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Summary

S.1 Introduction

New York State’s offshore wind (OSW) resource presents substantial potential for production of zero-emission
electricity. Indeed, many believe that offshore wind energy could become the most viable option for delivering
utility-scale renewable electric generation to the densely populated downstate region of New York. Although onshore
wind development has expanded rapidly in the U.S., exploiting offshore resources is more challenging than onshore
development. OSW presents unique and complex development, construction, and operational conditions. There is also
the need to establish offshore wind specific development and operational infrastructure that does not exist today in the

U.S. Consequently, current cost estimates for offshore wind energy are substantially above market electricity prices.

According to Navigant’s Offshore Wind Market and Economic Analysis: 2014 Annual Market Assessment Report,
the capital cost of offshore wind is in excess of $5,000 per kilowatt (kW). However, Navigant also reports that cost is

declining.

This paper examines and quantifies the potential for reduced OSW project costs through technological innovation,
global market maturation and actions that New York could undertake unilaterally or in collaboration with other Atlantic

coast states.

S.2 Study Objectives and Approach
The objectives of this study were to identify and quantify:

*  Global cost-reduction opportunities for OSW that will be transferrable to the U.S. and NYS
*  Cost reductions associated with U.S. experience (or learning) as additional NYS projects are deployed
*  NYS-specific interventions or actions to reduce the cost of offshore wind and their associated impacts:

o  The sequence of actions necessary to meet these cost reductions and an explanation of any identified
dependencies.

An evaluation of the risks and challenges associated with the suggested interventions.

An analysis of any scaling needed to achieve cost reductions.

An estimate of OSW cost reductions produced by each suggested intervention.

An estimate of the cost to NYS for each OSW interventions.
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S.2.1 Study Approach

The University of Delaware’s Special Initiative on Offshore Wind (SIOW) identified a project site in the New

York ocean that could be considered optimal for OSW energy production (limited distance to shore, nearby point

of interconnection, and strong wind resource). On this project site, SIOW performed two analyses. First, an estimate
was established of the Levelized Cost of Energy' (LCOE) for a hypothetical OSW project (Base Project, see Figure 1
in Section 2.3, installed capacity of 600 MW) located in NY'S waters using 5 MW wind turbines, assuming U.S. OSW
policy and financing are stagnant. The term stagnant is used to represent a U.S. environment that does not have any

supporting OSW federal or other state policies that would lead to a more favorable OSW financing environment.

Second, an estimate was established at the same project site assuming stagnant U.S. OSW policy, but adding global
innovations in technology with an increase in turbine scale to 8 MW, increased competition in the OSW supply chain,
and industry-wide efficiencies driven by European market demand (collectively, global cost reductions) applied to
derive a revised LCOE. This study did not include any consideration of federal incentives such as PTC, ITC or

carbon credits.

According to published analyses, 5 MW wind turbines have been expected to be used in new U.S. offshore wind
projects, consistent with recent European projects.” 6 MW and 8 MW turbines have recently become commercially

available.

The SIOW team next identified four additional project sites, each having a nameplate rating of 600 MW (Projects 1
through 4, See Figure 3 in Section 2.3), having a Financial Close (FC) each year from 2020 through 2023, for a total of
2.4 GW which served as a hypothetical “Build-out scenario.” LCOE’s were calculated for each of these projects
assuming: 1) the range of global cost reductions expected to occur and be transferable to the US market throughout the
build-out time frame, 2) the benefits of experience or “learning” in the U.S. associated with increased market demand
and related activities (increased efficiencies), and 3) a group of NY S-specific market interventions applied over the
build-out time. NY S-specific interventions were identified through stakeholder interviews and the impacts on delivered

costs for each NYS-specific intervention were estimated using expert elicitation.’

LCOE is the equivalent unit cost ($/MWh or ¢/kWh) that has the same present value as the total cost of building and
operating a generating plant plus investor returns over the power plant’s life divided by total electrical generation.
Levelized Cost of Electricity Calculator, NREL, http://www.nrel.gov/analysis/tech_lcoe.html

Navigant, Offshore Wind Market and Economic Analysis: 2014: Annual Market Assessment Report.

The projected LCOE’s did not include continuous technological development beyond FC 2023, such as 10-MW or larger
turbines, which are concept and/or prototyping stages, further learning effects if U.S. scale grows by more than 3.5 GW
between 2020 and 2023, nor further learning effects for market development beyond FC 2023.
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LCOE is a commonly used metric for the cost of electricity produced by a power generator over the life of the project.
The general inputs for calculating LCOE for OSW are capital expenditures, operating and maintenance costs, cost

of capital, and the expected annual energy production of the OSW farm. This is different from a Power Purchase
Agreement (PPA) price, another indicator often cited. The price of a PPA is very different from the cost of generation
(LCOE) for an offshore wind project.* Generally, LCOE prices will be higher than PPA prices. Furthermore, it is
important to note that while LCOE is a useful metric for understanding how changing technological, market, or policy
conditions can affect the fixed, variable, and financing costs of a generation technology, it is of limited use as a measure
of the overall comparative value of a technology in practice. This is because LCOE does not consider system benefits,

system costs, or environmental and health benefits.

S.3 Impacts on NYS LCOE

The study identifies and compares the impact of three main areas of cost reduction: global cost reductions, cost
reductions associated with increasing U.S. learning/scale, and cost reductions associated with NYS interventions.
These cost reductions were applied sequentially to the prospective NYS projects to determine the relative and total

applicable impacts to LCOE.

S.3.1 Global Cost Reductions

To achieve the first objective of the study which was to consider the impact of global cost reductions in isolation,
the team first calculated LCOE of OSW using a 5 MW turbine for the study’s Base project and compared that to the
calculated LCOE of OSW using an 8 MW turbine including the technological innovations and industry efficiencies
anticipated to be pulled to market by 2020. The team further analyzed the impact of the continuous technological

improvement anticipated from FC 2020 to FC 2023 on the LCOEs for subsequent projects in the Build-out scenario.

Musial and Ram 2010, Large Scale Offshore Wind Power in the United States: Assessment of Opportunities and Barriers.
NREL/TP-500-40745, p. 119.
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Table S-1 and Figure S-1 illustrates changes in LCOE by project attributable only to global cost reductions.
Specifically, Table S-1 and Figure S-1 show that even in a stagnant U.S. policy and financing environment, a 22%
decrease in LCOE can be derived from moving to larger turbines with ongoing technology improvement and industry
efficiencies. The 5 MW turbine in a stagnant U.S. policy and financing environment produces an LCOE of over $290
per megawatt-hour (MWh) versus about $226/MWh after capturing global advances in technology through the use of
larger turbines and global industry maturation. Moreover, anticipated continuous technological development between
2020 and 2023 are expected to result in continuous downward pressure on delivered costs, again continuing to assume
an immature U.S. policy and financing environment. This decrease may be partially offset by increases in costs
associated with moving to deeper water sites as projects are installed. For this period of study and the referenced cost
reduction analysis, the study team assumed a U.S. installed capacity of roughly 750 MW of OSW by the end of 2020.’
Table S-1 and Figure S-1 illustrate the changes in LCOE resulting from global cost reductions as the number of projects

increases.

Table S-1. Impact of Continuous Global Cost Reduction on NYS LCOE (Stagnant OSW Policy and
Financing)

LCOE % Change
Project Financial Close ($/MWh) from Base
Year Project - 5 MW
Base Project — 5 MW 2020 2915 N/A
Base Project — 8 MW 2020 226.5 -22%
1° 2020 220.5 - 24%
2021 206.5 - 29%
2022 205.5 - 29%
4 2023 2225 - 24%

The team assumed the installation of the Cape Wind project in Massachusetts, the Deepwater Wind project off Block
Island in Rhode Island, the U.S. Wind project off the coast of Maryland, and the three U.S. DOE advanced technology
demonstration projects under development at the time of this writing.

Base project sited at 12 nautical miles (nm) from shore; Project 1 sited at 9 nm from shore.

The LCOE increases with later projects as the project sites move to deeper water.

S-4



Figure S-1. Impact of Continuous Global Cost Reduction on NYS LCOE (Stagnant OSW Policy and
Financing)®
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Cost figures for the S MW turbine and foundation were estimated using proprietary cost data available to the team members
as well as publicly available data. Cost figures for the 8 MW turbine at Financial Close 2020 came from

BVG Associates (1) see Bibliography. Cost figures for the 8 MW turbine for FC 2021 — FC 2023 also came from

BVG Associates (2), see Bibliography.
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S.3.2 U.S. Learning/Scale

The second objective of the study is to quantify the effect of learning curves (also known as experience curves) on

NYS offshore wind LCOE. Learning curves express the trend for cost of a technology to decrease as higher quantities
of that technology are deployed to its market. As OSW projects are installed and operated in the U.S, acquisition of
new skills and knowledge in project development and operations are expected to lower project cost and ultimately
LCOE. To analyze the impact of this learning, the SIOW applied a learning rate of 5%, for every doubling of capacity
installed’ over the study period. Using this rate of learning, the study team calculated LCOE’s for each project in the
Build-out scenario (2.4 GW), assuming a parallel and additive market build out of 1.1 GW of OSW between the end of
2020 and the end of 2023."° Table S-2 and Figure S-2 illustrate the changes in LCOE resulting from acquired U.S.
learning or experience as the number of U.S. projects increases. These figures reflect that global cost reductions have
been achieved but still assume a stagnant U.S. OSW policy and financing environment. The associated change in LCOE

is on the order of 2%.

Table S-2. Impact of U.S. Learning on NYS LCOE (Stagnant OSW Policy and Financing)

LCOE Before 5% LCOE After 5%
Project Financial Iearnim::; rate Iearni_ng rate applied . %
Close applied per doubling of U.S. Capacity | change
Year ($/MWh) ($/MWh)
Baseg,\';\r,‘\’ljem' 2020 226.5 2225 -1.8%
1" 2020 220.5 217.5 -1.4%
2021 206.5 202.5 -1.9%
2022 205.5 200.5 -2.4%
2023 222.5 216.5 -2.7%

Weiss, Jurgen, M. Sarro and M. Berkman (2013). “A Learning Investment-based Analysis of the Economic Potential for
Offshore Wind: The case of the United States,” prepared for the Center for American Progress, the U.S. Offshore Wind
Collaborative, the Clean Energy States Alliance and the Sierra Club.

The additional 3.5 GW of OSW between 2021 and 2023 assumed the construction of the study's hypothetical Build-out
scenario (2.4 GW) and the implementation of New Jersey’s Offshore Wind Economic Development Act,
which supports 1.1 GW of offshore wind in that state.

Base project sited at 12 nautical miles (nm) from shore; Project 1 sited at 9 nm from shore.
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Figure S-2. Impact of Continuous Global Cost Reduction and US Learning on NYS LCOE (Stagnant
OSW Policy and Financing)"
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12 See footnote 10.
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S.4 NY State Interventions

To achieve the study’s third objective, the team identified and quantified potential NY'S interventions that could lower
LCOE beyond the reductions achieved through global cost reductions and learning/scale. Specifically, the interventions
studied were those expected to result in reduced financing costs, capital expenses (CAPEX), and operational

expenditures (OPEX).

New York can benefit from inherently local cost reduction interventions such as:

* Creating a visible market of scale and duration (market visibility) through a long-term commitment
to a pipeline of projects.

*  Making project data available to the market over successive rounds of OSW project solicitations to
reduce risks and lower the cost of capital, enhance competitive forces and drive cost efficiencies.

* Providing a high degree of site characterization for early projects thereby reducing development expenses
and cost of development capital.

¢ Designing policy to ensure revenue contracts are available that substantially reduce risk to lenders.

¢ Creating and using innovative financing mechanisms and exploiting favorable borrowing conditions.

*  Developing infrastructure to reduce costs, including both port facilities and a trained workforce.

Interventions and impacts were identified and examined in the areas of: market visibility; pre-development activities
including site characterization; contracting and revenue certainty; financing; infrastructure development (investment in
facilities and training), installation, operations, and maintenance; and transmission. Table S-3 identifies the cost impacts
associated with each intervention examined on CAPEX, OPEX, annual energy production (AEP), weighted cost of

capital (WACC) and LCOE.

It is critical to note that the impacts identified in Table S-3 are not additive as each was derived in isolation from the

others which ignores the expected correlation among impacts caused by combining interventions.
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