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A B S T R A C T

The U.S. East Coast holds signicant potential for offshore wind (OSW) development, offering a pathway for
large-scale decarbonization. Achieving it requires creating a new industrial sector. We analyze efforts from 2017
to 2024, a period of major challenges, to understand what is needed for political institutions—policies, regu-
lations, practices, and organizational structures—to foster this transition. Using social learning theory and a
multiple case study design—three cases, each centered on a key function of OSW deployment within one
state—we examine whether and how state actors accessed new information and enacted novel practices and
structures. The study reveals varied, emergent, and context-dependent learning pathways, encompassing
learning processes (acquiring, creating, interpreting, and disseminating new information) and learning outcomes
(changes in practices, programs, or policies). Evolving political institutions act not only as incumbents, but also
as disruptors. The revenue stabilization case (NY) illustrates intra-jurisdictional, incremental learning within a
single institution and highlights the importance of conceptual outcomes. The sheries compensation case (MA)
demonstrates multi-jurisdictional, transformational learning through new multi-state venues that iteratively
dened problems and developed solutions amidst on-going contestation. The coordinated transmission case (NJ)
demonstrates inter-jurisdictional learning and underscores the importance of power dynamics, as state actors
reshaped existing processes to advance novel coordinated planning. Across cases, we identify ve factors—-
problem denition, jurisdictional scope, clarity of authority, problem-mandate alignment, and challenge com-
plexity—that shape learning pathways. Institutional learning in sustainability transitions is an important area for
future research, given the urgency of accelerating energy transitions and the growing institutional barriers
impeding them.

1. Introduction

Ten East Coast states—from North Carolina to Maine—have
committed to developing an offshore wind (OSW) energy sector,
collectively targeting 83 gigawatts (GW) of capacity by 2050. This ex-
ceeds the total nameplate capacity of all electricity generation sources
currently installed in New England (30 GW) and New York (43 GW)
combined [1,2]. These ambitions are grounded in some of the best
conditions for OSW development globally—strong and consistent wind
resources, a long and shallow continental shelf (conducive to xed-

bottom turbines), and proximity to densely populated coastal regions
with growing demand for clean electricity [3–8].

Progress, however, has been slow and riddled with challenges. The
2020–23 period was characterized by a turbulent macroeconomy and
supply chain bottlenecks following COVID-19 and Russia’s invasion of
Ukraine, compounded by the complexity of multi-jurisdictional gover-
nance and opposition from communities, incumbent actors, and other
stakeholders [9,14–18]. These challenges led, most notably, to a wave of
high-prole contract terminations by the OSW developers as the projects
were no longer deemed economically viable. While most of the OSW
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projects themselves were not terminated,1 many of their offtake agree-
ments—long-term contracts to sell electricity to states or state-regulated
utilities—were, leading to major delays and questions about the viability
of U.S. OSW more generally. Of the 23 offtake agreements awarded
through end-of-year 2023, 13 were terminated, one was renegotiated,
and three selected projects withdrew before executing nal contracts
[14].

Despite these setbacks, East Coast states remained committed to
OSW development, and the industry achieved several notable milestones
in 2024. The rst utility-scale project—South Fork (132 MW)—became
operational [24]; federal permitting reached a new scale, with over 15
GW of capacity fully approved for construction [25]2; and two projects
entered construction, raising total capacity under construction to 6 GW
[27].

Although the Trump Administration in 2025 introduced a new phase
of political uncertainty [28–30], research has not yet examined how the
U.S. OSW sector moved from the 2020–23 period of crisis to modest
recovery in 2024, or what lessons can be drawn from this transition. We
hypothesize that a key driver of this evolution has been social learning
within and among political institutions. This institutional learning refers
to learning processes of acquiring, creating, interpreting, and dissemi-
nating new information, and resulting learning outcomes, including
changes in practices, programs, or policies [31–33].

The sustainability transitions literature routinely calls for social
learning and adaptation [34–36]. Yet whether and how incumbent ac-
tors and established institutions engage in social learning to support
sustainability transitions remains poorly understood [37–39].

OSW is an emerging sector navigating the challenges of megaproject
development, industrial sector transformation, and signicant nancial
risk. Given the critical need for learning and adaptation in this setting,
we are interested in the question of whether and how political in-
stitutions engaged in social learning and structural change to address
key challenges. Specically, this paper explores the role of social
learning in addressing challenges associated with three core functions
essential to OSW deployment. The analysis presents three empirical case
studies, each anchored in a state where that function is especially salient
and rich in data: revenue stabilization in New York, sheries compen-
sation in Massachusetts, and coordinated transmission planning in New
Jersey.

Our results shed light on how state actors fostered institutional
learning to address critical challenges, offering lessons for navigating
emerging challenges in OSW and energy transitions more broadly,
including the current period of political uncertainty.

The paper is organized as follows: Section 2 presents our literature
review, Section 3 describes our methods, Section 4 presents the case
studies, and Sections 5 and 6 provide discussion and conclusions.

2. Literature review

This paper contributes to the emerging literature on learning in
sustainability transitions [34,35,37]. Transitions research focuses on
how disruptive systemic change can overcome path-dependency of
dominant technologies, institutions, routines, and cultures, referred to
as the regime [40–44]. Regime transitions involve the deinstitutional-
ization of existing congurations and the institutionalization of new
practices and logics [45,46].

Learning is a core concept in sustainability transition research
[34,37,47,48]. This literature links novel outcomes and systemic change

to experimentation and learning through technological, institutional, or
governance innovation [34]. Much of this research conceptualizes
learning as a mechanism of experimentation and examines it in pro-
tected niches or at the urban scale [35,49]. For example, research
analyzing 50 case studies highlights the role of municipal governments
in enabling learning by initiating and governing collaborations [50]. A
persistent challenge has been understanding how learning and experi-
ments become institutionalized through new practices, policies, orga-
nizations, and institutional logics for large-scale transformative change
[35,36].

Literature reviews on learning in sustainability transitions associate
distinct collective actors with different objects of learning [38]; inte-
grate intrapersonal and contextual elements that inuence learning
[51]; and identify how several research elds related to learning can
help specify learning processes and outcomes [52]. The review literature
also highlights a lack of empirical evidence on how learning is related to
sustainability transitions and calls for moving beyond learning in
experimental settings and niches [37,48]. A better understanding of
learning in regimes and by incumbents is a key prospect for future
research [48]. We address this gap by focusing on the role of political
institutions in social learning.

Alongside the focus on learning in regimes, scholars have begun to
study the role of political institutions in societal transitions [39,53–57].
These studies emphasize the need for more research into how policies,
laws, regulations, and organizational constitutions relate to sustain-
ability transitions. Patterson [39] suggests a need to interrogate how
political institutions are remade and more attention to the provisional
and indeterminate nature of outcomes within an unfolding trajectory;
Grin [58] identies a leading role for political institutions in regime
change and, through a study of local utilities, proposes a framework for
understanding these dynamics; Spijkerboer et al. [59] study marine
spatial planning for OSW and show how a process of learning-by-doing
unfolds within a context of formal institutions not designed for inno-
vation and the resulting incremental adjustment of practices.

Because we are interested in whether OSW deployment led to both
learning and structural change in political institutions, we combine so-
cial learning theory with insights from sustainability transitions theory.
We draw on environmental governance and natural resource manage-
ment literature to study social learning. This research focuses on social
learning that moves beyond the individual to become situated in wider
social units or communities of practice [33]. In environmental gover-
nance literature, learning refers to a process of acquiring, translating,
and disseminating new information, as well as outcomes like changes in
understanding that become embedded in practices, programs, or policies
[31–33]. The sustainability transitions literature situates learning
within nonlinear, iterative processes that occur in the context of com-
plex systems, interdependence, and uncertainty [37,48,60]. Transition
studies, in contrast to social learning theory, accept divergent perspec-
tives and focus on whether fundamental change was achieved [61,62].
These studies have identied two types of learning processes: discursive
interaction and reexive action. Learning as discursive interaction takes
place when actors exchange knowledge and meanings [61]. This can
occur through public discourse or iterative written exchange, such as
public agency requests for information, public comments, and written
agency responses. Learning as reexive action occurs through a process
of action and reection, sometimes described as learning-by-doing
[34,51,61]. For example, Raven [63] studies the development of
biogas projects in Denmark, nding that social learning processes were
facilitated through regular meetings, which gave rise to shared expec-
tations. A further distinction can be made between discursive in-
teractions, which are primarily problem-oriented with a focus on
questioning and dening problems, and reexive action, which is
solution-oriented with a focus on the proposed solutions or actions that
are developed, experimented with, and pursued [48].

Important learning outcomes in political institutions include prac-
tical changes to policies and practices, as well as relational and

1 In the case of Ocean Wind 1 and 2, the developer—Ørsted—announced that it would “cease
development” of the projects, suggesting that the projects themselves have been cancelled [19]. Earlier
projects have also been cancelled, including Cape Wind [20], Bluewater Wind [21], Fisherman’s
Energy’s project off Atlantic City [22], and LIPA’s project off Jones Beach [23].

2 The Biden Administration also approved the SouthCoast Wind projects (1 and 2) in January 2025
[26].
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conceptual changes to governance approaches that facilitate an ongoing
process of searching, learning, and experimentation [36,61,64,65].

To understand the role of political institutions in learning within the
OSW sector, we analyze whether collective actors participate in
discursive interactions or reexive actions that give rise to practical,
relational, or conceptual change [61]. We focus on interactions, pro-
cesses, proposed solutions, and iterative revisions occurring in formal
political institutional settings, like OSW solicitations, environmental
reviews, and planning processes. In these public settings, formal in-
teractions, actions, and outcomes are documented in public comments,
contracts, and other publicly available primary sources.

In analyzing these sources, we follow and expand on de Geus et al.
[60] by translating discursive interactions and reexive characteristics
and outcomes into questions that guide our empirical analysis (Table 2).

Bringing together these literatures, this paper examines how insti-
tutional change occurred in three case studies of state-level political
institutions, identifying whether or not there is evidence of social
learning in processes or outcomes, and characterizing observed learning
to surface generalizable insights.

3. Methods

We use a multiple case study design to examine the evolution of the
U.S. OSW sector from 2017 to 2024—with particular focus on the
2020–23 period characterized by major challenges—and explore
whether and how political institutions demonstrate learning and struc-
tural change in their efforts to deploy OSW.

After a review of the literature on institutional learning and sus-
tainability transitions and initial work to understand the case study sites,
we selected three critical OSW functions for in-depth case studies: (1)
revenue stabilization to support project protability, (2) sheries
compensation to mitigate impacts, and (3) offshore transmission plan-
ning to support large-scale grid integration. A multiple case study
approach is appropriate when exploring and comparing different char-
acteristics of a phenomenon [67]. We apply both literal and theoretical
replication.

The study applies literal replication by choosing cases that have a
similar setting in Eastern Seaboard states—New York, Massachusetts,
and New Jersey. These states were selected because they share several
similarities relevant to our study. They have set the most ambitious OSW
capacity goals among East Coast states (Table 1). To meet these goals,

each has adopted a third-party developer model3 and launched OSW
procurement through competitive solicitation processes beginning in
2017 or 2018. Each state has since held four or ve OSW-only
solicitations.

In addition to policy ambition, the states are geographically adjacent
and share key demographic and energy system characteristics (Table 3).
All three rank among the top 8 states nationally in population density,
with the most densely populated areas located near coastlines in close
proximity to OSW resources. They also have comparatively limited land-
based wind resources relative to other parts of the country [69].4 In
addition, the states also rank among the top 11 in GDP per capita and
retail electricity prices,5 which reect signicant economic capacity and
the potential competitiveness of OSW. Together, these factors—while
not exhaustive—contribute to making in-state onshore renewables
development challenging and OSW development attractive.

The study applies theoretical replication to select different functions
in each of the three states. This variation enables us to examine how the
same theoretical framework—institutional learning—manifests across
different functions, each with its own governance context.

In terms of identifying the OSW functions within the states, the
exploratory nature of this study warranted a broad view of OSW func-
tions, expecting them to illustrate different learning mechanisms. We
specied the following criteria for selecting the functions for study: the
function is a primary focus of public agency efforts in one of the selected
states; work on the function spanned at least ve years; public agencies
engaged in at least one process that recurred multiple times over the
study period, allowing us to observe adaptation and learning across
cycles; and sufcient source documents were available to document and
analyze results.

Following theoretical replication, we selected functions with
different social, technical, and political pressures to explore differences
in experimentation, learning, and adaptation across critical functions in
the OSW sector (Table 4).

Our data collection is based on structured document analysis, which
was determined to be an appropriate source of evidence for our study’s
questions and conceptual framework. Document analysis is particularly
applicable to qualitative case studies and provides informational rich-
ness, availability, nonreactivity, and truth value [67,77]. For each case
study, we collected a corpus of primary source materials from state,
regional, and federal government websites. These materials included
policy orders, solicitations, regulatory lings, developer submissions,
and intergovernmental agreements. Appendix A provides a summary of
the documents used.

We supplemented the primary source document analysis with sec-
ondary sources—including media coverage, scholarly articles, industry
reports, and gray literature. These sources provide analytical insights
into the governance functions and evolution examined in the case
studies. Specically, these sources provide valuable additional insights
into the decisions and perceptions of private and civil society actors,
beyond the formal comments, responses, and other documentation
available in the public record. The secondary sources used in the case
studies are summarized in Appendix A.

We anchored each case study in the rst formal instance of iterative
engagement related to the function—such as a solicitation or negotiated

Table 1
Summary of OSW capacity goals across East Coast states [9–13].
State/Region Offshore Wind Capacity Goals

By 2035 By 2050

East Coast 43 GW (2035) 83 GW (2050)
Massachusetts 5.6 GW (2035) 23 GW (2050)
New York 9 GW (2035) 20 GW (2050)
New Jersey 3.5 GW (2030);

7.5 GW (2035) 11 GW (2040)
Maryland 8.5 GW (2031) 8.5 GW (2031)
North Carolina 2.8 GW (2030) 8 GW (2040)
Virginia 2 GW (2028);

5.2 GW (2034) 5.2 GW (2034)
Maine N/A 3 GW (2040)
Connecticut 2 GW (2030) 2 GW (2030)
Rhode Island 1.4 GW (2030) 1.4 GW (2030)
Delaware 1.2 GW (no date) 1.2 GW (no date)

3 The New York State Energy Research and Development Authority (NYSERDA) participated in the
2016 federal lease auction for lease area OCS-A 0512 (now the site of Empire Wind 1) [68]. While it did
not win, NYSERDA’s participation indicates that a state-led development model was under consider-
ation at that time. NYSERDA did not participate in subsequent federal lease auctions.

4 New York has 92 GW of potential land-based wind capacity and 2.6 GW installed. However, this is
mostly in the northern and western parts of the state, far from coastal population centers, and relatively
low compared to demand [70].

5 It is important to note that retail electricity prices also include transmission, distribution, and
other charges. While supply-only prices are not readily available by state, regional wholesale electricity
prices are also among the highest along the East Coast [71].
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compensation agreement—and incorporated earlier framework-setting
documents as needed. We then described the function itself and the
state-specic processes through which it was implemented, often
involving not just state agencies but also regional and federal actors (e.
g., PJM or BOEM).

We analyzed these trajectories by identifying evidence of institu-
tional learning processes—for example, the denition of problems and
efforts to understand and address them—and by tracing shifts in practice
or policy that can be plausibly linked to those learning processes. To
support causal inference, we triangulated across document content,
timing, and patterns of interaction, attending closely to both explicit
indicators of learning (Table 2) and implicit indicators, reected in
evolving ofcial language, regulatory framing, and procedural design
over time. The analysis was conducted rst within each case and then
across cases using cross-case synthesis to identify broader patterns and
generalizable insights into institutional learning in OSW governance and
energy transitions more broadly.

4. Case studies

This section presents the three case studies, each organized into three
subsections: (1) description of function and processes; (2) initial prac-
tices and challenges; and (3) adaptation of processes and practices.

4.1. Financing offshore wind: Revenue stabilization

4.1.1. Description of function and processes
The rst function we examine is long-term revenue stabilization,

which is essential for protability in volatile power markets. Stable
revenues enable OSW projects to access more affordable nan-
cing—especially important given that over 75% of OSW costs are
upfront capital expenditures [15,78,79]. In the U.S. OSW sector, two
main mechanisms support this function: Power Purchase Agreements
(PPAs) and Offshore Renewable Energy Certicate (OREC) contracts
[80]. These long-term offtake agreements—typically lasting 20–30
years—set the price at which OSW projects sell electricity or ORECs to
states or state-regulated utilities (1 OREC = 1 MWh). Most are awarded
through state-run competitive procurement processes, called solicita-
tions [74,75,81].

New York State has an ambitious OSW target of 9 GW of OSW ca-
pacity by 2025 and is a national leader in OSW procurement, with four

completed solicitations, a fth nearing completion, and a sixth
announced, as of 2024 (Table 5) [74,82].

To implement this mandated OSW target, the New York Public Ser-
vice Commission (NY PSC) issued an order establishing an OREC-based
solicitation process to be administered by the New York State Energy
Research and Development Authority (NYSERDA), a public benet
corporation advancing the state’s energy and climate goals [83–85].
This framework allows developers to submit OSW proposals detailing
project designs, timelines, and OREC price bids. Additionally, NYSERDA
and other state agencies review and provide input on federal permitting
documents as these lings directly affect project design and feasibility
[86–90]. NYSERDA evaluates and selects projects up to a capacity cap,
nalizing contracts after negotiations and NY PSC approval. Developers
then sell ORECs to NYSERDA, which resells them to load-serving entities
(LSEs), which are required to purchase ORECs in proportion to their
electricity load share [84,85].

4.1.2. Initial practices and challenges
The outcomes from New York’s six OSW solicitations are summa-

rized in Table 5. All four contracts awarded in the rst two solicitations
were ultimately terminated, and the preliminary awards from the third
solicitation never advanced to nal contract execution.

Petitions led by the developers to the NY PSC for OREC price ad-
justments show that these contract terminations occurred due to sig-
nicant unexpected price increases [98,99]. COVID-19 triggered rapid
ination and rising interest rates, while Russia’s invasion of Ukraine and
weaponization of energy against Europe overheated wind energy supply
chains. NYSERDA veried these claims [105]. These macroeconomic
and geopolitical shocks drove OSW development costs up by an esti-
mated ~50% [106]. Additionally, developers faced higher transmission
infrastructure costs. For example, Sunrise Wind initially estimated costs
at $22 million, but later revised to $115 million, a ve-fold increase
[99].

These cost increases undermined the contracts due to a procedural
timing mismatch: while OREC prices were locked in at the time of bid
submission, developers did not nalize capital and nancing costs until
years later [14,15] (see Empire 1 and Sunrise Wind in Table 5). As a
result, OREC agreements were based on preliminary cost estimates.
When costs rose, developers were left with revenue streams that no
longer covered project costs.

Table 2
Operationalization of social learning processes and outcomes adapted from
reexivity characteristics in de Geus et al. [60], learning processes in Van Mierlo
and Beers [52], and knowledge utilization in Vinke-de Kruijf et al. [66].
Social learning characteristic Questions for empirical case studies

Discursive Interactions
Transdisciplinary knowledge
production

What venues exist to bring together new
perspectives in knowledge production?

Interactive exchange of knowledge and
meaning

What perspectives are involved in dening
the problem and proposing solutions?

Reexive Action

Adaptivity of strategies and institutions
What mechanisms are in place to allow for
policy experimentation and modication
of approaches, policies, and practices?

Iterative participatory formulation of
goals and approaches

What structures are in place to revise and
adapt approaches in an iterative and
participatory way?

Learning Outcomes
Change in practice, programs, or
policies

Does knowledge inform a new approach,
policy, or practice?

Actors translate and disseminate new
information

Does knowledge lead to change in state or
regional approaches, policies, or
practices?

Governance arrangements facilitate an
ongoing process of search, learning,
and experimentation

Do social learning processes contribute to
relational and conceptual changes that are
institutionalized or deinstitutionalized?

Table 3
Contextual characteristics of New York, Massachusetts, and New Jersey
[9,12,69,72–76].
State context New York Massachusetts New Jersey

OSW Capacity
Goals

9 GW by 2035;
20 GW by 2050

5.6 GW by 2035;
23 GW by 2050

7.5 GW by 2035;
11 GW by 2040

First OSW
Solicitation 2018–19 2017–18 2018–19

Total OSW
Solicitations
(as of 2024)

5 (sixth
announced) 4 4

Onshore Wind
Capacity
Potential (at
80 m)

92 GW (ranked
32nd among
lower 48
continental U.S.
states)

5 GW (ranked 44th
among lower 48
continental U.S.
states)

1 GW (ranked
46th among
lower 48
continental U.S.
states)

Population
Density (2020
Census)

429/sq. mi
(ranked 8th
among 50 U.S.
states)

901/sq. mi (ranked
4th among 50 U.S.
states)

1263/sq. mi
(ranked 1st
among 50 U.S.
states)

GDP per Capita
(2023,
chained 2017
USD)

$91 K (ranked 1st
among 50 U.S.
states)

$88 K (ranked 2nd
among 50 U.S.
states)

$71 K (ranked
11th among 50 U.
S. states)

Average Retail
Electricity
Price (2023)

18.28 ¢/kWh
(ranked 9th
among 50 U.S.
states)

23.21 ¢/kWh
(ranked 4th among
50 U.S. states)

15.27 ¢/kWh
(ranked 11th
among 50 U.S.
states)
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The Third Solicitation paired OSW procurement with a $500 million
supply chain initiative. The stated purpose was to “ensure that New York
has the strongest offshore wind energy market along the Eastern
Seaboard, enabling [New York] to be the offshore wind supply chain hub
for other projects up and down the coast” [107]. Under the Supply Chain
Investment Plan (SCIP), developers competed for OREC awards while
manufacturers applied for up to $300 million in grants to build nacelle
or blade facilities. This change in practice expanded the actor network
by formally requiring developer-manufacturer partnerships and making
contract execution contingent on success in both tracks [108].

NYSERDA awarded three projects and one SCIP grant—a $300
million award to GE Vernova, which proposed an 18-MW turbine model
[88]. All three projects intended to use that turbine. However, when GE
Vernova abandoned the 18-MW design and pivoted to a smaller 15.5-
MW version, the economics of all three projects unraveled. Each with-
drew from contract negotiations, citing cost impacts that made their
submitted bids unworkable [88]. This episode highlighted two core
supply chain vulnerabilities: (1) reliance on unproven technologies, and
(2) fragility of contracts that hinge on multiple, parallel high-risk

investments.

4.1.3. Adaptation of processes and practices

4.1.3.1. Price adjustments. While requests for information (RFIs) are
well-established tools of public procurement governance, the rst two
offshore wind solicitations did not use them to inform the design of
solicitation terms and these solicitations contained no mechanisms for
adjusting OREC prices between bid submission and the nalization of
capital costs [109,110]. Ahead of the Third Solicitation, NYSERDA
recognized the “unique inationary market dynamics in the renewable
energy industry” and the “dynamic nature of offshore wind intercon-
nection plans and costs” [105] and initiated two back-to-back RFIs, each
organized around a set of targeted, pre-specied questions [111,112].

The RFIs requested structured written feedback to address unex-
pected ination. The rst RFI posed the broad question: “What can
NYSERDA expect in relation to the effects on bid prices of ination in the
economy? Are there approaches NYSERDA should consider to counter
ination uncertainty in a way that serves the best interests of rate-
payers?” [111].

Stakeholder responses agged “uncertainty regarding ination and
the potential for risk premiums to be built into bid pricing as a result” 
[112]. In response, NYSERDA proposed an ination adjustment mech-
anism and, in the second RFI, solicited detailed feedback to eleven
separate questions related to design, trade-offs, and future implica-
tions—demonstrating a deep and structured contemplation of the policy
challenge. NYSERDA then implemented an Ination Adjustment in the
Third Solicitation [108].

NYSERDA and the NY PSC also responded to petitions from de-
velopers requesting adjustments to the contractually agreed price for
electricity (known as the “strike price”) from the First and Second So-
licitations. While the NY PSC ultimately denied the petitions, they
acknowledged the severity of the macroeconomic shocks and recom-
mended an alternative path: accelerated solicitation timelines with
explicit procedures allowing projects holding existing OREC contracts to
resubmit bids [93]. Prior to the Fourth Solicitation, NYSERDA issued an
RFI, seeking feedback on NY PSC’s recommendations [113]. The Fourth
and Fifth Solicitations were conducted on an accelerated schedule (one
year apart instead of the typical two years). In the Fourth Solicitation,
Empire Wind 1 and Sunrise Wind re-bid and were awarded updated
OREC contracts and both projects have nalized capital costs and begun
construction (Table 5).

Finally, a comparison of the language across RFP documents reveals
a pattern of continued experimentation and renement. Between the
Third and Fifth Solicitations [108,114,115], the ination adjustment
went from being optional and allowed only in alternate proposals—-
which are themselves optional submissions offering alternative cong-
urations to the main proposal—to mandatory for all proposals.
NYSERDA also continued to adapt the mechanism’s technical structure
by adding economy-wide indices to complement commodity-specic
ones and introduced greater exibility in the adjustment date—a
change that likely builds on stakeholder feedback and reects recogni-
tion that approval of the Construction and Operations Plan (COP) does
not always signal imminent nancial closure.6

Table 4
Characteristics of selected OSW functions. See case study sections and Appendix
A for full documentation of sources.
Category New York – 

Revenue
Stabilization

Massachusetts – 
Fisheries
Compensation

New Jersey – 
Coordinated
Transmission

Responsible
State
Agencies

NYSERDA; NY PSC MA CZM; MA DOER NJBPU

Number and
Type of
Iterative
Interactions

5 NYSERDA-
administered OSW
generation
solicitations

6 CZMA
Consistency
Reviews; 4 OSW
generation
solicitations

4 OSW generation
solicitations; 2
offshore
transmission
solicitations

Time of
Engagement 2018–2024 2017–2024 2018–2024

Core Practices
and
Structures

Competitive
procurement
through state-level
solicitations

Competitive
procurement
through state-level
solicitations; legally
binding
developer–state
agreements linked
to coastal zone
consistency reviews

Competitive
procurement
through state- and
regional-level
solicitations;
regional
coordination
through PJM’s
State Agreement
Approach (SAA)

Key Actor
Groups

State government;
developers;
utilities;
manufacturers;
civil society
groups; Tribal
Nations

State and federal
government;
developers;
sheries
stakeholders; civil
society groups;
Tribal Nations

State government;
PJM; developers;
utilities;
transmission
owners; civil
society groups;
Tribal Nations

Interactions
with Other
States or
Levels of
Government

Federal and NY
state agencies
(joint review of
permitting
materials); NYISO
and City of New
York (comments in
NY PSC
proceedings)

Fisheries Mitigation
Project (11 states +
BOEM + NOAA);
NYSERDA
(administered
solicitation for
Regional Fund
Administrator)

Offshore
Transmission
Study Group
(OTSG) (OPSI +
PJM); PJM and
FERC (SAA); 10-
state
memorandum of
understanding on
regional
transmission
planning

Acronyms: NYSERDA = New York State Energy Research and Development
Authority; NY PSC = New York Public Service Commission; MA CZM = Mas-
sachusetts Coastal Zone Management; MA DOER = Massachusetts Department
of Energy Resources; NJBPU = New Jersey Board of Public Utilities; PJM = PJM
Interconnection; SAA = State Agreement Approach; BOEM = Bureau of Ocean
Energy Management; NOAA = National Oceanic and Atmospheric Administra-
tion; FERC = Federal Energy Regulatory Commission; OPSI = Organization of
PJM States, Inc.; OTSG = Offshore Transmission Study Group.

6 Rather than anchoring the adjustment solely to COP approval, the revised rule ties it to the “later
of either 1) COP Approval, or 2) New York State Public Service Commission approval of the initial
phase of the Project’s Environmental Management and Construction Plan (EMCP) or equivalent
approval by the Ofce of Renewable Energy Siting and Transmission” [115]. COP approval reects
federal jurisdiction over the Outer Continental Shelf, while EMCP approval reects state jurisdiction
over transmission facilities located onshore and within state waters (up to 3 nautical miles from shore).
For Empire Wind 1, COP approval (Feb. 22, 2024) occurred two months before EMCP approval (Apr.
19, 2024). For Sunrise Wind, COP approval (June 21, 2024) occurred one year after EMCP approval
(June 22, 2023) [116–119]. This illustrates the variability of these dates and the potential usefulness of
including both.
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We also see evolution in contract termination provisions. In all so-
licitations, awardees must post a contract security upon nal contract
execution, which NYSERDA retains if the developer cancels the agree-
ment [108–110,114,115]. For example, these amounted to $4.08
million and $4.4 million for Empire 1 and Sunrise Wind, respectively, in
the First Solicitation. To be refunded, the projects had to become
operational at 95% of the awarded capacity or greater [92]. The Fourth
Solicitation introduced a mechanism that responded to the cost chal-
lenges from the First and Second Solicitations. Proposers with existing
contracts could re-bid, automatically terminating their prior contracts.
However, if awarded, NYSERDA allowed proposers to apply their orig-
inal contract security toward that of the new agreement, creating a
modest incentive to re-bid (Empire 1 and Sunrise Wind both did so
successfully) [114]. In the Fifth Solicitation, NYSERDA removed this
provision and introduced an award security, required of preliminary
awardees [115]. This fee ($1000 per MW of awarded capacity) is
refunded once nal contracts are executed, but retained by NYSERDA if
awardees fail to reach nal contract execution, as occurred with all
preliminary awards from the Third Solicitation.

4.1.3.2. Technology Certications and Contractual Decoupling. In prepa-
ration for the Fifth Solicitation, NYSERDA initiated another RFI seeking
stakeholder feedback [120]. Among the topics covered, the RFI included
two key proposals to address supply chain risks exposed during the Third
Solicitation: (1) new technology readiness and certication re-
quirements for key components, and (2) a revised framework for allo-
cating the state’s $300 million supply chain investment. The RFI
detailed the proposed rule changes and included an extensive set of
stakeholder questions.

The proposed framework consisted of a two-phase structure. First, a
pre-qualication process in which NYSERDA would evaluate the tech-
nical and nancial readiness of manufacturing facilities, reducing the
risk of failures linked to immature supply chain technologies. Second, an
optional partnership mechanism, allowing developers to conditionally
link their OSW project proposals to specic supply chain facilities,
including the option to submit conditional OREC pricing depending on
whether the partnership materializes.

Following the RFI process, NYSERDA adopted a turbine technology

readiness requirement, mandating that “the proposed wind turbine
generator has achieved IECRE7 Type Certication and that the proposed
export cable technology is currently in commercial operation” [115].

NYSERDA also adopted a revised supply chain investment frame-
work that built on the proposal outlined in the RFI while going further to
decouple project contracts from supply chain facility outcomes,
addressing a key vulnerability revealed in the Third Solicitation. The
Fifth Solicitation introduced a provision requiring each proposer to
commit at least $100 million toward developing New York’s OSW sup-
ply chain [115]. Allocation of the state’s $300 million in supply chain
grants will occur after the OREC awards, through a separate two-phase
supply chain-only solicitation (Phase 1: pre-qualication; Phase 2: grant
awards) [121].

4.2. Stakeholder compensation: Fisheries

4.2.1. Description of function and processes
The second function we examine is stakeholder compensation, where

OSW developers provide compensation to offset potential negative im-
pacts of OSW development that are unavoidable [122]. Here, we focus
on the commercial and recreational shing industries.

The Eastern seaboard domestic shing industry is a critical part of
regional cultural identities and coastal economies. It supports 194,000
jobs and contributes $7 billion in GDP to the economies of states from
Maine to North Carolina [123]. Fishers and their communities have met
OSW development with skepticism—and often strong opposition
[124–126]. While actual impacts of OSW on sh stocks remain poorly
understood, a recent literature review found that “the vast majority of
studies investigating shing industry perceptions suggest that [OSW
farms] are expected to have a negative impact on shing revenues and
livelihoods” [125].

Federal and state agencies have limited authority to require sheries
compensation, yet negotiated legally-binding sheries compensation
agreements between a state and OSW developer have become important

Table 5
Summary of OSW solicitation outcomes for New York. Sources: Solicitations, deadlines, and awards [86–91], Prices [92–97], Contract statuses [88,89,91,93,98–104].
Solicitation* Bid

deadline
Projects awarded Price/MWh

(nominal)
Contract status

1st (2018) 2/14/19

Empire Wind 1
(816 MW, Equinor) $118.38 Contracts terminated due to unexpected cost increases.

6/7/23: Developers petitioned to increase price.
10/12/23: Public Utilities Commission denied petition.
1/25/24: Projects re-bid in 4th solicitation (were awarded, see below), automatically
terminating contracts from 1st solicitation.

Sunrise Wind (880 MW, Ørsted &
Eversource) $110.37

2nd (2020) 10/20/20

Empire Wind 2 (1260 MW,
Equinor & BP) $107.50 Contracts terminated due to unexpected cost increases.

-Took part in unsuccessful petition described above.
-Empire 2 terminated 12/27/2023 ($6.3 million fee); Beacon terminated 1/22/24 ($6.2
million fee).
-Have not re-bid.

Beacon Wind (1230 MW, Equinor
& BP) $118.00

3rd (2022) 1/26/23

Attentive Energy 1 (1404 MW)

N/A
Final contracts not awarded due to turbine supplier issues.
-Contracts provisionally awarded 10/24/23.
-Unable to come to terms.
-Projects re-bid in 5th solicitation.

Community Offshore Wind (1314
MW)
Excelsior Wind
(1314 MW)

4th (2023) 1/25/24
Empire Wind 1
(810 MW, Equinor) $155.00 Contracts in effect.

-Sunrise: Final investment decision taken 3/26/24
-Empire 1: Final investment decision taken 12/24Sunrise Wind (924 MW, Ørsted &

Eversource) $146.00

5th (2024) 10/18/24 N/A (Awards not yet announced
as of 9/25) N/A N/A

6th
(Announced) N/A N/A N/A N/A

* It is important to note that South Fork Wind, the rst utility-scale project to be completed, was also a New York project. However, it was a much smaller project
(132 MW) that did not go through the NYSERDA-administered solicitation process (the governing authority was the Long Island Power Authority). Its early-years
development process also preceded the crisis period in question, as it signed its offtake agreement in 2017. We therefore do not include South Fork for this case study.

7 This is the International Electrotechnical Commission (IEC) System for Certication to Standards
Relating to Equipment for Use in Renewable Energy Applications.
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in allowing many projects to proceed. Under the Outer Continental Shelf
Lands Act (OCSLA), BOEM has the authority to “approve, disapprove, or
approve…with conditions” a project’s COP—necessary before con-
struction can begin [127]. BOEM’s decision is informed by an environ-
mental evaluation—required under the National Environmental Policy
Act (NEPA), which includes evaluation of impacts on sheries—and
documented in the Record of Decision (ROD). Every offshore wind
project’s ROD through 2024 has included as a condition of COP approval
that the project establish and implement a sheries compensation fund
[128–138]. For example, the ROD for the SouthCoast Wind Project
states:

No later than 120 days prior to commencement of offshore con-
struction activities… the Lessee must establish and implement a
direct compensation program to provide monetary compensation to
commercial and for-hire shermen and shoreside support services
impacted by the Project and funded in accordance with [the speci-
cations] below [138].
While BOEM has required projects to establish and implement

compensation funds, it has also claried that its authority under OCSLA
is limited, stating that it “lacks legal authority” to:

• “create or oversee a central funding mechanism”;
• “require contributions to a particular compensation fund, absent a
previous commitment or obligation for the lessee to do so”;

• “receive or hold funds or to assess industry fees for mitigation”; or
• “require a lessee to mitigate regional impacts…unless BOEM’s
environmental impact analysis demonstrates the regional impacts of
the specic project” [139].

Under the Coastal Zone Management Act (CZMA), each state with a
federally approved Coastal Zone Management Program—including all
coastal and Great Lakes states except Alaska [140]—has authority to
review federal actions for activities that affect that state’s coastal zone.
This includes “Federal license[s] or permit[s]” and approvals of “any
plan for the exploration or development of, or production from, any area
which has been leased under the Outer Continental Shelf Lands Act.” 
[141]. For OSW, the most relevant federal action is the COP approval.
The developer must “attach to such plan a certication that each activity
which is described in detail in such plan complies with the enforceable
policies of such state’s approved management program and will be
carried out in a manner consistent with such program.” Importantly,
until the state “concurs” with the certication, “No Federal ofcial or
agency shall grant…any license or permit for any activity described in
detail in such plan.” If the state objects, the Secretary of Commerce may
override it, but only if they nd “that each activity which is described in
detail in such plan is consistent with the objectives of [the CZMA] or is
otherwise necessary in the interest of national security” [141].

We focus on Massachusetts, which accounts for nearly 30% of East
Coast sheries revenue.8 The Massachusetts Ofce of Coastal Zone
Management (MA CZM) has conducted consistency reviews—and issued
consistency determinations (concur or object)—for six OSW projects
that affect Massachusetts (Fig. 1), specically relating to the COP
approval under the OCSLA and Clean Water Act permits [142–147].
NOAA has taken the position that a state cannot condition its concur-
rence on sheries compensation agreements, but it can recognize such
agreements as suitable to show compliance with the state’s enforceable
Coastal Zone Management Program policies [143,148]. MA CZM has
successfully negotiated legally-binding sheries compensation agree-
ments between the state and each OSW project before issuing concur-
rence [142–147].

Each agreement includes a direct compensation fund and at least one
support fund to promote OSW–sheries coexistence through activities

like navigational training or grants for technology development
(Table 6).

4.2.2. Initial practices and challenges
The rst two agreements negotiated by the MA CZM were for Vine-

yard Wind 1 (May 2020) and South Fork Wind (July 2021) [142,143].
These agreements explicitly link compensation to the federal consis-
tency review and impose requirements that go beyond what federal or
state agencies could mandate unilaterally. For example, they stipulate
that compensation funds be administered by independent third parties,
selected in consultation with the Executive Ofce of Energy and Envi-
ronmental Affairs (EEA)—the Massachusetts ofce that oversees energy
and environmental agencies, including MA CZM.9 They also require that
any unspent money from the direct compensation fund be shifted into
the project’s support fund, ensuring it remains dedicated to sheries-
related purposes.

Despite these shared requirements, the agreements also illustrate the
lack of standardization across projects. Under existing regulatory
frameworks, compensation agreements are negotiated on a project-by-
project, state-by-state basis. To our knowledge, there are no estab-
lished metrics for comparing the relative scale of compensation across
projects in a way that accounts for differences in lease area size or levels
of shing activity. Using one such metric—the ratio of total compen-
sation (direct plus support) to the average annual value of sh landed in
Massachusetts from each lease area—we nd that Vineyard’s fund is
more than six times larger than South Fork’s (Table 6, details on cal-
culations in Appendix B).

Eligibility and claims processes also differ signicantly across pro-
jects [149,150]: the compensation agreement for Vineyard Wind 1
opens eligibility for commercial shers and shoreside businesses (but
not recreational shers) from multiple states, while the South Fork
agreement limits eligibility to Massachusetts-based commercial and
recreational shers. Vineyard’s process includes a streamlined applica-
tion with an optional second stage for individualized review and a
formal dispute mechanism, with a strict three-month ling window that
has already closed. South Fork uses a two-part application that allows
rolling claims for up to two years following documented losses, but of-
fers no appeal mechanism.

In addition to the variation in compensation program provisions

Fig. 1. Map of the lease areas for the six projects with MA CZM-negotiated
compensation agreements. Created by Michael Bornstein using data from
BOEM [222].

8 Author’s calculations based on NOAA Fisheries [123].

9 PKF O’Connor Davies LLP was selected for South Fork Wind and de maximis, inc. for Vineyard
Wind 1 [149,150].
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across projects, stakeholder comments on the South Fork program crit-
icized the lack of transparency and claimed impacts were signicantly
underestimated [143].10 Responses from the developer’s consultant
(Woods Hole Oceanographic Institution) indicate fundamental dis-
agreements. For example, “there is no evidence to support an assump-
tion that the turbine towers will deny access or that sh stocks will no
longer be present after construction” [143].

4.2.3. Adaptation of Processes and Practices
In June 2021, nine East Coast governors sent a joint letter to Presi-

dent Biden urging stronger regional coordination to support OSW
development. On sheries, they called for “leadership on regional nat-
ural resource impact assessment and mitigation frameworks for
demonstrated negative impacts on marine resources, sheries, and local
cultures” [151].

In response, the states—together with BOEM, NOAA, and oth-
ers—formed a Fisheries Working Group, which met monthly and later
evolved into the 11-state Fisheries Mitigation Project [152]. In
November 2021, the states wrote a letter to BOEM [153]. As stated in the
letter, BOEM had already “committed to… establish an agreeable,
standardized compensatory sheries mitigation framework by March
2022” in order to address the “lack of an established standardized
mitigation framework,” which had led to signicant variation in sh-
eries compensation outcomes across jurisdictions. The primary purpose
of the letter was to formally request that BOEM—in developing the
guidance—address nine areas of uncertainty, including clarifying
agency roles, dening stakeholder engagement processes, specifying
who should be eligible for compensation and what types of impacts
should be covered, and identifying mechanisms for compensating
unanticipated impacts.

Nine days later, BOEM released an RFI on developing OSW Fisheries
Mitigation Guidance, with the intent of engaging the public, “especially
the shing community” [154]. They received 92 written comments and
held seven workshops, each focused on a particular region (East, West,
or Gulf Coast), gear type (bottom, mobile, or xed), and/or actor type
(commercial shers, recreational shers, or developers) [155]. BOEM
released draft guidance in June 2022, roughly 1–2 years after the
Vineyard and South Fork agreements were signed, and 1–2 years before
the next four agreements were signed (Table 6) [156]. The guidance
states that procedures should be “equitable and fair across sheries and
shing communities” and promote consistency across projects. The
document provides general guidance for when compensation is appro-
priate, who should receive it, the timeframe, how funds should be
calculated, and who should manage them and how.

The draft guidance recommends basing reserve fund size on shing
revenue exposure, or in other words, gross revenue shers receive at the
dock from the OSW project area, calling it a conservative proxy that
likely overstates actual losses. While most recommendations are gen-
eral, one in particular was specic. To ensure adequate coverage during
the operational phase, BOEM proposed a ve-year “adjustment period” 
following construction. This assumes a 100% revenue loss in Year 1,
decreasing annually to 50% by Year 5 (BOEM provides no specic
guidance after Year 5, noting only that compensation “may be neces-
sary”). After the release of the draft guidance, projects differed in their
responses.

Revolution Wind stated in correspondence to the MA CZM that:
After much consideration we have increased the compensation
amount to reect the 5-year loss percentages set forth in the BOEM
draft guidance… This offer represents a ~100% increase versus the
impact assessment performed by [Woods Hole Oceanographic
Institution] [144].
New England Wind also adopted the ve-year model [146] but

Sunrise Wind and SouthCoast Wind did not [145,147]. Both used
BOEM’s assumptions in impact assessments but ultimately set
compensation based on considerably lower loss estimates—5% and
10%, respectively. Had they used BOEM’s full model, their funds would
have increased by 63% and 27%, respectively.11 Both developers argued
that even these reduced gures overstated actual impacts, asserting that
turbine placement would result in less than 1% lost access.

After BOEM released its draft guidance, the Fisheries Mitigation
Project launched a process to better understand sheries’ compensation
concerns and establish a Regional Fund Administrator (RFA). This began
with a scoping report based on preliminary stakeholder discussions and
public comments on BOEM’s draft guidance [157]. These, in turn,
informed the Fisheries Mitigation Project’s release of an RFI [158]. The
RFI sought input on key issues, including stakeholder priorities, poten-
tial RFA functions, and operational models. It generated over 200 pages
of public comment from a wide range of stakeholders—shers and in-
dustry representatives, seafood processors, OSW developers, NGOs, and
the public [159]. These informed a revised Final Scoping Report [160],
which outlined the central concerns and challenges the RFA should
address, including: ensuring procedural fairness (e.g., engaging sheries

Table 6
Comparison of projects and sheries compensation agreements, ordered from earliest to latest. All data are reported in the Federal Consistency Review documents
[142–147]. All values have been converted to 2023 USD using the Consumer Price Index (CPI) (details in Appendix B).
Category Vineyard 1 South Fork Revolution Sunrise New England 1&2 SouthCoast

Developer(s) Avangrid, CIP Ørsted, GIP Ørsted, GIP Ørsted Avangrid Ocean Winds
Power Offtake Location MA NY (Long Island) RI and CT NY MA MA and RI
Agreement Date 5/21/20 7/14/21 5/10/23 10/6/23 11/10/23 5/31/24
Area (km2)a 245 55 335 431 432 516
Direct Compensation Fund ($M) 7.9b 2.2 6.4 9.5 5.6 3.9
Support Fund ($M) 1.9b 0.5 0.9 1.7 1.4 1.4
Total Compensation (Direct + Support) ($M) 9.8b 2.7 7.3 11.2 7.1 5.2
Total $/km2 ($K) 39.9 49.2 21.9 26.0 16.4 10.1
Avg. Value of Annual MA Landingsc ($K) 371d 593 741 1560 380 370
Fund-to-Landing Ratio (Total Comp. / Avg. Annual MA Landings) 26 4 8 7 17 14
a Area refers to the lease area, except for Vineyard Wind and New England Wind, where it reects the wind farm area since both share the same lease.
b Vineyard Wind’s payment schedule was converted to net present value (NPV) for consistency with the other agreements (details in Appendix B).
c Includes both commercial and recreational landings in Massachusetts (details in Appendix B).
d Vineyard Wind did not report recreational landings; New England Wind’s estimate was used as a proxy due to the shared lease area.

10 See comments from Responsible Offshore Development Alliance, the Massachusetts Lobstermen’s
Association, and the Stellwagen Bank Charter Boat Association.

11 Each project’s Federal Consistency Review [145,147] reported compensation estimates both with
and without applying BOEM’s recommended ve-year loss guidance, along with the multipliers used to
account for upstream and downstream effects. For Sunrise Wind, the developer estimated that applying
BOEM’s guidance would yield $3.64 M in direct losses; with their 2.205 multiplier, this results in a
counterfactual total of ~$8.02 M—63% higher than the estimate based on their 30-year, 5% loss model.
For SouthCoast Wind, the developer’s BOEM-based estimate was $871 K; with their 2.008 multiplier,
this totals ~$1.75 M—27% higher than their estimate based on a 30-year, 10% loss model.
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stakeholders in claims process design and oversight, and reducing
administrative burdens on shers); improving standardization across
processes; establishing fair and inclusive eligibility criteria (e.g., inclu-
sion of upstream and downstream businesses); addressing uncertainty
around cumulative and future impacts; and fostering trust in fund
administration given the absence of direct government oversight.

The report also acknowledged constraints on the RFA’s authority:
“Numerous commenters expressed continued concern about the lack of
existing legal, regulatory, and policy frameworks” to require developer
participation [160]. Suggested mechanisms to address this include using
state procurement authorities—though this remains a state-by-state
rather than regional approach—or federal leasing incentives, such as
bidding credits. The use of these mechanisms was experimented with in
Massachusetts and at BOEM.

Massachusetts’ Third and Fourth Solicitations, held in 2022 and
2023, incorporated sheries compensation requirements as part of the
“Environmental and Socioeconomic Impact Criteria” worth 15% of the
qualitative evaluation [161,162]. However, within the solicitation
process, proposers were not explicitly encouraged to use an RFA or
adopt any specic approach to implementation. Similarly, BOEM
introduced a Fisheries Compensatory Mitigation bidding credit in the
2024 Central Atlantic lease auction, allowing developers to increase
their bid value by up to 12.5% if they commit to establishing and
funding a sheries compensation fund. The text explicitly encourages
use of a regional fund “[t]o save on administrative expenses” [163].

The coordination initiated by state governors and carried out by the
newly created regional Fisheries Mitigation Project laid the groundwork
for a formal RFP—informed by the Final Scoping Report—to select the
RFA [164]. In November 2024, BrownGreer in partnership with the
Carbon Trust was selected as the RFA [165]. Although the fund’s
structure remains under development, the four most recent Massachu-
setts agreements express support for a regional administrator
[144–147].

4.3. Grid integration: Coordinated offshore transmission

4.3.1. Description of function and processes
The third function this paper examines is grid integration. How OSW

projects connect to the onshore electric grid affects their operations,
value, and potential curtailments, and has broader impacts on electricity
markets and operations, needed onshore grid upgrades, and associated
environmental and social implications [166].

OSW projects connect to the onshore grid via subsea cables to
onshore points of interconnection (POIs). Developers must obtain ap-
provals from state utility commissions and coordinate with grid oper-
ators—typically Regional Transmission Organizations (RTOs) or
Independent System Operators (ISOs)—which oversee wholesale mar-
kets, regional grid planning, and ensure system reliability [167]. Local
approvals from towns, counties, and landowners are also often required.
These project-by-project negotiations are time-consuming, costly, and
have led to politically contentious delays, as seen in New York, New
Jersey, and Maryland [168,169].

New Jersey is leading the East Coast in innovative offshore trans-
mission planning [170]. It is one of 13 states (and Washington, D.C.) in
the PJM Interconnection RTO. OSW developers must submit intercon-
nection requests to PJM for system impact analyses and upgrade as-
sessments. While PJM does not approve or site projects, developers must
complete PJM’s process before the New Jersey Board of Public Utilities
(NJBPU) authorizes construction and expenditures [171].

PJM’s long-term grid planning Regional Transmission Expansion
Plan (RTEP) process identies and competitively solicits needed grid
upgrades to help ensure system reliability and market efciency, and to
meet public policy goals [172]. PJM is regulated by the Federal Energy
Regulatory Commission (FERC), which ensures compliance with federal
reliability standards and non-discriminatory grid access [167].

Connecting a large OSW project to the onshore grid can require

billions in onshore grid upgrades [166,173]—either from individual
project needs or through the RTEP process—with costs ultimately passed
through to the state’s ratepayers [171,174].

4.3.2. Initial practices and challenges
The rst generation of U.S. OSW projects has primarily used high-

voltage alternating current (HVAC)12 subsea cables connected in
radial, point-to-point congurations (Fig. 2). These connect each OSW
project to a separate onshore point of interconnection (POI), similar to
early EU and UK deployment [173]. For the U.S. Eastern Seaboard, the
limited number of available POIs and the high cost of upgrading or
building new onshore lines poses a critical challenge to this approach
[166,173].

Research highlights the benets of coordinated OSW grid topologies.
Instead of using radial lines, meshed or backbone topologies (Fig. 2) can
connect multiple projects to strategically located POIs via shared, bidi-
rectional offshore transmission lines and platforms. Such coordinated
approaches can lower subsea cable and POI needs by an estimated
30–40% [166,173,177] and cut onshore and offshore transmission costs
by 20–30% [166]. They can also enhance reliability by enabling power
ows between onshore POIs [166,177].

These concepts are not new: coordinated offshore transmission
planning dates back to at least a 2005 Dutch government study and the
2010 Trans-Elect Atlantic Wind Connection proposal along the U.S. East
Coast [178,179]. U.S. and European studies consistently emphasize the
advantages of coordinated planning [166,173,177,180,181], particu-
larly as the U.S. OSW sector targets 80–100 GW—far beyond what radial
interconnections can support [173].

However, the current incentive schemes and regulatory processes in
the U.S. do not support coordinated grid architectures. Under the
Ination Reduction Act, the federal Investment Tax Credit (ITC)—sub-
sequently rolled back under the Trump Administration13—covers
30–50% of allowable OSW investment costs under IRS Section 48 [106].
In December 2024, the IRS claried that the OSW “energy property” 
extends from the wind farm to the onshore POI, including power con-
ditioning equipment and onshore transformers and switchgear, when
these are owned by the OSW developer [183]. In practice, this means the
ITC covers the cost of radial interconnections, but not coordinated lines
connecting different OSW projects or onshore upgrades developed by
independent transmission developers. Prior to this clarication, radial
lines owned by OSW developers were generally understood to qualify,
while stand-alone transmission projects did not (no separate trans-
mission credit existed). This left uncertainty over whether coordinated
infrastructure to support OSW could be structured to qualify, but the
result was the same: the ITC could not be relied upon for it.14

When New Jersey began approving OSW projects, it adapted onshore
generation processes to support the state’s OSW goals (Table 1), outlined
through executive orders and the Offshore Wind Economic Development
Act [186,187]. Existing transmission congestion and few suitable POIs
in New Jersey mean that developing an OSW sector also involves
important onshore transmission planning and upgrades. In its rst so-
licitation, NJBPU emphasized transmission interconnection as funda-
mental to the project and recognized transmission cost uncertainty, but
did not discuss or distinguish between radial and coordinated topologies
[188].

12 Sunrise Wind will be the rst U.S. offshore wind project to use high-voltage direct current (HVDC)
transmission. Although more expensive over short distances, HVDC becomes cost-effective beyond
30–60 miles offshore [175]. Sunrise Wind’s cable to Holbrook, NY spans about 100 miles, making
HVDC a suitable option [176].

13 The 2025 Reconciliation Act phases out the ITC for wind and solar projects placed in service after
2027, with limited extensions for projects that begin construction by July 4, 2026 [182].

14 This understanding is reected in the NJBPU’s interpretation of the ITC and in the IRS’s discussion
of comments in its initial proposed rule clarication [184,185].
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4.3.3. Adaptation of processes and practices
This section traces how New Jersey state actors, in coordination with

PJM and other states, began conceptualizing, planning, and imple-
menting coordinated offshore transmission solutions.

Even before the Ocean Wind award, New Jersey was actively
exploring coordinated OSW transmission solutions. In 2018 and 2019, at
the Governor’s request, NJBPU collected 1177 public comments and
held seven stakeholder meetings—two general and ve on specic
topics (e.g., renewable energy, grid modernization)—to inform the 2019
Energy Master Plan (EMP) [189,190]. Meeting transcripts—totaling
nearly 2000 pages—show that stakeholders voiced strong support for
coordinated transmission in three of the meetings [191–193]. One
participant (a former NJBPU commissioner) noted: “We have been
talking about [a backbone transmission line] for fteen years… It will
help cut the congestion cost… [and] be less cost[ly] in the long-term” 
[191].

The draft EMP (June 2019) highlighted “large stakeholder interest in
separating transmission and generation for future [OSW] projects” 
[194] and the nal EMP (January 2020) fully endorsed coordinated
transmission planning, stating that while the model used in the Ocean
Wind project had benets, it “would likely not lead to efcient growth of
the offshore wind industry into the future.” It argued that coordinated
transmission across projects “may lead to considerable ratepayer sav-
ings, better environmental outcomes, better grid stability, and may
signicantly reduce permitting risk.” The plan directed NJBPU to
“collaborate with PJM,” ensure planning and interconnection rules
accommodate OSW, and advocate for fair cost allocation, noting that
“NJBPU may have to exercise previously untapped authority, or expand
its regulatory jurisdiction, to realize these goals” [195]. That same week,
Governor Murphy signed legislation that authorized NJBPU to conduct
“competitive solicitations for open access offshore wind transmission
facilities,” including both onshore and offshore infrastructure [196].

In response, NJBPU held a technical conference and began six
months of discussions with PJM to identify the best path to meet the
7500 MW OSW goal. While most stakeholders supported coordination,
some cautioned that relying on third-party transmission could increase

commercial risk for developers—for example, OSW farms might be
completed before the shared transmission infrastructure is in place
[170].

These efforts were reected in the New Jersey Offshore Wind Stra-
tegic Plan published in September 2020 [197], and culminated in a
formal NJBPU Order in November 2020:

The Board DIRECTS Staff to work with PJM through the [State
Agreement Approach] to initiate a rst-of-its-kind public competi-
tive solicitation process to examine whether an integrated suite of
transmission upgrades, both on-shore and potentially off-shore, and
through one or multiple solicitations, could result in a more efcient
and cost-effective means of meeting the State’s offshore wind goals
and decreasing the chance of delays (emphasis in original) [170].
Under the PJM State Agreement Approach (SAA),15 “State govern-

mental entities authorized by their respective states, individually or
jointly, may agree voluntarily to be responsible for the allocation of all
costs of a proposed transmission expansion or enhancement that ad-
dresses state Public Policy Requirements” [198]. NJBPU emphasized
that this was the rst time a state requested that PJM incorporate state
public policies into its planning process [170].

Transmission projects selected through this approach are submitted
by the sponsoring state(s) to PJM for inclusion in the RTEP, and may be
procured via PJM-administered or state-run solicitations. For regional
cost recovery, states must also submit a proposed cost allocation method
to FERC. If approved, the project is designated a “state public policy
project” and becomes eligible for recovery from ratepayers in the
sponsoring state(s) [198].

In addition to paving the way to use the SAA to procure coordinated
offshore transmission projects, New Jersey adopted legislation in 2021
(Bill S3926) granting the NJBPU authority to “preempt” and “supersede” 

Fig. 2. Comparison of transmission topologies for OSW projects from U.S. Department of Energy and BOEM [208].

15 The SAA process was introduced to comply FERC Order No. 1000 (2011), which directed grid
operators to “describe procedures that provide for the consideration of transmission needs driven by
Public Policy Requirements in the regional transmission planning processes” [170].
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municipal or county approvals that are deemed “reasonably necessary
for the construction or operation of the qualied offshore wind project
or the open access offshore wind transmission facility,” reducing the risk
of local objections stalling projects [199].

During this time, New Jersey also engaged in a multi-state effort
initiated by a December 2019 letter from the Organization of PJM States,
Inc. (OPSI)—a coalition of utility regulators in 13 states and D.C.— 
urging PJM to work with states to improve OSW integration. OPSI
requested PJM “actively engage with the States by facilitating infor-
mation exchange and conducting analyses and modeling studies” [200].
In response, PJM and state agencies launched the Offshore Transmission
Study Group (OTSG)—an independent, collaborative effort with PJM-
led educational sessions that included the SAA [201].

As part of the OTSG, PJM agreed to a multi-scenario OSW trans-
mission study to assess how coastal states (DE, MD, NJ, NC, VA) could
meet renewable energy goals. PJM and state agencies co-developed
scenarios. Results (July 2021) showed that integrating 15.5 GW via
the conventional interconnection queue would require $6.4 billion in
upgrades, while a coordinated plan could support 17 GW for $3.2
billion. The coordinated approach also reduced congestion, curtailment,
and customer Locational Marginal Prices (LMPs) [201].

In April 2021, NJBPU and PJM conducted the rst U.S. competitive
transmission solicitation focused on OSW—SAA 1.0 [202]. The solici-
tation sought onshore upgrades to better accommodate OSW, shore
crossings, and offshore transmission infrastructure to link farms to POIs.
In October 2022, the Board awarded a set of onshore project-
s—collectively known as the Larrabee Tri-Collector Solution—to collect
4.89 GW of OSW and deliver it to three existing POIs. Only onshore
projects were awarded, largely due to the ITC: OSW developers could
retain the ITC by owning their radial offshore lines—considered part of
the qualifying energy property—but transmission-only projects were
ineligible for the ITC. As NJBPU explained:

While the Board was hopeful that [offshore transmission] proposals
would nonetheless be cost preferred even without receiving the ITC,
unfortunately, the Board did not receive such applications…. Staff
remains optimistic that the costs of coordinated transmission will
continue to decrease, which could open the door to a procurement of
[offshore transmission] facilities…. [A] revision to the ITC…and/or
additional sources of federal funding, would materially improve the
comparative cost-effectiveness of independent transmission solu-
tions [184].
The SAA 1.0 Award Order emphasized the importance of “prebuild” 

infrastructure needed to fully use the Larrabee Tri-Collector Solution.
Prebuild projects were incorporated into New Jersey’s Third Solicita-
tion, but NJBPU ultimately rejected all four proposals [203]. The Third
Solicitation structure allowed only OSW developers to apply and
required the same developer to win both generation and prebuild con-
tracts. This enabled certain prebuild components (cable vaults and duct
banks) to qualify for the ITC, but the potential benet was minimal-
—estimated at 1% of OSW generation costs [184]. This structure also
limited competition and created dependencies, as NJBPU noted, “where
[Prebuild Infrastructure] cost recovery would be tied to the successful
completion and operation of the [OSW project]” [203].

Drawing lessons from this experience, NJBPU staff recommended a
stand-alone Prebuild Solicitation open to all PJM-qualied entities: “The
SAA 1.0 solicitation demonstrated the benets of receiving proposals
from multiple qualied developers to enable the Board to harness and
focus the benets of competition, maximize ratepayer benets and
minimize risk and costs” [203].

This separate Prebuild Solicitation, opened in 2023 [203], set goals
of “increasing competition, reducing environmental impacts, reducing
permitting/land acquisition requirements, and coordinating access to
Points of Interconnection” [204]. It sought to enable four OSW projects
(totaling ~3.7 GW) to access the Larrabee Tri-Collector Solution, and
would have been submitted to PJM’s RTEP and FERC for cost recovery

as part of the SAA process. While outside our period of analysis, it is
important to note that, in August 2025, the Larrabee Tri-Collector So-
lution was delayed 30 months citing federal-level uncertainty (see Sec-
tion 5.4), and the Prebuild Solicitation—originally scheduled to award
projects in Q4 2024—remains unawarded [205].

By the time of New Jersey’s Fourth Solicitation for OSW generation
[206], transmission requirements had evolved. Developers were
required to explain how their projects would interconnect at designated
POIs and consider HVDC use. The solicitations also allowed exibility in
accessing the Larrabee Collector Station, the main component of the
Larrabee Tri-Collector Solution: “Projects may propose to utilize multi-
ple circuits at the [Larrabee Collector Station], or even different capacity
sizes… [but] any costs associated with changes… would be the re-
sponsibility of the Applicant, subject to any approved Transmission
System Upgrade Costs (‘TSUC’) cost sharing” [207]. TSUC refers to the
costs of onshore upgrades required for interconnection, with costs
allocated under the SAA framework.

In addition to state- and PJM-specic efforts, New Jersey has
participated in broader regional and federal initiatives for coordinated
transmission. The state contributed to the Atlantic Offshore Wind
Transmission Study [173] and its associated Action Plan [208], and is
part of the nine-state Northeast States Collaborative on Inter-regional
Transmission to advance transmission planning across the North
Atlantic [209].

5. Discussion

The three case studies demonstrate evidence of different types of
learning in three different settings (Table 7): (1) within the regime
through experimentation and intra-jurisdictional learning among polit-
ical institutions in a single state, (2) cross-sector and multi-jurisdictional
learning that led to creating a new venue to involve multiple states and
perspectives in knowledge production and generate new regional in-
stitutions, and (3) inter-jurisdictional learning as political institutions in
different states and across regional and federal agencies coordinated
their action. Whereas multi-jurisdictional learning involves multiple
jurisdictions with parallel authorities (e.g., each East Coast state has
jurisdiction over its own coastal zone), inter-jurisdictional learning oc-
curs when multiple jurisdictions with intersecting authorities must co-
ordinate within the same process (e.g., NJBPU, PJM, and FERC in the
approval and development of a transmission project).

We also identify ve factors that shape the pathways of learning and
the level of difculty in addressing key challenges (Table 7):

1. Problem definition: how clearly problems are dened and accepted
across stakeholders shapes agreement on what needs to be solved.

2. Jurisdictional scope: the number and type of governmental levels
or agencies involved inuence the range of perspectives and coor-
dination required.

3. Clarity of governmental authority: the extent to which roles and
responsibilities are clearly assigned among public authorities shapes
their ability to take actions.

4. Alignment between problems and existing institutional man-
dates: when challenges t within established mandates, incremental
adjustments are possible; when they do not, new arrangements may
be needed.

5. Scale and complexity of the challenge(s): larger, more complex
challenges typically involve more actors, greater uncertainty, and
longer time horizons, making resolution more difcult.

The variation we observe in the complexity of problems and the
authority to address them supports observations in Stam et al. [48],
drawing attention to the need to involve diverse perspectives and
interactive exchange of information in the denitions of problems, not
just in their solutions.
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5.1. Case 1: Revenue stabilization in New York State

In New York, we observe incremental intra-jurisdictional institutional
learning. The revenue stabilization challenges are clearly dened: (1)
macroeconomic instability coupled with the long time between bid
submission and the nal investment decision, and (2) contractual in-
terdependencies with the failure of a major turbine supplier. These
challenges fall within the jurisdictional and functional scope of state-
level political institutions in one state, which are well-established and
capable of responding effectively. The combination of existing state
agencies was able to work together, solicit new information from in-
dustry through participatory approaches, and create novel mechanisms
to address price volatility and contractual interdependencies.

For example, NYSERDA used participatory procedures to promote
engagement of transdisciplinary perspectives and interactive knowledge
production. The RFIs included questions on mechanism design, risks,
and concerns, and also spanned economics, engineering, and gover-
nance. This process led to collaboratively designed price adjustment
mechanisms that were adapted through an iterative and reexive
process.

In addition to the practical learning outcomes, like the Ination
Adjustment mechanism, we observe important conceptual outcomes
with broader relevance. NYSERDA reframed ination as a systemic risk
rather than a developer-specic burden. Addressing it was presented as

a corrective policy innovation to reduce risk and uncertainty, not a
subsidy. The NY PSC’s handling of developer petitions further under-
scored institutional commitment to the procedure. While it denied ex
post price adjustments, the Commission endorsed accelerated re-
solicitations, which NYSERDA implemented through the Fourth and
Fifth Solicitation rounds. This procedural adaptation combined
responsiveness with rule integrity, reinforcing legitimacy amid crisis.

5.2. Case 2: Fisheries compensation in Massachusetts

Addressing the challenges of creating a fair and equitable sheries
compensation scheme involved the creation of a new multi-jurisdictional
venue and new mechanisms. Progress, however, is difcult. Govern-
mental authority to require sheries compensation is limited and frag-
mented, developers hold signicant discretion over compensation
program implementation, and existing governance involves multiple
centers of authority that lead to inefcient decision processes and a lack
of public accountability. These challenges are exacerbated by com-
pounding changes in our oceans. Fishery stocks are being affected by a
dynamic and rapidly changing ocean baseline, increasingly shaped by a
changing climate, causing temperature, ocean current, and hydrody-
namic changes [210]. Researchers and shers have been observing
dramatic swings in sheries stocks, which are unrelated to offshore wind
development [211]. This makes agreeing on a compensation baseline
exceedingly difcult. In other words, dening the problem requires
transdisciplinary knowledge creation and interactive participatory
processes.

Our case study demonstrates that the rst set of state-negotiated
sheries compensation agreements was problematic. They were beset
by conicts of interest, lack of standardization, high transaction costs,
and persistent contestation with sher communities. As a regional
collaboration of multiple state and federal agencies, the Fisheries Miti-
gation Project is an important new venue bringing together new per-
spectives to collectively dene the main challenges and develop
solutions through an iterative and reexive process of information ex-
change. These efforts led to an initial attempt at standardized guidance
on sheries compensation, scoping reports dening the key challenges
and recommended solutions, and the creation of a Regional Fund
Administrator. Recent experimentation by BOEM, which introduced
bidding credits, and Massachusetts, which incorporated sheries
compensation as evaluative criteria in its procurement process, begins to
address the limitations on the government to require and enforce
compensation, further embedding solutions into structural changes to
political institutions.

Developing sheries compensation mechanisms for OSW demon-
strates new roles for existing authorities and development of new
institutional relationships fostered by a new venue for information ex-
change and experimentation with compensation mechanisms. Thus,
while attention focused on details of solution design, learning about the
complexity of the problem and the extent of relational learning is
limited, with high levels of conict persisting. Across all six MA CZM-
negotiated agreements, all developers argue that the funds overstate
shing losses, while sheries stakeholders contend that compensation
funds may drastically understate losses.

5.3. Case 3: Coordinated transmission planning and development in New
Jersey

Coordinating OSW transmission planning highlights both intra and
inter-jurisdictional institutional learning. With limited onshore points of
grid interconnection available in New Jersey, connecting 11 GW of
offshore projects requires a regional and coordinated transmission
approach. To meet its OSW goals, it quickly became clear that the State
of New Jersey would need to coordinate with the regional grid operator,
PJM. Existing PJM policy requires the state to use a distinct process for
transmission infrastructure driven by public policy. This process had not

Table 7
A cross-case comparison of institutional learning and the factors that shape
learning.
Dimension Case 1: Revenue

Stabilization
(NY)

Case 2: Fisheries
Compensation
(MA)

Case 3:
Transmission
Planning (NJ)

Problem
Denition Well-dened Generally-dened Well-dened

Jurisdictional
Scope Single (state) Multiple (state,

federal)
Multiple (state,
regional, federal)

Clarity of
Governmental
Authority

High – clear
structure and
roles

Low – authority is
limited with
overlapping areas

Moderate – clear
structure and
roles, but many
overlapping and
often conicting
areas: RTO
coordination, cost
sharing

Alignment
Between
Problems &
Existing
Institutional
Mandates

High – problems
t squarely
within
established
mandates

Low – problems
largely outside or
between mandates

Moderate – 
problems t
within state
mandates, but not
RTO- technology
neutral mandates;
effective
application
remains open
question

Challenge Scale&
Complexity

Moderate – major
challenge,
solvable via rules
adjustments

High – limited
authority +
ecological
uncertainty

Very High – large-
scale, long-term,
numerous
powerful
stakeholders

Scope of
Institutional
Learning

Intra-
jurisdictional – 
established orgs
adapting existing
institutions

Multi-jurisdictional
– new orgs
specifying
problems and
solutions, building
new institutions

Intra- & inter-
jurisdictional – 
established orgs
building new
institutions

Progress Toward
Resolution

High – challenges
largely
addressed and
amendable to
incremental
learning

Low/Moderate – 
progress on
standards &
problem denition,
limited authority &
contestation over
problem def. and
solutions remain

Low – created
pathway in one
state, full
resolution
requires cross-
state and cross-
region
coordination
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been used for OSW before and was not designed for the type of inno-
vation required for the massive scale of OSW transmission. The trans-
mission planning effort had forced new interactions involving state,
regional and federal agencies.

While coordinated transmission planning is superior to a radial to-
pology in theory, building coordinated projects is practically very chal-
lenging. While the institutional authorities are well-established—state
public utility commissions, RTOs, and FERC—success requires navi-
gating long planning and approval times with many decision points
involving powerful stakeholders (e.g., utilities and generators), coordi-
nation across multiple states and RTOs, and billions of dollars in upfront
investments. In New Jersey’s case, NJBPU worked with PJM to dene
the problem, rene a viable solution set and use an untested process (i.
e., the SAA), leading to the nation’s rst two transmission-only pro-
curements to support OSW. These innovative approaches have the po-
tential to serve as a model with 10 East Coast states signing the
Northeast States Collaborative on Interregional Transmission MOU. The
new relational outcomes, institutionalized through transmission-only
procurements and regional agreements, are asserting latent state au-
thority with potential implications beyond the OSW sector.

Institutional learning for coordinated transmission is still at the
early-stage, and New Jersey—while leading on this front—has paused
its OSW ambitions for the time-being [212]. NJBPU must now consider
the challenge of developing long-term coordinated transmission solu-
tions while OSW projects are indenitely postponed.

5.4. Limitations

The research provides important insights into a quickly evolving
industrial sector, but it also has limitations. More attention to whether
and how monitoring and evaluation procedures were implemented, the
extent and durability of cross-sector and multi-jurisdictional connec-
tions, and the interplay of institutional logics would provide more
insight into the reexive nature of the governance changes (see
[36,58]). In addition, the document-based analysis provides systematic
and transparent access to the formal processes, interactions, and out-
comes of political institutions, while the documented public comments,
responses, and media coverage provide insight into the discursive ex-
change among actors. Future research could consider interviews as a
method to extend this research.

Moreover, we recognize that the second Trump Presidency shifts the
landscape for the development of the OSW sector toward renewed un-
certainty. From the Executive Order banning new OSW leases and per-
mits [28] to the stop-work orders facing the Empire Wind 1
(subsequently lifted by the Trump Administration) and RevolutionWind
(subsequently stayed by a federal court pending further review) projects
[29,30,213], and from the steel and aluminum tariffs [214] to the
rollback of the Ination Reduction Act [182], the future of the U.S. OSW
sector is uncertain. We see institutional learning as a useful framework
for scholarship and practice as states navigate this new period, and
anticipate future studies targeted toward understanding the impacts of
these destabilizing actions across this sector and many others.

6. Conclusion

Sector-wide challenges require sector-wide solutions. In the case of
U.S. OSW, a new sector populated by mega-projects, these challenges
span institutions at the federal, regional, state, and local jurisdictions
across at least ten East Coast states. The case studies demonstrate and
document how state-level public agencies confronting transformational
change responded to economic, political, and technological pressures,
and also chose to experiment, adapt processes, and embed new ideas in
their structures. The cases highlight social learning in practice by
analyzing how states iteratively and actively engage with a wide variety
of actors, adapt procedures and processes, create new regional venues,
and translate goals into learning, to support the development of the OSW

sector.
Our study contributes to the institutional learning and sustainability

transitions literatures by providing empirical evidence that helps
distinguish between learning processes and learning outcomes. The
paper explores learning in established regimes and the different roles
political institutions can play, not just as incumbents but as disruptors.
Importantly, the paper also explores differences in learning across
institutional scales from intra-jurisdictional to inter-jurisdictional. The
revenue stabilization case study demonstrates a well-understood process
of incremental learning, but also highlights how important conceptual
learning outcomes that reframe fundamental challenges like risk can
emerge. The sheries compensation case study provides an empirical
example of transformational learning processes—new venues for
discursive interactions and the reexive action of iterative participatory
formulation of goals and approaches—that occurred in a highly con-
tested setting where problems are not well dened and incumbent actors
limit the ability to translate these learning processes into outcomes.
Finally, the transmission case study provides empirical evidence of
power dynamics in learning processes. The ability for state actors to
shape existing regional processes to achieve a new step toward coordi-
nated transmission planning was a rst for New Jersey and for the PJM
region, where interjurisdictional tensions between states and PJM are a
prominent locus of political conict.

The three distinct cases help establish the relevance of social learning
processes for understanding energy transitions, the creation of new
sectors, and megaprojects, domains where institutional dynamics and
governance challenges are especially pronounced. Through cross-case
synthesis, we identify ve factors that shape how these types of
learning unfold: problem denition, jurisdictional scope, clarity of
institutional authority, alignment with existing mandates, and the scale
and complexity of the challenge.

We conclude that institutional learning has played an important role
and will continue to play an important role in shaping the evolving OSW
sector as evidenced by new approaches to manage risks and uncertainty,
new governance structures, and new political institutions. Institutional
learning in OSW and sustainability transitions more generally is a
fruitful and important area for future research, particularly given the
urgent need to accelerate energy transitions to address climate change
and the immediate and growing institutional risks and barriers thwart-
ing these transitions.

To advance this research agenda, scholars should further integrate
the ndings in this paper with the established body of research that
examines governance and problem contexts—including in other states
and countries—and how these contexts shape learning processes and
outcomes; explore how institutional learning unfolds across the sector as
a whole; and develop better frameworks to compare learning across
jurisdictions and policy domains, enabling researchers to assess what
constitutes more or less effective learning under different conditions.
Ultimately, the goal is to better understand institutional learning to help
public sector actors more effectively navigate complex, real-world
challenges.
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Appendix A

Tables A1 – A3 summarize the primary source materials used for the three case studies, and Table A4 summarizes the secondary sources.

Table A1
Summary of primary source materials for the revenue stabilization case study.

Document Type Issuing Organization Document Title or ID Year Description

RFP NYSERDA Request for Proposals ORECRFP18-1 [109] 2018 Request for Proposals for Solicitation 1
RFP NYSERDA Request for Proposals ORECRFP20-1 [110] 2020 Request for Proposals for Solicitation 2
RFP NYSERDA Request for Proposals ORECRFP22-1 [108] 2022 Request for Proposals for Solicitation 3
RFP NYSERDA Request for Proposals ORECRFP23-1 [114] 2023 Request for Proposals for Solicitation 4
RFP NYSERDA Request for Proposals ORECRFP24-1 [115] 2024 Request for Proposals for Solicitation 5

Contract; Report NYSERDA Launching New York’s Offshore Wind Industry:
Phase 1 Report [92] 2019

Includes purchase and sale agreements for Solicitation 1 (Sunrise,
Empire 1); Summarizes outcomes and evaluation rationale of Phase 1
solicitation

Contract NYSERDA Executed PSA [94] 2022 Purchase and sale agreement for Beacon
Contract NYSERDA Executed PSA [95] 2022 Purchase and sale agreement for Empire Wind 2
Contract NYSERDA Revised Executed PSA [96] 2024 New purchase and sale agreement for Empire Wind 1
Contract NYSERDA Revised Executed PSA [97] 2024 New purchase and sale agreement for Sunrise Wind

RFI NYSERDA
Purchase of Offshore Wind Renewable Energy
Certicates Request for Information ORECRFI22-1
[111]

2022 Invites comments from stakeholders about Draft RFP

RFI NYSERDA
Purchase of Offshore Wind Renewable Energy
Certicates
Request for Information ORECRFI22-2 [112]

2022 Invites comments from stakeholders about proposed updates to Draft
RFP

RFI NYSERDA Offshore Wind Program Request for Information
ORECRFI23-1 [113] 2023 Invites comments from stakeholders on expedited solicitation for

OREC’s
RFI NYSERDA Offshore Wind Program Request for Information

OSWRFI24-1 [120] 2024 Invites comments from stakeholders on structure of solicitation for
OREC’s and infrastructure

Policy
Framework NYSERDA Offshore Wind Master Plan [83] 2018 New York OSW deployment agenda

Regulatory
Order NY PSC Order Establishing Offshore Wind Standard [84] 2018 Creates initial regulatory basis for OREC solicitations

Regulatory
Order NY PSC Order Adopting Modications to Clean Energy

Standard [85] 2020 Aligns procurement with CLCPA mandate (9 GW by 2035)
Regulatory
Order NY PSC Order Denying Petitions to Amend Contracts [93] 2023 NY PSC’s response to developer petitions regarding cost challenges

Regulatory
Order NY PSC Order Approving Environmental Management and

Construction Plan for Part 1A [118] 2024 Introduces plan and orders approval by Commission subject to
conditions

Regulatory
Order NY PSC Order Approving Environmental Management and

Construction Plan for Phase 1 [119] 2023 Introduces plan and orders approval by Commission subject to
conditions

Developer
Petition

Empire Wind 1 and 2,
Beacon Wind

Veried Petition for Expedited Approval of
Enhanced ORECs [98] 2023 Developers’ petition for OREC price adjustment

Developer
Petition Sunrise Wind Veried Petition for Amended PSA [99] 2023 Developer’s petition for OREC price adjustment

Comments on
Petition NYSERDA NYSERDA Comments on Petitions Requesting Price

Adjustments to Existing Contracts [105] 2023 NYSERDA’s comments on developers’ petitions
Termination
Notice

NYSERDA & Empire
Wind 2 Termination of Agreement No. 177285 [100] 2023 Notice of terminated OREC agreement

Termination
Notice

NYSERDA & Beacon
Wind Termination of Agreement No. 177286 [101] 2024 Notice of terminated OREC agreement

Ofcial Website NYSERDA Offshore Wind Solicitations [74] 2018 Main NY OSW solicitations website – provides overview of process
Ofcial Website NYSERDA 2018 Offshore Wind Solicitation [86] 2018 Webpage for Solicitation 1
Ofcial Website NYSERDA 2020 Offshore Wind Solicitation [87] 2020 Webpage for Solicitation 2
Ofcial Website NYSERDA 2022 Offshore Wind Solicitation [88] 2022 Webpage for Solicitation 3
Ofcial Website NYSERDA 2023 Offshore Wind Solicitation [89] 2023 Webpage for Solicitation 4
Ofcial Website NYSERDA 2024 Offshore Wind Solicitation [90] 2024 Webpage for Solicitation 5
Ofcial Website NYSERDA $500 Million Supply Chain Investment [121] 2022 Webpage for OSW supply chain investment process
Ofcial Website BOEM Empire Wind [116] 2025 BOEM’s page about Empire Wind
Ofcial Website BOEM Sunrise Wind [117] 2025 BOEM’s page about Sunrise Wind
Press Release Equinor ASA Empire Wind 1 Offtake Contract Solidied [102] 2024 Conrms contract status and developer commitment
Press Release Ørsted A/S Sunrise Wind Takes Final Investment Decision

[103] 2024 Conrms FID and timeline milestone
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Table A2
Summary of primary source materials for the sheries compensation case study.

Document Type Issuing Organization Document Title or ID Year Description

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM Vineyard Wind Consistency Review [142] 2020
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for Vineyard Wind 1

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM South Fork Wind Consistency Review [143] 2021
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for South Fork Wind

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM Revolution Wind Consistency Review [144] 2023
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for Revolution Wind

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM Sunrise Wind Consistency Review [145] 2023
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for Sunrise Wind

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM New England Wind Consistency Review [146] 2023
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for New England Wind

Federal Consistency Review
(incl. Compensation
Agreement)

MA CZM SouthCoast Wind Consistency Review [147] 2024
Outlines the Federal Consistency Review
decisions and process, including the
compensation agreement, for SouthCoast Wind

Federal Regulation U.S. Department of the
Interior

30 CFR Part 585 – Renewable Energy on the Outer
Continental Shelf [127] 2025 Regulations regarding federal approvals of OSW

projects
Federal Law U.S. Congress Coastal Zone Management Act of 1972, as amended

[141] 2005 Full text of statute

Federal Guidance BOEM Guidelines for Mitigating Impacts to Commercial and
Recreational Fisheries [156] 2022 Establishes non-binding guidance on estimating

sheries losses; shapes state responses

Federal Guidance BOEM
Overview – Guidance for Mitigating Impacts to
Commercial and Recreational Fisheries from Offshore
Wind Energy Development [139]

2022 Provides clear description of what BOEM cannot
require regarding sheries compensation

Scoping Document SIOW
Scoping Document: Framework for Establishing a
Regional Fisheries Compensation Fund Administrator
[157]

2022
Initial scoping document to outline a potential
framework and role for the Regional Fund
Administrator, informing the RFI

Scoping Document SIOW
Final Scoping Document: Framework for Establishing a
Regional Fisheries Compensation Fund Administrator
[160]

2023 Final scoping document on framework for
Regional Fund Administrator, informing RFP

RFI SIOW Request for Information (RFI): Regional Fisheries
Compensation Fund Administrator [158] 2022 RFI seeking stakeholder input to inform creation

of Regional Fund Administrator
Comments SIOW Comments on RFI for Regional Fund Administrator (RFA)

[159] 2023 Lists stakeholder comments on the RFI for RFA

Comments BOEM
Nonrulemaking Docket: Request for Information -
Offshore Wind Energy Fisheries Mitigation Guidance
[155]

2022
Ofcial docket with comments in response to
BOEM’s RFI on developing standardized sheries
mitigation guidance

RFP NYSERDA RFP: Regional Fund Administrator for Fisheries
Mitigation [164] 2024

Solicits proposals to operationalize a sheries
compensation Regional Funds Administrator for
all East Coast OSW projects

RFP
Massachusetts
Department of Energy
Resources

Request for Proposals for Long-term Contracts for
Offshore Wind Energy Projects [161] 2021

Third solicitation for procurement of long-term
contracts for offshore wind energy generation by
distribution companies

RFP
Massachusetts
Department of Energy
Resources

Request for Proposals for Long-term Contracts for
Offshore Wind Energy Projects [162] 2023

Fourth solicitation for procurement of long-term
contracts for offshore wind energy generation by
distribution companies

Press Release BrownGreer
BrownGreer in Partnership with the Carbon Trust
Selected to Lead the Design and Development of Offshore
Wind Fisheries Compensation Fund [165]

2024 Announcement of team selection for development
of sheries mitigation program

Report NOAA Fisheries Economics of the United States 2019 [123] 2019
Details trends of economic performance of
commercial and recreational shing in the United
States

Letter Governors MA, ME, NH,
CT, MD, NJ, NY, RI, VA

Joint Governors’ Letter to the Biden Administration on
Prioritization of Offshore Wind Development [151] 2021 Urges federal-state collaboration in OSW

development

Letter “9 Atlantic States” Letter to Director Lefton from 9 Atlantic States [153] 2021
Letter to BOEM outlining strategies for more
effective and detailed framework of sheries
compensation

Ofcial Website NOAA Coastal Zone Management Programs [140] n.d. Lists all state-level Coastal Zone Management
Programs

Ofcial Website SIOW Fisheries Mitigation Project [152] n.d. Documents multi-state coordination and selection
of Regional Fund Administrator

Ofcial Website BOEM Reducing or Avoiding Impacts of Offshore Wind Energy
on Fisheries [154] n.d.

BOEM’s ofcial website with documents and
information related to its development of
sheries mitigation guidance.

Ofcial Website CIP Vineyard Wind [215] n.d. Outlines construction timeline for Vineyard Wind

Ofcial Website Ørsted South Fork Wind Construction Archive [216] n.d.
Provides historical record of South Fork
construction milestones and supporting
documents

Ofcial Website Ørsted Revolution Wind: Construction Updates [217] n.d. Outlines current and previous Revolution Wind
construction timelines and information

(continued on next page)
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Table A2 (continued )
Document Type Issuing Organization Document Title or ID Year Description

Ofcial Website Ørsted Sunrise Wind: Construction Updates [218] n.d. Outlines current and previous Sunrise Wind
construction timelines and information

Construction and Operations
Plan BOEM New England Wind Construction and Operations Plan

[219] 2024 Outlines construction processes, timeline, and
activities for New England Wind

Construction and Operations
Plan BOEM SouthCoast Wind Construction and Operations Plan

[220] 2024 Outlines construction processes, timeline, and
activities for SouthCoast Wind

ROD BOEM Record of Decision: Vineyard Wind 1 Offshore Wind
Energy Project Construction and Operations Plan [128] 2021 Outlines decision to approve Construction and

Operations Plan

ROD BOEM
Record of Decision: South Fork Wind Farm and South
Fork Export Cable Project Construction and Operations
Plan [129]

2021 Outlines decision to approve Construction and
Operations Plan

ROD BOEM
Record of Decision: Empire Offshore Wind: Empire Wind
Project (EW 1 and EW2) Construction and Operations
Plan [130]

2023 Outlines decision to approve Construction and
Operations Plan

ROD BOEM Record of Decision: Ocean Wind 1 Offshore Wind Farm
Construction and Operations Plan [131] 2023 Outlines decision to approve Construction and

Operations Plan

ROD BOEM
Record of Decision: Revolution Wind Farm and
Revolution Wind Export Cable Project Construction and
Operations Plan [132]

2023 Outlines decision to approve Construction and
Operations Plan

ROD BOEM
Record of Decision: Coastal Virginia Offshore Wind
Commercial Project Construction and Operations Plan
[133]

2023 Outlines decision to approve Construction and
Operations Plan

ROD BOEM Record of Decision: Sunrise Wind Project Construction
and Operations Plan [134] 2024 Outlines decision to approve Construction and

Operations Plan

ROD BOEM
Record of Decision: New England Wind Farm and New
England Wind Project Construction and Operations Plan
[135]

2024 Outlines decision to approve Construction and
Operations Plan

ROD BOEM Record of Decision: Atlantic Shores Offshore Wind South
Project Construction and Operations Plan [136] 2024 Outlines decision to approve Construction and

Operations Plan
ROD BOEM Record of Decision: Maryland Offshore Wind Project

Construction and Operations Plan [137] 2024
Outlines decision to approve Construction and
Operations Plan

Table A3
Summary of primary source materials for the coordinated transmission case study.

Document Type Issuing Organization Document Title or ID Year Description

Report NJBPU Evaluation of 1st OSW Solicitation [188] 2019 Includes interconnection planning approach, transmission adjustment
mechanism

Report PJM Offshore Wind Transmission Study: Phase 1
Results [201] 2021 Assesses ve transmission scenarios for NJ OSW integration

Report NREL & US DOE Atlantic Offshore Wind Transmission Study
[173] 2024 Assesses costs and benets of realistic pathways to a coordinated

offshore grid along the Eastern Seaboard
Report NJBPU & PJM State Agreement Approach Evaluation Report

[202] 2022 Evaluates effectiveness of SAA 1.0 for coordinated transmission

Letter Organization of PJM
States, Inc. (OPSI)

October Board to Board Discussion Follow-up
[200] 2019 Explains expectation of PJM involvement in meeting state policy

trajectories

Ofcial Website NJBPU Prebuild Infrastructure Solicitation [204] n.d.
Provides information on the solicitation for the Prebuild, which is the
construction of onshore shared infrastructure between identied
landing point and POI with the PJM high-voltage electric grid

Ofcial Website FERC PJM Overview [167] 2025 Provides brief overview of PJM and relevant regulatory orders

Ofcial Website Ørsted
Sunrise Wind Will be First Offshore Wind Project
in United States to Use HVDC Transmission
Technology [176]

2021 Introduces usage of HVDC transmission system technology in Sunrise
Wind development

Ofcial Website State of NJ Energy Master Plan: Documents [189] n.d. Lists Energy Master Plan and stakeholder meeting documents
Public Comments State of NJ Energy Master Plan (EMP): Comments [190] n.d. Lists comments from the public regarding NJ’s EMP
Ofcial Website Northeast States Northeast States Collaborative on Interregional

Transmission [209] 2025 Ofcial website describing and documenting the actions of the
Northeast States Collaborative on Interregional Transmission.

Regulation IRS Denition of Energy Property under Section 48
[183] 2024 Tax policy limitation that restricts coordinated offshore transmission

from ITC eligibility
Regulatory Filing BOEM Unsolicited Right-of-Way Grant Application for

the Atlantic Wind Connection Project [179] 2011 Introduces Atlantic Wind Connection Project, project phases and
objectives, and area of interest for ROW

Legislation State of NJ Amendment to OSW Application Process [196] 2020 Provides regulatory guidelines on essential information to include in
OSW project application

Regulatory Order NJBPU Order on the State Agreement Approach (SAA)
Proposals [184] 2022 Discusses SAA process in NJ and awards transmission facility projects to

enhance state OSW development
Regulatory Order NJBPU Order Rejecting Third Solicitation Prebuild

Infrastructure Proposals [203] 2023 Rejects infrastructure proposals for Third OSW solicitation and
motivates prebuild infrastructure solicitation

Solicitation
Guidance NJBPU Fourth Solicitation Guidance Document [206] 2024 Species transmission responsibilities and cost-sharing rules

Solicitation
Guidance NJBPU Third New Jersey Offshore Wind Solicitation

Questions and Answers [207]
Documents questions submitted by proposers and answers from NJBPU
for the Third Solicitation

(continued on next page)
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Table A3 (continued )
Document Type Issuing Organization Document Title or ID Year Description

Informational
Guidance PJM PJM Generation Interconnection Fact Sheet

[171] 2025 Introduction to PJM activities, interconnection process, and cost
evaluation

Informational
Guidance PJM RTEP: Planning for Long-Term Transmission

Needs Fact Sheet [172] 2025 Discusses strategies to ensure long-term viability of electric grid
Informational
Guidance PJM Transmission Cost Planner User Guide [174] 2024 Guides PJM stakeholders on online application designed to estimate

future transmission costs
Meeting
Transcript NJBPU Energy Master Plan Stakeholder Meeting:

Building a Modern Grid [191] 2018 Complete transcript of stakeholder meeting
Meeting
Transcript NJBPU Energy Master Plan Stakeholder Meeting:

Sustainable and Resilient Infrastructure [192] 2018 Complete transcript of stakeholder meeting
Meeting
Transcript NJBPU Energy Master Plan Stakeholders Meeting [193] 2018 Complete transcript of stakeholder meeting

Policy
Framework NJ State Senate Offshore Wind Economic Development Act

[186] 2010 Legislative basis for NJ OSW solicitations and funding mechanisms
Policy
Framework State of New Jersey Draft 2019 Energy Master Plan: Policy Vision to

2050 [194] 2019 Delineates NJ energy goals and strategies, such as increasing energy
efciency and renewable sources

Policy
Framework State of New Jersey 2019 Energy Master Plan: Policy Vision to 2050

[195] 2020 Delineates NJ energy goals and strategies, such as increasing energy
efciency and renewable sources

Policy
Framework NJBPU New Jersey Offshore Wind Strategic Plan:

Navigating Our Future [197] 2020 Encompasses plan to increase development of offshore wind while
bolstering natural resources, supply chain, and workforce

Policy
Framework US DOE & BOEM An Action Plan for Offshore Wind Transmission

Development in the U.S. Atlantic Region [208] 2024 Introduces background on OSW development in US and provides
recommended actions to facilitate future progress

Operating
Agreement PJM Operating Agreement of PJM Interconnection, L.

L.C. [198] 2025 Amended version of contract, enabling coordination of energy system
operations

Press Release US DOE
Energy Department Announces Long-Term
Regional Transmission Planning Support for
States [221]

2024
Establishes potential forms of technical assistance to promote more
effective state transmission activities

Table A4
Summary of secondary sources used for the case studies.

Case Title/ID Type Year Description

New York – Revenue
Stabilization

Five grand challenges of offshore wind nancing in the United
States [15] Scholarly article 2024 Identies nancing barriers for U.S. OSW

New York – Revenue
Stabilization

The enduring role of contracts for difference in risk
management and market creation for renewables [78] Scholarly article 2024 Examines revenue stabilization mechanisms

New York – Revenue
Stabilization Financing Offshore Wind [79] Industry report 2022 Overview of nancing approaches for OSW projects

New York – Revenue
Stabilization Pathways to Commercial Liftoff: Offshore Wind [106] Industry report 2024 U.S. DOE report on how to develop and scale OSW

sector
New York – Revenue
Stabilization

De-Risking Offshore Wind: Developing a New Sector through
Turbulent Times [14] Book chapter 2024 Analysis of risk management and institutional

adaptation in U.S. OSW
Massachusetts – Fisheries
Compensation

Coastal Zone Management Act Consistency Review and
Fisheries Compensation Mitigation [148] Policy Report 2023 Overview of Coastal Zone Management Act in relation

to OSW and sheries compensation
Massachusetts – Fisheries
Compensation Fisheries Economics of the United States 2019 [123] Industry report 2022 NOAA report providing baseline data on sheries

employment and revenues
Massachusetts – Fisheries
Compensation

Fishermen’s Advisory Board Members Resign, to Protest
Offshore Wind Process [124] News media 2023 Reports stakeholder dissatisfaction with OSW

governance processes
Massachusetts – Fisheries
Compensation

Economic Impacts of Offshore Wind Farms on Fishing
Industries [125] Scholarly article 2023 Literature review of economic impacts and sheries’ 

perceptions of OSW
Massachusetts – Fisheries
Compensation

Effective Stakeholder Engagement for Offshore Wind Energy
Development [126] Scholarly article 2023 Evaluates best practices for stakeholder engagement

in OSW
New Jersey – Grid
Integration

The Benet and Urgency of Planned Offshore Transmission
[166] Industry report 2023 Brattle Group report on benets of coordinated

offshore transmission
New Jersey – Grid
Integration

Long Island Politicians Claim Victory for Hochul Wind Power
Veto [168] News media 2023 News coverage of contested transmission siting and

permitting
New Jersey – Grid
Integration

Sussex Council denies US Wind substation, appeal planned
[169] News media 2024 Local reporting on opposition to grid connection

infrastructure
New Jersey – Grid
Integration

Offshore wind farms interfacing using HVAC-HVDC schemes:
A review [175] Scholarly article 2024 Technical review of HVAC/HVDC transmission

schemes for OSW
New Jersey – Grid
Integration Transmission Options for Offshore Wind Generation [177] Industry report 2021 Brattle Group report on transmission planning options

for OSW
New Jersey – Grid
Integration

Advanced transmission solutions for offshore wind farms
[178]

Conference
paper 2008 Early technical concepts for offshore transmission

systems
New Jersey – Grid
Integration Offshore transmission network review [180] Government

report 2023 UK review of coordinated offshore transmission
planning

New Jersey – Grid
Integration Concept Paper 4: The Benets [102] Concept paper 2019 Outlines benets of coordinated offshore transmission

T.A. Hansen et al. Energy Research & Social Science 131 (2026) 104475

17



Appendix B

This appendix provides details on calculations and adjustments for Table 6 on sheries compensation in Massachusetts.
To enable comparison across projects, all compensation fund values are expressed as lump-sum payments at the commencement of construction

[215–218] or expected commencement of construction [219,220]. This reects the payment structure used in ve of the six agreements, which specify
one-time disbursements tied to construction readiness or nancial close.

The exception is VineyardWind 1, which outlines a payment schedule extending over the project’s lifetime. To ensure consistency, we calculate the
net present value (NPV) of Vineyard’s payments using a 5% real discount rate (assuming 2% ination, equivalent to a 7.1% nominal discount rate).
This method aligns with the approach used in the other agreements, which explicitly apply NPV calculations and a 5% discount rate to determine
lump-sum values. These payments are held in dedicated funds managed by third-party administrators and are expected to accrue interest over time.

All values for lease or wind farm area as well as estimations of annual average value of Massachusetts landings come from the consistency review
documents cited in the Table 6. In every case, the developer hired an expert contractor—such as Woods Hole Oceanographic Institution—to conduct
the study on potential impacts of OSW on sheries and revenue at risk. These reports are included in full in the consistency review documents.

All monetary values are adjusted to 2023 USD using the Consumer Price Index (CPI) [222]. For SouthCoast Wind Phase 2, which is expected to
begin construction in 2028, we project ination using a 2.5% annual CPI increase. While long-term ination is typically estimated at 2%—the Federal
Reserve’s target rate—current inationary conditions justify a higher rate.

Data availability

All documents used in the analysis are publicly available. They are
cited throughout the paper and summarized in Appendix A.
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