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I.  Introduction 1 

Q. Please state your name and business address. 2 

A. My name is Madison N. Milhous, Jr., and my business address is 100 East Old Country 3 

Road, Hicksville, New York 11801. 4 

Q. Please state your position with National Grid USA (“National Grid”). 5 

A. I am Director of Wholesale Market Relations for the Energy Portfolio Management 6 

organization at National Grid.  In this capacity, I am responsible for monitoring and 7 

engaging in developments in market structure and operations in the New York 8 

Independent System Operator (“NYISO”) and ISO New England Inc. (“ISO-NE”) 9 

markets, and in other regulatory and policy developments that directly affect electric 10 

power procurement.  I represent National Grid on the NYISO Business Issues Committee 11 

and its working groups.  Recently, I served as acting director of Electric Supply and 12 

Distributed Generation, which is responsible for electric supply procurement for National 13 

Grid’s four distribution companies.  I continue to work with that department on electric 14 

power market policy issues. 15 

Q. Please describe your educational background. 16 

A. I have Bachelor of Engineering and Master of Science degrees in Aerospace Engineering 17 

from Georgia Institute of Technology and a Master of Science Degree in Marine Science 18 

from New York’s Stony Brook University. 19 

 20 
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Q. What is your professional background? 1 

A. In my prior assignment, I handled the market relations function for KeySpan Energy 2 

Supply, which was responsible for fuel supply and electric energy trading for the 3 

generating units owned by KeySpan-Ravenswood, LLC (“Ravenswood”).  I represented 4 

Ravenswood on various committees and working groups of the NYISO, and provided 5 

direct technical support to the electric trading operation.  In 2006, I served as chair of the 6 

NYISO Operating Committee.  Previously, I was Director of the Power Engineering 7 

Department, which provided engineering services for Ravenswood, and other KeySpan 8 

generating units.  Prior to that position, I was Director of the Electric Planning and 9 

Forecasting Department, which provided resource and transmission and distribution 10 

system planning services to the Long Island Power Authority.  Preceding this assignment, 11 

I was the Manager of Environmental Engineering at the Long Island Lighting Company, 12 

a predecessor company to KeySpan.  I am registered as a Professional Engineer in New 13 

York and South Carolina.  I am familiar with wholesale power pricing, ISO market 14 

structures and operations, load forecasting, power generation equipment, environmental 15 

regulations and permitting, and electric transmission and distribution. 16 

Q. What is your experience with power purchase agreements (“PPAs”) and pricing of 17 

capacity, energy and renewable energy certificates (“RECs”)? 18 

A. I have been involved in evaluation and operation of power projects from a resource 19 

planning and market operations perspective.  As Director of Electric Planning and 20 

Forecasting, I managed a group that evaluated power supply resource options for the 21 
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Long Island Power Authority, including transmission alternatives.  As Director of 1 

Regulatory Affairs for KeySpan Energy Supply, I represented the interests of KeySpan 2 

Ravenswood in, among other things, development of analyses to support capacity and 3 

energy trading operations. I also supported the KeySpan Energy Development group in 4 

analysis of power supply projects, including responses to RFPs, and the acquisition and 5 

sale of power generation assets.   6 

 7 

 For a period of approximately one year, I was responsible for the power supply 8 

procurement function for the four National Grid distribution companies: The 9 

Narragansett Electric Company, Massachusetts Electric Company, Granite State Electric 10 

Company, and Niagara Mohawk Power Corporation.  This work included the purchase of 11 

RECs for the Massachusetts, Rhode Island, and New Hampshire companies.  I am 12 

currently leading National Grid’s participation in the joint effort of the Massachusetts 13 

electric distribution companies and the Massachusetts Department of Energy Resources 14 

in a solicitation process leading to long-term contracts for renewable energy resources, 15 

under the provisions of the Massachusetts Green Communities Act.    16 

Q. Have you previously testified before the Rhode Island Public Utilities Commission 17 

(“Commission”)? 18 

A. Yes.  I testified in RIPUC Docket No. 4041, the National Grid Standard Offer 19 

Procurement Plan proceeding, regarding how National Grid would meet the Renewable 20 

Energy Standard.  I also testified in RIPUC Docket No.4050, the Renewable Resource 21 
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Adequacy proceeding, regarding adequacy of renewable energy supplies for the year 1 

2011. 2 

Q. Have you testified before any other state regulatory agencies? 3 

A. Yes.  I have testified before the New York State Public Service Commission regarding 4 

electric system planning and wholesale electric market activities, and before the New 5 

York State Department of Environmental Conservation regarding environmental matters.   6 

Q. What is the purpose of your testimony in this proceeding? 7 

A. The purpose of my testimony is to describe the history and status of the negotiations of 8 

the Deepwater Wind Block Island, LLC (“Deepwater”) PPA; to describe the pricing 9 

under the PPA; and to explain why National Grid supports the approval of the PPA.  The 10 

PPA has gone through various iterations and two versions plus the signed PPA have been 11 

filed with the Commission. For ease of description I will use references to the October 15 12 

version of the PPA and the November 18 version of the PPA to describe the prior 13 

versions that were filed on those respective dates, and I will refer to the signed PPA 14 

(reflecting changes since November 18) simply as the PPA, which is included as Exhibit 15 

1 to my testimony.    16 

Q. What was your involvement with this project? 17 

A. I was the principal National Grid representative involved in the development of the 18 

request for proposals, the review of the response to that request by Deepwater, the 19 

development of the initial draft PPA, and the negotiation of the PPA through to 20 
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execution, including the review of Deepwater’s pricing proposals, and the related 1 

technical assistance and recommendations to National Grid’s senior management.   2 

Q. Are you sponsoring attachments to your testimony? 3 

A. Yes.  The following Exhibits are included with my testimony:   4 

1. Executed PPA, dated as of December 9, 2009 5 
2. Letter from Rhode Island Governor Donald L. Carcieri to the Rhode Island Public 6 

Utilities Commission dated October 29, 2009 7 
3. November 2, 2009 Deepwater price proposal 8 
4. Summary of pricing proposals from Deepwater 9 
5. Confidential ESAI price forecast 10 
6. ESAI methodology for REC price forecast 11 
7. Deepwater price comparison to ESAI and Synapse forecasts   12 
8. Synapse Report 13 
9. Estimated Above Market Costs of the Deepwater PPA, and Hypothetical Example for 90 14 

MW Competitive Solicitation   15 
 16 

II. National Grid’s Support of the PPA 17 

Q. What is National Grid’s position regarding Commission approval of the PPA? 18 

A. National Grid supports Commission approval of the PPA, subject to two important 19 

caveats or observations.  First, the Commission and customers need to recognize that the 20 

price for the bundled energy in this PPA is relatively high compared to pricing we believe 21 

is likely to be available for potential renewable generation choices in the market and the 22 

contract has a twenty-year term.  Thus, customers will be paying a significant premium 23 

for this project.  National Grid acknowledges that there are valid policy reasons for 24 

approving the PPA.  The foremost of these reasons is to foster the development of 25 

offshore wind power and the benefits that come with it through this relatively small-scale 26 

demonstration project that could be one of the first such facilities in the nation to achieve 27 
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commercial operation.  If the State of Rhode Island desires to meet climate change 1 

objectives through the development of offshore wind, this small demonstration project is 2 

a reasonable place to start.  This policy goal underlies Section 39-26.1-7 of Rhode Island 3 

law, and this project appears consistent with the intent of that statute.  Additionally, 4 

development of this project will result in the installation of a transmission cable to Block 5 

Island, thereby improving the security of energy supply to the customers there, also 6 

consistent with the intent of the statute.   7 

 8 

The second caveat or observation is that National Grid’s support for the PPA is in the 9 

context of a small-scale project that is being developed consistent with the intent of the 10 

statute.  The particular pricing and non-price terms of the PPA are not, and should not be 11 

considered, a precedent for other projects (either with Deepwater or with any other 12 

party), and certainly not for larger scale renewable energy projects, for which pricing 13 

should be lower.  National Grid requests that, if the Commission approves the PPA, it do 14 

so only with an express statement that the particular terms and conditions of the PPA are 15 

not precedential for other potential renewable energy projects.   16 

Q. Why is it so important not have this PPA establish a precedent? 17 

A. This PPA was negotiated for a small-scale demonstration project that was unable to 18 

achieve the economies of scale that one might expect from larger wind farms.  Later in 19 

my testimony I will explain why it is critical that the pricing not stand as a precedent, by 20 

showing how much the cost to customers would be if National Grid’s obligation to 21 
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contract for 90 megawatts (“MW”) of renewable generation was met through projects 1 

that included pricing that was, on average, the same as included in this Deepwater PPA.   2 

 3 

Stated another way, if the Commission applies a “commercial reasonableness” standard 4 

to this PPA in determining whether it should be approved, the Commission must be clear 5 

that it is commercially reasonable only in the context of a limited demonstration project 6 

that was statutorily capped at eight wind turbines or 30 MW.  The project also has other 7 

special considerations because it was singled out under the recently passed legislation.  It 8 

is National Grid’s view, however, that the terms and pricing in this PPA by no means 9 

represent what an experienced power market analyst would expect to see in transactions 10 

involving newly developed renewable projects generally, where the complexities 11 

associated with a small-scale demonstration such as this are not present.     12 

 13 

III. The RFP and Response 14 

Q. Why was the RFP issued? 15 

A. National Grid issued a request for proposals on July 31, 2009 in response to the statutory 16 

requirement of Section 39-26.1-7 of Rhode Island law to solicit proposals for the 17 

development of one newly developed renewable energy resource project of 10 MW or 18 

less, that includes a proposal to enhance the electric reliability and environmental quality 19 

of the Town of New Shoreham (Block Island) (the “RFP”).  The RFP and the October 15 20 

version of the PPA were filed with the Commission on October 15, 2009, as Exhibit 1 21 
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and Exhibit 2, respectively, to National Grid’s filing that commenced this proceeding.  1 

On November 18, 2009, National Grid filed the November 18 version of the PPA, which 2 

reflected additional negotiations between National Grid and Deepwater after the October 3 

29 pre-hearing conference in this docket.  4 

 5 

IV. Negotiations of the PPA  6 

Q. Please describe the timeline and process for the negotiation of the PPA.   7 

A. National Grid received Deepwater’s initial response on August 31, 2009.  Within about a 8 

week, on September 8, 2009, National Grid provided Deepwater with a model PPA to 9 

negotiate.  On September 29, 2009, Deepwater provided a detailed mark-up of the PPA 10 

and preliminary pricing schedules.  On October 8, 2009, Deepwater proposed two 11 

alternative pricing methods, but neither pricing schedule met the requirements of the RFP 12 

for a fixed price proposal.  Deepwater’s schedules had open-ended pricing adjustments 13 

for variable operation and maintenance costs (“O&M”) and capacity factors of the 14 

proposed generating facility, which would put the risk for such costs onto National Grid’s 15 

customers.  By the October 15, 2009 deadline for filing a PPA with the Commission, 16 

several issues remained unresolved, including price.  National Grid described those issues 17 

in its October 15 filing letter that it included with the October 15 version of the PPA. 18 

 19 

 20 
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Q. Please describe the extended negotiation process that occurred after the October 15, 1 

2009 filing. 2 

A. In its filing with the Commission of a Motion to Intervene on October 16, Deepwater 3 

included a letter from Deepwater to National Grid urging a resumption of negotiations.  4 

In a letter filed with the Commission on October 21, 2009, National Grid stated a 5 

willingness to resume negotiations if Deepwater provided a true fixed price proposal.  At 6 

the prehearing conference on October 29, 2009, the Commission established a schedule 7 

that would allow time for additional negotiation.  The Commission required that a revised 8 

PPA be filed on November 13, and that testimony be filed on November 25 (the 9 

Commission later extended these deadlines to November 18 and December 9, 10 

respectively).  There were two other significant events on October 29.  First, the Rhode 11 

Island Legislature passed an amendment to Section 39-26.1-7 which increased the 12 

permissible size of the project to eight wind  turbine generators having a combined rating 13 

of no more than 30 MW.  Second, Governor Carcieri sent a letter to the Commission 14 

(included as Exhibit 2 to my testimony) in which he urged further negotiation, but also 15 

stated that the energy price in the October 15 version of the PPA was excessive. 16 

 17 

In a letter dated November 2, 2009, Deepwater provided an “Outline of Revised Pricing 18 

Proposal” (Exhibit 3 to my testimony), which stated a fixed priced of 19 

$275.41/megawatthour (“MWh”) (27.5 cents per kWh)  in 2013 (2013 is the projected 20 

first full year of commercial operation of the facility), with no O&M cost adjustment or 21 
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capacity factor adjustment.  In its November 2 letter, Deepwater also emphasized the 1 

importance of other PPA terms to its ability to finance its project, particularly the 2 

treatment of force majeure events, including outages of the transmission cable between 3 

Block Island and the mainland.  At a November 6, 2009, meeting between National Grid 4 

and Deepwater, Deepwater further revised its pricing schedule to $253.60/MWh (25.3 5 

cents per kWh) in 2013.   6 

 7 

At that November 6 meeting, National Grid asked Deepwater to develop a mechanism for 8 

sharing in the benefits if a capacity factor higher than 40 percent, on which the pricing is 9 

based, were realized in operation.  A specific concept was briefly discussed, which had 10 

first been suggested by National Grid in follow-up to the pre-bid meeting of August 10, 11 

2009.  During the following week, National Grid: (i) told Deepwater that further 12 

reduction in the price was expected, particularly in connection with the potential 13 

availability of a United States Department of Energy (“DOE”) loan guaranty and the 14 

corresponding reductions in Deepwater’s cost of capital; (ii) suggested a specific 15 

procedure for tolling the annual escalation of Deepwater’s bundled price if Deepwater 16 

exercised a right to extend the term of the PPA; and (iii) reiterated the need for a 17 

mechanism to share in the benefits of a higher capacity factor.    18 

 19 

 20 
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Q. Please describe the negotiations between National Grid and Deepwater since the 1 

filing of the November 18 version of the PPA. 2 

A. On November 20, Deepwater (through D.E. Shaw, its principal investor) sent a mark-up 3 

of the November 18 version of the PPA proposing two substantive changes to the version 4 

filed with the Commission.  First, Deepwater proposed to lower its bundled price for 5 

energy, capacity and RECs to $249/MWh (24.9 cents per kWh) in 2013 dollars.  Second, 6 

Deepwater proposed a mechanism for sharing any improvement in the capacity factor 7 

over the 40% capacity factor assumed in the pricing.  That mechanism essentially tracks 8 

cumulative production over the term of the PPA and splits the benefits of better than 9 

expected production over the term of the PPA, 50/50, between National Grid and 10 

Deepwater at the end of each contract year.  Any credits resulting from this mechanism in 11 

any contract year would be applied to the invoices in the next contract year, and no 12 

credits would be awarded for overproduction in the last contract year presumably because 13 

there is no ability to apply that credit in the next year.   14 

On December 4, 2009, Deepwater further lowered its pricing by $5/MWh to a price of 15 

$244/MWh (24.4 cents per kWh) in 2013, with the same 3.5% annual escalation factor.  16 

After that date, the parties resolved the few remaining non-price issues.  On December 9, 17 

2009 the parties signed the PPA. 18 

 19 

 20 
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V. Pricing 1 

Q. Please describe the pricing in the PPA.   2 

A. The pricing schedule in the PPA sets a unit price for bundled renewable energy (energy, 3 

capacity and RECs) of $235.75/MWh for 2012, subject to an escalation factor of 3.5% 4 

each year.  This escalates to $244/MWh (or 24.4 cents per kWh) in 2013, which is the 5 

first full year of expected operation.  Unlike the pricing schedule in the October 15 6 

version of the PPA, there are no adjustments for O&M costs or for worse-than-expected 7 

capacity factors.  In order to resolve the issues of transmission cable outages and of force 8 

majeure events, the parties modified the pricing schedule in Exhibit E of the PPA to 9 

account for extensions of the PPA term, but to toll escalations of the price during the 10 

events that trigger such extensions. 11 

Q. How does the pricing in the PPA compare with the pricing in the October 15 and 12 

November 18 versions of the PPA? 13 

A. The pricing in the PPA is $244/MWh in 2013 (24.4 cents per kWh), in comparison to 14 

$307.53/MWh (30.7 cents per kWh) for the same year in the October 15 version of the 15 

PPA, a change of approximately $63.50/MWh (6.35 cents per kWh), and compared to 16 

$253.60/MWh in the November 18 version of the PPA, a change of approximately 17 

$10/MWh (1 cent per kWh).  The pricing in the October 15 version of the PPA was based 18 

on a project comprised of six 3.6 MW wind turbine generators, and the pricing in the 19 

PPA is based on a project comprised of eight 3.6 MW turbines.  In both cases a 40% 20 

capacity factor was assumed.  On October 8, 2009 Deepwater had supplied National Grid 21 



THE NARRAGANSETT ELECTRIC COMPANY 
D/B/A NATIONAL GRID 

 DOCKET NO. 4111 - REVIEW OF PROPOSED  
TOWN OF NEW SHOREHAM PROJECT  

PURSUANT TO R.I.G.L. § 39-26.1-7 
WITNESS: MADISON N. MILHOUS, JR. 

PAGE 13 of 20 
              
 

 

with pricing of $271.16/MWh (27.1 cents per kWh) for an eight turbine project.  Thus, as 1 

anticipated, much of the reduction in unit pricing could be directly attributable to the 2 

increased size of the project, in this case approximately 60%.  The pricing in the PPA 3 

results in a total estimated above market cost of approximately $390 million over the 4 

twenty year term, in comparison to an estimated $430 million for the six turbine project 5 

under the October 15 version of the PPA. 6 

 7 

 Exhibit 4 to my testimony summarizes all of the relevant price schedules provided to 8 

National Grid by Deepwater from just prior to the October 15 filing, to the most recent 9 

pricing schedule contained in the PPA.  This Exhibit 4 also includes the indicative pricing 10 

that Deepwater provided to the Rhode Island Office of Energy Resources in 2008. 11 

Q. National Grid’s November 18 filing letter discussed a DOE loan guaranty and its 12 

potential to affect pricing under the PPA.  Please explain that pricing issue. 13 

A. In an effort to assure that all factors that could have a favorable impact on pricing have 14 

been taken into account, National Grid asked that Deepwater consider the impact of a 15 

possible DOE loan guaranty.  While National Grid is not in a position to directly assess 16 

this impact, it was recognized that a DOE loan guaranty would lower the interest rates 17 

required by Deepwater’s lenders, and potentially alter the financing structure (i.e., debt to 18 

equity ratio), both of which would reduce Deepwater’s cost of capital for its project.  On 19 

November 20, 2009, Deepwater made an additional price adjustment which put the 2013 20 

bundled energy price at approximately $249/MWh (24.9 cents per kWh).  Deepwater 21 
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attributed this reduction to the availability of a DOE loan guaranty (as stated in their 1 

response to a data request in this proceeding from the Conservation Law Foundation 2 

(CLF 1-2)).   3 

Q. National Grid’s November 18 filing letter also discussed the capacity factor for the 4 

project and its potential to affect pricing under the PPA.  Please explain that pricing 5 

issue. 6 

A. National Grid believes that its customers must share, to a significant extent, in the 7 

benefits of an offshore wind project that performs better than the projections that form the 8 

basis for Deepwater’s pricing proposals.  National Grid also recognizes that Deepwater 9 

should retain some portion of those benefits in order to provide a proper incentive to 10 

maximize the project’s production.  The mechanism included in the PPA accomplishes 11 

the benefit sharing that National Grid was trying to achieve for its customers.  12 

Q. Has National Grid compared the pricing under the PPA to a forecast of relevant 13 

market prices?   14 

A. Yes.  National Grid has done an analysis based on price projections from Energy Security 15 

Analysis, Inc. (“ESAI”) and Synapse Energy Economics, Inc. (“Synapse”).  National 16 

Grid used the same price projections to analyze the pricing under the PPA for six, seven 17 

and eight turbine projects, for contract terms of fifteen and twenty years.  National Grid’s 18 

analysis determined the projected above market cost of the project using the long term 19 

forecasts of ESAI and Synapse.   20 

 21 
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 National Grid engaged ESAI to develop a long range price forecast of energy, capacity 1 

and RECs, which is included as Confidential Exhibit 5 to my testimony.  National Grid 2 

has an ongoing contract with ESAI for such services, and the price forecast for energy 3 

and capacity was developed under that arrangement.  National Grid found that long term 4 

forecasts for REC supply and price are not readily available, and ESAI agreed to develop 5 

such a forecast.  Under National Grid’s arrangement with ESAI, the energy, capacity and 6 

REC forecasts are considered proprietary, and are being provided only to the 7 

Commission and the Division under confidentiality protection.  A description of the 8 

methodology for the forecast of REC prices is provided, as Exhibit 6 to my testimony.  9 

 10 

 The REC price forecast is based on a “bottom-up” analysis of supply and demand and 11 

reflects the same tightening of supply in 2011-2012, as identified by PA Consulting in 12 

National Grid’s filing in RIPUC Docket 4050, Renewable Resource Adequacy.  The 13 

energy prices are provided as monthly peak/offpeak prices for 2010 thru 2019, and as 14 

annual 7x24 prices for 2010 through 2031.  A forecast of capacity prices under the ISO-15 

NE Forward Capacity Market was provided by capability year, and this was converted to 16 

an annual forecast to line up with the energy and REC forecasts.   17 

 18 

 The pricing included in the PPA is approximately 2 times the ESAI forecast for energy 19 

and RECs in the year 2013, escalating to approximately 2.9 times the forecast at the end 20 

of a twenty year term.  This price comparison is shown in Exhibit 7 to my testimony. 21 
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 1 

 National Grid also relied upon a 2009 report by Synapse (the “Synapse Report”), entitled 2 

“Avoided Energy Supply Costs in New England”, released on August 21, 2009.  This 3 

report was prepared for the Avoided-Energy-Supply-Component (AESC) Study Group, a 4 

group representing all New England utilities, and is used for evaluating demand side 5 

management and energy efficiency programs.  While the intended end use of this report 6 

differs from the ESAI forecast, the Synapse Report nevertheless contains an underlying 7 

wholesale energy price forecast by ISO-NE load zones, as well as a capacity and REC 8 

price forecast for New England.  The Synapse Report, which is included as Exhibit 8 to 9 

my testimony, provided a second corroborating basis for evaluating the Deepwater 10 

pricing schedules relative to a forecast of market prices.   11 

 12 

 The energy forecast in the Synapse report is presented in a seasonal peak/offpeak format 13 

for the years 2009-2039, where summer is defined as June-September, and winter the 14 

remaining eight months of the year.  The pricing included in the PPA is 2 times the 15 

Synapse forecast for energy and RECs in 2013, escalating to approximately 2.6 times in 16 

2032.  This price comparison is also shown in Exhibit 7 to my testimony. 17 

 18 

For the energy output associated with the P50 capacity factor of 40% (P50 means that 19 

there is a 50/50 probability of the occurrence of an event or condition), the cost of 20 

bundled renewable energy under the various Deepwater pricing schedules was calculated 21 
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annually, and compared to the market forecast of energy, capacity and RECs for this 1 

same energy output.  For valuation of capacity, a summer capacity factor of 28%, as 2 

estimated in Deepwater’s proposal, was used to determine the qualified capacity, 3 

consistent with the ISO-NE convention for intermittent resources.   4 

Q. Please describe the results of National Grid’s analysis of the projected above market 5 

cost of the Deepwater pricing. 6 

A. Two conclusions can be drawn from this analysis: 7 

(1) the total cost of bundled energy over the contract term is over twice the 8 

projected market value of the products, and approximately $390 million 9 

above market cost of generic energy, capacity and RECs; and 10 

(2)  the annual above market cost over a twenty year term is significantly 11 

lower, than over a  fifteen year term, and on a net present value basis, the 12 

total cost of a twenty year contract only slightly exceeds that of a fifteen 13 

year contract (this analysis supports a twenty year contract term, which 14 

Deepwater indicated was important for financing). 15 

Q. What is the total estimated cost of the power under the Deepwater PPA?   16 

A. Based on the energy production at the P50 capacity factor, and assuming no transmission 17 

line outages or force majeure events that would extend the term of the PPA, the estimated 18 

total cost of power is approximately $700 million over the twenty-year term, as a 19 

cumulative sum in nominal dollars.  In comparison to the ESAI and Synapse forecasts, 20 

this is approximately $390 million over the estimated market cost of the same quantity of 21 
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energy, capacity and RECs for the same time period.  The estimated annual above market 1 

cost is approximately $12 million in 2013, escalating to approximately $30 million in 2 

2032.    3 

 Q. Can you explain why it is important for the Deepwater PPA not to serve as a 4 

precedent for future projects?   5 

A. Yes.  If one were to assume, hypothetically speaking, that the price of $244 per 6 

megawatt-hour or 24.4 cents per kilowatt-hour was a price that one would expect to 7 

obtain, on average, from newly developed renewable energy resources, and National Grid 8 

entered into contracts with developers for 10% of its current load at that price, the total 9 

amount of above market costs would be substantial.  Exhibit 9 to my testimony is a 10 

schedule showing this effect.  This illustration shows the total above market cost for the 11 

hypothetical year 2013 would be approximately $100 million.  That cost would 12 

effectively represent a rate increase in that amount to customers which would grow over 13 

time.    14 

Q. What is the significance of using 10% for this hypothetical? 15 

A. It is my understanding that the law requires the Company to solicit long term contracts 16 

from renewable generation equal to at least 90 MW, using a statutory definition that takes 17 

into account the capacity factor of each project.  That equates to 788,400 megawatt-hours 18 

or approximately 10% of National Grid’s current load.  I have shown this calculation for 19 

illustrative purposes only, to put into context the pricing offered by Deepwater in this 20 

contract.  If the Commission approves the contract, it is very important that the 21 
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Commission make clear that this contract does not set a precedent for future contracts.  1 

Otherwise, if this pricing sets the bar for future pricing, the impact on Rhode Island 2 

electric rates would be significant, given the relatively small customer base that exists in 3 

Rhode Island.  4 

Q. Has National Grid done any price comparisons for the PPA?   5 

A. Yes.  The Company engaged the services of Cliff Hamal, of LECG, an expert services 6 

and consulting firm, to perform a price comparison.  The comparisons are described in 7 

his pre-filed testimony.   8 

 9 

VI. Transmission Cable 10 

Q. Does the pricing in the PPA include the cost of the undersea cable? 11 

A.  No.  The pricing in the PPA does not include the cost of the cable between Block Island 12 

and the mainland.  Mr. David Tufts provides a calculation of the revenue requirement 13 

associated with that project.  These costs also will be borne by customers should 14 

appropriate approvals be obtained and National Grid elects to own the cable.  However, 15 

should that transmission cable not be owned and operated by National Grid, there is the 16 

potential that the still unknown cost for that cable would have to be recovered through the 17 

PPA, imposing a significant increase to the pricing.  Up until recently National Grid also 18 

had a PPA-related concern regarding operation of the transmission cable.  Prior to 19 

October 15, Deepwater had proposed language in the PPA that would have National Grid 20 

continue to pay for energy output in the event of an outage of this cable, except when 21 
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caused by a force majeure event.  In the negotiations since October 15 that issue was 1 

removed from the PPA. 2 

Q. Does this conclude your testimony? 3 

A. Yes.  4 
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By Electronic and Express Mail 
 
 
November 2, 2009 
 
Mr. Madison N. Milhous, Jr. 
Director, Wholesale Market Relations 
National Grid 
100 Old Country Road 
Hicksville, NY 11801 
 
Dear Mr. Milhous: 
 
This letter is a follow-up to Thursday’s scheduling conference before the Rhode Island 
Public Utilities Commission (“PUC”), regarding the Town of New Shoreham Project.  As 
described in the enclosure outlining the key aspects of our revised price offer, Deepwater 
Wind is proposing a fixed price in 2009 dollars of $240 per MWH, escalating at 3.5 % 
annually, subject to National Grid accepting Deepwater’s position on the contract terms, 
as set forth in the current draft of the power purchase agreement (“PPA”).  We believe 
this proposal on price and terms addresses the threshold issue regarding the PPA 
identified by National Grid in its correspondence to us and to the PUC.  We look forward 
to discussing our revised offer as soon as is practicable.   
 
Just as the matter of price is an important threshold issue for National Grid, it is equally 
important to ensure that the PPA is commercially reasonable, and reflects standard 
industry terms. If this consideration is set aside, and the project cannot attract financing, 
our mutual efforts, and the efforts of many others in Rhode Island, will have been in vain.  
In particular, the treatment of force majeure events, including transmission cable outages, 
must not preclude the availability of project financing or tax equity.       
 
We believe that other issues identified in our respective filings before the PUC can be 
resolved.  We also believe that meeting in person is the most effective way to find 
common ground that will be in the best interests of Rhode Island, its ratepayers and our 
respective companies.  To that end, we are available to resume negotiations with you 
right away. By commencing this new round of discussions immediately, we are confident 
that we will be able to meet the PUC’s call for the submission of a revised PPA by 
November 13, 2009. 
 
Thank you for your consideration.  I look forward to hearing from you.  
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Sincerely, 
 
William Moore 
 
William Moore 
Chief Executive Officer 
 

 
 

Outline of Revised Price Proposal 
 

1. Fixed  Price (Bundled Basis) 
 
 Price per MWH in 2009 $240 

 

 Applicable to a project having an aggregate nameplate capacity up  to 30 MW 

 Payable per MWH delivered or rejected by National Grid 

 Price is subject to 3.5% escalation 

 

2. O&M Cost Adjustment  

 

 None 

 
3. Capacity Factor Adjustment 
 

 None 

 
4. Allocation of Bundled Price Among Energy, Capacity and RECs 
 

 As previously agreed by the parties 
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Summary of Pricing Proposals from Deepwater 
 
 

National Grid RFP Response 
 
 
 

 
10/15/09 

Filing      
(6 WTG) 
Bundled 
Energy 

Rate 
$/MWh  

10/8/09      
(8 WTG) 
Bundled 
Energy 

Rate 
$/MWh  

11/2/09      
(8 WTG)     
Bundled 
Energy 

Rate 
$/MWh  

11/18/09 
Filing 

Bundled 
Energy 

Rate 
$/MWh  

Post Filing 
(11/20/09) 
Bundled 
Energy 

Rate 
$/MWh  

 
 

PPA 
12/09/09 

Filing 
Bundled 
Energy 

Rate 
$/MWh 

CF and O&M 
Adjustment 

Y Y N N N 

 
 

N 
Escalation 

Rate 
3.5% 3.5% 3.5% 3.5% 3.5% 

 
 

3.5% 
2009 $268.00 $236.40 $240.00 $221.00 $217.00 $212.63 

2013 $307.53 $271.16 $275.41 $253.60 $249.01 $244.00 

 
 

Indicative Pricing from 2008 Proposal to Rhode Island 
 

Capacity $74.24/KW-yr 
Energy  $91.04/MWh 
REC $57.92/MWh (ACP) 
Escalation Rate 2.5% 
Bundled Energy Rate ($/MWh) Based on 39% CF; 28% CF for FCM 

2008 $155 
2013 $175 
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Energy Security Analysis, Inc. (ESAI) 
 
Company Overview 
 

Energy Security Analysis, Inc. (ESAI) is an energy research and consulting firm 
currently working with a large number of power marketers, financial institutions, generators, 
regulators, developers, and end-users. ESAI’s analysis covers all aspects of the Northeast 
electricity markets including energy pricing, transmission, capacity, renewables, emissions and 
demand response. ESAI also covers fundamental supply and demand issues in the North 
American natural gas markets. ESAI provides ongoing research materials to almost 50 clients 
with specific interests in the Northeast markets.  

The economic assumptions, forecasts and insights from ongoing market research 
activity are applied to specific project work such as asset valuations, transmission congestion 
analysis, and other relevant market studies. Since 2000, ESAI has performed a wide range of 
studies for over 100 clients. While the vast majority of this work is proprietary, some of 
ESAI’s work has been featured in the public realm. One example is a study commissioned by 
PJM to study the benefits inherent with the 2002 to 2005 expansion of the PJM RTO. 

ESAI delivers its market research in the form of quarterly, monthly and weekly reports. 
The quarterly reports – CapacityWatch, EnergyWatch and TransmissionWatch – provide 10 
year outlooks on pricing as well as regulatory and market rule issues. Monthly reports focus on 
six month outlooks of hub and zonal energy prices, generation and transmission outages, and 
transmission congestion.  

As part of its ongoing research, ESAI tracks individual generation projects (including 
renewable energy projects) in New England, PJM and New York at all stages of development 
and construction. This detailed information forms one significant component of ESAI’s 
assessment of the Northeast capacity markets and is a major input to ESAI’s energy and 
capacity price models. ESAI provides its clients with ongoing updates to its forecasts of energy 
and capacity prices and more importantly, ESAI provides its clients with insights into the 
fundamental market drivers that impact these markets. 
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Executive Summary 
   

This report summarizes the outlook for renewable energy supply and demand in New 
England and specifically, the outlook for Rhode Island given its position in a competitive New 
England marketplace. Rhode Island Class 1 “new” renewable energy credits (RECs) are 
generally equivalent to the Class 1 renewable energy credits that qualify in Massachusetts, 
Connecticut, and New Hampshire. As such, RECs in these four states are for the most part 
fungible and the market for Rhode Island RECs needs to be evaluated in the context of the 
whole New England region.  

Five of the six New England states have legislated Renewable Portfolio Standards that 
mandate minimum requirements for renewable energy supply. Massachusetts has the largest 
requirement for renewable energy credits (RECs) and is expected to purchase almost half (46 
percent) of the renewable energy available in New England during 2009. Connecticut closely 
follows Massachusetts with 42 percent of the REC demand in New England.  Rhode Island and 
New Hampshire account for combined 12 percent of the demand, while Maine adds an 
additional 1 percent. 

Breakdown of New England  
REC Requirements

RI
6%

NH
5%

ME
1% MA

46%
CT

42%

 

ESAI’s demand and supply projections include the following critical assumptions: 

• Renewable Portfolio Standards (RPS) impose requirements on load serving entities 
to supply a percentage of their energy from renewable resources based on their total 
load.  A load growth of 0.8 percent per year based on ISO-NE projections from the 
2009 Capacity Energy Loads and Transmission (CELT) report.  
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• Not all new renewable projects that enter the queue will get built. Both ESAI’s 
experience and historical data from the Northeast pools show that there is roughly a 
20 percent probability that new projects will move to completion. Projects that have 
cleared the 2010/11 and 2011/12 Forward Capacity Market (FCM) auctions are 
assigned a 100 percent probability of completion.  

• ESAI estimates that 1,750 MW of nameplate wind resources (or equivalent) will 
enter the New England queue each year – a somewhat aggressive assumption. Of 
this total entering the queue, approximately 350 MW of new ‘wind-equivalent’1 
capacity will move to completion and come on-line in New England each year 
starting in 2012. 

Conclusions of ESAI’s analysis are:  
¾ New England can fully meet renewable requirements through 2010. In 2011, 

New England will fall short of meeting its Class 1 renewable requirements by 
approximately 7 percent or 450,000 MWh. New England is unlikely to meet 
REC requirements for the region from 2012 to 2025.  

− Renewable energy supplies in New England will grow significantly, but 
the pace of development and construction will lag the pace of increasing 
renewable energy requirements.  

− New England would need an additional 230 MW per year of wind 
equivalent resources to meet the gap from 2012 to 2015 (above the 350 
MW per year assumed in this analysis). 

− After 2015, the supply/demand gap will widen and an average of 650 
MW of wind equivalent resources would be needed to fill the gap from 
2016 to 2020 (300 MW above the ESAI new build estimate). 

− After 2020, new REC requirements come only from load growth with no 
further incremental increases in the percent of load requirements.  

¾ Rhode Island renewable energy supply will increase significantly due to the 
various RFPs for renewable capacity to be developed and constructed within the 
state.  

− Prior to 2012, Rhode Island will compete on an equal footing with four 
New England states (CT, RI, NH, & ME) for renewable resources. Due 
to Rhode Island’s requirement for new resources, ESAI anticipates a 
small premium for Rhode Island RECs to continue through 2011.  

− The competitive equalizer is the Alternative Compliance Payment 
(ACP). The ACP is comparable between the five New England states 
and ensures that, over time, competition will allocate regional RECs 
proportionally between these states. (The CT ACP does not have a fixed 

                                                 
1 Wind resources in New England are assumed to have a 25 percent operating factor. Other resources such as 
wood chip biomass facilities will have much higher operating factors. A 50 MW biomass plant with an 85 percent 
operating factor would have the same annual energy output (372,300 MWhs) as 170 MW of wind. The 50 MW 
biomass plant is the ‘wind-equivalent’ of 170 MW of wind capacity. Because the majority of new renewable 
energy must come from wind farms, ESAI uses a wind-equivalent to simplify projections for new capacity.    
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escalator and thus becomes uncompetitive until such time as it is 
adjusted. For this reason, CT may fall short on REC purchases compared 
to the other states with higher ACPs). 

− In 2012, Rhode Island will potentially move from deficit to surplus in its 
state REC balance. Surplus RECs will be sold into the New England 
market to meet other states’ requirements.  

¾ To meet the New England region’s renewables targets, energy providers must 
contract with over 5,000 MW of new wind equivalent resources (~11.0 million 
MWhs) over the period from 2011 to 2020, over and above current commitment 
levels. 

− ESAI’s outlook assumes that New England will develop and build 350 
MW new wind capacity each year in New England.  

− New England energy providers must contract for additional capacity 
over and above ESAI’s 350 MW new capacity assumption or pay the 
applicable ACP.  

− Rhode Island will be a source of RECs to other New England states 
starting in 2012, but potential new RFP capacity in Rhode Island has 
already been counted toward the 350 MW per year new build 
assumption.   

¾ Renewable energy generation additions would need to be significantly increased 
from ESAI’s projections of 350 MW per year of wind equivalent resources to 
650 MW per year, in order for New England to meet the total requirements for 
Renewable Energy Credits in 2020. 

¾ Imports have increased from 765 GWh in 2007 to 1,215 GWh in 2008, an 
increase of almost 60 percent. ESAI has assumed that imports in 2009 and 
beyond will increase by 5.0 percent per year. It is recognized that the increases 
in imports may be ‘lumpy’, but overall, we expect a strong increase in imports 
going forward. If the import trend is to continue, the transmission system would 
require upgrades to handle the significant increases in flows from Maine, 
Canada and New York.  There have already been occasions in New York where 
wind generation from units providing RECs to the Massachusetts program have 
been curtailed due to insufficient transmission capacity.          
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2006 Renewable Generation - Source States

MA  24%

New York
14%

RI
7%

Quebec
6%

NH
6%

VT
3% CT

1%

Maine
39%

 
 

 

 

2006 Renewable Generation By Source Type

Biomass
42%

Wind
7%

Anaerobic 
Digester

3%
Solar
1%

Landfill Gas
47%
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Background 
 

Twenty seven states have implemented Renewable Portfolio Standards (RPS) and 
another five states have set renewable energy goals. In New England, Rhode Island has joined 
four other states (MA, CT, NH and ME) in legislating Renewable Portfolio Standards – 
Vermont has set a state goal, but not mandated an RPS.  

The underlying principle for the Renewable Portfolio Standard is that a stated 
percentage of a state’s energy consumption must be supplied by qualified renewable energy 
generating resources in a given year. Buyers can contract directly for renewable energy, or may 
purchase Renewable Energy Certificates (RECs); each REC representing one megawatt-hour 
of renewable energy.  

. The Rhode Island RPS was passed in 2004 with a 3.0 percent requirement beginning 
in 2007. After 2007, the percent of load requirement increases by 0.5 percent each year until 
2010 and increases to 1.0 percent from 2011 to 2014. From 2015 to 2019, the requirement 
increases annually by 1.5 percent to a total of 16 percent (See Figure 1). This 16 percent level 
of renewable energy must remain in place from 2020 onwards, with new additions required to 
meet load growth, until the Rhode Island PUC determines that a revision is required or that the 
standard is no longer necessary.           

Figure 1 - Rhode Island Renewable Requirement, ( % )
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The Rhode Island RPS limits the amount of renewable energy that can be purchased 
from older resources (pre-1998) to 2.0 percent. All additional renewable energy must be 
sourced from ‘new’ resources placed in service in 1998 or later.  

The Rhode Island RPS includes a compliance provision that applies a penalty to energy 
providers and wholesale consumers that do not self-supply or directly contract for renewable 
energy supplies. This Alternative Compliance Payment (ACP) is currently $60.92/MWh and is 
applied to a customer’s renewable energy shortfall. This payment changes each year with an 
inflation adjustor linked to the Consumer Price Index (2.75 percent assumed in this study) and 
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the Rhode Island ACP is projected to be above $80.00/MWh by 2020. The other four New 
England RPS states also have comparable compliance penalties, although Connecticut does not 
have a stated escalator. 

The renewable energy targets for New England are quite robust and will require 
significant efforts by the industry to promote and develop the resources that will be needed to 
meet the stated goals – including the 16 percent of energy consumption in Rhode Island by 
2020. To meet this target, New England energy providers must contract with over 5,000 MW 
of new incremental wind equivalent resources by 2020 in order to secure approximately 11.0 
million MWhs of renewable energy.  

Currently, New England has 141 MW of existing wind capacity that is part of a total 
renewable portfolio of just over 1,100 MW2 of wind equivalent capacity. The current portfolio 
is dominated by biomass (200 MW) and landfill gas (76 MW). We note that 42 MW of the 
current 104 MW of wind capacity is located in Aroostock County, Maine and is not directly 
tied to the New England grid (Mars Hill).  

 

Existing 
Nameplate 

Capacity, MW
Under 

Construction, MW Rank

TX 8361 1095 1
IA 3043 409 2
CA 2787 20 3
NY 1264 21 9
ME 104 92 26
VT 6 0 31
MA 5 4 32
NH 25 0 34
RI 1 0 35
CT 0 0 45

Table 1 - Existing Wind Farms &                        
Wind Farms Under Construction (Sep 2009)

 
 

Development of wind projects in the top ten states including Texas, California, Iowa 
and New York has been considerable over the past few years. Over the past year, Texas has 
added 2,000 MW of capacity and Iowa has added approximately 1,300 MW. New York has 
added over 500 MW of wind capacity in the past year, some of which is available for export to 
New England but most of it is committed to New York State (see Table 1). Although operating 
nameplate capacity has increased significantly over the past year, the MW under construction 
have declined significantly. One year ago, Texas had 2,470 MW under construction but that 
has now dropped to 1,095 MW. Last year, California had 275 MW under construction but now 
only 20. And in New York, the MW under construction has dropped to 20 MW from 589 MW 
last year. This is indicative of the difficult economic climate and the more difficult financing 
                                                 
2 Based on 2009 projected supply at a 25 percent operating factor to determine wind-equivalent portfolio capacity. 
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terms required of developers to move forward on projects. At a time when renewable 
requirements are ramping up in many states, the number of projects moving from development 
to actual construction has slowed considerably.  

Rhode Island Renewable Energy – Supply and Demand 
 

The Rhode Island demand for Renewable Energy Credits (RECs) is a function of its 
annual electricity demand and the stated annual RPS percentage supply requirement. In 2009, 
Rhode Island will consume an estimated 8,419 GWh of total applicable electricity sales. With a 
4.0 percent renewable energy requirement, Rhode Island will need 337 GWh of renewable 
energy to meet its target.  In 2008, the Rhode Island renewable requirement was 298 GWh. To 
assess future demand, ESAI projects growth in annual energy consumption through 2020 
utilizing the ISO-NE load growth outlook of 0.8% from the most recent April 2009 CELT 
report3.  

Annual Load Growth vs. RPS Requirement Increases 

At 0.8 percent, Rhode Island annual load growth equates to roughly 68 GWh per year. 
If the current 4.0 percent renewable energy requirement is applied against this load growth, the 
annual increase in requirements due to load growth alone is only 3 GWh.  In comparison, the 
demand increase due to a 1.0 percent requirement increase (starting in 2010) is 85 GWh. Thus, 
while load growth is an important factor in determining the renewable energy requirements, it 
is roughly an order of magnitude lower in importance relative to the annual percentage increase 
in the RPS requirement.  

Figure 2 shows that Massachusetts represents almost one half of the renewable energy 
requirements in New England – 46 percent of total 2009 demand. Connecticut accounts for 
most of the balance of the New England demand at 42 percent. Given the very low energy 
demands in New Hampshire and Maine, their renewable energy requirements are much lower. 
Rhode Island renewable energy requirements are only 6 percent of the New England total.  

Rhode Island’s percent of total New England demand is only 6 percent, but buyers of 
Rhode Island RECs must compete against the larger demand interests of Massachusetts and 
Connecticut. Because the Massachusetts ACP is exactly similar to Rhode Island, Rhode Island 
buyers will have to pay at least what Massachusetts buyers will pay when Rhode Island is in a 
deficit position. Although the Rhode Island total requirements are reasonably small, it will pay 
a price for RECs that are competitively consistent with the larger needs of other buyers in the 
New England power pool. Figure 3 shows the Rhode Island requirements relative to the total 
New England requirements. The Rhode Island REC requirements cross 1.0 million MWh in 
2018, at which time the New England total requirement is almost 16 million MWh.  

                                                 
3 Capacity, Energy, Loads and Transmission Report; http://www.iso-ne.com/trans/celt/index.html. 
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Figure 2 - Breakdown of New England  
REC Requirements
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Figure 3 - RI Load & Renewable Requirement, MWh
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 New England Supply Outlook 
 

ESAI has developed a base year supply portfolio for New England that is based upon 
the ISO-NE listings of currently qualified renewable resources. Additional resource 
information such as imported renewable energy is obtained from the participating states’ 
compliance reports and the NEPOOL GIS data.  

To determine future supply resources, ESAI makes use of the publicly available  
ISO-NE generation interconnection queue as the basis for new supply additions as far out as 
20134. All renewable generation in the queue has been included in the supply outlook. The 
resources included in the forecast are assigned completion dates provided by ISO-NE with 
some adjustments made by ESAI based on its evaluations of each individual project.  

The other major differentiator in ESAI’s assessment of the queue is the application of a 
probability of completion parameter. This parameter is applied in three ways in this analysis; 

1) Under Construction – Projects under construction are assigned a 100 percent 
probability of completion.  

2) FCM Cleared – Projects that have cleared the first of second FCM auction 
are assigned a 100 percent probability of completion. 

3) FCM Qualified –Projects that have qualified for the third Forward Capacity 
Auction are assigned a 40 to 50 percent probability of completion. Even 
though a project qualifies for the auction, there is no guarantee that it will 
clear in the auction.  

4) Under Development – Generally projects in various stages development are 
assigned a 20 percent probability of completion (more discussion on queue 
probabilities can be found in the next section), though ESAI has assigned 
some projects that don’t meet the first two criteria a higher probability of 
completion based on their location within Massachusetts and the higher 
probability of these projects winning RFPs with long term PPAs per the 
Green Communities Act for in-state renewable commitments. Cape Wind, 
for example, is assigned a 100 percent probability due to these factors, as 
well as size and staying power in a long permitting process.   

 
 
                                                 
4 ESAI’s Project Evaluation Program – tracks ongoing generation projects by pool. Each project is assigned a 
probability of completion percentage based upon a number of factors including development progress, permitting, 
financial status of developer, local opposition and other factors. ESAI has monitored all Northeast projects since 
2001 and publishes quarterly updates in its Capacity Watch publication. 

ESAI normally utilizes its own assessment of projects under development and construction in New England. 
However, for the purposes of this report, ESAI is using the publicly available ISO-NE data for the generation 
interconnection queue.  
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Assessing the Generation Queue 
 
Developing the Forecast Probability of Completion Number 

All new generation projects or expansions in ISO-NE must go through the generation 
interconnection process. Projects are entered into the “queue” on a first come – first served 
basis and each project must go through a series of studies that assess the technical feasibility of 
connecting to the grid and the associated costs.5  There is now a meaningful history of project 
development that can be derived from the New England, New York and PJM interconnection 
queues. Using the available data in the queue, the overall performance of projects in the queue 
moving to completion can be calculated6; this performance is defined as the “probability of 
completion”.  Projects fail to move to completion for a large number of reasons. The obstacles 
include failure to obtain necessary permits, local opposition, poor economics, merchant risks, 
and lack of financing amongst others.  

In New England, the overall probability of completion performance based upon this 
metric is slightly below 20 percent. In its 2008 Regional System Plan7, ISO-NE provided a 
summary of the interconnection queue performance from its inception in 1997 through March 
2008. Based upon the number of projects actually completed, not total MWs, the probability of 
completion is 17.7 percent (47 projects against 265 interconnection applications).  

 

 

                                                 
5 ISO-NE is undergoing queue reform and some change is expected to the rules, including higher costs for 
interconnection studies.  
6 A straightforward way to assess the overall probability of completion is to compare the total number (or MWs) of projects completed to the 
total number of projects withdrawn from the queue over a long period of time. A simple formula to calculate this probability of completion is 
shown below: 

                              OP + UC          
POC % =         ----------------------   x 100  , 
    TA 

Where,  

OP  = Operating, MW 

UC  = Under Construction, MW 

TA = Total of Generator Interconnection Applications, MW 

In PJM, the interconnection queue has been split into periods of six months, where applications in each six month period are 
assigned a queue letter. For example, Queue F represents project applications submitted from end-January 2000 to end-July. For Queues A 
through N, representing all projects from before 1999 and through 2005, the project probability of completion was 13 percent. The total MWs 
of projects withdrawn from the queue during that period represents 84 percent of the total. This leaves a very small percentage projects from 
these queues that might still considered active, but at this point are unlikely to proceed. When taking all the PJM queues into account (A 
through U), the probability of completion drops to 10 percent. Using the A through N queues provides a more accurate picture because most 
projects are either completed or withdrawn and are no longer active.  

ESAI’s assessment of the New York queue requires an assessment of ‘inactive’ projects – projects that have not withdrawn but are 
most certainly not under any active development are likely to withdraw. Based on the metric above, the New York probability of completion is 
10.0 percent.  
 
7 ISO New England, “2008 Regional System Plan”, October 16, 2008, p. 50 
  http://www.iso-ne.com/trans/rsp/2008/rsp08_final_101608_public_version.pdf  
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The New England Probability of Completion Assumptions   

For the forward queue analysis in New England, ESAI applies a probability of 
completion assumption of 20 percent to all projects in the queue that have not yet commenced 
construction and are under active development. This percentage is slightly higher than 
performance noted in PJM and New York. The PJM queue history reflects a probability of 
completion of 16 percent or lower; New York’s queue has a 10 percent probability of 
completion (see footnote 7). 

As a further refinement, projects that have cleared in the first two FCM auctions (for 
2010/11 and 2011/12) are given a 100 percent probability of completion due to their 
commitments to be on-line by June 2010. Projects that have qualified for the third FCM 
auction, for the 2012/13 capacity year, are given a 40-50 percent probability of completion. 
These projects may not clear in the auction, but have cleared many of the major permitting and 
interconnection hurdles. As mentioned earlier, Cape Wind has not qualified for the FCM 
auctions, but is given a 100 percent chance of completion due to its position in the permitting 
process and other factors, such as its location in Massachusetts that should give it some 
development advantages due to considerations under the Green Communities Act, particularly 
upcoming RFPs.  

Projects that are in the queue but have no real chance of further development (or are 
known as essentially abandoned) are given a probability of completion equal to zero. For 
example, some of the larger Aroostock county wind projects have been shelved due to the lack 
of interest in developing transmission from the electrically isolated Aroostock county into 
NEPOOL.   

Renewable projects, particularly wind projects, face the same obstacles noted above for 
traditional generators. In addition, there are additional challenges to wind projects in the siting 
and permitting process, including “NIMBYism”. The number of sites is somewhat limited by 
the minimum wind speed requirements and these sites are often located on environmentally 
sensitive mountain ridges and other sensitive areas. The local opposition to the Cape Wind 
construction in Nantucket Sound is an interesting example of the challenges faced by wind 
developers. Wind developers also face the challenges of obtaining turbines on a timely and 
cost-effective basis as well as the constantly shifting long term outlook for energy prices that 
directly impact wind farm economics. Given the additional challenges faced by wind 
developers, the application of a 20 percent probability of completion for wind projects under 
development appears prudent.  
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A Look At the Current New England Queues  
 

Table 2 provides an overview of the current New England queues for renewable 
resources. The queue capacity is broken out by the expected year of project completion. Each 
project in the queue is assigned a probability of completion consistent with the status of each 
project as outlined above. The first column expresses the total renewable capacity in the queue 
for the expected year of completion. The second column provides the total expected capacity 
that will eventually be constructed based on the sum of the total net capacity after the 
individual project probabilities of completion are applied.  

The implied probabilities of completion as shown in Table 2 are high, particularly in 
2012 and 2014. This is due primarily to the assessment of two large projects at 100 percent 
probability of completion; Cape Wind at 300 MW and Deepwater Wind at 347 MW (basis the 
queue registration). The Cape Wind project is assumed to come in during 2012 as a result of 
the Massachusetts RFPs for renewable energy. The Deepwater project is assumed to be 
complete at the end of 2013 and is therefore included as a 2014 project. The expected capacity 
factor of the Deepwater project is 37 percent; higher than the 25 percent assumed for land-
based projects. For this reason, the 347 MW Deepwater project has a land based wind-
equivalent of 514 MW.  The expected completion of the Deepwater Wind project is a base 
assumption of this study of Rhode Island renewable energy.  

Cape Wind has had a very long development history and has encountered many 
obstacles along the way. While the final outcome is unclear, Cape Wind or a project like it is 
required to meet renewable energy needs in New England in 2012. The Massachusetts RFP for 
renewable energy will attract additional new generation and if Cape Wind is not selected, then 
other new projects will fill this gap and our analysis assumption on the supply side should still 
be valid.  

 

2010 1018 412
2011 1193 311
2012 1244 564
2013 578 26
2014 514 514

TOTAL 5,080 1,826

Average/Year 909 365

Online Year

Nameplate 
Queue Capacity, 

MW

Net Expected 
Capacity After 

Probability, MW

Table 2 - ISONE Renewable Queue Capacity 
Vs. Expected Capacity
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In its forward assessment of supply, ESAI uses the net capacity after probability shown 
in the yellow column in Table 2 to determine new renewable energy supplies in each year. 
Additional queue details are provided in the Appendix.   

Forward Supply Analysis 
 

Table 2 above shows that the average total renewable queue capacity in each year is 
909 MW and the average expected completion is 365 MW per year. Given several factors 
outlined below, ESAI makes an assumption that 1,750 MW per year of wind-equivalent 
renewables will enter the queue and that 350 MW or 20 percent of these will be completed 
each year. Defining factors are: 

1) Increasing trend of renewable capacity development already evident 

2) Higher Alternative Compliance Payments will drive additional 
development 

3) Other state RPS initiatives will drive investment and development 

4) The state directives that LSEs issue RFPs for the purchase of renewable 
energy under long term contract 

 

Visibility in the Queue Through 2011 

There is adequate transparency in the queues through 2012. This is primarily due to the 
requirement that resources that wish to offer into the 2012/13 FCM capacity auction have 
already been pre-qualified (auction takes place in December 2009). Those resources that have 
qualified for the auction were given a 40-50 percent completion probability and other non-
qualified resources were generally given a 20 percent ‘in-development’ probability. For 2010 
to 2014, the expected “net capacity after probability” numbers shown in Table 2 are used in the 
supply forecast; 435 MW for 2010 and 283 MW for 2011.   

There are 256 MW of wind equivalent resources in the queue that have qualified for the 
2012/13 FCM auction (including biomass and landfill gas projects). At ESAI’s 40 percent 
completion assessment we would expect 102 MW to clear in the auction, some of which will 
have completed construction prior to June 2012.  

New Resource Additions 2012 to 2020 

Beyond 2012, we expect a significant increase in project completions on an annual 
basis to an average of 350 MW per year of wind equivalent resources. This is roughly 
equivalent to the pace of renewable resources expected to be completed in 2010 and 2011.  

It is likely that the 2013 and 2014 queues will expand, however, we expect that some of 
the resources expected in earlier years will shift to 2013 and 2014 due to normal delays.   

350 MW of wind-equivalent resources will produce 766,500 MWh of renewable energy 
per year with each MWh representing one Renewable Energy Credit. This is roughly 
equivalent to one half of the required annual increase for New England as a whole.  
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The New England Supply/Demand Balance 

Rhode Island Competes In a Renewable Marketplace 
 

Rhode Island is one of five New England states with renewable energy requirements. 
Each of the other states has similar non-compliance penalties or ACPs. The ACPs in Rhode 
Island, Massachusetts, Maine and New Hampshire are equivalent at $60.92/MWh (basis 2009) 
and escalate equally with the consumer price index, CPI.  The Connecticut ACP is 
$55.00/MWh but at present does not escalate with the CPI.  

Because longer term RECs are typically traded at a significant discount to ACP, it is 
clear that all of these states will compete equally for available RECs. (Buyers will not want to 
commit to the non-compliance penalty on a long term basis. Long term REC values have been 
trading in the $30-40/MWh range.)   

Because Rhode Island co-exists in a competitive New England marketplace with other 
states who can compete equally, ESAI assigns available supply on a pro-rated basis across the 
states. As noted in an earlier chart with a breakdown of the NE REC requirements, the 2009 
Rhode Island requirement represents 6 percent of the total pool requirement with 
Massachusetts having the largest share at 46 percent and Connecticut close behind at 42 
percent. Prior to 2012, when Rhode Island’s renewable energy balance is in a deficit position, 
Rhode Island buyers will pay equivalent prices to the other state competitors, perhaps with 
continuation of the slight premium experienced relative to Massachusetts.  

Rhode Island Supply/Demand Balance 
Under recently enacted legislation, Rhode Island distribution companies will be 

securing renewable energy from in-state resources through the issuance of RFPs. The first 90 
MW of capacity will be purchased over 4 years starting in 2010 according to the schedule 
below; 

22.5 MW December 2010 

22.5 MW December 2011 

22.5 MW December 2012 

22.5 MW December 2013 

In addition to the capacity above, ESAI assumes that the Block Island 30 MW of 
capacity will come on line in 2011 and that the 350 MW Deepwater project will come on line 
at the end of 2013 and is counted as available in 2014. (The Deepwater project is listed in the 
queue as 347 MW but is likely to be 375 MW.) 

Because the Rhode Island total load and resulting renewable energy requirements are 
fairly small, the 22.5 MW additions plus the Block Island addition result in the Rhode Island 
supply/demand balance moving from deficit to surplus in 2012 (see Figure 4). The addition of 
the Deepwater capacity would assure that Rhode Island would be in a surplus renewable 
energy position beyond 2030.   
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Figure 4 - RI REC Surplus/Deficit, GWh

-1,000.00

-500.00

0.00

500.00

1,000.00

1,500.00

2,000.00

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

GWh

SURPLUS

DEFICIT

Deepwater Wind 
Addition

 

The New England Balance 
 

In 2009 and 2010, the New England REC supply and demand is likely to be very close 
to balanced. From 2010 to 2014, new capacity additions should come close to keeping up with 
increases in New England REC demand. Beyond 2014, a supply gap will develop that will 
widen slowly as new REC supply additions are outpaced by the accelerating demand. By 2020, 
the New England REC shortfall would be close to 3.4 million MWh.  

Figure 5 shows the widening gap between supply and demand beyond 2015. This gap is 
defined by the current demand growth scenario assuming load growth at 0.8 percent and new 
wind equivalent resources of 350 MW per year on average. In order to meet the New England 
RPS goals, almost 600 MW of new wind-equivalent resources (1,314,000 MWhs) should be 
added each year. This is an additional 250 MW above the 350 MW ESAI assumes would get 
built under the expected pace of development. ESAI believes that the assumption of 350 MW 
of renewable additions each year to the New England market is optimistic and that adding a 
total of 600 MW per year would require a very aggressive and coordinated renewables 
program. Without new transmission infrastructure to enable development in areas where wind 
resources are most abundant, it will be difficult to achieve full compliance with new resources 
by 2020. A significant increase in imports would also require upgrades to the transmission 
system.  
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Figure 5 - New England Supply vs. MA Requirement
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Rhode Island REC Price Forecast 
 

As noted previously, the Rhode Island REC prices will be determined in the context of 
the overall New England marketplace. Until 2011, Rhode Island will compete to purchase 
RECs against its shortfall of local production. From 2012 and beyond, Rhode Island will have 
surplus RECs due to its assumed commitment to purchasing renewable energy from in-state 
suppliers. The surplus RECs will be sold into the New England marketplace and will receive 
value based upon the supply-demand balance of the New England REC market.  

Prices for the 2009 and 2010 compliance periods should remain near current levels. The 
emerging deficit in 2011 will cause prices to increase while the addition of Deepwater Wind in 
2014 will drop prices temporarily. From 2015 to 2020, REC prices will climb due to the 
widening supply/demand gap.  

It is important to note that ESAI does not assume that prices will reach ACP just 
because the market is deficit in the supply/demand balance. REC buyers will request discounts 
from ACP when they negotiate in the marketplace. If buyers cannot get a discount from ACP, 
then they will just wait and pay ACP at a later date when they cannot show full compliance 
with purchased RECs. The amount of discount is relative to the expected shortfall for that 
compliance year.  

ESAI’s REC price forecast has been provided to National Grid under separate cover 
along with the relevant energy and capacity price forecasts.  
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Facilitators to Renewable Energy Growth in New England 
Renewable energy projects rely largely on developing and emerging technologies that 

can be expensive relative to traditional forms electricity generation. To overcome the 
economics associated with higher costs and the intermittent nature of wind and solar resources, 
a number of specific policies have been put in place that provide incentives to renewable 
developers. Other policies such as those aimed at emissions reductions will also provide 
economic benefits to renewable developers. These facilitators to project development are 
outlined below.  

1) High ACP Prices - ACPs are high in New England and are likely to stay high over 
the next ten years. This provides a backdrop for developers to gain higher prices for 
long term REC contracts and is supportive of new development.  

2) ACP Redeployment  - Funds received as Alternative Compliance Payments will go 
to the Mass Technology Collaborative and the Renewable Energy Trust where funds 
will be  redirected back into renewable project development. This will help to get many 
new projects off the ground.  

3) Massachusetts Green Communities Act – In-state promotion of renewables and 
other state government support represent significant initiatives in the Green 
Communities Act. Massachusetts utilities will be required to provide long term 
contracts for renewable energy supplies. Long term contracts will be a vital component 
of any package that developers present to lenders for financing. Merchant projects will 
be much more difficult to finance for the foreseeable future.  

4) Production Tax Credit – As part of the recent federal bailout package, production 
tax credits were extended 8 years for the solar industry and 1 year for the wind industry. 
This provides a continued stimulus for the wind and solar renewable sectors.  

5) Carbon Mitigation & Emissions – The introduction of carbon cap and trade under 
RGGI (the Regional Greenhouse Gas Initiative) or an alternative Federal program will 
add a carbon cost component to the cost of conventional power production. As this cost 
increases, the marginal cost of electricity in the wholesale markets will increase. 
Renewable power sources will have little or no carbon costs and will directly benefit 
from any increases in carbon costs that result in higher electricity costs. This added 
revenue could become very significant under a federal carbon program that imposes 
strict carbon emission standards. Higher costs for NOx, SOx and mercury mitigation 
for traditional generators will also result in higher electricity costs and provide 
economic benefits to renewable energy resources that do not have these emissions 
costs.  

6) Wind Development Areas –  In April 2008, the state of Maine enacted legislation 
to expedite wind farm development under “An Act to Implement Recommendations of 
the Governor’s Task Force on Wind Power Development”. Specifically, the Act sets 
out a goal of 3,000 MW of new wind capacity to be built in Maine by 2020. Under the 
Act, the permitting process will be streamlined for projected developed in designated 
expedited development areas. These areas are quite extensive and cover major portions 
of the State of Maine. Access to suitable take-away transmission capacity is limited.   
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7) Import Qualifications – The Massachusetts requirement for FCM qualified imports 
has been dropped as a result of the reviews and comments as part of the rulemaking 
process.  Imports are not required to clear the Forward Capacity Markets in order to 
meet Massachusetts RPS eligibility. This clears a potential hurdle for renewable energy 
imported from outside of New England.   

8) Net Metering – Promotes smaller on-site or distributed renewable energy production 
by allowing net sales to the grid. Wind towers up to 60 kW and solar up to 2 MW will 
qualify for net metering.  

Impediments to Renewable Energy Growth In New England 
The development of a generation project is a lengthy and tedious process that requires 

an organization with access to significant expertise in many areas including siting, 
environmental permitting, technology, transmission, plant economics, and financing. 
Renewable energy projects such as wind farms encounter the same issues and can face 
additional difficulties that do not necessarily plague traditional generation developers. The 
following issues are particularly relevant to wind project developers and provide potential 
hindrances to the progress of developing projects.  

1) Energy Price Uncertainty -  A high fuel price environment has a directly positive 
impact on the economics of most renewable energy projects, especially wind. Under a 
high fuel price environment, developers are able to make long term contracts for their 
energy at high fixed prices. For wind developers, the fuel – wind – is free and any 
increases to their energy sales price goes straight to the bottom line. As fuel prices 
come down, wind project economics are less attractive.  

High natural gas prices provided a very positive outlook for renewable development 
during the Spring of 2008. From April to July 2008, natural gas prices were at 
$12.00/MMBtu or higher, providing a strong underpinning for the high energy prices 
needed to support renewables.  

The current outlook is for $5-8 gas for the next several years. This is due to a number of 
factors including lower demand, abundant shale gas production, global LNG production 
hitting stride in the 2010-12 time frame and increased access to natural gas from the 
Rockies region due to new west to east pipeline capacity. Lower natural gas prices will 
result in lower electricity prices and will tend to make wind projects less profitable and 
more difficult to finance than under a high gas price scenario. 

2) New England Capacity Prices -   New England conducted its first Forward 
Capacity Market (FCM) auction in early 2008. Prices cleared at the floor of $4.50/kw-
mo, well below the requirements for new traditional gas-based capacity (combined 
cycle). The first auction cleared a surplus of approximately 2,000 MW; this surplus will 
add to pricing pressure in future auctions. The second FCM auction cleared with even  
further additions to the surplus. ESAI expects depressed capacity pricing conditions 
through 2018 and even beyond. Capacity payments play a relatively small role in wind 
farm revenue streams, but are more significant for higher capacity factor biomass or 
landfill gas projects.  
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3) NIMBY Issues -  Although typically associated with traditional power plants, 
NIMBY issues are also arising with wind projects. Most projects must overcome 
concerns and objections over visibility issues, noise and the traffic associated with the 
construction and maintenance of the wind towers and turbines.  

4) Limited Transmission Take-away Capacity -  The base New England 
infrastructure is not currently capable of handling high volumes of power generated 
from renewable sources in all areas. Significant limitations would be experienced in 
Maine under existing conditions. The Maine limitations will be addressed to some 
extent if the Maine Power Reliability Project is approved and constructed.  

5) Deliverability Issues -   Due to limited transmission, it is possible that renewable 
energy production could be curtailed to preserve the integrity of grid operations. One 
example is curtailment at the Maple Ridge wind farm in upstate New York – a 
Massachusetts eligible resource. This facility has experienced curtailments and 
significant price discounts due to congestion on transmission lines that are inadequately 
sized to handle all of the power that can be potentially delivered from that area.8  

6) Access to Transmission – Long Generator Leads -   Wind farms are often 
located significant distances from existing transmission lines. Some developers may be 
able to afford long generator leads as part of their overall project costs, others may not. 

7) Siting – Best Sites Taken Early  -  As projects get built, new sites are harder to 
find and possibly more difficult to permit. The choice spots go first, the more difficult 
sites are left for later development.  

8) Financing -  The current credit environment makes debt financing much more 
difficult, particularly for merchant projects. Some project developers have been forced 
to shutdown or scale back projects under late stage development or even construction. 
One major developer, Noble Environmental Power, is curtailing construction or 
development of about half of its projects as a result of the credit crisis.  

Long term power purchase agreements will be needed to finance most projects. Many 
projects will require energy prices that are above market and high REC prices. Some 
entities may be willing to pay higher prices to support development, others may not. 
Most buyers will be hoping to buy long term RECs at substantial discounts to the 
annual ACP levels.  

Offshore costs are much higher and would require contract energy prices that would be 
significantly above market. Energy, capacity and REC prices in some combination 
would need to be above market to meet higher cash flow needs. 

9) Tax Credit Values Are Volatile -  Renewable projects often generate tax credits 
that are more valuable to other entities. Developers have been able to take advantage of 
this by ‘selling’ their tax credits to enhance the economics of the project. Due to the 
recent financial crisis, the market’s appetite for tax credits has also contracted 
significantly and reduces the opportunity for this economic enhancement.  

10) Intermittent Resources & System Integration – The power system can 
accommodate a fairly high level of intermittent resources. However, the full amount of 

                                                 
8 Matthew Wald, “Wind Energy Bumps Into Power Grid’s Limits”, New York Times, August 27, 2008. 
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intermittent resources that can be managed effectively on the system is unknown. As 
more wind resources enter the system over time, it may become more difficult or more 
costly to interconnect incremental wind resources to the system. 

11) Biomass Fuel Availability -  There is significant potential for biomass capacity 
additions in New England, however, there is a limit to the amount of wood based 
biomass fuel that will be available for new projects. Recent studies for a proposed 
biomass plant in Coos County, New Hampshire9 indicate that it is questionable whether 
enough biomass is available locally without longer haul imports to the facility. Each 
incremental biomass facility that gets built will add strain to the regional market for 
wood based biomass, eventually driving competition and higher prices.  

12) Regulatory Uncertainty –  The uncertainty associated with the production tax 
credits for wind energy production is another difficulty in the development of new wind 
facilities. The production tax credit is a key component of the revenues streams that 
make many wind projects economically feasible. Without this tax credit, many projects 
would not move forward. There are many other regulatory risks that developers must 
face including the possibility of changes in the renewable portfolio standards 
themselves or changes in the ISO market rules that could adversely impact project 
economics.  

                                                 
9 Relevant studies can be found at http://www.puc.state.nh.us/TransmissionCommission.htm .  “Clean Power 
Development – Biomass Fuel Availability”; “Innovative Natural Resources Solutions, Inc. – Presentation on 
Biomass Fuel Availability In Berlin, NH”; “Landvest Inc. Presentation on Wood Supply Study For Coos County”. 
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 APPENDIX 
 

 

 

 

 

Facility Name State Source Capacity
1st Full Year of 

Operation
Probability of 
Completion

Expected 
Generation, GWH

Kibby Wind Farm ME Wind 65.5 2010 100% 143
Wind Project ME Wind 75 2010 40% 66
Sheffield Wind VT Wind 40 2010 60% 53
Grandpa's Knob Wind VT Wind 75 2010 20% 33
Wind ME Wind 148 2010 10% 32
Wind ME Wind 19.5 2010 10% 4
Wind NH Wind 50 2010 10% 11
Wind Project VT Wind 30 2010 10% 7
Wind Project-Phase 1(MPS Queue # 6) N/A Wind 300 2010 10% 66
Biomass Project NH Biomass 45 2010 30% 101
Biomass Project  ( Also see queue MA Biomass 41 2010 20% 61
Increase to biomass project in queue MA Biomass 20.5 2010 20% 31
Steam Turbine NH Biomass 16.5 2010 20% 25
Biomass Project NH Biomass 10 2010 20% 15
Rhode Island Landfill Gas Project RI LFG 36.1 2010 50% 134
Rhode Island Landfill Gas Project RI LFG 45.9 2010 50% 171

Watertown Renewable Power CT Biomass 26.25 2011 50% 98
Wind - Block Island RI Wind 30 2011 100% 66
Hoosac Wind Project MA Wind 30 2011 20% 13
Granite Reliable Power Windpark NH Wind 100 2011 30% 66
Fraser Paper NH Biomass 61 2011 20% 91
Plainfield Renewable Energy Project CT Biomass 37.5 2011 40% 112
Wind (upgrade to 266) - Orleans VT Wind 8.5 2011 0% 0
Wind - Aroostoock ME Wind 150 2011 0% 0
Wind - Aroostoock ME Wind 150 2011 0% 0
Wind - Aroostoock ME Wind 150 2011 20% 66
Brodie Mountain (Berkshire Wind) MA Wind 15 2011 100% 33
Wind Project-Phase 3( MPS Queue # 4) N/A Wind 250 2011 0% 0
Russell Biomass MA Biomass 55 2011 0% 0
Biomass Project NH Biomass 41 2011 15% 46
Biomass Project NH Biomass 50 2011 15% 56
East Springfield Biomass MA Biomass 35 2011 0% 0

Cape Wind MA Wind 300 2012 100% 920
Stetson Mountain Wind ME Wind 39 2012 100% 85
Rollins Mountain Wind Farm ME Wind 78 2012 35% 60
Wind - Aroostoock ME Wind 64 2012 0% 0
Wind - Aroostoock ME Wind 95 2012 0% 0
Fitchburg Wind MA Wind 12 2012 20% 5
East Haven Wind Farm VT Wind 6 2012 5% 1
Wind Project-Phase 2( MPS Queue # N/A Wind 250 2012 30% 164
Wind Project-Phase 4( MPS Queue # 8) N/A Wind 250 2012 0% 0
Wind Project-Phase 5( MPS Queue # 9) N/A Wind 150 2012 0% 0

Wind RI Wind 450 2013 0% 0
Wind ME Wind 128 2013 20% 56

Deepwater Wind RI Wind 347 2014 100% 1,125

ESAI New England Queue Assumptions
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 Estimated Above Market Cost for 20-year PPA
 Hypothetical Comparison with Competitive Solicitation 

8 WTG 28.8 MW 12/09/2009 PPA Competitive Solicitation 
Statutory Capacity 11.5 MW 90 MW
Annual Output 100915 MWh 788400 MWh

        Above Market Cost
Above Market   

Cost

Unit 
Pricing Contract Cost

ESAI 7x24 
Pricing

Synapse 
Seasonal 
Pricing Contract Cost

ESAI 7x24 
Pricing

2009 212.63$   

2010
2011
2012 235.75$   4,163,286$         1,934,724$         2,382,577$         

2013 244.00$   24,623,040$       12,377,137$       12,602,541$       192,367,878$       98,838,128$         

2014 252.54$   25,484,846$       13,731,626$       12,870,799$       199,100,754$       109,480,800$       

2015 261.38$   26,376,816$       13,725,001$       13,521,199$       206,069,280$       109,296,907$       

2016 270.52$   27,300,004$       13,418,825$       13,950,993$       213,281,705$       106,780,695$       

2017 279.99$   28,255,504$       13,620,891$       13,686,589$       220,746,564$       108,242,586$       

2018 289.79$   29,244,447$       13,948,124$       13,938,274$       228,472,694$       110,689,348$       

2019 299.94$   30,268,003$       14,302,924$       14,982,145$       236,469,238$       113,358,061$       

2020 310.43$   31,327,383$       14,804,580$       16,050,996$       244,745,662$       117,180,282$       

2021 321.30$   32,423,841$       15,978,725$       17,545,645$       253,311,760$       127,181,155$       

2022 332.54$   33,558,675$       17,059,630$       18,486,632$       262,177,672$       137,398,832$       

2023 344.18$   34,733,229$       18,356,944$       19,609,889$       271,353,890$       149,093,728$       

2024 356.23$   35,948,892$       19,998,948$       20,802,606$       280,851,276$       162,555,912$       

2025 368.70$   37,207,103$       21,765,986$       22,328,570$       290,681,071$       176,550,332$       

2026 381.60$   38,509,352$       23,318,612$       23,134,511$       300,854,908$       188,875,348$       

2027 394.96$   39,857,179$       24,290,747$       23,961,129$       311,384,830$       196,671,114$       

2028 408.78$   41,252,181$       25,309,776$       24,808,985$       322,283,299$       204,839,273$       

2029 423.09$   42,696,007$       26,378,181$       25,677,636$       333,563,215$       213,399,394$       

2030 437.90$   44,190,367$       27,498,586$       26,567,664$       345,237,927$       222,372,161$       

2031 453.22$   45,737,030$       28,693,036$       27,480,672$       357,321,255$       231,798,709$       

2032 469.09$   47,337,826$       29,946,727$       28,417,262$       369,827,499$       241,593,193$       

Sum 700,495,011$     390,459,730$     392,807,313$     5,440,102,376$    3,126,195,960$    

NPV @ 7% 323,300,561$     173,871,638$     176,217,468$     2,670,070,245$    1,477,494,429$    
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