet requirements in 201842 

 

Class I REC prices ranged from $1.15/MWh to $33/MWh in 2017, significantly below the alternative 

compliance payment of $67.71/MWh in that same year.43 aƻǊŜ ǊŜŎŜƴǘƭȅΣ aŀƛƴŜΩǎ /ƭŀǎǎ L w9/ ǇǊƛŎŜǎ 

have been lower than REC I prices of other New England states, signaling some oversupply of Class 

I RECs (see Figure 11). Keeping the current oversupply of Class I Maine RECs and the lower prices, 

ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΣ ƛǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ƘŀǾŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ƳŜǘ ŀ ǇƻǊǘƛƻƴ ƻŦ aŀƛƴŜΩǎ w9/ L 

requirements continue to do so.  

Baseline resources include all projects that have achieved commercial operation through the end 

of Q3 of 2020. Procurements through LD 1494 and LD 1711 are also accounted for (see below). To 

the extent new resources have been contracted for and are not currently operational, they will 

help meet some of the REC need that is projected in 2026 once they become operational.  

 

  

 

42 Maine Public Utilities Commission. 

43 ά!ƴƴǳŀƭ wŜǇƻǊǘ ƻƴ bŜǿ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜ tƻǊǘŦƻƭƛƻ wŜǉǳƛǊŜƳŜƴǘΥ wŜǇƻǊǘ ŦƻǊ нлмт !ŎǘƛǾƛǘȅΦέ 
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Figure 11. New England States' REC I prices44 

 

é Qualified hydro. The second source of baseline Class I/IA RECs are older hydroelectric plants with 

ŎŀǇŀŎƛǘƛŜǎ ƎǊŜŀǘŜǊ ǘƘŀƴ нр a² ōǳǘ ƭŜǎǎ ǘƘŀƴ млл a²Σ ŀƭǎƻ ƪƴƻǿƴ ŀǎ άǉǳŀƭƛŦƛŜŘέ ƘȅŘǊƻΦ45 This 

qualification corresponds to approximately 150 MW of hydroelectric generators statewide.46 

Maine recently allowed these generators to bid an escalating percentage of their annual generation 

into the Class IA REC market, capped at 200 GWh in 2020, 250 GWh in 2021, and 300 GWh in 2023. 

It is assumed that these generators will supply the legal maximum of their generation to meet Class 

I/IA requirements. 

é Recent Class IA procurements. As mandated by LD 1494, the MPUC is in the process of conducting 

two rounds of procuring energy from Class IA eligible resources. The first procurement tranche 

consisted of a minimum of 7% (and no more than 10%) ƻŦ aŀƛƴŜΩǎ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ƛƴ нлму. 

The second tranche is for the remaining amount, totaling мп҈ ƻŦ aŀƛƴŜΩǎ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ƛƴ 

2018 in combination.47 The most recent round of procurements secured 546 MW of capacity with 

contract prices in the range of $20-$50/MWh.48 It is assumed that RECs from these resources will 

go towards MaineΩǎ RPS compliance throughout the study period. 

é New distributed generation. There has been significant interest in developing distributed 

generation resources, including the 375 MW solar procurement mandated by LD 171149 and about 

 

44 Carǎƻƴ wƻōŜǊǎΣ άbŜǿ 9ƴƎƭŀƴŘ /ƭŀǎǎ L w9/ aŀǊƪŜǘ ¦ǇŘŀǘŜ μ tƻǿŜǊ !ŘǾƛǎƻǊȅ [[/Σέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ рΣ нлнмΣ 
https://poweradvisoryllc.com/new-england-class-i-rec-market-update/. 

45 άaw{ ¢ƛǘƭŜ ор-!Σ {ŜŎǘƛƻƴ онмлΦ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜǎΦέ 

46 άaŀƛƴŜ wt{ {ǘǳŘȅ μ {ȅƴŀǇǎŜ 9ƴŜǊƎȅΣέ ŀŎŎŜǎǎŜŘ 5ŜŎŜƳōŜǊ ноΣ нлнлΣ Ƙǘtps://www.synapse-energy.com/project/maine-rps-study. 

47 ά{ΦtΦ прт - LΦ5Φ мпфпΥ !ƴ !Ŏǘ ǘƻ wŜŦƻǊƳ aŀƛƴŜΩǎ wŜƴŜǿŀōƭŜ tƻǊǘŦƻƭƛƻ {ǘŀƴŘŀǊŘΦέ 

48 άat¦/Υ нлнл wŜǉǳŜǎǘ ŦƻǊ tǊƻǇƻǎŀƭǎ ŦƻǊ ǘƘŜ {ŀƭŜ ƻŦ 9ƴŜǊƎȅ ƻǊ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ /ǊŜŘƛǘǎ ŦǊƻƳ vǳŀƭƛŦȅƛƴƎ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜǎΣέ ŀŎcessed 
January 19, 2021, https://www.maine.gov/mpuc/electricity/rfps/class1a2020/index.shtml. 

49 ά{ΦtΦ рфр - [Φ5Φ мтммΥ !ƴ !Ŏǘ ǘƻ tǊƻƳƻǘŜ {ƻƭŀǊ 9ƴŜǊƎȅ tǊƻƧŜŎǘǎ ŀƴŘ 5ƛǎǘǊƛōǳǘŜŘ DŜƴŜǊŀǘƛƻƴ wŜǎƻǳǊŎŜǎ ƛƴ aŀƛƴŜΣέ нлмфΦ 
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1,100 MW of executed NEB agreements for Central Maine Power and Versant Power, as of late 

2020.50 GiǾŜƴ ǘƘŜ at¦/Ωǎ ǊŜŎŜƴǘ ǊǳƭƛƴƎ ƻƴ ǘƘŜ ŦƛǊǎǘ ǊƻǳƴŘ ƻŦ ǘƘŜ отр a² ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ 

procurement51 and the uncertainty of attrition of executed agreements, a total of 500 MW of 

distributed generation is assumed in the baseline. These projects are assumed to be fully 

operational by 2025. 

é Planned offshore wind. Maine currently has plans to develop a floating offshore wind research 

array of up to twelve turbines. While the specific MW have not been determined at this stage in 

the project, for purposes of the study, the total capacity of this array is assumed to be 144 MW in 

2025 and will provide RECs to Maine for the remainder of the study period. This resource is 

included only in the High Offshore Wind and Diverse Portfolio scenarios. 

.ȅ нлнрΣ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ǇǊƻǾƛŘŜ ƴŜŀǊƭȅ сΣллл D²Ƙ ƻŦ /ƭŀǎǎ LκL! w9/ǎ ǘƻǿŀǊŘǎ aŀƛƴŜΩǎ wt{ 

requirements. Any residual needs for Class I/IA resources must be met by additional new resources.   

 

3.3.2.1 Renewable Cost and Potential 

Various technologies are deemed eligible in aŀƛƴŜΩǎ legislation to meet the ǎǘŀǘŜΩǎ wt{ including hydro 

generation, biomass, and waste to energy (WtE). These types of generators are already abundant in Maine 

and enable the state to be well on the way to meeting the ambitious 80% by 2030 target. This section 

summarizes the assumptions for cost and potential for each of the technologies considered in this study. 

Onshore Wind 

The potential for onshore wind development in Maine is significant: a recent geospatial analysis completed 

by NREL indicates up to 50 GW of technical potential exists within the state. While a substantial fraction of 

this potential is low quality and would not likely be commercially developed, the technical potential for 

higher-quality resources (30%+ capacity factor) nonetheless exceeds 10 GW. This is still far in excess of 

what could be realistically developed in the state over the next 10-20 years. Hence, in this study, onshore 

ǿƛƴŘ ǿŀǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ōŜ ōǳƛƭǘ ƻƴ н҈ ƻŦ aŀƛƴŜΩǎ ŦƻǊŜǎǘ ŀƴŘ н҈ ƻŦ ƛǘǎ ŦŀǊƳƭŀƴŘΣ ŦǳǊǘƘŜǊ ǊŜǎǘǊƛŎǘƛƴƎ ǘƘŜ ǾƛŀōƭŜ 

potential to 5 GW.52 Such a restriction filters out all but the highest-quality wind (shown in dark blue in 

Figure 12). 

Despite the challenge of needing transmission upgrades to interconnect these wind resources, especially 

in the West and North, the development of new onshore wind may be an attractive option for meeting 

aŀƛƴŜΩǎ ŦǳǘǳǊŜ wt{ ƴŜŜŘǎΦ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ Ƙŀǎ ŘǊƛǾŜƴ Ŏƻǎǘǎ ƭƻǿŜǊ ǿƘƛƭŜ ƛƳǇǊƻǾƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ, 

and the cost of developing new wind is currently historically low. To characterize the present and future 

Ŏƻǎǘ ƻŦ ǿƛƴŘ ǊŜǎƻǳǊŎŜǎΣ ǘƘƛǎ ǎǘǳŘȅ ǊŜƭƛŜǎ ƻƴ bw9[Ωǎ !ƴƴǳŀƭ ¢ŜŎƘƴƻƭƻƎƛŜǎ .ŀǎŜƭƛƴŜΦ ¢ƘŜ ŘŜǊƛǾŀǘƛǾŜ ƭŜǾŜƭƛȊŜŘ 

 

50 ά/at wŜǎǇƻƴǎŜ to Docket No. 2020-ллмффέΤ ά±ŜǊǎŀƴǘ wŜǎǇƻƴǎŜ ǘƻ 5ƻŎƪŜǘ bƻΦ нлнл-ллмффΦέ 

51 άwŜǇƻǊǘ ƻƴ wŜƴŜǿŀōƭŜ 5ƛǎǘǊƛōǳǘŜŘ DŜƴŜǊŀǘƛƻƴ {ƻƭƛŎƛǘŀǘƛƻƴΦέ 

52 See Section 3.2.1. 
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cost of energy for wind resources with different levels of performance is shown in Figure 12. Note that the 

increase in cost arises from the retirement of the wind Production Tax Credit (PTC) between 2020 and 2025. 

Figure 12. Projected levelized cost of energy (LCOE) as functions of distance to interconnection (IC) and 
capacity factor (CF) for new onshore wind resources 

 

Offshore Wind 

The potential for offshore wind development is similarly significant. The University of Maine has estimated 

that there is about 156 GW of offshore wind technical potential off the coast of Maine.53 Moreover, 

offshore wind is higher quality in comparison to onshore wind, with a capacity factor of more than 50%. 

This is primarily due to higher and more consistent wind speeds. NREL maps54 ƻŦ aŀƛƴŜΩǎ ƻƴǎƘƻǊŜ ŀƴŘ 

offshore wind speeds are shown in Figure 13.  

  

 

53 άCƭƻŀǘƛƴƎ hŦŦǎƘƻǊŜ ²ƛƴŘ ƛƴ aŀƛƴŜ - Advanced Structures & Composites Center - ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀƛƴŜΣέ !ŘǾŀƴŎŜŘ {ǘǊǳŎǘǳǊŜǎ ϧ /ƻƳǇƻǎƛǘŜǎ 
Center, accessed January 1, 2021, https://composites.umaine.edu/offshorewind/. 

54 ά²Lb59ȄŎƘŀƴƎŜΥ DǳƭŦ ƻŦ aŀƛƴŜ hŦŦǎƘƻǊŜ ²ƛƴŘ {ǇŜŜŘ ŀǘ млл aŜǘŜǊǎΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ мфΣ нлнмΣ ƘǘǘǇǎΥκκǿƛƴŘŜȄŎƘŀƴƎŜΦŜƴŜǊƎȅΦƎƻǾκƳaps-
data/337. 
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Figure 13. Onshore (left) and Offshore wind (right) speeds in Maine (Note that the color scales are 
different for the two maps) 

 

Analysis shows that 89% ƻŦ aŀƛƴŜΩǎ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ǇƻǘŜƴǘƛŀƭ ƛǎ ƛƴ ŘŜŜǇ ǿŀǘŜǊǎ, necessitating floating wind 

turbine technology (as opposed to sƻǳǘƘŜǊƴ bŜǿ 9ƴƎƭŀƴŘΩǎ ƻŦŦǎƘƻre wind, which is in relatively shallow 

waters and is fixed-bottom technology). Despite the comparative nascency of floating offshore wind 

technology, it is well poised to meet aŀƛƴŜΩǎ future RPS needs. This is driven in part by the state-of-the-art 

research on floating turbine technology that is being led by University of Maine, but also by projected rapid 

declines55 in technology costs, especially beyond 2030. Shown in Figure 14 are those costs until 2050. Note 

that the increased costs in 2025 are due to the federal tax credit expiration. 

 

55 ²ŀƭǘŜǊ aǳǎƛŀƭΣ tƘƛƭƛǇǇ .ŜƛǘŜǊΣ ŀƴŘ WŀƪŜ bǳƴŜƳŀƪŜǊΣ ά/ƻǎǘ ƻŦ CƭƻŀǘƛƴƎ hŦŦǎƘƻǊŜ ²ƛƴŘ 9ƴŜǊƎȅ ¦ǎƛƴƎ bŜǿ 9ƴƎƭŀƴŘ !ǉǳŀ ±Ŝƴǘǳǎ /ƻƴŎǊete 
{ŜƳƛǎǳōƳŜǊǎƛōƭŜ ¢ŜŎƘƴƻƭƻƎȅΣέ Renewable Energy, 2020, 43. 
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Figure 14. Projected LCOEs for new floating offshore wind resources

 

One of the outstanding questions not being addressed by this study is what supporting onshore 

transmission infrastructure would be needed to integrate large quantities of offshore wind, such as those 

considered here. A 2012 University of Maine study found that 200-300 MW of offshore wind could likely 

be interconnected without the need for any additional onshore transmission upgrades.56 Since then, there 

have been no new studies addressing this issue. As a result, it is possible that new transmission upgrades 

may be required to interconnect beyond 300 MW of offshore wind. In this study though, it is assumed that 

Maine offshore wind can be interconnected without significant onshore transmission upgrades. This is in 

line with a recent ISO-NE study57 that identified interconnection points for ~8 GW of offshore wind in 

southern New England. In the absence of Maine-specific data, this study assumes a similar situation in 

Maine, where the existing interconnection is allocated to offshore wind at retired or existing conventional 

generation sites or at available high-voltage lines nearshore, which are limited in Maine.  

Utility -Scale Solar 

In Maine, stand-alone utility-scale solar, on average, tends to have a lower capacity factor (capacity factor 

of 16%58) than that in much of the United States (average capacity factor of 24%59),60 making it more 

expensive in comparison to high-capacity-factor onshore wind on an LCOE basis. By pairing solar arrays 

 

56 άaŀƛƴŜ 5ŜŜǇǿŀǘŜǊ hŦŦǎƘƻǊŜ ²ƛƴŘ wŜǇƻǊǘέ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀƛƴŜΣ нлмнύΣ ƘǘǘǇǎΥκκǘŜǘƘȅǎΦǇƴƴƭΦƎƻǾκǇǳōƭƛŎŀǘƛƻƴǎκƳŀƛƴŜ-deepwater-offshore-wind-
report. 

57 tŀǘǊƛŎƪ .ƻǳƎƘŀƴΣ άb9{/h9 нлмф 9ŎƻƴƻƳƛŎ {ǘǳŘȅ - уΣллл a² hŦŦǎƘƻǊŜ ²ƛƴŘ wŜǎǳƭǘǎΣέ ƘǘǘǇǎΥκκǿǿǿΦƛǎƻ-ne.com/static-
assets/documents/2020/02/a6_nescoe_2019_Econ_8000.pdf. 

58 ά!¢. μ bw9[Σέ ŀŎŎŜǎǎŜŘ 5ŜŎŜƳōŜǊ омΣ нлнлΣ ƘǘǘǇǎΥκκŀǘōΦƴǊŜƭΦƎƻǾκΦΦ !ǾŀƛƭŀōƭŜ ŀǘΥ άhttps://atb.nrel.gov/έ 

59 ά9ƭŜŎǘǊƛŎ tƻǿŜǊ aƻƴǘƘƭȅ - ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΣέ ŀŎŎŜǎǎŜŘ WŀƴǳŀǊȅ сΣ нлнмΣ 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php. 

60 This is primarily due to differences in solar insolation, which is a measure of solar energy that is incident on a specified area over a set period. 
Additionally, differences in cloud cover patterns also affect the capacity factors. The North America Land Data Assimilation System (NLDAS) 
Daily Sunlight (Insolation) database gives this measure by geographic area. Available at: https://wonder.cdc.gov/wonder/help/Insolation.html  
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with battery storage (a hybrid array in this study includes 1 MW of solar PV with 0.5 MW of 4-hour lithium 

ion storage), the capacity factor increases to nearly 40%.61 

While solar constituted the majority of the first round of Class IA procurement mandated by LD 1494, the 

selected projects likely do not require major transmission upgrades and are a representation of headroom 

on existing transmission. Given that this headroom is limited, large quantities of utility-scale PV in the future 

are unlikely to connect without transmission upgrades. A total of 7 GW of potential (based on the NREL 

database and the additional land-screens mentioned above) was made available for the model to choose 

from in this study.  

Figure 15. Utility-scale solar costs62 

 

Nevertheless, utility-scale solar can serve as a means for Maine to achieve its RPS requirements. The costs 

of solar and solar paired with batteriesΣ ŘǊŀǿƴ ŦǊƻƳ bw9[Ωǎ ATB, is shown in Figure 15. 

Distributed Solar 

There has been significant interest in developing distributed generation resources in Maine. Distributed 

generation resources are those in Maine that have capacities of 5 MW or less and are interconnected at 

the distribution system level. Distributed generation can come from any generator meeting these 

requirements. However, in practice, distributed solar generation is the primary distributed generation 

resource in the NEB interconnection queues for Central Maine Power and Versant Power63. As a result, 

distributed solar is focused on in this study and bƻǘƘ άŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊέ ŀƴŘ άŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴέ ǿƛƭƭ 

be used interchangeably in this report. 

 

61 This is taken from the AURORA modeling software database. 

62 This figure was updated in March 2021. See corresponding release notes.  

63 ά/at wŜǎǇƻƴǎŜ ǘƻ 5ƻŎƪŜǘ bƻΦ нлнл-ллмффέΤ ά±ŜǊǎŀƴǘ wŜǎǇƻƴǎŜ ǘƻ 5ƻŎƪŜǘ bƻΦ нлнл-ллмффΦέ 
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Distributed resources totaling over 1,100 MW have NEB contracts executed through Central Maine tƻǿŜǊΩǎ 

ŀƴŘ ±ŜǊǎŀƴǘ tƻǿŜǊΩǎ b9. ǇǊƻƎǊŀƳ, and 375 MW are required to be procured as mandated in LD 1711. 

However, there are challenges and uncertainties regarding the cost and magnitude of distribution and 

transmission system upgrades associated with integrating distributed solar generation, likely leading to 

significant near- and mid-term attrition of planned distributed solar build in Maine. 

Figure 16. Distributed solar costs as function of size of array 

 

Regardless, distributed solar may be an economical way for Maine to meet its RPS requirements by 2030, 

while potentially avoiding or deferring transmission upgrades needed to interconnect distant onshore wind 

resources in western and northern Maine. The current resource cost, distribution system upgrade costs, 

and overall cost declines of distributed solar vary by the size of the project themselves, ranging from solar 

arrays in the 100 kW range up to those near the limit distributed generation limit of 5 MW. In this report, 

the resource costs of distributed solar arrays are drawn from the 2019 Tracking the Sun report,64 the 

ŀƴǘƛŎƛǇŀǘŜŘ ŘŜŎƭƛƴŜǎ ŦƻƭƭƻǿŜŘ ǘƘƻǎŜ ƛƴ bw9[Ωǎ !¢.Σ ŀƴŘ Ŏƻǎǘǎ ŦǊƻƳ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ǳǇƎǊŀŘŜǎ ǿŜǊŜ 

adapted from communications with stakeholders.65 As shown in Figure 16, it is clear that different array 

sizes, particularly those in the 100 kW size range, can rapidly decline in overall cost over the study period.  

It is important to note here that rooftop solar arrays are not explicitly considered in this study (they are 

considered to be part of the up to 100 kW bucket). While they may represent benefits to the people of 

Maine, such as reduced electricity bills in the long run, increased jobs in the local economy, and improved 

grid reliability, they are expected to play a minimal role in helping Maine comply with its RPS given their 

 

64 DŀƭŜƴ .ŀǊōƻǎŜ ŀƴŘ bŀƛƳ 5ŀǊƎƘƻǳǘƘΣ ά¢ǊŀŎƪƛƴƎ ǘƘŜ {ǳƴΥ tǊƛŎƛƴƎ ŀƴŘ 5ŜǎƛƎƴ ¢ǊŜƴŘǎ ŦƻǊ 5ƛǎǘǊƛōǳǘŜŘ tƘƻǘƻǾƻƭǘŀƛŎ {ȅǎǘŜƳǎ ƛƴ ǘƘŜ ¦ƴited States, 
нлмф 9Řƛǘƛƻƴέ ό[ŀǿǊŜƴŎŜ .ŜǊƪƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ нлнлύΣ ƘǘǘǇǎΥκκŜǘŀ-
publications.lbl.gov/sites/default/files/tracking_the_sun_2019_report.pdf. 

65 These were independently verified and benchmarked to standard costing assumptions used in prior work, such as in the recent Net-Zero New 
England study: https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-
Decarbonization_Full-Report_November_2020.pdf.   
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smaller size. As a result, these are not given as a separate candidate resource for the model to choose from 

in this study. 

Hydroelectric 

Hydroelectric generation has been ŀƴ ƛƳǇƻǊǘŀƴǘ ǊŜǎƻǳǊŎŜ ƛƴ aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƳƛȄΣ providing 31% of 

aŀƛƴŜΩǎ net electricity generation in 2019.66 While ƳǳŎƘ ƻŦ aŀƛƴŜΩǎ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǇƻǘŜƴǘƛŀƭ Ƙŀǎ ŀƭǊŜŀŘȅ 

been tapped, there is about 56 MW of potential capacity still available and this is given as a candidate 

resource to the model.67 A total of 2 GW of Canadian hydro (assumed to be projects under 100 MW) was 

also made available as a potential candidate resource. Fifty percent of this potential was assumed to be 

turbine upgrades at existing sites (Tier 1), and the other 50% was assumed to be new projects (Tier 2). 68   

Figure 17. LCOE of available hydro resources 

 

Although new in-state hydro is cheaper than Canadian hydro, it is still expensive compared to other in-state 

resources, such as onshore wind and solar paired with storage, considered in this study. Furthermore, 

because the technology is relatively mature, the cost remains largely flat over the course of the study 

period. Lƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƘȅŘǊƻΩǎ ƭƛƳƛǘŜŘ ǇƻǘŜƴǘƛŀƭΣ these costs suggest that new in-state hydro is unlikely 

to play a major role in ǎŀǘƛǎŦȅƛƴƎ aŀƛƴŜΩǎ RPS requirements. In addition, new Canadian hydro (under 100 

MW) can be seen to be the most expensive resource available in this study, due in part to transmission 

costsΦ Lǘ ǘƻƻ ƛǎ ǳƴƭƛƪŜƭȅ ǘƻ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǎŀǘƛǎŦȅƛƴƎ aŀƛƴŜΩǎ RPS requirements in the near term. 

Biomass 

 

66 άaŀƛƴŜ - State Energy Profile Overview - ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L!ύΦέ 

67 άaŀƛƴŜ IȅŘǊƻǇƻǿŜǊ {ǘǳŘȅέ ό!ǳƎǳǎǘŀΣ aŀƛƴŜΥ aŀƛƴŜ DƻǾŜǊƴƻǊΩǎ 9ƴŜǊƎȅ hŦŦƛŎŜΣ нлмрύΣ 
https://www.maine.gov/energy/sites/maine.gov.energy/files/inline-files/001-ME-GEO-Rpt-02-04-15.pdf. 

68 άbŜǘ-Zero New England: Ensuring Electric Reliability in a Low-/ŀǊōƻƴ CǳǘǳǊŜέ ό9ƴŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŎƻƴƻƳƛŎǎΣ LƴŎΦΣ нлнлύΣ 
https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-Decarbonization_Full-
Report_November_2020.pdf. 
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Like hydroelectric generation, biomass resources, which include generators fueled by wood and wood-

derived fuels or landfill gas, have historically ōŜŜƴ ŀ ŎƻǊƴŜǊǎǘƻƴŜ ƻŦ aŀƛƴŜΩǎ generation portfolio. As a result 

of the extensive utilization of wood-based resources, it was estimated by some stakeholders that there are 

only approximately 80 MW of new wood-based generation potential remaining in Maine. Further, there 

are only a few landfills in Maine with appreciable gas flow rates that are not already used in electricity 

generation, including the Juniper Ridge Landfill, the City of Bath Landfill, and the Aroostook Waste Solutions 

landfills in Fort Fairfield and Presque Isle. These provide approximately 15 MW of potential in aggregate, 

according to stakeholder feedback. 

Figure 18. Biomass costs 

 

In the face of the rapidly declining costs of solar and onshore wind, new standalone biomass generators 

ŀǊŜ ǳƴƭƛƪŜƭȅ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ aŀƛƴŜΩǎ RPS requirements over the next decade without targeted action to 

support new generation. The costs of these generators, derived from bw9[Ωǎ !¢.Σ 9LA technology cost 

estimates, and communication with stakeholders, are shown in Figure 18. The generating technologies 

fueled by wood, wood-derived fuel, or landfill gas are quite mature; there are limited cost declines expected 

over the study period. 

Waste-to-Energy 

There has been some interest in incorporating greater levels of municipal waste-to-energy generation in 

aŀƛƴŜΩǎ ǊŜǎƻǳǊŎŜ portfolio. LD 1494 established that electricity produced by a WtE unit can be multiplied 

by 300% until January 1, 2025, for the purposes of REC accounting.69 Despite this, WtE has limited potential 

 

69 This provision is currently set to expire in 2025. 
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to satisfy aŀƛƴŜΩǎ RPS requirements. The costs over 

the next decadeΣ ŘŜǊƛǾŜŘ ŦǊƻƳ ŀ ǎǳǊǾŜȅ ƻŦ bw9[Ωǎ !¢.Σ 

for these resources are among the highest of those 

examined in this report (see Figure 19). A Class II REC 

for a new WtE plant will be priced between $90 to 

$100/MWh over the course of the study period, after 

ƴŜǘǘƛƴƎ ŜƴŜǊƎȅ ŀƴŘ ŎŀǇŀŎƛǘȅ ǾŀƭǳŜ ŦǊƻƳ ŀ ²ǘ9 ǇƭŀƴǘΩǎ 

LCOE and before accounting for the 300% multiplier 

placed on energy produced from WtE plants.70 After 

accounting for this multiplier, the price for a WtE 

Class II REC will be in the range of $30-$33/MWh. In 

either case, given the historically low Class II REC 

prices, new WtE plants are unlikely to be built to 

ǎǳǇǇƻǊǘ a9Ωǎ /ƭŀǎǎ LL w9/ ǊŜǉǳƛǊement over the next 

decade. 

Additional out-of-state RECs 

Maine currently satisfies a portion of its REC 

requirements from out-of-state RECs.71 It is assumed 

that these RECs will continue to ǎŀǘƛǎŦȅ aŀƛƴŜΩǎ w9/ 

requirements at the same levels as today. The use of 

additional out-of-state RECs is an option to satisfy 

more of aŀƛƴŜΩǎ REC requirements and avoid the 

need to build new renewable generation. Using 

AURORA capacity expansion and production 

simulation modeling, the cost of a New England Class 

I REC was estimated through the study period, shown 

in Figure 20. Although New England Class I REC prices 

are expected to decline going forward, they are still 

expected to remain relatively high when compared to 

Maine Class I REC prices since the entire region is 

moving towards deep decarbonization, keeping the demand for New England Class I RECs high.  

Supply Curve 

Resource costs, in combination with resource quality and availability, dictate which technologies are most 

economic and are chosen by the model to be built to meet the Maine RPS requirement. Costs used are 

ƎŜƴŜǊŀǘŜŘ ōȅ 9оΩǎ tǊƻ CƻǊƳŀ ƳƻŘŜl and are based on the 2020 NREL ATB. The figure below shows the LCOE 

of the set of resources considered in the model in 2030. The costs include both the raw resource cost and 

 

70 άaw{ ¢ƛǘƭŜ ор-A, Secǘƛƻƴ онмлΦ wŜƴŜǿŀōƭŜ wŜǎƻǳǊŎŜǎέΤ ά!¢. μ bw9[Φέ 

71 aŀƛƴŜ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴΣ άнлмф !ƴƴǳŀƭ wŜǇƻǊǘΦέ 

Figure 19. Waste-to-energy costs 

Figure 20. Out of state REC costs 
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the cost of a 230 kV line to interconnect to the nearest point in the transmission system. Note that the 

supply curve does not reflect the amount of available transmission headroom in the system or the cost of 

transmission upgrades to accommodate interconnection. These are detailed in the following section. The 

supply curve also does not account for differences in energy or capacity revenues recovered by these 

resources. Thus, the final, lowest-cost resource mix after transmission costs and constraints are accounted 

for may not be comprised of the most inexpensive resources in the supply curve shown below. 

Figure 21. Renewable resource supply curve in 203072 

 

3.3.2.2 Transmission Availability & Cost 

A stakeholder study completed in January 2020, as required by LD 1401 (Resolve, To Study Transmission 

Solutions to Enable Renewable Energy Investment in the State), ŎƭŜŀǊƭȅ ƻǳǘƭƛƴŜǎ ǘƘŜ ǎǘŀǘŜ ƻŦ aŀƛƴŜΩǎ ŜƭŜŎǘǊƛŎ 

grid today as well as identifying important congestion corridors and constraints on the system. Insights 

ŦǊƻƳ ǘƘƛǎ ǊŜǇƻǊǘ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎǊŀŦǘ άǘǊŀƴǎƳƛǎǎƛƻƴ ȊƻƴŜǎέ ǿƛǘƘƛƴ aŀƛƴŜ ŦƻǊ ǘƘŜ purposes of this study. 

Transmission zones in this study are zones associated with the two primary characteristics: headroom on 

the existing system, and cost and capacity of the transmission upgrades. The first characteristic - headroom 

on the existing system - is the MW capacity of renewables that can be interconnected and delivered at full 

capacity on the existing transmission system. Once this headroom is exhausted with new resources, 

transmission needs to be upgraded to integrate any more resources and these are defined by the second 

characteristic, cost and capacity of transmission upgrades. There can be multiple tiers of transmission 

upgrades (relatively cheaper to more expensive). The broad idea is that any resource built in a transmission 

zone will take up headroom on the existing transmission system (also referred to as existing headroom in 

this report) and any interconnection needed after the existing headroom has been used up (to deliver 

 

72 This figure was updated in March 2021. See corresponding release notes. 



 

 

35 Maine Renewable Energy Market Goals Assessment 

electricity to Maine load centers) will trigger a transmission upgrade if the model chooses to build such a 

resource. 

Shown in Figure 22 is a transmission map of Maine with constraints identified by the LD 1401 report 

highlighted in orange or blue boxes. Those in orange boxes are constraints with limited or no headroom for 

additional resources to be interconnected to them; the blue boxes are those with some headroom. It is 

clear that large portions of Maine are transmission constrained, leaving potential high-quality resources 

ǳƴŀōƭŜ ǘƻ ǎŜǊǾŜ aŀƛƴŜΩǎ ƭƻŀŘ or participate in the ISO-NE market. The impacts of the New England Clean 

Energy Connect (NECEC) ƻƴ aŀƛƴŜΩǎ ƎǊƛŘ ŀƴŘ the necessary upgrades needed for NECEC are not considered 

in this study.  

Figure 22. Major transmission constraints in Maine and zones in this study 

 

Considering the findings from LD 1401 report, discussions with stakeholders, and the needs of this study, 

MaineΩǎ grid was divided into three transmission zones. Note that these zones are not meant to be 

representative of any physical or administrative divisions/constraints within the system today. Rather, 

these are meant to represent the reality of significant transmission limitations preventing interconnection 

of resources in northern and western Maine. It should be noted that although the northern Maine grid is 

not directly ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǊŜǎǘ ƻŦ aŀƛƴŜΩǎ L{h-NE grid, it is a part of the Northern zone in this study. This 

was done as any renewables developed in northern Maine, such as in Aroostook County, are still expected 

to face downstream constraints such as Keene Road and Orrington-South.  
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As shown in Figure 22, the three zones incorporate different transmission constraints. The West contains 

the Wyman transmission constraint, which limits interconnection of western resources. The North contains 

the Keene Road and Orrington South constraints. Finally, the South contains the Suroweic-South interface 

and is assumed to have a 200 MW of headroom73, after which transmission upgrades must be built. There 

is some debate about the exact amount of headroom available in the South, especially as this is intertwined 

with the question of NECEC-related upgrades at Suroweic-South. This is still uncertain, and the actual 

number may vary; but for the purposes of this study, it is assumed that 200 MW of headroom exists.74 

Although not considered in this study, the available headroom in the South also impacts the amount of 

renewables that may be developed in the West and North as low available transfer capacity in the South 

and further down would prevent western and northern wind from being sold out of state. Additional study 

of the Suroweic-South interface has been committed to by the NECEC, stipulating parties as approved by 

the MPUC. 

The costs and MW capacities of these transmission upgrades differ by zone and by tier and are sourced 

from publicly available information, where available. For example, the two Maine Resource Integration 

Studies (MRISs) conducted by ISO-NE were used to inform transmission upgrade costs in the western and 

northern zones to interconnect resources on an energy-only basis.75 Due to the lack of publicly available 

Maine-specific data on transmission upgrades in the southern zone, these were informed by urban 

transmission costs in other parts of New England.76 Transmission upgrade costs in the southern zone are 

higher than those in the western and northern zones on a per-MW basis, reflecting the increased cost of 

transmission in urban areas. See Table 2 for the costs and capacities assumed for these upgrades. 

Table 2. Transmission upgrades costs and capacities used in this study 

Zone 
Existing 

Headroom 
Upgrade 1 Upgrade 2 

 Capacity (MW) 
Cost 

(2019 $ MM) 
Cum. Capacity 

(MW) 
Cost 

(2019 $ MM) 
Cum. Capacity 

(MW) 

Northern 0 MW $779 518 $1,422 1119 

Western 0 MW $303 360 $600 777 

Southern 200 MW $518 360 $1,025 777 

 

 

73 MPUC Order in Docket 2017-00232 (NECEC).  

74 As such, NECEC does not directly impact the assumptions in this study aside from the available headroom in the South. 

75 The implication of this assumption is that new resources that are developed behind the transmission upgrades in this study get an energy 
value and not a capacity value. There is no publicly available data on the costs and magnitudes of possible transmission upgrades to the North 
and the West that would also allow resources to receive their full capacity value. Nevertheless, the impact of this assumption on the higher-level 
findings from this study are expected to be minimal as the transmission upgrades to the West and the South and the resource builds in the West 
and the North are chosen economically by the model in the Base Case. An added capacity value is not expected to change the economics of 
these lines.  

76 άDǊŜŀǘŜǊ .ƻǎǘƻƴ /ƻǎǘ 9ǎǘƛƳŀǘŜǎΥ /ƭŀǊƛŦȅƛƴƎ vǳŜǎǘƛƻƴǎΣέ ƘǘǘǇǎΥκκǿǿǿΦƛǎƻ-ne.com/static-
assets/documents/2014/11/nht_greater_boston_clarifying_questions.pdf. 
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The zones mentioned above are used in the study to identify the optimal mix of resources that can meet 

aŀƛƴŜΩǎ ŀƴƴǳŀƭ w9/ ƴŜŜŘΦ CƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǊŜƴŜǿŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ ²Ŝǎǘ ŀƴŘ ǘƘŜ 

North is assumed to be driven by increases in load in the southern zone. As such, all renewable 

development in the state is assumed to meet state-wide load and not individual zonal load.77  

3.3.2.3 Energy Value 

Seasonal and daily generation patterns are also important to quantify so that generation closely matches 

up with demand, especially for variable renewable resources like solar and wind. High-demand hours result 

in higher wholesale energy prices, which would give generators higher revenues. This energy value is one 

variable in the equation the model considers when deciding which resources to procure to meet the RPS. 

The energy value of a resource is the product of its generation MWh output and the projected future energy 

prices for Maine. A description of these two components is given below.  

Resource profiles 

{ƻƭŀǊΣ ŘƛǎǘǊƛōǳǘŜŘ ǎƻƭŀǊΣ ǿƛƴŘΣ ŀƴŘ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ǇǊƻŦƛƭŜǎ ǿŜǊŜ ǎƛƳǳƭŀǘŜŘ ŦǊƻƳ bw9[Ωǎ bŀǘƛƻƴŀƭ {ƻƭŀǊ 

Radiation Database (NSRDB) and Wind Toolkit (WTK). A selection of sites across Maine were sampled for 

each resource to ensure each profile was representative of the resource. Because utility-scale solar and 

wind quality differ across Maine, separate profiles were developed for a representative southern Maine 

resource and a northern Maine resource. State-of-the-art resource characteristics such as single-axis 

tracking (for solar) and 100-meter hub height (for wind) were used for the profile simulation. For distributed 

solar, only one profile was developed since distributed resources are deployed near population centers, so 

the set of sampled sites was in southern Maine, where the majority of people in Maine live. Distributed 

solar arrays tend to be smaller and in a fixed position, so their capacity factors are less than utility-scale 

solar. The offshore wind profile was developed using sites off the coast of southern Maine near load 

centers, given that an advantage of offshore wind is delivering renewable energy into transmission-

constrained areas. The solar paired with storage profiles were constructed using the original solar profiles 

and assuming the nameplate solar capacity is twice the storage capacity it is paired with. Profiles of other 

resources considered are less variable and do not require a weather-based simulation, so flat historical 

monthly capacity factors were used from EIA 2018 generation data. The average annual generation for 

each resource is shown in Figure 23. 

  

 

77 A detailed power analysis will identify the actual deliverability of developed renewable resources to different demand locations within the 
state. This is out of the scope of this analysis. 
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Figure 23. Average annual generation for representative resources used in this study 

 

Projected energy prices 

E3 forecasts future energy prices using AURORA to perform both capacity expansion and production 

simulation. The process for producing the price forecast involves modifying AURORAΩǎ ŘŜŦŀǳƭǘ ŘŀǘŀōŀǎŜ 

ǿƛǘƘ 9оΩǎ ŀǎǎǳƳǇǘƛƻƴǎ ŦƻǊ ƭƻŀŘΣ ŜȄƛǎǘƛƴƎ ƎŜƴerator characteristics, fuel prices, new resource options, and 

policy assumptions. YŜȅ ŀǎǎǳƳǇǘƛƻƴǎ ƛƴ 9оΩǎ ǇǊƛŎŜ ŦƻǊŜŎŀǎǘ ƛƴŎƭǳŘŜΥ  

é CƻǊŜŎŀǎǘǎ ƻŦ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ōǳƛƭŘƛƴƎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ bw9[Ωǎ нлмф ATB; 

é Natural gas price forecasts based on OTC Global Holdings forwards in the near term at each hub, 

ŀƴŘ ǘƘŜ 9L!Ωǎ !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪ ό!9hύ ƛƴ ǘƘŜ ƭƻƴƎ term; 

é Updates to plant-level operating characteristics and retirement dates based on public plans and 

9оΩǎ ŜȄǇŜǊǘ ƪƴƻǿƭŜŘƎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ markets; 

é State RPS and other clean energy goals, technology-specific mandates, regional carbon price 

programs, and federal tax incentives (including the ITC and PTC); 

é New resource options, including solar, wind, offshore wind, lithium-ion battery storage, gas 

combined cycles, and gas combustion turbinesΣ ǿƛǘƘ Ŏƻǎǘǎ ŘŜǊƛǾŜŘ ŦǊƻƳ bw9[Ωǎ !¢. and 9оΩǎ pro 

forma financing model. 

Once these changes are incorporated, a three-step process is used to create the price forecast. First, a 

capacity expansion run in AURORA is done to determine the new resources that will be built to meet future 

load and policies. Then, a production simulation run in AURORA is done with those new resources 

incorporated to produce hourly energy prices. Finally, post-processing is done to incorporate historical 

price volatility that does not show up in the over-optimized result of the production simulation.  
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The hourly results of the energy price forecast were averaged monthly and used with the generation profile 

of each resource to determine the energy value. Figure 24 shows E3Ωǎ price forecast for ISO-NE in 2030, 

summarizing the average hourly prices by month; red indicates higher prices and blue shows lower prices. 

During the winter months, when natural gas demand (and thus prices) is higher across the region, the 

electricity prices are also highest. Prices throughout the year are generally higher in the evening hours 

when electricity demand is highest; prices are typically lower overnight, when demand is lowest, and in the 

middle of the day, when abundant solar depresses prices. 

Figure 24. Heatmap of projected energy prices (2030) 

 

3.3.2.4 Capacity Value 

The capacity value of a resource is the value a resource brings to the system by generating energy during 

times of system peaks. Quantifying the capacity value includes quantifying: 1) the capacity contribution of 

a resource during system peaks (this is referred to as its Net Qualifying Capacity or Effective Load Carrying 

Capacity), and 2) the capacity price. Multiplying these two values for a resource gives its total capacity 

value. Each of these components is described below. 

Net Qualifying Capacity (NQC) or Effective Load Carrying Capacity (ELCC) 

In practice, both NQC and ELCC, ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀ ǊŜǎƻǳǊŎŜΩǎ ŎŀǇŀŎƛǘȅ ǘƘŀǘ Ŏŀƴ ōŜ ǊŜƭƛŜŘ ǳǇƻƴ 

during the system peak. However, each term is assigned based on resource type ς NQC applied to firm 

resources and ELCC applied to variable resources and storage. These factor into the valuation of a resource 

since generators get paid for the capability of providing generation when it is needed most. For example, 

if the system peak is in the evening, a solar resource would have an ELCC of zero while a firm gas generator 

would receive close to 100% NQC. 
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The variable-resource ELCCs used were ǎƛƳǳƭŀǘŜŘ ƛƴ w9/!tΣ 9оΩǎ ǊŜƭƛŀōƛƭƛǘȅ ǎƛƳǳƭŀǘƛƻƴ ǘƻƻƭΣ ŦƻǊ bŜǿ 9ƴƎƭŀƴŘ 

under deep decarbonization,78 and are displayed in Figure 25. These are assumed to decline over time due 

to saturation with increasing penetration. Already the system peak is near sundown in the winter; thus, 

solar receives a very small ELCC in 2020. As more solar is integrated and the peak shifts more into the 

evening, that ELCC goes to zero. The ELCC of wind resources, including that of both onshore and offshore 

wind, also declines, but not as significantly ς the value starts at 38% and then declines to 11% by 2030 as 

more wind is built. When solar and storage are paired up, the ELCC starts high but still declines slightly over 

time. Hydro and biomass, on the other hand, do not have weather-dependent generation limitations like 

the other resources, and so receive 60% and 100% NQC throughout. 

Figure 25. Capacity credit of variable resources. Onshore and offshore wind are assigned the same 
capacity credit. 

 

Assumed capacity price 

This is the price the ISO-NE Forward Capacity Auction (FCA) clears at and is the price a resource gets paid 

for its capacity. A detailed simulation of future capacity auctions for the Maine zones is beyond the scope 

of this study. As a simple approximation, the capacity price is assumed to be the net cost of new entry (net 

CONE). This assumes that when there is a shortage of capacity to meet system peak, the clearing price of 

the auction will be equal to the cost of building a new generator to meet that system peak. The cheapest 

firm capacity resource that is often built to meet peak load is a combustion turbine, which is $33/kW-yr. 

 

78 άbŜǘ-Zero New England: Ensuring Electric Reliability in a Low-/ŀǊōƻƴ CǳǘǳǊŜΦέ Report by E3 and EFI. Available at: 
https://www.ethree.com/wp-content/uploads/2020/11/E3-EFI_Report-New-England-Reliability-Under-Deep-Decarbonization_Full-
Report_November_2020.pdf 



 

   

 

Scenario Analysis Results 
 

4 

4 Scenario analysis results 

The results of each scenario are presented below. Each set of scenario results provides resource builds in 

five-year increments starting in 2030. Though the focus of this study is through 2030, results are presented 

until 2040 to show the impact of the 2030 mix on the future trajŜŎǘƻǊƛŜǎ ƻŦ aŀƛƴŜΩǎ ǇƻǊǘŦƻƭƛƻ. Results 

presented in this section are not meant to be prescriptive ς rather they are meant to illustrate possible 

pathways to meet the stateΩǎ wt{ requirements cost effectively and better inform policy decision-making 

(Section 5). 

 

As shown in Section 3.3.1, under the assumptions in this study, Maine starts needing new RECs by 2026 or 

2027. This is shown again in Figure 26. The analysis in this study modeled one snapshot year at five-year 

intervals. Hence the first year modeled is 2020 followed by 2025, 2030, 2035, and 2040. Because no new 

RECs are expected to be needed by 2025, the first year for which results are shown is 2030. The scenario-

specific modeling results that follow are to be considered as showing the amounts of new renewables that 

are needed by 2030, 2035, and 2040. Pre-planning and construction need to begin ahead of time, so that 

these resources are operational and generating RECs starting in 2026 or 2027 and by the years shown in 

the figures below.  

Figure 26. Class I/IA REC need through 2030 

 

 

The Base Case selects a least-cost portfolio to meet aŀƛƴŜΩǎ w9/ ƴŜŜŘǎΦ !ǎ ǎƘƻǿƴ ƛƴ Figure 27, this portfolio 

relies on onshore wind to meet needs through 2030 and a mix of onshore wind, solar paired with storage, 

and distributed solar through 2040. Figure 28 shows where these resources are built, and which 

transmission upgrades are required to support the resource portfolio. Finally, Figure 30 shows the sources 

of all RECs in the Base Case, including those arising from existing and planned resources. 
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In 2030, onshore wind resources are chosen because of their higher capacity factors (which allows more 

effective utilization of requisite transmission upgrades in the West and North). Beyond 2030, solar paired 

with storage79 is chosen because the highest quality wind resources are exhausted in the West. Finally, 

distributed solar is chosen to avoid expensive transmission upgrades in southern Maine.  

Figure 27. Renewable build in Maine in Base Case80 

 

Transmission upgrades in the West and North are selected to accommodate high-quality onshore wind in 

2030. After 2030, a second set of transmission upgrades in the West and North are built to connect onshore 

wind (North) or a mix of onshore wind and solar paired with storage (West). The remaining need is satisfied 

by filling existing headroom in the South with onshore wind and building 260 MW of distributed solar 

generation.81 These facilities are estimated to be approximately 1 ς 5 MW in size and can be located next 

to commercial, industrial, and small community loads.  

Onshore wind and associated transmission development in the West and in the North are found to be 

economical. This is partly driven by the high quality of wind in these areas but also by comparatively high 

southern transmission costs, which are assumed to be urban and hence more expensive than the North 

and the West.  

  

 

79 Lƴ ǘƘŜ ŦƛƎǳǊŜǎΣ ά{ƻƭŀǊ tŀƛǊŜŘ ǿƛǘƘ {ǘƻǊŀƎŜέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎƻƭŀǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ǿƘƛƭŜ ά{ǘƻǊŀƎŜ tŀƛǊŜŘ ǿƛǘƘ {ƻƭŀǊέ Ǉƻƛƴǘǎ ǘƻ ǘƘŜ ǎǘƻǊŀƎŜ 
portion of the project. In this study, the storage component of hybrid solar projects is assumed to be 50% of the nameplate capacity of the solar 
component. 

80 This figure was updated in March 2021. See corresponding release notes. 

81 Note that a total of 500 MW of new Distributed Generation is already included in the baseline and is expected to be online by 2025. This 75 
MW is in addition to that 500 MW bringing the total new Distributed Generation in Maine to 575 MW.  
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Figure 28. Regional builds in Base Case. The year where the first or second transmission upgrades are 
needed in each region is indicated by a blue or red arrow, respectively82 

 

 

As a final overview of the Base Case, Figure 29 shows all REC sources in the Base Case, including baseline 

resources arising from planned and existing sources. As discussed, new resources must be producing RECs 

by 2030, even though baseline resources ŎƻƴǘǊƛōǳǘŜ Ƴŀƴȅ w9/ǎ ǘƻ ǎǳǇǇƻǊǘ aŀƛƴŜΩǎ wt{Φ From this 

perspective, it should be noted that, in the case that some baseline RECs fail to materialize as anticipated 

(such as planned resources not being built or existing resources shutting down earlier than anticipated), 

new resources must be built in addition to those chosen in the Base Case. In all instances, it must be 

emphasized that there must be significant planning and construction for new resources to be built in time 

ǘƻ ǎŀǘƛǎŦȅ aŀƛƴŜΩǎ wt{ ƛƴ ǘƘŜ ƭŀǘǘŜǊ ƘŀƭŦ ƻŦ ǘƘŜ нлнлǎΦ  

  

 

82 This figure was updated in March 2021. See corresponding release notes 
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Figure 29. All REC sources in the Base Case83 

 

4.1.1.1 Base Low Load Sensitivity 

Load growth in Maine may be offset with more aggressive demand-side measures such as energy efficiency, 

weatherization, or load flexibility while still maintaining high levels of beneficial electrification consistent 

with Maine achieving its GHG emissions requirements. In this sensitivity of the Base Case, the effect of 

reduced load growth on resource build and costs over the study period was investigated. Figure 30 shows 

a comparison between resource builds for both the Base Case and the Base Low Load sensitivity. As 

expected, there are fewer resources built in the sensitivity, as there are fewer RECs required. At a high level, 

onshore wind is the first resource chosen between each model in 2030. However, in 2040, more solar 

paired with storage and offshore wind are chosen in the sensitivity. 

Figure 30. Resource build comparison across Base Case and Base Low Load sensitivity in 2030 and 204083 

 

83 This figure was updated in March 2021. See corresponding release notes. 
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It can be seen why this is the case in Figure 31. As the load profile is sufficiently low, transmission upgrades 

to the North are not required to meet the lower REC need in 2030. If the full transmission line was built to 

the North, fewer renewables in comparison to the Base Case would be developed. Due to the low load, this 

would make the transmission line more expensive on a per MW basis. Hence, instead of building 

transmission to the North, a combination of distributed generation and offshore wind is built. This is 

especially driven by offshore wind becoming cheaper in 2035 and 2040. This points to another common 

challenge around transmission building. Transmission upgrades are lumpy, i.e., a full transmission upgrade 

needs to be built to access renewables in a zone. There are important policy and equity implications of this 

challenge; Sections 5 and 6 examine these in greater detail, respectively. 

Figure 31. Regional builds for Base Low Load sensitivity. The year where the first or second transmission 
upgrades are needed in each region is indicated by a blue or red arrow, respectively84. 

 

As a preview to the cost comparisons in Section 4.2, the net present values of the costs from 2025 to 2045 

of the Base Case and the Base Low Load sensitivity are presented in Figure 32 below. The Base Low Load 

sensitivity is cheaper than the Base Case, owing to the lower load and savings from avoided transmission 

and resource builds in the North.  

  

 

84 This figure was updated in March 2021. See corresponding release notes. 
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Figure 32. Net Present Value (NPV) of Base Case and Base Low Load sensitivity costs.  
Note that different levels of load are being met in these scenarios84.  

 

In short, this sensitivity shows the mixture and geographic location of renewable resource builds are highly 

sensitive to assumptions about future load growth. It suggests that offshore wind and distributed 

ƎŜƴŜǊŀǘƛƻƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ ŎƘŀƴŎŜ ǘƘŀǘ aŀƛƴŜΩǎ ƭƻŀŘ ƎǊƻǿǘƘ ƛǎ ƭƻǿŜǊ ǘƘŀƴ ŀƴǘƛŎƛǇŀǘŜŘ, 

as they may aid in avoiding expensive transmission build.  

 

The Unconstrained Land Use scenario removes the additional restrictions on land use imposed in this study 

(described in Section 3.2.1) for onshore wind and utility solar resource development to test how those 

constraints may change how Maine meets its 2030 RPS targets. In the Base Case, these land use constraints 

screened the most expensive resources, such as the most distant and lowest-capacity factor wind 

resources. By removing those constraints, those resources were made available to be chosen. The removal 

of these additional land-use constraints is not to be construed as a suggestion for energy policymaking in 

Maine. Rather, this is a computational mechanism to reveal other constraints that might be important for 

Maine to achieve its renewable energy requirements. 

The results from this scenario (Figure 33) are similar to those of the Base Case. Removing the land screens 

allows for a small amount of Western onshore wind to be selected in place of some distributed generation 

and solar plus storage in the Western zone in the Base Case in 2035. While land screens may impact 

resource economics within zones, transmission is the limiting factor for renewable resource development 

across the state as demonstrated by the resource builds in the Southern and Northern zones. These 

resource builds remain the same across the Unconstrained Land Use scenario and the Base Case, suggesting 

that even through a greater amount of renewables are available in these zones when land screens are 

removed, the resource economics within these zones are determined by their respective transmission 

upgrade costs.   
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Figure 33. Renewable build in Unconstrained Land Use case85 

 

 

In the High Offshore Wind scenario, up to 1 GW of offshore wind is built before other resources by 2030 to 

fulfill REC need. An additional 500 MW is eligible to be built between 2030 and 2040, bringing the total 

offshore wind capacity to 1.5 GW. Included in the baseline for this scenario is the 144 MW research array 

assumed to be built in 2025, whose RECs could be used to supply Class IA RECs. Figure 34 shows the build 

chosen by the model, excluding the research array. hŦŦǎƘƻǊŜ ǿƛƴŘ ƛǎ ǳǎŜŘ ǘƻ ǎŀǘƛǎŦȅ ŀƭƭ ƻŦ aŀƛƴŜΩǎ 

incremental REC needs in 2030, while a mix of onshore and offshore wind is built to supply growing needs 

in later years. Figure 35 breaks down the resource build by region, showing that a small amount of onshore 

wind is built in the existing headroom in the South in 2035 and 2040 and that the first upgrade to the West 

is filled with onshore wind in 2040. Finally, all REC sources for the High Offshore Wind scenario are shown 

in Figure 36. As was the case for the Base Case, most RECs are sourced from existing and planned 

renewables. It again should be noted that additional new resources should be planned and built, in the case 

that RECs from existing and planned resources do not materialize as expected. 

As mentioned in the Key Assumptions section, offshore wind is assumed to be connecting at existing or 

ǊŜǘƛǊŜŘ ǳƴƛǘǎΩ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ Ǉƻƛƴǘǎ ŎƭƻǎŜ ǘƻ load centers and hence does not incur significant onshore 

transmission costs. This is an assumption that underpins all offshore wind results in this study. Although 

this assumption is in line with ISO-b9Ωǎ ǎǘǳŘȅ86 that identified the potential for 8 GW of offshore wind 

interconnecting at similar interconnection points in Massachusetts, Maine-specific analysis is required to 

accurately estimate offshore wƛƴŘΩǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻƴ aŀƛƴŜΩǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳΦ 

 

85 This figure was updated in March 2021. See corresponding release notes. 

86 .ƻǳƎƘŀƴΣ άb9{/h9 нлмф 9ŎƻƴƻƳƛŎ {ǘǳŘȅ - 8,000 MW OffshƻǊŜ ²ƛƴŘ wŜǎǳƭǘǎΦέ 
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Figure 34. Renewable build in High Offshore Wind case 

 

Figure 35. Regional build for the High Offshore Wind scenario. The year where the first or second 
transmission upgrades are needed in each region is indicated by a blue or red arrow, respectively. 
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Figure 36. All REC sources for the High Offshore Wind scenario. 

 

 

Stakeholders have emphasized during this study that building new transmission to interconnect renewable 

resources is believed to be a key factor in helping Maine achieve its renewable energy requirements. To 

investigate how Maine might comply with its RPS requirement while reflecting the difficulty of building new 

transmission, the Existing Transmission scenario was developed. This scenario eliminated all possible 

transmission upgrades, requiring only those resources that could be built without any associated 

transmission upgrades, including offshore wind, some distributed generation, and utility-scale land-based 

resources in the existing headroom in the South. The goal is to understand the resultant portfolio that is 

RPS compliant when transmission build in Maine is delayed.  

It can be seen in Figure 37 and Figure 38 that about 500 MW of offshore wind, 260 MW of distributed 

generation, and 200 MW of onshore wind in the South were built in 2030. Beyond that, the only resource 

that could be built without triggering transmission upgrades was offshore wind. Because of the uncertainty 

of how much offshore wind can be interconnected without onshore transmission upgrades, it may be likely 

that the levels of offshore wind shown in these figures may not be possible unless onshore transmission 

upgrades are built. Finally, all REC sources for the Existing Transmission scenario are shown in Figure 39. As 

was the case for the Base Case, most RECs are sourced from existing and planned renewables. It again 

should be noted that additional new resources should be planned and built, in the case that RECs from 

existing and planned resources do not materialize as expected. 
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Figure 37. Renewable Build in the Existing Transmission Case 

 

Figure 38. Regional build in the Existing Transmission case. The year where the first or second 
transmission upgrades are needed in each region is indicated by a blue or red arrow, respectively. 

 

  


