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“As an integrated energy 
service company, our 
employees intend to make 
GMP the best small 
company in America by 
delivering low-cost, low-
carbon and incredibly 
reliable energy services.” 
 

Introduction 

Founded in 1893 as the Vergennes Electric Company, Green Mountain Power (GMP) has grown 
into Vermont’s largest electric distribution company. With over 260,000 customers in 202 
towns, GMP has a service territory that spans 7,500 square miles, has 15 service centers and 
delivers about 77% of all the electricity that is consumed in the state each year. As an 
integrated energy service company, our employees intend to make GMP the best small 
company in America by delivering low-cost, low-carbon and incredibly reliable energy services. 

The GMP electric system includes about 12,000 miles of 
distribution and transmission lines, 202 substations, and 
329,580 poles. Our generation fleet includes 32 
hydroelectric facilities, four wind facilities, six peaking 
facilities, and a growing number (10 currently) of solar 
power facilities. In fiscal 2013, GMP invested $115 million to 
build, maintain, and improve the reliability of the electric 
grid for our customers. In addition, GMP’s economic 
contribution to the state includes property tax payments of 
$20.9 million, $6.2 million per year in gross revenue taxes, 
and $62.6 million per year in payroll. 

IRP Requirements 

As a regulated electric company under 30 V.S.A §218c, GMP is required to “prepare and 
implement a least-cost integrated plan for the provision of energy services to its Vermont 
customers” every three years. Specifically, a “least-cost integrated plan” is defined as: 

“. . . a plan for meeting the public's need for energy services, after safety concerns are 
addressed, at the lowest present value life cycle cost, including environmental and economic 
costs, through a strategy combining investments and expenditures on energy supply, 
transmission and distribution capacity, transmission and distribution efficiency, and 
comprehensive energy efficiency programs.” 

The IRP meets these requirements in two ways. First, we discuss how GMP plans to combine its 
vision to become an integrated energy service company with specific strategies and prospective 
investments that will meet our customers’ need for energy services at low cost. Second, we 
outline a power supply strategy that realizes Vermont’s energy policy goals while managing cost 
volatility and regional rate competitiveness. 
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Organization of this Report 

The 2014 IRP is organized into the following eight chapters plus 10 technical appendices. 

Chapter 1: Executive Summary reviews the entire plan in brief and presents its conclusions. 

Chapter 2: The Demand for Electricity describes the 20-year forecast of GMP’s electricity sales 
and loads. It discusses the primary demographic, economic, climatological and technological 
trends that drive the forecast. 

Chapter 3: The Supply of Electricity describes the resources that make up GMP’s current 
portfolio of generation assets. It discusses potential new resources that GMP analyzed in the 
portfolio evaluation, and how GMP thinks about a range of other generation technologies. 

Chapter 4: The Transmission & Delivery of Electricity describes the transmission and 
distribution (T&D) projects that GMP has undertaken since the last IRP in 2011, and discusses 
the current and future projects that GMP is planning for the upcoming three-year period. 

Chapter 5: Innovation describes GMP’s vision to transform its electric grid in the coming 
decades to respond to our customers’ need and preference for higher levels of service, 
convenience and control. It discusses GMP’s customer-facing and information technology 
initiatives that are underway and are planned for the next three-year period. 

Chapter 6: Regional Market Context describes key power market issues that are facing the New 
England region, and how they may affect GMP’s portfolio strategy and evaluation. Examples of 
the issues that are discussed in this chapter include: 

• The state of New England’s energy market in the context of constrained winter gas supplies;  
• Developments in the New England capacity market, including erosion of the regional surplus 

of installed capacity, evolving market rules, and the likelihood that future capacity market 
prices will meaningfully exceed those observed in recent years; and 

• The state of New England’s renewable policies, and the outlook for REC markets. 

Chapter 7: Resource Plan and Portfolio Evaluation describes how the 2014 IRP estimates 
power supply and transmission costs. It also discusses the evaluation of hypothetical future 
resource portfolios, and identifies types of resources that appear appropriate for GMP to 
explore in the next several years. 

Chapter 8: Integration & Implementation Plan describes GMP’s ongoing efforts to more tightly 
integrate the planning and operational elements of its business, and how it plans to implement 
the conclusions from this IRP. 
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The two primary strategic directions 
within the 2014 IRP are to enable 
and/or invest in: 
1. Integrated Innovation Programs 
2. Cost-effective renewable and  
    distributed generation. 

1. Executive Summary 

GMP strives to deliver low-cost, low-carbon, incredibly reliable energy services to its customers. 
In the 2011 IRP, this led to a focus on supporting the development of new utility-scale, 
renewable generation (through direct GMP ownership or contracts) and other stable-priced, 
low-emission power sources. This strategy continues to apply in 2014 as GMP continues to 
develop cost-effective new renewable projects.  

In this IRP GMP expands on this theme, and articulates its vision to create a future where the 
Vermont power grid can accomodate more cost-effective renewable and distributed generation 
(DG) over time. Although the penetration of DG technology is still emerging, we believe that the 
trend toward greater amounts of cost-effective renewable and distributed generation is in the 
best interest of our customers and the environment. 

Another common element from 2011 is GMP’s ongoing effort to create a smarter grid. GMP has 
completed its 2011 Smart Grid Initiative, which consisted of a combination of new meters, 
upgraded switching equipment and state-of-the-art software systems. As technology continues 
to empower our customers to make more choices about their energy use, we continue to 
refine, enable and build out our vision of becoming an integrated energy services company. As 
Chapter 5 explains, GMP’s Innovation programs create value for our customers with 
empowering, cost-saving opportunities such as Cow Power, Net Metered Solar, the Heat Pump 
Lease Program, and our eHomes Initiative. 

The Innovation vision also includes investing in and 
modernizing the grid to increase its intelligence and 
efficiency. GMP believes that the grid’s ability to 
accommodate more renewable energy, distributed 
generation and intelligent customer devices will not 
only create value for individual customers, but will 
also decrease dependence on (and the cost of) the 
regional transmission grid over time.  

These are the two primary strategic directions within the 2014 IRP; to enable and/or invest in: 

1. Integrated Innovation Programs 
- That result in cost-savings to customers and a more efficient, intelligent grid. 

 
2. Cost-effective renewable and distributed generation.  
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“…this IRP analyzes how to comply 
with several different 
environmental policy futures, and 
explicitly estimates the carbon cost 
and emissions profile of the 
portfolio.” 

“To the extent that new [pipeline] 
infrastructure in New England is not 
built by 2020, this issue represents 
an upside cost risk to the power 
supply portfolio.” 

1.1 Other Themes from the 2011 IRP: Environmental Policy & Gas Supply 

Two other themes from the 2011 IRP remain at the forefront of GMP’s thinking today. First, 
environmental policy at the state, regional and federal level continues to mature. For instance, 
Vermont’s renewable policy continues to evolve, and even though Vermont is exempt from the 
EPA’s Clean Power Plan (111d), these regulations 
will impact electric generators and market prices in 
our region. Specifically, some additional price for 
greenhouse gas emissions will likely be internalized 
into the electricity market. As a result, this IRP 
analyzes how to comply with several different 
environmental policy futures, and explicitly 
estimates the carbon cost and emissions profile of 
the portfolio. 

The second recurring theme from the 2011 IRP that remains a key focus is natural gas supply. 
The ongoing national boom in shale gas production means that natural gas is expected to be 
both abundant and relatively low-cost over the 20-year planning horizon of this IRP. However, 
New England has not benefited from these low natural gas prices over the past several winter 

seasons due to a lack of pipeline delivery capacity. 
As Chapters 6 & 7 explain, we assume that by 2020, 
new pipeline delivery capacity will be built in New 
England to alleviate the winter price spikes. To the 
extent that new [pipeline] infrastructure in New 
England is not built by 2020, this issue represents 
an upside cost risk to the power supply portfolio. 

1.2 Evolving Focus for the 2014 IRP 

In addition to these recurring themes from 2011, there are eight other areas of either new or 
renewed emphasis in the 2014 IRP. 
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“…we project that GMP could 
meet its share of the 2017 SPEED 
goal by acquiring 25 MW of new 
solar PV capacity and 80 MW of 
new wind capacity.” 

1. Vermont’s Renewable Goals & The Resource Plan Chapter 

One goal of the Resource Plan and Portfolio Evaluation in Chapter 7 (the Resource Plan) is to 
discuss options for meeting Vermont’s 2017 SPEED1 goal and Total Renewables Goal (55% of 
sales). GMP has made substantial progress toward its share of the SPEED goal, although its 
presently committed new renewable sources are not sufficient to meet the goal. As a result, we 
are exploring several types of potential new renewable sources that would contribute to 
meeting the SPEED goal, including utility-scale and distributed sources. For a sense of scale, we 
project that GMP could meet its share of the 2017 SPEED goal by acquiring an illustrative 25 
MW of new solar PV capacity and 80 MW of new wind capacity. Similarly, we project that we 
will need some additional resources to meet Vermont’s 2017 Total Renewables Goal, and we 
expect to meet some of that goal by acquiring renewable attributes, also known as Renewable 
Energy Certificates or RECs, from existing renewable plants in the region.   

In 2032, the Total Renewable Target reaches 75%, 
and this is a second focus of the Resource Plan. This 
goal can be met by acquiring a plausible combination 
of new renewables (including wind and solar power) 
and existing hydroelectric sources. However, if these 
sources are all procured via long-term, fixed price 
commitments, the resulting power portfolio would 
feature a high degree of intermittent power and 
limited flexibility to benefit if future power market prices turn out relatively low. Our analysis 
also indicates that if federal subsidies for renewable energy expire as scheduled, the direct cost 
of acquiring these new renewable resources could increase significantly by the end of the 
current decade, offsetting potential longer-term technology gains for these technologies. In 
addition, market prices for RECs become one of the primary variables that affect the projected 
cost of the portfolio in 2032. 

2. Carbon Regulation and Societal Costs 

Vermont’s Title 30 explicitly requires utilities to estimate societal costs as part of the IRP 
process. Therefore, in addition to estimating the direct costs of the power supply portfolio, we 
have also estimated the external cost of carbon in each of the hypothetical portfolios that are 
analyzed in Chapter 7, the Resource Plan and Portfolio Evaluation. This analysis indicates that 

1 The Sustainably Priced Energy Enterprise Development (SPEED) program goal was established by 30 V.S.A. § 8005 
and § 8001, and supports qualifying new renewable generation in amounts equal to 20 percent of electricity sales. 
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“…this IRP anticipates a higher, 
wider range of capacity prices 
as compared to those 
anticipated in the 2011 IRP, 
making capacity prices one of 
the major cost drivers in the 
2014 Resource Plan.” 

the societal costs of carbon emissions are substantial, and that they can change the outcome of 
the portfolio evaluation compared to evaluating direct costs alone. As a result, we illustrate a 
preferred portfolio that represents a balance between minimizing societal costs and minimizing 
the direct costs to our customers. 

3. Energy Efficiency Trends 

As an explicit requirement of an IRP in Title 30 and a cornerstone of Vermont’s energy policy, 
energy efficiency is an integral part of the 2014 IRP. GMP collaborated with both Efficiency 
Vermont (EVT) and the Vermont System Planning Committee (VSPC) to include the most up-to-
date forecast of energy efficiency savings in the IRP’s sales and load forecasts. We also 
consulted with several EVT experts on the market for heat pumps and electric vehicles, and 
included the impacts of both of these emerging trends in the load forecast. 

4. Capacity Markets & Pay-for-Performance Requirements 

Since the inception of the Forward Capacity Market (FCM) in June 2010, the price of capacity 
has been set by administrative price floors that are relatively low ($2.95 to $4.50/kw-mo). This 
past February, the eighth Forward Capacity Auction (FCA) produced a clearing price (to be paid 
by load) of $7.025/kw-mo., an increase of 123% over the clearing price in FCA7. Absent the 
administrative pricing mechanism that was triggered in FCA8, the clearing price would have 
been $15/kw-mo.  

Capacity prices in the FCM are now being determined within a substantially different 
framework than in the recent past. During 2013 and 2014, ISO-NE worked with its stakeholders 
to gain FERC approval for a sloped demand curve, along with a Pay for Performance (PFP) 
mechanism to ensure that generators who receive capacity payments are available at critical 
times. Both of these changes are expected to be 
implemented for FCA9, and are explained in more detail 
as part of Chapter 6, Regional Market Context. 

As a result of the retirement of substantial capacity 
resources in New England, this IRP anticipates a higher, 
wider range of capacity prices as compared to those 
anticipated in the 2011 IRP, making capacity prices one 
of the major cost drivers in the 2014 Resource Plan.  
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“These two electrification trends 
grow large enough to affect 
resource planning in the second 10 
years of the planning horizon. 
However, neither trend is 
expected to produce substantial 
load growth in the near term.” 
 

5. Electrification Trends: Heat Pumps and Electric Vehicles 

Since the 2011 IRP, two ongoing technology trends have progressed to the point where they 
are explicitly incorporated into the IRP. First, cold-climate heat pump technology is beginning to 
penetrate GMP’s service territory. This technology enables building owners to realize 
substantial cost savings compared to using heating oil and propane for winter heating needs. 
Heat pumps also have summertime benefits because they are more energy efficient than 
window-mounted air conditioners. 

This past year, the Vermont Legislature enabled Efficiency Vermont (EVT) to offer rebates to 
customers who install EnergySTAR-qualified heat pump equipment. In addition, GMP is offering 
its customers a heat pump lease program to defray the installation costs and save customers 
money in the first year of installation. The combination of these two programs with an already 
cost-effective technology should result in rapid adoption rates2 throughout the service 
territory. As a result, GMP worked closely with EVT and Itron to include the best available 
information on the heat pump penetration trend in the load forecast for this IRP. 

The other technology that is beginning to trend upward is electric vehicles (EVs). Unlike heat 
pumps, EV technology is not yet always cost-effective at current gasoline and electricity prices. 
However, customers are beginning to adopt EVs in perceptible numbers, and GMP has been a 
leader in installing EV charging stations in its service territory to support the growing market. EV 
penetration is included the IRP using VTran’s Electric Vehicle Charging Plan, which includes 
three different outlooks for the pace of EV penetration. Using these outlooks, an estimate of 

new electric load was added to the IRP’s load 
forecast, and is included as a variable in the Resource 
Plan.  

These two electrification trends grow large enough 
to affect resource planning in the second 10 years of 
the planning horizon. However, neither trend is 
expected to produce substantial load growth in the 
near term.   

  

2 Efficiency Vermont’s outlook for heat pump adoption anticipates 20% annual growth rates in heat pump sales. 
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“These results indicate that the 
15% net-metering cap will be 
reached in 2021, if not sooner.”  
 

“…the results indicate that 
about 2,700 MW of 
renewable capacity would 
be needed to meet 90% of 
GMP’s projected energy 
requirements in 2050.” 
 

6. CEP Goal: 90% of Total Energy from Renewable Resources by 2050 

Although the 2050 Comprehensive Energy Plan (CEP) goal is outside the scope of the 20-year 
time horizon for this IRP, the next 20 years will begin to set the trajectory toward achieving it. 
As a result, this IRP frames the amount of renewable electric energy that would be required to 
meet it. In Chapter 2, we estimate how much new electricity demand would be created by a 
90% switch to EVs and heat pumps, and how much 
renewable energy would be needed to meet the demand. 
Assuming for illustration that an equal amount of energy is 
produced by hydro, solar and wind resources, the results 
indicate that about 2,700 MW of renewable capacity would 
be needed to meet 90% of GMP’s projected energy 
requirements in 2050. 

7. Net-Metering, Solar Power, and Distributed Generation 

Since Vermont's original net-metering law was enacted in 1998, it has been updated several 
times, most recently by Act 99 in 2014. Act 99 included a number of important changes, but for 
the purposes of the IRP, the most important change was that the cap on the cumulative 
installed capacity of net-metered systems increased from 4% of the utility’s peak demand to 
15%. For GMP, the new cap represents about 115 MW of net-metered capacity.  

Since the net-metering cap was increased in May 2014, GMP has received 16 net-metered 
applications for 500 kW solar systems. This represents 8 MW of new development, and if these 
projects were all permitted and built, they would represent almost a one third increase in the 
installed base of net metered capacity within GMP’s service territory. In addition, a number of 
solar developers have indicated their intention to develop several hundred new group net-
metering projects within the service territory in the coming two to three years. 

It is too soon to determine if these development plans will materialize into completed projects.  
However, GMP directed Itron to continue using their “simple payback” model to forecast the 

production from rooftop net-metered systems, and 
then we developed an internal consensus forecast of 
the number of group net-metered systems that will 
be built. These results indicate that the 15% net-
metering cap will be reached by 2021, if not sooner.  
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“Partnering with forward-looking 
energy service providers is 
among the quickest ways to 
bring innovative, cost-saving 
opportunities to our customers, 
and is a mainstay of our 
approach to serving our 
customers.”  
 

8. Partnering to Serve Our Customers 

Partnering with forward-looking energy service providers is among the quickest ways to bring 
innovative, cost-saving opportunities to our customers, and is a mainstay of our approach to 
serving our customers. The latest example is GMP’s partnership with NRG Energy, Inc. (NRG), 
which will offer a series of new clean energy products and services to help our customers 
manage their energy use, increase their comfort and save money. This partnership is part of our 
efforts to establish Rutland as the Energy City of the 
Future, with rapid adoption statewide to follow, 
helping position Vermont as a leader in the movement 
toward cost-effective sustainable energy solutions. 

In 2014, GMP has built a number of partnerships while 
strengthening existing relationships, and we will 
continue to develop new ones as new technology and 
new partnership opportunities emerge. In addition to 
NRG, the other partnerships that were formed in 2014 
include the following. 

• Stafford Hill: To build the Stafford Hill Solar Farm, we partnered with the US Department 
of Energy, the State of Vermont, the City of Rutland, Stafford Technical Center, Rutland 
High School, groSolar, DynaPower, the American Red Cross, the Vermont Clean Energy 
Development Fund, the Vermont Energy Investment Corporation (VEIC) and the 
Vermont Public Service Department.  
 

• On-Bill Energy Improvement Loan: In partnership with NeighborWorks of Western 
Vermont, GMP customers have access to a home energy improvement loan for energy 
efficiency improvements that can be repaid as part of their monthly energy bill. 
 

• Residential Peak Energy Savings Pilot Program: In partnership with VEIC/EVT and 
OPower, 35,000 GMP customers participated in a first-of-its-kind pilot program that 
empowered them to take energy-savings actions on hot summer days when the grid is 
least efficient. 
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“Looking to the future, we 
intend to take full advantage of 
our advanced metering 
infrastructure and the emerging 
smart grid technologies to 
improve system functionality 
and reliability.” 

1.3 The State of GMP’s Transmission & Distribution (T&D) Infrastructure 

GMP practices a comprehensive system planning process to meet the reliability needs of its 
customers while capturing cost-effective transmission and distribution system efficiency 
opportunities. 

To meet the reliability needs of our customers, we have invested in substantial capital upgrades 
since our last IRP filing. These investments have resulted in major upgrades to eight substations 
and four subtransmission lines, the construction of one new substation, and the construction of 
one new interconnection to the Vermont Electric Power Company (VELCO) high-voltage supply 
system. Investments in distribution system upgrades are made annually to improve reliability to 
customers, capture efficiency opportunities and serve new load. Looking forward, we have 
numerous transmission and distribution projects in the study and planning stages.  These 
projects are designed to update aged equipment, enhance safety and efficiency and improve 
reliability. 

To ensure that we attain all cost-effective efficiency on the delivery system, GMP routinely 
implements measures including power factor correction, circuit balancing, circuit 
reconfiguration, voltage conversion, least-cost transformer acquisition, and conservation 
voltage regulation. GMP also engages in a number of ongoing operations maintenance 
programs to enhance system reliability. These include vegetation management, pole 
inspections, aerial patrols and infrared inspections. Analysis of outages occurs on weekly, 
monthly and annual bases. We take special pride in our ability to plan for weather events and 
perform storm-related restorations expeditiously. 

Looking to the future, we intend to take full advantage 
of our advanced metering infrastructure and the 
emerging smart grid technologies to improve system 
functionality and reliability. Through our Innovation 
programs, we plan to enhance the control of the 
system by our operators, quickly detect the location of 
system problems, restore power to interrupted 
customers, increase system efficiency and integrate 
distributed renewable resources into the system. 
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1.4 The State of GMP’s Power Supply Portfolio 

In the past five years, GMP’s supply portfolio has gone through many changes. Two contracts 
that had previously made up almost three-quarters of our portfolio have either expired or will 
begin a fast ramp down by the end of 2015. In 2012, the Vermont Yankee PPA, which covered 
about 40% of our annual energy needs, expired. By 2016, GMP’s purchase under the current 
Hydro-Quebec-Vermont Joint Owners (HQ/VJO) PPA, which covered about 33% of our energy 
needs in 2014, will also expire. 

As a result of these expirations, GMP’s projected need for new supply sources was substantial. 
In the last several years, GMP has taken major steps to fill part of that gap, and in the process, 
we have also diversified our portfolio. Some of the most significant additions to our supply 
portfolio since the 2011 IRP include: 

• Kingdom Community Wind, a 63-MW owned wind project that came online in late 
2012 and is located in Lowell, Vermont.  8 MW of output is sold to the Vermont Electric 
Cooperative under a long-term contract. 
 

• Granite Reliable Wind PPA, an 82-MW long-term PPA beginning in 2012 for energy, 
capacity and RECs from a wind plant in New Hampshire. 
 

• NextEra PPA, a long-term purchase backed by the Seabrook nuclear plant, starting at 
modest volumes (15 MW of energy) in 2012, and increasing to 60 MW of energy and 85 
MW of capacity in 2016. Deliveries under this contract are slated to ramp down by 10 
MW increments in 2021 and again in 2028. 
 

• HQUS PPA starting in 2012 with modest volumes, and by 2017 providing 173 MW of 
on-peak (“7x16”) energy from the HQ system, which will consist overwhelmingly of 
hydro power.    
 

• Increasing SPEED Standard Offer volumes over time, which are categorized as 
premium renewables.  

 
The following figure shows GMP’s projected energy sources in fiscal 2017. This includes 
resources that are owned by GMP, under contract, or “System Contracts” that will be entered 
into to manage GMP’s open position. Importantly, this depiction of the portfolio is before the 
sale of RECs. In keeping with current practice, GMP does expect to sell RECs from the “Premium 
Renewables” and “Other Renewables” categories.  For the purpose of describing the mix of 
power sources that serves GMP customers in a particular year, to the extent that such REC sales 
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are implemented in that year, the associated portions of the portfolio will be reported based on 
the residual New England system mix.  
 
By 2017, almost all of the HQVJO PPA will have expired, and the new HQUS and NextEra PPAs 
will have reached their full volumes. By design, GMP’s portfolio has shifted in recent years from 
being dominated by just a few resources to a more diverse resource mix that is increasingly 
reliant on renewable sources, and not fully committed to long-term purchases. 

Figure 1.4.1 GMP’s Projected Energy Sources 
Fiscal 2017 – Before REC Sales3 

 

It is important to note that this Figure depicts GMP’s portfolio of committed supply sources. It 
is meant to show the mix of sources that will offset purchases in the ISO-NE energy market. The 
chart does not depict the mix of sources that can be claimed to serve GMP customers. The 
supply mix in any given year must also reflect the ownership of renewable attributes or RECs, 
and can be markedly different if GMP sells RECs from some of these sources. The mix would 
also change if GMP chose to buy RECs from other sources. As discussed in Chapter 7, the 
renewable energy policy choices that Vermont makes in the coming years will have important 
effects on the fuel mix and emission profile of electricity supply that ultimately serves GMP 
customers. 

*“Other Renewables” include existing biomass, hydroelectric, wind and “excess” net-metered renewable 
resources. 
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The Remaining Gap 

Looking forward, GMP’s committed and planned sources are sufficient to cover much of the 
previous “gap” between GMP’s projected load requirements and its long-term power sources.  
As Figure 1.4.2 illustrates, the projected annual energy output of GMP’s committed energy 
sources is sufficient to meet about 57% of GMP’s projected load over the 20-year planning 
period.  

Thematically, the emerging GMP portfolio is consistent with the priorities outlined in the 2011 
IRP, which emphasizes the touchstone attributes of low cost, low carbon, and high reliability in 
the context of State energy policy and customer preferences.   

Figure 1.4.2 GMP’s Projected Energy Supply Compared to the Forecasted Load 
(Before REC Sales) 

 

GMP’s long-term power sources feature a substantial increase in new renewable power over 
historical portfolios, namely sources that are eligible to meet Vermont’s SPEED program goals 
and/or the Class 1 renewable requirements of other New England states. Because most of 
GMP’s new sources feature stable prices, the emerging portfolio features a substantial degree 
of long-term price stability. This is likely to make GMP’s power supply costs much more stable 
than those of utilities in neighboring states, and positions GMP well against potential high 
future market price outcomes. As GMP’s portfolio takes shape, we observe that the primary 
needs to be obtained from future sources appear to be: 
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• Operable Capacity: Additional “operable” (dispatchable) capacity sources are desired to 
reduce cost exposure in ISO-NE’s Forward Capacity Market, and to manage increasing 
penetration of renewables and distributed generation. 
 

• Low Carbon and Renewable Energy: Additional existing renewable and low-emissions 
power sources are desired to maintain a low-emission profile and to meet the total 
renewables goals. 

We note that large hydro and existing biomass plants have the potential to address both of 
these needs, and on a scale appropriate to GMP’s portfolio. Utility scale wind and solar can also 
help to meet these goals when complemented by operable capacity, including thermal peaking 
resources. 

1.5 Portfolio Analysis & Evaluation 

The portfolio analysis considered a range of different resources, and the following table lists the 
top 10 resources that were considered. Five of these resources were selected to model 
explicitly in the Resource Plan, including renewable (new solar and new wind), existing 
hydroelectric, combined cycle, peaking (combustion turbine) power, and RECs from existing 
renewables.4 Four of the remaining resources on the list were considered either too expensive 
at this time (biomass, offshore wind) or too emergent (grid-scale storage, regional imports, and 
Innovation) to model explicitly in the portfolio analysis. Finally, while GMP has an established 
hedging program that uses layered forward purchases of energy and capacity to manage the 
variability of power costs in the short term (less than 5 years), these kinds of purchases were 
not modeled because their pricing would reflect the future market environment at the time, 
and thus would not meaningfully affect the long-term performance of the portfolio. 

  

4 We limited the number of resources for modeling simplicity; in actual practice GMP will consider resources 
outside this list. 
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Table 1.5.1 Top 10 Resources Considered in the IRP 
# Resource 
1 Innovation: Cost-Saving Customer Programs/Intelligent Grid/“Responsive Demand” 
2 Renewable Energy: Distributed & Utility Scale, including wind, solar & others 
3 Existing Hydro: Low-carbon, potential to hedge energy, capacity & RECs. 
4 RECs from Existing Renewables: Manage emission profile, flexible 
5 Regional Imports:  Seek cost-competitive VT role; monitor regional costs 
6 Peaking Capacity: Low-cost operable capacity & renewables integration 
7 Combined Cycle: Cost-effective capacity & energy hedge in new market environment 
8 Grid-Scale Energy Storage: Anticipating cost-effective storage in long-term. 
9 Layered Purchases of Energy & Capacity: To manage rate path up to 5 years out. 

10 Other Resources: Biomass, Offshore Wind, Nuclear PPAs 

Portfolio Design & High-Level Results 

Using the existing portfolio as a reference case, five of these resources were combined into 
three different and plausible combinations to meet the 2017 and 2032 renewable policy goals. 
These hypothetical “portfolios” were designed to be additive to each other, and are 
comparable across a range of cost, renewability, emissions, and flexibility attributes. Table 1.5.2 
lists each portfolio and the key questions it was designed to address and highlights the major 
components of its construction. 

Page | 1-13 



Integrated Resource Plan | 2014
 

Table 1.5.2 Sum
m

ary of Portfolio Design 

# 
Resource Acquisition Strategy 

Assum
ptions 

0 
Reference Case:   
• 

W
hat is the cost of GM

P portfolio of com
m

itted 
resources under future m

arket conditions?  

• 
N

o new
 PPAs or generation are added to the portfolio. 

• 
The SPEED Goal &

 Total Renew
ables Targets (TRT) are left 

unm
et. 

• 
N

o forw
ard hedging transactions are assum

ed. 
1 

M
eet 2017 &

 2032 Renew
ables Goals and Targets:  

• 
How

 m
uch capacity is needed to m

eet the SPEED 
Goal? 

• 
W

hat is the cost of m
eeting the SPEED Goal? 

• 
M

odify the Reference Case by adding enough new
 

renew
ables to m

eet the SPEED Goal.  
• 

Add 80 M
W

 of large w
ind, and 25 M

W
 of large solar. 

• 
Purchase low

-price RECs to m
eet the TRT. 

• 
Post 2017 resource acquisition is frozen. 

2 
M

eet 2032 Renew
ables G

oal w
ith O

w
ned G

eneration 
• 

How
 m

uch new
 capacity is needed to m

eet the 2032 
TRT? 

• 
W

hat is the cost of m
eeting the TRT w

ith ow
ned 

and/or PPA-based resources? 

• 
M

odify #1 by adding a plausible m
ix of new

 &
 existing 

renew
ables to m

eet the 75%
 2032 TRT. 

• 
Add 150 M

W
 new

 w
ind, 155 M

W
 of new

 solar and 275 M
W

 
of large, existing hydro.  

• 
Continue to sell prem

ium
 RECs, and purchase low

-price RECs 
to replace them

 to m
eet the TRT. 

3 
M

eet 
2032 

TRT 
w

ith 
Low

 
Priced 

RECs 
and 

Add 
Conventional G

eneration 
• 

W
hat is the cost of conventional therm

al generation, 
and how

 does it affect the portfolio cost com
pared to 

high penetrations of renew
able energy? 

• 
W

hat role could therm
al generation play in a portfolio 

of increasing renew
able generation? 

• 
M

odify #1 by adding 100 M
W

 of com
bined and 100 M

W
 of 

com
bustion turbine capacity. 

• 
Continue to sell prem

ium
 RECs, and purchase low

-price RECs 
to replace them

 to m
eet the TRTs. 

• 
Do not add any new

 renew
able developm

ent, w
hich isolates 

the role of therm
al generation in the portfolio.  

P 
Environm

ental Policy Cases 
• 

W
hat is the cost of purchasing low

-priced RECs to 
m

eet the TRTs?  
• 

W
hat is the first-year (2018) cost of a Verm

ont RPS?  
 

• 
M

odify the Reference Case to m
eet the TRTs w

ith the 
purchase of low

-priced RECs. 
• 

M
odify the Reference Case to retire new

 renew
able RECs be 

retained for RPS com
pliance at three different percentages. 
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At a summary level, the results of the portfolio analysis appear in the following figures. The first 
figure shows the projected societal cost (which includes the external cost of CO2 emissions) of 
each portfolio under each of three potential scenarios of long-term power market prices. The 
second figure shows the “customer cost” of the portfolios, which does not include the external 
cost of carbon. 

Figure 1.5.1: Projected Societal Cost of the Five Portfolios ($M NPV)

 

 

Figure 1.5.2: Projected Customer Cost of the Five Portfolios ($M, NPV) 
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Environmental Policy Case Results 

The results of the policy scenarios appear in Table 1.5.3. The lowest-cost approach to meeting 
Vermont’s Total Renewable goals is to purchase low-priced RECs from existing renewable 
resources such as hydro and biomass. The price of these RECs was modeled between a range of 
$3 and $13/MWH. This is well below the price of premium or “new” RECs, which were modeled 
between a range of $10 and $40/MWH. 

Table 1.5.3: Customer Cost Estimates of Different Renewable Policy Scenarios 

Policy Scenario 2018 Cost ($M) NPV ($M) 

Purchase Low-Price RECs for TR Goal $0.75  $143  

“Std. Offer” RPS = 2% + 0.5%/Yr $2.90  $97  

“Budgeted” RPS = 5-7% $8.20  $154  

“Maximum” RPS = 20% $30  $454  

 
If a Renewable Portfolio Standard (RPS) is adopted in Vermont, the costs of compliance will rise 
in direct proportion to the level of RECs that must be retained for compliance. The lowest cost 
RPS that this IRP quantifies is an illustrative RPS for new renewable resources in which the RECs 
from the Standard Offer program are retired. After the Standard Offer program is completed, 
then the RPS is assumed to increase by 0.5% per year through 2035 when it reached 8.5% of 
retail sales. The “budgeted” RPS represents a higher initial RPS requirement of 5% that rises 
immediately by 1% per year until it reaches 7% in 2020. Finally, the “maximum” RPS envisions 
an RPS that transforms the 2017 SPEED program goal of 20% renewable energy generation into 
a mandatory RPS (requiring retirement of premium/new RECs) in the same amount. This is the 
highest-cost outcome, and would add an estimated $30 million to GMP’s net power costs 
(equivalent to roughly 5 percent of retail rate pressure) in 2018. 
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Illustrative, Preferred Portfolio 

Based on the knowledge incorporated in and observations from the Resource Plan, GMP 
constructed a hypothetical portfolio that balances five attributes. The makeup of this portfolio 
appears in the following table, and an explanation of those five attributes follows. 

Table 1.5.4: Components of the Illustrative Preferred Portfolio 
Resource Acquisition Strategy Portfolio Components 

Balance low-cost and low-
carbon with three attributes 

that limit risk: diversity, 
flexibility and reliability. 

Same as the 2017 portfolio plus: 
Low-carbon energy: 75 MW wind, 155 MW PV/DG 
Low-cost, operable capacity: 100 MW hydro, 100 MW CT 
Low-cost RECs meet remainder of Total Renewables goals 
Includes an RPS = Std. Offer program + 0.5%/yr.  8.5% total 

• Low-Cost: This portfolio adds cost-competitive new renewables and existing hydro. 
Societal costs are 8% lower and customer costs are 1% higher than the Reference Case. 
It enables low-price RECs to fulfill some of the total renewable goals, and increases the 
committed long-term resource percentage over time to limit the effects of power 
market escalation.  
 

• Low-Carbon: Carbon emissions decline from 70% of the regional system mix to 30% in 
2035. Power from new & existing renewables plus nuclear power enables this outcome. 
Low-priced RECs meet part of the Total Renewable Targets, and an RPS equal to the 
SPEED Standard Offer program plus 0.5%/year (reaching 8.5% in 2035) retires a 
meaningful percentage of new RECs. 
 

• Diversity: Wind increases to about 20% of the portfolio’s energy, with solar PV 
increasing to about 12% of the portfolio’s energy. Hydro remains the cornerstone of the 
energy portfolio at 45%. 
 

• Flexibility: The long-term committed resource percentage rises to a range of 75% to 
85%. This hedges inflation while preserving some flexibility to respond to alternative 
outcomes of electricity demand or cost and availability of supply options.  Note that a 
significant degree of flexibility and market price exposure will return near the end of the 
planning horizon, when some major GMP supply sources expire from 2030 to 2035. 
 

• Reliability: More hydro and peaking capacity provides operable capacity that enables 
renewables integration until economic grid-scale storage is a reality.  
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The specific outputs of the preferred portfolio are summarized in the following bullets. 

• Average Power & Transmission Costs (Nominal $/MWH) 
o Nominal costs rise from $0.08 to $0.15/kWh reflecting power cost drivers. 
o Projected average costs remain lower than a projected regional market 

benchmark through the planning horizon. 
 

• Long-Term Committed Resource Percentage 
o The percentage of long-term resources grows to a range of 75% to 85% over 

time; this fraction seems reasonable considering that major resources expire 
between 2030 and 2035. 
 

• Renewable Policy & Retirement Percentage 
o Vermont’s renewable energy goals are met using a mix of long-term renewable 

commitments and meaningful percentages of low-price REC purchases. 
o Includes an RPS equal to the size of the SPEED standard offer program plus 

0.5%/year, which results in 8.5% new renewables in 2035. 

Variability in the Preferred Portfolio 

A key objective of the portfolio analysis and Resource Plan was to understand the cost 
variability and the key variables that are driving costs within each of the hypothetical portfolios. 
The following figure illustrates the results of this analysis for the preferred portfolio.  

Figure 1.5.3: Variability in the Illustrative, Preferred Portfolio ($M) 
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The future market price of energy and the rate of general inflation are the top two cost drivers 
in the societal cost equation. Not surprisingly, the future market price of RECs is the third-most-
important variable because of the increasing level of new renewable power in the preferred 
portfolio over time. The fourth-most-important variable to the societal cost equation is the rate 
of load growth resulting from electric vehicle penetration, which can drive up the NPV of this 
portfolio by several hundred million dollars if EV penetration follows a growth path toward the 
2050 CEP goal. Finally, variability associated with future capacity market prices is significant, 
but muted somewhat because this illustrative portfolio includes 100 MW of future hydro and 
100 MW of future peaking capacity. 

1.6 Findings & Observations 

The Demand for Electricity 

• Electricity Sales are projected to continue growing at a 0.45% annual growth rate, which 
is within historical norms over the past 20+ years. This result means that the expected 
rates of load growth resulting from economic, population, heat pump and electric 
vehicle growth are almost (but not quite) offset by the growth in energy efficiency and 
net-metering. The balance of these trends will continue to be examined as the 
underlying trends continue to unfold over time. However, the results of the load 
forecast do not yet indicate a long-term decrease in electricity loads at this time. 

Vermont’s Renewable Energy Policy 

• Vermont’s Renewable Energy Policy will be a significant determinant of GMP’s costs in 
both the short and long-term. The current Vermont SPEED policy that requires Vermont 
utilities to sell RECs to out-of-state load serving entities may change, and the known 
alternatives increase costs by requiring the utilities to retain RECs. The highest cost 
outcomes would result from adopting a double-digit (illustrated at 20%) RPS similar in 
design to neighboring states like Massachusetts and Connecticut. More moderate-cost 
outcomes could result from either adopting a single-digit RPS or adopting policies that 
are measured by CO2 emissions instead of the percentage of renewable energy. Such 
requirements could be met in part by owning existing low-emissions resources or by 
purchasing non-premium environmental attributes (RECs) from around the region. 

Regional Market Context 

• Energy Costs & Limited Winter Gas Supply: Limited winter supplies of natural gas will 
likely continue to be a source of upward pressure on the region’s electricity prices until 
a major improvement to the region’s infrastructure is made. The price forecasts in the 
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IRP assume that an expansion to the regional natural gas pipeline network is made by 
2020, and to the extent that this investment is delayed, GMP expects upward cost 
pressure during the winter months. 
 

• Capacity Costs & the Forward Capacity Market have emerged as a source of cost 
pressure and significant volatility. In the absence of administrative price caps and floors 
that have resulted in stable prices over the past 10 years, GMP is expecting a wider 
distribution of price outcomes from the Forward Capacity Market. We are also mindful 
of the impact that ISO-NE’s Pay-for-Performance program may have on the portfolio, 
and are monitoring these costs as well. 
 

• REC Prices & Renewable Policy In Other States can have a significant impact on GMP’s 
costs. As renewable policies change, the price and eligibility of RECs can change as well. 
Because GMP is currently an active seller in New England REC markets, REC prices are a 
significant and potentially increasing variable affecting the net cost of GMP’s portfolio.  

Externalized Carbon & the Societal Cost of the Portfolio 

• The Societal Cost of GMP’s portfolio is estimated using the marginal abatement cost of 
carbon which is assumed to cost $100/ton. This equates to an adder of $30 to $50/MWh 
for a combined cycle power plant, which is similar to the magnitude of the fuel cost for 
these plants. This dynamic creates an economic advantage for renewable energy 
compared to thermal generation, and because the IRP evaluates cost performance 
primarily on a societal cost basis, portfolios with higher levels of renewable generation 
tend to result in the least (societal) cost outcomes. 

The Illustrative, Preferred Portfolio 

• The Preferred Portfolio represents a balance between three attributes. 
 
1. Lowest Cost: A diverse portfolio that strikes a balance between direct and societal 

costs. 
2. Low Carbon: A diverse portfolio that includes substantial cost-competitive 

renewables and distributed generation, complemented by a more limited amount of 
thermal capacity to manage capacity market exposure. 

3. Reliable: A diverse and stable portfolio that minimizes the short- to medium-term 
price risk to our customers, while maintaining enough flexibility to maintain retail 
rate competitiveness if future regional market prices turn out relatively low. 
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Innovation and T&D Infrastructure 

• In order to realize GMP’s vision of a more intelligent and efficient grid that can 
accommodate cost-effective renewables and distributed generation, ongoing 
investment in the company’s operating systems (IT and SCADA primarily) and planning 
capabilities is required.  

The Role of Conventional Generation in the Preferred Portfolio 

• Natural gas generators are expected to remain the marginal cost resource in New 
England for both energy and capacity over the planning horizon. Gas-fired capacity 
could warrant consideration as a hedge against volatile capacity market prices, and to 
manage portfolio cost variability associated with high levels of intermittent renewable 
generation, at least until cost-competitive energy storage becomes a reality on a large 
scale. 

1.7 Integration and Implementation Plan 

As an increasingly integrated energy services company, GMP is partnering with other 
companies, non-profits, and our policy makers to offer our customers an expanding array of 
choices. Reliable, low-cost, and low-carbon energy service is the foundation. Innovative, cost-
saving customer programs combined with more renewable and distributed energy resources is 
the destination, and the following table summarizes the activities that GMP is planning to 
pursue as a result of the 2014 integrated planning process. 
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Table 1.7.1 Im
plem

entation Plan 
Functional Area 

Activity 

Energy 
Innovation 

Develop an integrated array of cost-saving custom
er program

s that m
eet a range of custom

er energy service needs for 
HVAC, hot w

ater, hom
e autom

ation, and transportation. 

• O
ffer ductless m

ini-split heat pum
p leases to the entire custom

er base. 
• O

ffer grid-enabled and/or heat pum
p w

ater heater leases to the entire custom
er base. 

• O
ffer sm

art hom
e and electric vehicle charging program

s to the entire custom
er base. 

G
eneration 

Increase long-term
 ow

nership of cost-effective renew
able energy sources such as hydro, solar and w

ind. 

• Com
plete construction of the Stafford Hill project. 

• Construct and/or acquire new
 w

ind and solar generation to fulfill the 2017 SPEED goal. 
• Acquire existing renew

able generation as opportunities arise, to help fulfill Verm
ont’s Total Renew

able Goals. 

G
overnm

ent 
Affairs 

Advocate for cost-com
petitive and custom

er-focused renew
ables policies that: 

• Continue to encourage investm
ent in cost-com

petitive new
 renew

able energy projects. 
• Enable full and fair participation in regional REC m

arkets. 
• Create flexibility to fulfill renew

able policy goals w
ith both new

 and existing resources.  

Pow
er Supply 

M
aintain a low

-cost, low
-carbon and reliable pow

er supply. 

• Develop, sign and seek regulatory approval for new
 long-term

 PPAs to fulfill the 2017 SPEED goal. 
• Arrange m

arket purchases of RECs to help fulfill the 2017 Total Renew
ables Targets. 

• Hedge GM
P’s forecasted energy requirem

ents for up to five years in advance, using layered m
arket purchases. 

• Seek bilateral capacity purchases to hedge forecasted capacity requirem
ents three years in advance of the operating 

year, using layered capacity m
arket purchases of up to five years w

ith opportunistic longer-term
 purchases. 

Transm
ission &

 
Distribution 

Plan for a m
ore efficient and intelligent grid that enables greater custom

er participation, distributed resources and 
renew

able generation. 

• Prepare the grid for greater penetration of distributed resources by piloting energy storage, controlled EV charging, 
sensing and m

easurem
ent equipm

ent, advanced analytics and controls, pow
er electronics, and telecom

m
unications 

technologies. 
• M

axim
ize use of the AM

I and N
M

S to identify opportunities w
here efficiency and distributed resources can address 

system
 constraints during the planning process. 
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2. The Demand for Electricity 

The population of Vermont and the number of businesses that are located here are two of the 
primary determinants of the demand for electricity. GMP has just over 262,000 customers, 85 
percent (223,000) of whom are residential. These residential customers represent 35 percent of 
GMP’s electricity sales. The remaining 65 percent of GMP’s sales come from just over 39,000 
commercial and industrial customers. The following table shows that the number of GMP 
customers is expected to grow at an average of 0.45 percent per year over the next 20 years. 

Table 2.1 Customer Forecast 
Year 2015 2020 2025 2030 2035 CAGR 

Residential 223,694 232,331 238,020 241,717 246,200 0.48% 
C&I 39,091 40,072 40,702 41,105 41,586 0.31% 

Total Customers 262,785 272,404 278,722 282,822 287,786 0.45% 

2.1 Methodology & Major Assumptions 

The sales forecast is based on regression models that relate monthly electricity sales to 
population projections, economic conditions, end-use energy intensity changes (consumption 
patterns), retail electricity prices and weather. The models were estimated using monthly 
billing data from January 2004 to March 2014. The major assumptions are listed in the following 
bullets.1 

• Economic Growth & Population: The economic and population forecast is based on the 
Vermont state economic forecast from Moody’s Analytics in October 2013, and was 
adjusted downward by Itron as described in Section 2 of the Load Forecast Report2. 
 

• End-Use Intensities & Energy Efficiency: The Energy Information Agency’s (EIA) end-use 
intensity projections for New England form the foundation for the forecast. These 
projections are adjusted to reflect end-use saturations for Vermont, and for energy 
efficiency3 using Scenario 2 from VEIC’s 2014 Demand Resource Plan4. 
 

1 For a more in-depth discussion of the forecast methodology and assumptions, please refer to Itron’s 2015 IRP 
Load Forecast Report, which is included in the Appendix. 
2 “GMP 2015 IRP Load Forecast Report”, Itron, Aug. 2014, Section 2, Economic Drivers, Page 8 
3 “GMP 2015 IRP Load Forecast Report”, Itron, Aug. 2014, Adjusting for State Efficiency Program Impacts, Page 13 
4 “EEU-2013-01 Demand Resources Plan Budget and Savings Recommendations” VEIC, April 2014 
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• Retail Electric Prices: Nominal retail electricity prices are assumed to grow at inflation. 
This means that a flat, real price of electricity was assumed in the sales forecast. A 
negative price elasticity was imposed on the forecast model as described in Itron’s Load 
Forecast Report5. However, the Resource Plan (Chapter 7) does not adjust the load 
forecast in consort with assumed changes in the price of electricity. 
 

• Weather: The forecast is based on actual heating and cooling degree days from 1994–
2013, using a load-weighted average of Burlington and Rutland.6 

2.2 GMP’s Historical Sales 

Over the past 23 years, the combined sales of GMP, CVPS, and Vermont Marble have been 
growing at a compound annual growth rate (CAGR) of 0.6 percent per year. The 1990s were a 
relatively high-growth decade with 1.4 percent annual growth, but growth turned slightly 
negative in the 2000s due to a combination of the 2001 and 2008 recessions and investment in 
energy efficiency. From 2010 to 2013, loads have been almost flat, declining by about 0.1 
percent per year. 

Table 2.2.1: Historical Sales by Decade (MWh)7 
Year Actual Sales 

(MWh) 
Year Actual Sales 

(MWh) 
Year Actual Sales 

(MWh) 
1990 N/A 2000 4,363,150 2010 4,309,643 
1991 3,779,818 2001 4,326,909 2011 4,278,648 
1992 3,885,205 2002 4,347,148 2012 4,186,418 
1993 3,860,954 2003 4,340,111 2013 4,295,605 
1994 3,878,856 2004 4,428,459   
1995 3,931,647 2005 4,530,964   
1996 4,046,649 2006 4,464,741   
1997 4,115,765 2007 4,521,051   
1998 4,162,651 2008 4,437,592   
1999 4,284,046 2009 4,228,052   

CAGR '91-'99 1.4% CAGR '00-'09 -0.3% CAGR '10-'13 -0.1% 

 

  

5 “GMP 2015 IRP Load Forecast Report”, Itron, Aug. 2014, Pages 10 & 61 
6 “GMP 2015 IRP Load Forecast Report”, Itron, Aug. 2014, Page 10 
7 “kWh Sales & Revenue 1990-2013.xlsx”, VT Dept. of Public Service  
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2.3 Energy Efficiency & Electrification Trends 

In keeping with past practice, GMP and Itron worked with EVT, VELCO and the Vermont System 
Planning Committee (VSPC) to agree upon energy efficiency assumptions in our respective peak 
and energy forecasts. In general, there is alignment between GMP’s IRP load forecast and the 
VSPC’s statewide load forecast. For instance, Itron used the same economic growth, population, 
weather, and electricity price assumptions in both the VELCO and GMP forecast. The majority 
of the end-use intensity projections are also the same. 

However, the VELCO/VSPC forecasting schedule was on a different timeline than GMP’s IRP, 
and it is our understanding that the assumptions for electric vehicles, air source heat pumps, 
and solar net metering differ somewhat. As a result, the following sections describe in more 
detail how GMP dealt with these three electrification trends within its IRP forecast. 

Air Source Heat Pumps 

According to the US Energy Information Administration (EIA), air source heat pumps (ASHPs) 
are displacing natural gas in Heating, Ventilation and Air Conditioning (HVAC) applications in 
every region except the Northeast8. However, energy efficiency programs in all six New England 
states have been providing rebates to promote cold-climate ASHP adoption. In addition, GMP is 
offering its customers a lease to defray the up-front cost of installing a heat pump. As a result, 
we believe that the Northeast is simply lagging the national trend, and is not likely to represent 
an exception to it. Furthermore, the high cost and market penetration of heating oil as a source 
of heating energy in the Northeast points to even stronger heat pump penetration. 

GMP collaborated with EVT, Itron and the VSPC to adopt a common market penetration trend 
for ASHPs in Vermont. The following figure shows the difference between EIA’s heat pump 
forecast for New England and EVT’s forecast of heat pump market penetration. EIA assumes 
linear growth over the next 10 years, and used a near-zero base of existing units, while EVT 
assumes 20 percent annual compound growth using a base of about 2,000 existing heat pump 
units9, which is grounded in its regional market intelligence and relationships with in-state heat 
pump installers. Interestingly, both the EIA and EVT forecasts result in the same level of market 
penetration in 10 years; about 5 percent or 12,000 homes in 2024. After this point, EVT’s 
forecast continues its exponential growth while EIA’s forecast continues at a linear pace.  

8 “Excluding Northeast, NatGas Losing Market Share for Heating”, Natural Gas Intelligence, Sept. 25, 2014 
9 “Heat Pump Penetration for DRP, 20 Year Projection”, Efficiency Vermont, 2013 
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Figure 2.3.1 Heat Pump Market Penetration Comparison

 

After considering this information, GMP directed Itron to use the EVT penetration forecast for 
three reasons. First, it is consistent with the best information that is available from EVT, and is 
incorporated into the Scenario 2 of the DRP. Second, the first 10 years of the forecast align well 
with GMP’s own lease program expectations. Third, the cost advantage of heat pumps over 
heating-oil-based systems is so large (i.e, payback so short) that the economics suggest 
significant market penetration is likely. Finally, it is prudent to anticipate potentially large, long-
term changes like these in planning processes. This is especially true when three more IRP 
planning cycles will be complete before the EVT and EIA forecasts of market penetration begin 
to diverge. 

The following figure shows the impact of EVT’s forecast of heat pump market penetration on 
GMP’s electric sales in the summer and winter months. For heating end uses, electric sales for 
heat pump operation in 2024 are projected to be about 12,000 MWh, which is less than 0.3 
percent of total electric sales. At the end of the forecast period in 2035, heat pumps sales are 
expected to be about 90,000 MWh, or 2 percent of electric sales. The consumption in electric 
usage from heat pumps for cooling is projected to be nearly as large as that for heating. In 
2014, heat pump electric consumption for cooling is projected at about 9,000 MWh, and in 
2035 it is projected at about 80,000 MWh.  
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Figure 2.3.2 GMP Heat Pump Energy Consumption (MWh/Yr)

 

Electric Vehicles 

The Vermont Department of Transportation (VTrans) published its Electric Vehicle Charging 
Plan in July 2013, which included multiple outlooks for EV penetration in Vermont. GMP 
consulted with VEIC, which co-authored the VTrans report, to gain its insight into which outlook 
was most plausible in the eyes of policymakers and planners. As a result of these conversations, 
it was felt that the Vermont Air Pollution Control Division’s (APCD) outlooks represented a 
reasonable low and medium outlook. For planning purposes, the Comprehensive Energy Plan 
(CEP) goal of 515,000 EVs by 2050 was considered the high case. 

Table 2.3.1 Electric Vehicle Registration Outlooks for Vermont10 
YYYY  APCD Low APCD High VT CEP Goal 
2013 692 692 692 
2023 10,000 23,000   
2030     143,000 
2050     515,000 

 

10 Electric Vehicle Fueling Infrastructure Plan, VTrans, July 2013, Table 2.4, Page 20-21 
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Using extrapolated numbers from this table, GMP created the following market penetration 
curves for its service territory. Because EVs were not included in the Itron forecasting 
processes, GMP made assumptions about fuel efficiency and vehicle miles traveled per year, 
and then multiplied the MWh/Vehicle/Year by the number of EVs in the extrapolated curves. 
The resulting loads were then used to increase the Itron forecast for the low, mid and high 
cases.  

Figure 2.3.3 Electric Vehicle Market Penetration Outlooks for Vermont

 

The results show that both APCD forecasts result in small, single-digit market penetrations (2-4 
percent) over 10 years, and 4 percent to 9 percent market penetration in 20 years. These 
penetration rates translate into less than 4 percent of electricity sales in 2035, which is both 
manageable and within the forecast’s margin of error.  

However, the CEP’s goal penetration curve results in EVs being 35 percent of all registered 
vehicles and 15 percent of electricity sales in 2035. As a customer class, this would place EVs 
among GMP’s largest customers. Interestingly, even this rate of fuel switching results in less 
than 1 percent/year compound annual growth in electric loads over the forecast period, which 
is both moderate and manageable. Nevertheless, GMP will continue to monitor the still-
emerging penetration rate of electric vehicles so that it can plan accordingly. 
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Figure 2.3.4 GMP Electric Vehicle Electricity Sales (MWh/Yr)

 

Net Metering 

Since Vermont's original net-metering law was enacted in 1998, it has been updated several 
times, most recently in Act 99 in 2014. Act 99 included a number of important changes, but for 
the purposes of load forecasting, the most significant change was to the cumulative capacity 
cap. This cap on the cumulative installed capacity of net-metered systems increased from 4 
percent of a utility’s peak demand to 15 percent. For GMP, the new cap represents about 115 
MW of net-metered capacity.  

To date, GMP has received 16 net-metered applications for 500-kW solar systems11. This 
represents 8 MW of new development, and if all of these projects are permitted and built, it 
would represent about a one-third increase in the installed base of net-metered capacity within 
GMP’s service territory. In addition, a number of solar developers have indicated their intention 
to develop several hundred new group-net-metering projects within the service territory in the 
coming two to three years.  

11 Source: GMP’s Net Metering Database, Query from K. Carrera, October 2014 

Page | 2-7 

                                                      



  Integrated Resource Plan | 2014 

It is too soon to determine if these development plans will result in completed projects.  As a 
result, GMP directed Itron to continue using its ‘simple payback’ model to forecast the 
production from rooftop net-metered systems, and then developed an internal consensus view 
of the number of group-net-metered systems that will be built.   

As the following table shows, GMP expects net-metered capacity to grow quickly over the 
remainder of this decade. The 15 percent cap is expected to be reached in 2021, primarily due 
to the addition of about 180 group-net-metered (500 kW) systems. This is about the same 
number of substations in GMP’s service territory, and represents a substantial amount of new 
interconnection activity.  

After 2021, one or two group-net-metered systems are added each year as demand growth 
creates available capacity below the 15 percent cap. Note that rooftop net-metering 
development is held constant after 2017. The rationale is that group net-metering will offer 
economies of scale that will leave little incentive for individual customers to own their own 
rooftop systems. 
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Table 2.3.2: GMP Net Metering Output Forecast (MWh/Year)

 

RoofTop Group Total
2014 1,120         -             1,120         
2015 7,977         5,453         13,430       
2016 13,317       22,989       36,306       
2017 13,574       42,652       56,225       
2018 13,580       62,349       75,929       
2019 13,583       82,059       95,642       
2020 13,584       102,008     115,592     
2021 13,584      119,347    132,931    
2022 13,584       122,202     135,786     
2023 13,584       122,747     136,331     
2024 13,584       123,685     137,269     
2025 13,584       124,119     137,703     
2026 13,584       124,718     138,303     
2027 13,584       125,921     139,505     
2028 13,584       126,978     140,562     
2029 13,584       127,951     141,535     
2030 13,584       129,206     142,790     
2031 13,584       131,065     144,649     
2032 13,584       133,339     146,923     
2033 13,584       135,614     149,199     
2034 13,584       138,180     151,764     
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CEED Fund (Com
m

unity Energy &
 Efficiency Developm

ent) 

As part of the O
rder governing the m

erger of Central Verm
ont Public Service w

ith Green M
ountain Pow

er, GM
P w

as required to 
initiate a CEED Fund to invest approxim

ately $21 m
illion, prim

arily in electric and therm
al m

easures for the benefit of custom
ers. 

CEED Fund investm
ents are allocated to legacy CVPS custom

ers, and a total of $46 m
illion in net societal benefits are anticipated.   

Since June of 2012, approxim
ately $13.8 m

illion has been invested, providing net societal benefits of $16.9 m
illion. Initial 

investm
ents w

ere prim
arily for therm

al (e.g. w
eatherization) program

s to m
axim

ize benefits for residential custom
ers. The CEED 

program
 is expected to continue for several years before the fund com

m
itm

ent is achieved, w
ith m

uch of future investm
ents 

focused on electric energy efficiency.  Figure 2.3.3 CEED Fund Cum
ulative Sum

m
ary of Services

12 

 

Please note that the savings from
 CEED Fund investm

ents are not subtracted from
 the load forecast because the m

ajority of the 
spending to date has been on therm

al efficiency.  Furtherm
ore, the future spending and resultant energy savings are sm

all (<0.1 
percent /year) in the context of GM

P’s sales. 

12 “Cum
ulative Sum

m
ary of Services”, Efficiency Verm

ont, August 2014 
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2.4 GMP’s Future Loads 

The 20-year system energy and demand forecasts are derived using a bottom-up approach. 
First, individual sales forecasts are developed for each of the residential, commercial, industrial, 
and street-lighting customer classes. These class-level forecasts are aggregated and adjusted for 
line losses to arrive at a forecast of system energy requirements or “loads.” The system energy 
and peak demand forecasts are adjusted for the expected impact of investment in energy 
efficiency as well as the impact of net metering. Projected annual system energy and peak 
demand forecast are summarized in the following table.  

Table 2.4.1 GMP’s Peak and Energy Forecast, Including the Effects of Net Metering 

Year Energy (MWh) Change SumPeak (MW) Change WintPeak (MW) Change 
2014 4,494,169  771.9  706.2  
2015 4,488,960 -0.1% 780.6 1.1% 715.9 1.4% 
2016 4,483,739 -0.1% 778.5 -0.3% 717.0 0.2% 
2017 4,464,699 -0.4% 775.5 -0.4% 716.2 -0.1% 
2018 4,447,383 -0.4% 772.0 -0.5% 715.3 -0.1% 
2019 4,427,562 -0.4% 768.2 -0.5% 714.0 -0.2% 
2020 4,393,013 -0.8% 764.9 -0.4% 712.1 -0.3% 
2021 4,369,697 -0.5% 762.7 -0.3% 711.2 -0.1% 
2022 4,376,701 0.2% 764.7 0.3% 711.0 0.0% 
2023 4,387,968 0.3% 767.6 0.4% 711.1 0.0% 
2024 4,405,194 0.4% 770.4 0.4% 711.4 0.0% 
2025 4,410,340 0.1% 773.9 0.5% 711.3 0.0% 
2026 4,425,444 0.3% 778.4 0.6% 711.7 0.1% 
2027 4,443,293 0.4% 783.3 0.6% 712.4 0.1% 
2028 4,470,556 0.6% 789.3 0.8% 713.8 0.2% 
2029 4,487,071 0.4% 795.4 0.8% 714.8 0.1% 
2030 4,503,114 0.4% 802.1 0.8% 715.9 0.2% 
2031 4,520,854 0.4% 809.9 1.0% 717.5 0.2% 
2032 4,550,667 0.7% 819.8 1.2% 719.9 0.3% 
2033 4,574,631 0.5% 831.5 1.4% 722.4 0.3% 
2034 4,606,453 0.7% 844.6 1.6% 725.7 0.5% 

14-34 CAGR 
 

0.1% 
 

0.4% 
 

0.1% 
14-24 CAGR  -0.2%  0.0%  0.1% 
24-34 CAGR  0.4%  0.9%  0.2% 

Note that almost all future net metering is modeled as group-net-metered (up to 500 kW) 
projects. The generation from these projects is recorded as purchased power (kWh and dollars), 
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and is not causing the peak and energy forecast to decline as a result. If future net metering 
were accounted for like traditional rooftop projects, most of the generation would be reflected 
as reduced retail sales and revenue. Under this treatment, the 2034 load would be about the 
same as the load in 2014. 

The annual growth rates in the energy forecast are significantly lower than the historical 
average. Over the entire 20-year forecast period, energy sales grow at an annual average of 0.1 
percent, which is a fraction of the 23-year historical average of 0.6 percent. Over the first 10 
years of the forecast, sales are expected to decline slightly due to a combination of ongoing 
investment in energy efficiency and a limited amount of additional rooftop net metering. 

In the second decade of the forecast, investment in energy efficiency continues, but total net-
metering penetration (individual and group) is held to 15 percent of peak loads. This enables 
increasing heat pump penetration to grow the load at an average of 0.4 percent per year, about 
3/4 of the historical average of 0.6 percent per year.  

Summer peak loads continue to be larger than the winter peak loads, and follow a similar 
pattern, declining in the first 10 years of the forecast before resuming a growth trend of 0.9 
percent per year.  
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2.5 Comprehensive Energy Plan (CEP) Goal 

The CEP recommends that Vermont set a goal to obtain 90 percent of its total energy from 
renewable sources by 205013. Although this goal is outside of the planning horizon for this IRP, 
this section provides an estimate of what such a future would require in terms of new 
renewable resources. 

The last year of the IRP sales forecast results in sales of about 4.5 million MWh in 2035. By 
applying the 10-year compound annual growth rate from the last 10 years of the IRP forecast, 
we arrive at an estimate of 4.86 million MWh of sales in 2050. This assumes the continuation of 
the existing trends within the end-use stock of energy-using devices. By adding in line losses, 
FY50 loads at the ISO level are about 5.1 million MWh, as shown in the following table. 

Table 2.5.1: Extrapolation of GMP’s Sales & Load Growth 

  MWh 
FY35 Sales  4,524,829 

2025 - 2035 CAGR 0.5% 
FY50 Sales 4,866,690 
Line Losses 5.45% 
FY50 Loads 5,131,797 

Recall that heat pump penetration rates were following an exponential trend of 20 
percent/year from 2015-2035, and that Itron called out this trend as the reason for why sales 
were growing faster in the last 10 years of the forecast. This is the rationale for using the CAGR 
from the last 10 years of the forecast period, and it presumes that heat pumps penetrate 90 
percent of the housing stock by 2050 because of the exponential growth in the heat pump 
penetration rate.  

To achieve the 90 percent total energy goal, 90 percent of the energy to power Vermont’s 
registered vehicles would also have to come from renewable sources. For the purpose of this 
estimate, we assume that 90 percent of all vehicles are powered by electricity, which is a 
reasonable proxy for the 90 percent total energy goal with respect to transportation fuels. 
Therefore, assuming that electricity is the fuel of choice for this purpose, we can estimate the 
electrical energy that would be required to operate that many electric vehicles.  

  

13 “Vermont’s Energy Future – 2011 Comprehensive Energy Plan”, Vermont Department of Public Service, Dec. 
2011 
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If we extrapolate the load forecast data on EVs and heat pumps that was used in the load 
forecast, we arrive at 1.8 million MWh of incremental load growth. This would be about 25 
percent of total electricity requirements in 2050, and is likely an overestimate because 
technology will certainly increase the efficiency of both electric vehicles and other end uses 
between now and 2050. 

Table 2.5.2: Estimate of Incremental Load Growth from Electric Vehicles 
  MWH/Unit/Yr # Units in 2050 MWH/Yr 

Electric Vehicles 4.44 394,979 1,753,707 
 Line Losses 5.45% 
 FY50 Incremental Loads 1,849,238 

Adding the incremental load to the base load results in a total load of 6.9 million MWh in 2050, 
and 90 percent of this number is 6.28 million MWh.  This is the amount of electrical energy that 
would need to be provided by renewable generators; hydro, solar or wind. 

Table 2.5.3: Estimate of Total Load in 2050 

 Load MWh in 2050 
Base Load 5,131,797 

Incremental Load 1,849,238 
Total Load 6,981,035 

90% of Total Load 6,282,931 

The following table shows the amount of installed renewable capacity that would be required 
to serve such a load. As a standalone resource, it would take about 1,434 MW of 
hydroelectricity at a 50 percent capacity factor to meet this load. Similarly, 4,782 MW of solar 
or 2,049 MW of wind could meet this requirement on a standalone basis. In reality, a mix of 
resources would be built to meet the requirement, and the table shows what the mix would 
look like if it were divided in equal parts between hydro, solar and wind resources. 

Table 2.5.4: Installed Renewable Capacity Requirements at 6.28 Million MWh/Yr 

Technology 
Cap. 

Factor 

Equivalent 
Installed 

Capacity (MW) 
% of 
Mix 

Net 
MW 

Hydro 50% 1,434 33% 478 
Solar 15% 4,782 33% 1,592 
Wind 35% 2,049 33% 682 
Total 

   
2,752 
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“This rationale leads to the 
major conclusion in this 
chapter; sales are expected 
to be flat in the near term, 
and will grow at less than 
1%/year rates in the long- 
term.” 

2.6 Conclusions for Resource Planning 

One somewhat surprising observation that resulted from the load-forecasting process is how 
flat the forecast appears despite significant changes in the underlying stock of end-uses (heat 
pumps) and distributed generation (DG). In the context of net-metering and distributed 
generation, many participants in the process surmised that the load would drop significantly as 
a result, which would create concerns about revenue erosion and potential stranded costs. 
Conversely, other participants expected that heat pump and/or electric vehicle penetrations 
would cause loads to increase substantially, and create concerns about the need for new 
investment in generation and/or transmission resources. 

What we learned from the forecasting process was not only that these two trends largely offset 
each other, but that the other demographic, economic, and end-use trends in the forecast 
model are in a collective state of near equilibrium. This result occurs despite making legitimate 
but fairly optimistic assumptions about heat pump, DG, and overall energy efficiency 
penetration rates. Nevertheless, it is a reasonable question to ask, “How much higher or lower 
could the forecast be?” 

The historical trend in sales from Section 2.2 offers some context. The fastest growth rates 
occurred in the 1990s and were only 1.4 percent/year, while the fastest decline rates occurred 
in the 2000s and were only -0.3 percent/year. In our view, electric loads are unlikely to decline 
faster than they did during the 2000s, when two recessions 
(including The Great Recession) occurred in the context of 
substantial investments in energy efficiency that were made 
for the first time. Similarly, electric loads are unlikely to 
grow any faster than they did in the 1990s when the 
economy was growing strongly and investment in energy 
efficiency was still nascent. This rationale leads to the major 
conclusion in this chapter: sales are expected to be flat in 
the near-term, and will grow at less than 1 percent/year in 
the long term. 
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“…the second conclusion is 
that load growth/decline 
rates are not a constraint 
on the acquisition of, or a 
driver of the need for, new 
resources.” 

“…the combination of the heat 
pump penetration rate and the 
high load forecast (high EV 
penetration rate) still resulted in 
a sub-1%/year load growth rate, 
which served to reinforce the 
first two conclusions.” 

What are the implications of this conclusion for resource 
planning? As the following chapters will illustrate, GMP’s 
supply-side resources equate to roughly half of GMP’s 
energy and capacity requirements in the long run. Because 
the expected growth/decline rates in loads are expected to 
be less than 1 percent, the 50 percent ratio of the size of 
the portfolio to GMP’s energy requirements is expected to 
remain steady, and in any event, is not expected to come 
anywhere near the threshold where supply could exceed demand. As a result, the second 
conclusion of this chapter is that load growth/decline rates are not a constraint on the 
acquisition of, or a driver of the need for, new resources.  

The third and final conclusion is that the potential growth impact of fuel switching to heat 
pumps and electric vehicles is manageable, and is not in the immediate three-year future for 

resource planning purposes. To arrive at this 
conclusion, we adopted legitimate but fairly optimistic 
assumptions about heat pump penetration rates (20 
percent/year growth), and we formed a high load 
forecast case that puts EVs on a trend to hit 90 percent 
penetration in 2050. However, the combination of the 
heat pump penetration rate and the high-load-forecast 
(high EV penetration rate) still resulted in a sub 1 
percent/year load growth rate, which served to 
reinforce the first two conclusions. 
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3. The Supply of Electricity 

GMP meets virtually its entire electricity load obligation through a combination of energy from 
purchased power agreements (“PPAs”) and the output of units in which it has complete or 
partial ownership interests. This decade, two PPAs that have supplied the bulk of the 
Company’s energy will be replaced by smaller supply resources. First, GMP’s contract to 
purchase a large share of the Vermont Yankee nuclear power plant’s output ended in March 
2012.  Second, about 90% of the Hydro-Quebec Vermont Joint Owners contract expires in 
October 2015, with the remainder expiring a year later. Taking their place are a new, much 
smaller nuclear PPA, owned and purchased wind projects, a smaller Hydro-Quebec contract, 
short-term purchases, and other arrangements.  

3.1 Current GMP Supply Resources 

GMP’s power supply resources include facilities spread across New England and Québec, and 
system purchases that are generally short term (5 years or less). From an ownership 
perspective, GMP’s electricity comes from two types of resources: owned generation and PPAs.  
Table 3.1.1 summarizes our resource mix. 

Table 3.1.1: GMP’s Generation Supply 
Ownership 

 
Subtype Generator Description 

Owned 
Generation 

Joint Owned McNeil, Millstone 3, Stony Brook and Wyman 

Wholly Owned GMP’s hydroelectric, oil-fired, solar and wind generators 

Purchased 
Power 

Agreements 

Long-Term Units NextEra Seabrook, Granite Reliable Wind, Moretown 
Landfill, Ryegate biomass, Stony Brook combined cycle 

Long-Term System HQ Vermont Joint Owners, HQUS PPA 

Short-Term Unit Ampersand Gilman, North Hartland, other small 
independent producers 

Short-Term 
System 

J.P. Morgan, Shell, Citigroup, exGen, and NextEra energy 
contracts 

Standard Offer 
(SPEED) Biomass, farm or landfill methane, hydro, solar PV 

VEPPI Vermont’s Qualified Facilities (Hydro) under PURPA 
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Major owned generation resources include 32 hydroelectric, 12 solar, six oil-fired, and two wind 
projects. Major PPAs currently include six long-term contracts, six short-term contracts, and 
several that are credited to GMP’s supply portfolio by statute. 

Owned Hydroelectric Generation 

GMP’s 32 hydroelectric generators are capable of generating almost 100 MW of electricity and 
produce an average of about 373,000 MWh of energy each year1. These resources provide 
approximately 43 MW of FCA-based capacity credit and additional seasonal capacity payments. 

Table 3.1.2: Hydro Resources 

Generator Name Commercial 
Operation 

Nameplate 
MW 

2013 
Net MWh 

ARNOLD FALLS 1928 0.35 1,476 
BELDENS 1913/1988 5.9 18,579 

BOLTON FALLS 1986 7.5 26,924 
CARVER FALLS 1894 2.3 7,621 

CAVENDISH 1908 1.4 3,832 
CENTER RUTLAND 1898 0.3 -31 

CLARK FALLS (L. LAMOILLE COMPOSITE) 1937 3.0 18,081 
EAST BARNET 1983 2.2 3,750 

ESSEX #19 1917 7.2 46,311 
FAIRFAX FALLS 1920 4.2 25,528 

GAGE 1919 0.7 2,906 
GLEN (N. RUTLAND COMPOSITE) 1920 2.0 7,152 

GORGE #18 1928 3.0 9,374 
HUNTINGTON FALLS 1911/1989 5.5 21,750 

MARSHFIELD #6 1927 5.0 10,789 
MIDDLEBURY LOWER 1920 2.3 7,958 

MIDDLESEX #2 1928 3.2 11,865 
MILTON (LOWER LAMOILLE COMPOSITE) 1929 7.5 42,304 

PASSUMPSIC 1928 0.7 2,189 
PATCH 1921 0.4 -13 

PETERSON (L. LAMOILLE COMPOSITE) 1948 6.4 28,632 
PIERCE MILLS 1928 0.3 1,293 

E. PITTSFORD (N. RUTLAND COMPOSITE) 1914 3.6 9,848 
PROCTOR 1905/1984 6.9 1,033 

SALISBURY (MIDDLEBURY COMPOSITE) 1917 1.3 3,183 
SILVER LAKE (MIDDLEBURY COMPOSITE) 1916 2.2 1,373 

SMITH 1984 1.5 5,865 
TAFTSVILLE 1942 0.5 -88 
VERGENNES 1912 2.4 13,587 

1 The 20–year average output through FY2013 for legacy GMP and CVPS units is about 323,000 MWh per year. An 
estimate for legacy VT Marble units is 50,000 MWh per year. 
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WATERBURY LITTLE RIVER #22 1953 5.5 22,513 
WEST DANVILLE #1 1917 1.0 -56 

WEYBRIDGE (MIDDLEBURY COMP.) 1951 3.0 16,815 
Total  99.25 372,343 

Collectively, GMP’s fleet of owned hydroelectric plants provides an average of roughly 8 
percent of the company’s annual energy requirements. The output of the hydroelectric plants 
can vary significantly on a daily, monthly and annual basis depending on the actual flow of 
several Vermont rivers. Although these plants require substantial operation and maintenance 
expenses, along with periodic capital expenditures in major improvements, on average, the 
hydroelectric fleet is one of GMP’s lowest-cost power resources. The hydroelectric plants incur 
no fuel expenses so the output helps to stabilize GMP’s power supply costs and retail rates, and 
they produce no air emissions. 

The following is a summary of GMP’s hydroelectric plants, including license status and major 
improvements that have been completed or are in progress. 

• Arnold Falls: Run-of river facility located in St. Johnsbury on the Passumpsic River. FERC 
license No. 2396. A 40-year license was issued June 16th, 1994. Significant recent 
improvements include station electrical modernization of switchgear, relay protection 
and controls in 2008, and construction of new concrete gravity dams to replace 
deteriorated timber crib dams in 2009.      
 

• Beldens Falls: Run-of-river facility located in New Haven on Otter Creek.  FERC license 
No. 2558 with relicensing pending. Former VMPD station acquired by CVPS in 2011. 
Significant recent improvements include station electrical modernization of switchgear, 
relay protection and controls and refurbishment of T/G Unit 2 in 2008.       
 

• Bolton Falls: Run-of-river facility located in Duxbury, originally built in 1899.  It was 
rebuilt in 1985 and 2005, and operates under a 40-year FERC license that expires 
January 31, 2022. 
 

• Carver Falls: Run-of-river facility located in East Hampton, N.Y., and West Haven, on the 
Poultney River. FERC license No. 11475. A 30-year license was issued in 2009. Significant 
recent improvements include replacement/uprate of T/G Unit 1 in 2011. 
 

• Cavendish: Run-of-river facility located in Cavendish, FERC license No. 2489. Since the 
unit was commissioned, significant improvements include the installation of automated 
spillway crest control at the dam. 
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• Center Rutland: Run-of-river facility located in Rutland on Otter Creek. FERC license No. 

2445. A 30-year license was issued in 1994. This is a former VMPD station acquired by 
CVPS in 2011. Significant recent improvements include the addition of relay protection 
and SCADA controls for improved remote operation, and refurbishment of major 
mechanical components to allow the unit to be brought back online.  Center Rutland has 
the potential for an increase in turbine/generator size, which GMP plans to explore 
following the completion of work at Proctor and Huntington Falls.   
 

• Clark Falls: Dispatchable facility located in Milton, on the Lamoille River. FERC license 
No. 2205. A 30-year license was issued in 2005. One of three stations that make up the 
Lower Lamoille Composite2, which combined generates about 90,000 MWh of energy 
per year, about 25% of GMP’s total hydro generation. Significant recent improvements 
include a new turbine runner replacement in 2004, and a new generator step-up 
transformer in 2001.  
 

• East Barnet: Run-of river facility Located in Barnet, on the Passumpsic River. FERC 
Exempt No. 3051.   
 

• East Pittsford:  Dispatchable facility located in Pittsford, on East Creek. This project is 
non-FERC jurisdictional and falls under PSB dam safety regulation given the size and 
hazard classification of the Chittenden Dam, which forms the impoundment for this 
facility. It is one of two stations that make up the North Rutland Composite. Significant 
recent improvements include station electrical modernization of switchgear, relay 
protection and controls, and new penstock replacement in the powerhouse in 2010.  
 

• Essex Hydro #19: Run-of-river facility located in Williston and Essex Junction, the dam 
was constructed in 1917 and had significant repairs done in 1990, and operates under a 
30-year FERC license that expires on March 30, 2025. 
 

• Fairfax Falls: Run-of-river facility located in Fairfax, on the Lamoille River. FERC license 
No. 2205. A 30-year license was issued in 2005. Significant recent improvements include 
station electrical modernization of switchgear, relay protection and controls, and 
refurbishment and uprate of T/G Unit 1 in 2004.   

2 Composites are groups of hydro facilities recognized by ISO-NE as a single resource in determining capacity value. 
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• Gage: Run-of-river facility located in St. Johnsbury, on the Passumpsic River. FERC 

license No. 2397. A 40-year license was issued in 1994. 
  

• Glen: Dispatchable facility located in Rutland, on East Creek. This project is non-FERC 
jurisdictional. One of two stations that make up the North Rutland Composite. 
Significant recent improvements include station electrical modernization of switchgear, 
relay protection and controls, a new generator step-up transformer, and new penstock 
replacement sections. 
  

• Gorge Hydro #18: Run-of-river facility located in Colchester and South Burlington, and is 
non-FERC jurisdictional. The facility’s two dams were built in 1914 and 1928.  With 
recent improvements including a new runner to capture lower flows and an automated 
crest control rubber dam system, generation is expected to increase from approximately 
9,500 MWh to approximately 18,000 MWh per year. 
 

• Huntington Falls: Former Vermont Marble Power Division (VMPD) run-of-river facility 
located in Weybridge, on Otter Creek.  FERC license No. 2558 was reissued in October 
2014. T/G Unit 3 is presently operating and in good repair. T/G Units 1 and 2 are 
presently out of service with planned refurbishment/uprate pending re-license 
authorization.  
 

• Marshfield Hydro #6: Dispatchable facility located in Cabot, the dam is a rolled earth-fill 
construct that was built in 1927, with an additional spillway added in 1991. This project 
is non-FERC jurisdictional and falls under PSB dam safety regulation given the size and 
hazard classification of the Marshfield Dam. 
 

• Middlebury Lower: Run-of-river facility located in Middlebury, on Otter Creek. FERC 
license No. 2737. A 30-year license was issued in 2001. Significant recent improvements 
include station electrical modernization of relay protection and controls in 2004, and a 
new generator step-up transformer in 2010.  
 

• Middlesex Hydro #2: Run-of-river with minimal ponding facility located in Middlesex, 
this facility was originally built in 1928.  It is non-FERC jurisdictional.   
 

• Milton: Dispatchable facility located in Milton, on the Lamoille River. FERC license No. 
2205. A 30-year license was issued in 2005. One of three stations that make up the 
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Lower Lamoille Composite. Significant recent improvements include station electrical 
modernization in 2002, installation of automated spillway crest control in 2005, and 
reconstruction of the project intake/headworks in 2007.   
 

• Passumpsic: Run-of-river facility located in St. Johnsbury, on the Passumpsic River. FERC 
license No. 2400. A 40-year license was issued in 1994. 
 

• Patch: Located in Rutland, on East Creek, is a non-FERC jurisdictional run-of-river 
project. Tropical Storm Irene did significant damage to the Patch station, including 
flooding the plant.  The plant underwent an intense cleaning and replacement of many 
electrical components, including a full rewind of the generator, and was brought back 
online in 2013. 
 

• Pierce Mills: Run-of-river facility located in St. Johnsbury, on the Passumpsic River. FERC 
license No. 2396.  A 40-year license was issued in 1994. 
 

• Peterson: Dispatchable facility located in Milton, on the Lamoille River. FERC license No. 
2205.  A 30-year license was issued in 2005. One of three stations that make up the 
Lower Lamoille Composite.  
 

• Proctor: Dispatchable facility located in Proctor, on Otter Creek. A former VMPD station 
acquired by CVPS in 2011, this hydro facility has been undergoing major renovations. 
Recent significant improvements include the installation of a bridge in 2012 that spans 
the Otter Creek at the station for vehicular access, expansion modifications of the 
project intake headworks in 2013, and the start of mechanical/electrical modernization 
improvements with new turbine/generator capacity additions following FERC 
authorization in 2014. FERC issued the new license in October, 2014, allowing for the 
final stages of the overhaul with the complete replacement of three turbine/generator 
sets and a full rebuild of one unit.  GMP anticipates this plant to be fully restored and 
producing in the second quarter of 2015. 
 

• Salisbury: Dispatchable facility located in Salisbury, on the Leicester River, this is a non-
FERC jurisdictional project, and is one of three stations that make up the Middlebury 
Composite. Recent significant improvements include station electrical modernization of 
switchgear, relay protection and controls, a new generator step-up transformer, and 
recoating of penstock pipeline sections in 2011.  
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• Silver Lake: Dispatchable facility located in Leicester, on the Sucker Brook, is one of 
three stations that make up the Middlebury Composite. A 30-year FERC license (No. 
11478) was issued in 2009. Recent significant improvements include automation of 
station components in 2011 and dam stability improvements at Goshen and Silver Lake 
dams in 2008 to meet FERC dam safety guidelines. 
 

• Smith: Run-of-river facility located in Bradford, on the Waits River. FERC Exempt No. 
3051. Recent significant improvements include the replacement of the Unit 1 turbine 
runner in 2006.  
 

• Taftsville: Run-of-river facility located in Woodstock, on the Ottaquechee River. FERC 
license No. 2490. A 30-year license was issued in 1994. Significant improvements have 
been made since suffering significant flood damage from tropical storm Irene in 2011. 
Improvements include powerhouse modifications and site work, electrical 
modernization, and replacement of switchgear, relay protection and control, and 
generator rewind. 
 

• Vergennes: Run-of-river facility with limited storage capacity located on Otter Creek in 
Vergennes, the dam was constructed in 1910 and underwent significant repair in 1992 
and again in 2010. This included a complete rebuild of the intake system and associated 
penstocks to Units 1 and 2.  The plant operates under a 30-year FERC license that 
expires on June 1, 2029. 
 

• Waterbury Hydro #22: Currently a dispatchable facility, located in Waterbury.  The dam 
was constructed in 1938 and received significant repairs in 2006.  Although GMP 
operates the facility, the dam itself is owned by the State of Vermont, and operated 
under a 50-year FERC license that expired on September 1, 2001. GMP and ANR have 
been working since that time to agree to a Section 401 Water Quality Certification, 
which is a prerequisite to FERC issuing the license.  Under the new 401 as proposed, 
GMP will eventually lose the ability to use Waterbury as a dispatchable or “peaking” 
facility as the 401 requires an eventual transition to run-of-river.  In addition to 
transitioning to run-of-river operation, the proposed 401 is also requiring a much lower 
maximum flow downstream along with a minimum flow requirement.  To best meet 
these requirements while maximizing generation, the turbine runner will need to be 
replaced with a runner that produces more efficiently at lower flows.  This work will 
likely occur in the next two to three years.  Lastly, in order for the facility to move to 
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true run-of-river, the State must repair gates on the dam.  This is likely to occur in the 
next five to 10 years. 
 
 

• West Danville #1 (Joes Pond): Run-of-river facility with limited storage capacity located 
in West Danville. This is a non-FERC jurisdictional facility, and the dam was constructed 
in 1917 and was resurfaced in 1996. The dam suffered significant damage in 2012 during 
Hurricane Irene, and was repaired this past year in 2014. 
 

• Weybridge: Dispatchable facility located in Weybridge, on Otter Creek. FERC license No. 
2731. A 30-year license was issued in 2001. One of three stations that make up the 
Middlebury Composite. 

Owned Peaking Generation 

GMP owns a fleet of six oil-fired generators that provide generation capacity primarily for use 
on peak load days and ancillary products required for operation of the NEPOOL system.  In 
2013, GMP successfully conducted performance emissions testing on its fleet of peaking plants. 
All units received air permits that expire in 2018.  Although these plants do not typically 
operate often (in 2013, the average capacity factor for these units was less than 1 percent), 
they provide significant value for GMP customers - primarily through their revenues in the 
Forward Capacity Market and Forward Reserve Market.  These revenues depend on the ability 
of the plants to start quickly and reliably during the occasional periods when they are called 
upon to operate.  This reliable operation will become even more important in the coming years, 
as the ISO-NE Performance Incentive Program will penalize capacity sources that fail to produce 
during regional shortage events, and reward those that do.  GMP plans to review its operation 
and maintenance regimes or these units with the goal of maximizing availability.  We expect 
that this will include performing monthly test starts, targeting worst-case periods, such as 
extreme temperatures when possible, and continuing internal inspections of the turbines each 
spring. 

Table 3.1.3: Owned peaking generation 

Resource Name Commercial 
Operation 

Nameplate   
MW 

2013 MWh 

Ascutney GT 1961 12.5 363 
Berlin 1 GT 1972 46.5 3,877 

Essex Diesels 2006 8.0 693 
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Gorge GT 1965 17.0 150 
Rutland 5 GT 1963 12.5 467 

Vergennes 5 & 6 Diesels 1963 4.0 304 
Total  100.5 5,854 

• Ascutney GT: The Ascutney Gas Turbine is a two-stage turbine, internal combustion unit 
located in Ascutney. The unit operates under an air pollution control permit issued by 
the VANR’s Air Quality and Climate Division. The unit provides value as a stand-by unit 
through participation in various ISO markets: the Reserve, Black Start, VAR support, and 
Forward Capacity Markets. Significant recent improvements include the replacement of 
the fuel control system in 2004; replacement of the voltage regulator and 
autosynchronizer in 2008; and replacement of the engine section as part of a hot gas 
path/overhaul project in 2011. 
 

• Berlin GT: The Berlin Gas Turbine facility is the largest peaking plant in Vermont, and 
consists of a Pratt & Whitney Twin Pack gas turbine generator and two Pratt & Whitney 
Simple Cycle FT4 engines. The unit has an approximate capacity of 50 MW at full output. 
Low-sulfur kerosene fuels the engines from two on-site fuel tanks. 
 
In 2008, the Berlin Gas Turbine facility was upgraded; both engines were overhauled 
and rebuilt, together with a complete rewind of the generator. An additional air-assisted 
start pack was installed, enabling both engines to start simultaneously. Additional 
improvements/upgrades/replacements were made in 2012 and 2013. As a result of the 
upgrades, the plant can more fully participate in the ISO Reserve market, the life 
expectancy of the plant was extended, and reliability improved. 
 

• Essex Diesels: This diesel generation facility consists of four 2 MW Caterpillar diesel 
reciprocating engines that operate on ultra-low sulfur diesel. In 2007, GMP upgraded 
the facility, replacing the 60-year-old, 1.0-MW Electro-Motive Division (EMD) diesel 
engines with four new Caterpillar, 2-MW diesel engine/generator sets, totaling 8 MW of 
capacity.  In addition, all associated switchgear and controls were upgraded. 
 

• Gorge GT: The Gorge Gas Turbine is a two-stage turbine, internal combustion unit 
located in Colchester.  The unit operates under an air pollution control permit issued by 
the VANR’s Air Quality and Climate Division. The Gorge GT is out of service, and had a 
major inspection during 2014. GMP is evaluating the feasibility of repairing or replacing 
this unit.   
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• Rutland GT: The Rutland Gas Turbine is a two-stage turbine, internal combustion unit 
located in Rutland. The unit operates under an air pollution control permit issued by the 
ANR’s Air Quality and Climate Division. The Rutland GT provides value as a stand-by unit 
and participations in various ISO markets: the Reserve, Black Start, VAR support, and 
Forward Capacity Markets. Significant recent improvements include the replacement of 
the fuel control system in 2006; replacement of the autosynchronizer in 2008, and 
refurbishment of the unit’s engine components as part of a hot gas path 
inspection/overhaul project in 2009.   
 

• Vergennes Diesels: The Vergennes peaking facility consists of two 16-cylinder 
reciprocating engines, originally installed in 1964. They have a total nameplate capacity 
of 4 MW. The engines are fueled using ultra-low sulfur, blended #2 diesel oil. Both 
engines have been overhauled in the last decade. In 2013, we installed a DOC catalyst to 
the emissions control system, and in 2014, we upgraded the unit’s control systems. 

Owned Wind Generation 

Green Mountain Power owns two utility-scale wind projects. The first project is known as 
Searsburg Wind, a 6-MW facility located near the Massachusetts border. The second project is 
known as Kingdom Community Wind (KCW). With a nameplate rating of 64.5 MW, KCW 
entered commercial operation in 2012, and is located in the town of Lowell in northeastern 
Vermont.   

Table 3.1.4: GMP-owned Wind Projects 

Generator Name Commercial 
Operation 

Nameplate 
MW 

2013 Net 
MWh 

Kingdom Community Wind 2012 64.5 114,860 
Searsburg Wind 1997 6 12,197 

Total  70.5 127,057 

• Kingdom Community Wind: Kingdom Community Wind is a 21-turbine, wind generation 
facility. Green Mountain Power partnered with Vermont Electric Cooperative to build 
the project, which began generating electricity at the end of 2012.  The wind turbines at 
Kingdom Community Wind were manufactured by VESTAS, and are rated at just over 3 
MW each. The plant is expected to operate at an approximate 33 percent annual 
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capacity factor3, which yields approximately 186,000 MWh of energy annually. GMP 
owns 100% of the project, and retains 87% (55 MW) of the output for its customers.  
The remaining output serves Vermont Electric Cooperative customers, via a long-term 
power sale agreement.   
 

• Searsburg Wind: Searsburg is an 11 turbine facility completed in July 1997, and produces 
energy at an average annual capacity factor between 20 and 25 percent.   

Owned Solar Generation 

GMP has embraced solar PV technology, particularly as its cost-competitiveness has improved 
in recent years. With the commercial operation of its 2.5 MW (DC) Stafford Hill project, GMP 
will soon have a total of about 5 MW of owned solar PV facilities. We have installed solar 
generation at a number of our sites as well as other sites at which we partner with the site’s 
owner.  GMP wants to help accelerate adoption of small renewable technologies such as solar 
and continues to build solar projects, especially in Rutland, which is fast becoming the Solar 
Capital of New England. 

GMP believes that solar power can play a key role in its power portfolio based on its declining 
construction costs, low operating costs, and environmental and operating attributes. We expect 
to continue adding solar projects based on distributed generation benefits, renewable energy 
goals, and our Rutland area Solar Capital initiative. 

• Stafford Hill: The Stafford Hill project is an innovative, first-of-its-kind project using 
solar, two types of battery storage and a common inverter to tie it all together on 
top of a previously capped landfill.  The project is currently being constructed and 
will be able to electrically island the nearby Rutland High School emergency shelter 
during times of grid emergency.  Under normal operating conditions, this project will 
supply energy to the grid while the battery system continues to smooth, regulate 
and support the grid throughout the day.  The battery system is expected to 
generate significant revenue as a supplier of Regulation Service in the ISO-NE 
market, and will provide for peak shaving and capacity benefit during times when 
the solar facility is producing energy at less than full capacity. This plant also has the 
potential (in combination with other local solar projects and other reliability 
resources) to defer transmission investments to serve the Rutland area. 

3 Since the Jay synchronous condenser facility was installed and fully operational in spring of 2014, the project has 
produced at approximately this level. 
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• Other Owned Solar: GMP has installed solar PV equipment at a number of its sites as 

well at sites owned by others. We have installed projects at the site of the Berlin GT, 
on a former CV site on Cleveland Ave (“Creek Path Solar”) in Rutland, and at a 
number of the Company’s office buildings. We’ve also installed projects at Rutland 
Region Medical Center and the College of Saint Joseph’s in Rutland. 

 
• Streetlights: In partnership with the City of Rutland, GMP has deployed an 

innovative project that installs solar panels on utility poles in conjunction with street 
lighting. The project utilizes small, utility-pole-mounted solar panels that are directly 
connected into the secondary network of the local distribution system, which in turn 
feeds the streetlights. This system includes a lighting control system and the 
installation of LED lights that can allow the City to better control its streetlight usage. 
It also provides more real-time information on failed lights. Due to the success of 
this partnership, we expect that this type of solar installation will be replicated in 
other towns and cities across the state. 

Net-Metered Solar Generation 

As explained in Section 2.3 of the Demand for Electricity Chapter, GMP expects net-metered 
solar capacity to grow quickly over the remainder of this decade.  While the actual pace and 
volume of net metering (and the mix of project sizes) could vary significantly based on a 
number of factors, we project that the 15 percent cap will be reached in 2021, primarily due to 
the addition of about 180 group-net-metered (500 kW) systems. After 2021, one or two group-
net-metered systems are added each year as demand growth creates available capacity below 
the 15% cap. Note that rooftop-net-metering development is assumed to remain constant after 
2017. The rationale is that group-net-metering will offer economies of scale that could leave 
little incentive for individual customers to own their own rooftop systems4. The following table 
summarizes the projected net-metered generation over the forecast period. 

Although all net-metered solar customers are compensated in the same manner, the 
production from these systems is credited to GMP’s power supply portfolio in two different 
ways. 

4   The mix of net-metering projects shown above illustrates one of many potential future combinations of project 
sizes; it does not reflect a policy recommendation by GMP.  The actual mix of net-metered projects in the future will, 
of course, differ from the illustrative mix and will almost certainly feature meaningful numbers of rooftop systems 
along with some group-net-metering projects sized smaller than 500 kW.    
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• Small Scale Rooftop Solar: These customers receive a price similar to their retail rate, 
and also receive a solar payment (presently 6 cents/kWh) for all of the energy they 
produce. From a power supply perspective, GMP purchases solar energy from these 
homeowners and businesses when the amount of solar energy they produce is 
greater than their (net-metered) needs.5    
 

• Large-Scale Group Solar: These customers represent homeowners and businesses 
that have chosen to become net-metered customers by participating in a share of a 
larger, off-site solar project. Like rooftop net-metered customers, they receive a 
price similar to their retail rate, plus a solar payment for all of the energy they 
produce. However, from a power supply perspective, the output from group-net-
metering projects is represented as a purchase by GMP, as opposed to a reduction in 
GMP retail sales.  

5 In actual practice, such excess volumes tend to be very small relative to the scale of the net-metering program. 
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Table 3.1.5:  GMP Net Metering Output Forecast (MWh/Year)

 
  

RoofTop Group Total
2014 1,120         -             1,120         
2015 7,977         5,453         13,430       
2016 13,317       22,989       36,306       
2017 13,574       42,652       56,225       
2018 13,580       62,349       75,929       
2019 13,583       82,059       95,642       
2020 13,584       102,008     115,592     
2021 13,584      119,347    132,931    
2022 13,584       122,202     135,786     
2023 13,584       122,747     136,331     
2024 13,584       123,685     137,269     
2025 13,584       124,119     137,703     
2026 13,584       124,718     138,303     
2027 13,584       125,921     139,505     
2028 13,584       126,978     140,562     
2029 13,584       127,951     141,535     
2030 13,584       129,206     142,790     
2031 13,584       131,065     144,649     
2032 13,584       133,339     146,923     
2033 13,584       135,614     149,199     
2034 13,584       138,180     151,764     
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Joint-Owned Generation 

GMP has joint ownerships in four generation facilities and one transmission facility. The 
generation facilities include one nuclear, one wood, and two fossil-fuel projects, representing 
baseload and peaking capacity. The Highgate Converter facilitates the import of up to 225 MW 
(185 MW GMP share) of energy from Canada. 

Table 3.1.5: Joint-Owned Facilities 

Resource Name 
Commercial 

Operation Date 
GMP Share 
Nameplate   

MW 

2013 MWh 

Highgate Converter 1985 185 N/A 
McNeil Station 1984 15.5 90,120 

Millstone #3 1986 21.3 164,731 
Stony Brook 1981 31 15,913 
Wyman #4 1978 17.7 4,579 

Total  270.5 275,343 

• Highgate Converter: The Highgate Converter is a back-to-back HVDC facility located near 
Highgate Springs, with transmission capability as high as 225 MW connecting with 
Hydro-Quebec to the North and the VELCO system to the South. It began commercial 
operations in 1985, and its annual capacity factor for energy deliveries has typically 
been about 75%. The facility has primarily been used to import Hydro-Quebec Vermont 
Joint Owner (HQ VJO) power, but exports are also possible.  GMP owns an 82.29% (185 
MW) share of the facility, and the remainder is owned by the other Vermont 
Distribution Utilities.  VELCO operates the facility on behalf of the Joint Owners.  
 

• McNeil: McNeil Station is a 50-MW wood-fired generation facility located in Burlington.  
The plant can also operate using natural gas, either alone or in combination with 
woodchips.  It began operation in June 1984. GMP’s ownership share is 31% (15.5 MW), 
and in recent years the plant has operated at well over a 50% capacity factor.  The other 
owners are the Burlington Electric Department (BED) (50%) and the Vermont Public 
Power Supply Authority (19%). BED operates the facility on behalf of the Joint Owners. 

In 2008, a selective catalytic reduction (SCR) system was installed on the plant to reduce 
its NOx (nitrous oxide) emissions, which qualifies the plant’s output as new renewable 
energy under the renewable portfolio standards (RPS) of some New England states.  As 
a result of this investment, McNeil also supplies renewable energy credits (RECs), which 
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in recent years have typically been sold to load-serving entities in Connecticut for RPS 
compliance, with our associated revenues used to reduce GMP’s power supply costs and 
retail electric rates. 

• Millstone 3: Millstone Unit #3 is a 1,235-MW pressurized-water base-load nuclear 
reactor situated in Waterford, C.T., on Long Island Sound, and is part of the three-unit 
Millstone Station. Millstone #1 is being decommissioned, and Millstone #2 is actively 
generating.  Millstone #3 began commercial operations in 1986, and GMP owns a 
1.7303% (21.5-MW) share of the unit.  The other owners are Dominion Nuclear 
Connecticut and the Massachusetts Municipal Wholesale Electric Company (MMWEC) 
with ownerships shares of 93.470% and 4.799% respectively. Dominion Nuclear 
Connecticut operates the facility on behalf of its Joint Owners.   

The Millstone #3 Operating License from the NRC runs through November of 2045.  The 
future decommissioning of Millstone #3 is supported by dedicated Decommissioning 
Trust Funds for each Joint Owner. 

• Stony Brook, 1A, 1B, 1C: The Stony Brook Station, located near Springfield, M.A., hosts a 
combined-cycle gas/oil-fired generation facility with both peaking and intermediate 
units.  The intermediate units (1A, 1B and 1C) have a combined capacity of 353 MW and 
typically operate as peaking generation with an annual capacity factor of under 5 
percent.  The primary fuel is natural gas, although the plant has operated on oil (and 
provided value to GMP customers) for significant periods during cold snaps in recent 
winters, when regional scarcity of natural gas supply made operation on gas 
uneconomic.  This dual-fuel capability provides important protection against the 
physical unavailability and financial costs associated with potential interruptions of 
natural gas supply.  Stony Brook began commercial operations in 1981, and GMP owns 
an 8.8029% (31 MW) share of the combined intermediate units.  MMWEC operates the 
facility on behalf of its Joint Owners, which are mostly Massachusetts municipal utilities. 
 

• Wyman #4: The Wyman Station facilities, located on Cousins Island near Yarmouth M.E., 
comprise four generating units.  The oil-fired Wyman #4 unit is the largest at 606 MW, 
and functions as a peaking generator in the ISO-NE dispatch.  It began commercial 
operations in 1978 and was originally intended to function as an intermediate dispatch 
unit.  Wyman #4 earns Forward Capacity Market and other ancillary product revenue 
from ISO-NE.  GMP owns a 2.9207% (17.7 MW) share of Wyman #4. Florida Power & 
Light/NextEra owns 84.346% of the plant and operates the facility on behalf of GMP and 
its other Joint Owners.  The plant has been economically dispatched at low annual 
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capacity factors in recent years, but it tends to be dispatched more heavily (and provide 
savings to GMP customers) during winter cold snaps, when regional natural gas prices 
and energy market prices are high. 

Long-Term Purchased Power Agreements (PPAs) 

The majority of GMP’s energy supply comes from long-term PPAs. Until the expiration of the 
Vermont Yankee (VY) contract, the VY and HQ VJO PPAs supplied nearly 90% of the energy 
requirements of the legacy companies. GMP is now transitioning away from a few large PPAs 
towards smaller and more diverse resources, including new nuclear and hydro-based PPAs, an 
82 MW wind PPA, and other purchased and owned resources. Through the forecast period in 
this IRP, GMP does receive a significant portion of its energy from a few large, long-term PPAs 
(HQ US and NextEra), but significantly less than before the merger. Current contracts and 2013 
volumes are shown in the following table. 

Table 3.1.6: Long-Term Purchased Power Agreements 

Generator Name Contract Period  
Contract 
MW (1) 

2013 
MWh 

HQ VJO 1989-2016 230 1,574,390 
HQUS (2) 2012-3038 8 41,615 

Moretown 2009 - 2023 3 26,126 
Granite Reliable 2012-2032 82 191,305 

Small Renewable PPAs Various  ~5,000 
NextEra Seabrook (2) 2012-2034 15 131,400 

Stony Brook 1a, b, and c 1981-Life of Unit 15 4,526 
Total   ~1,975,000 

(1) HQUS and the current portion of GMP’s NextEra Seabrook contract are energy-only; the 
contract MW therefore refers to the 2014 maximum hourly MWh delivery. Also, 
renewable resources normally have significantly lower FCM capacity than the units’ 
nameplate ratings.  

(2) The amounts of energy delivered under these contracts increase substantially during 
calendar year 2015, HQUS to about 148 MW starting November and Seabrook to 60 
MW (unit contingent) in January. 
 

• Hydro-Québec / Vermont Joint Owners: GMP currently has a 230 MW share of the stably 
priced Hydro-Québec Vermont Joint Owners (HQ VJO) contract. This PPA is structured 
with a target energy delivery volume equivalent to a 75% annual capacity, factor, which 
represents approximately 1.5 million MWh per year — about 33% of GMP’s current 
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energy requirements. Roughly two-thirds of the energy from this source is delivered 
during peak hours, with the remainder normally delivered during off-peak hours. About 
90% of GMP’s contract share expires in October 2015, with the remainder expiring one 
year later. 
 

• Hydro-Québec – United States: In April 2011, GMP and a group of other Vermont 
distribution utilities received approval from the PSB for a 26-year PPA with Hydro-
Québec–United States (HQUS) starting in November 2012. GMP’s current share of the 
purchase will increase to about 170 MW by the end of 2016 as the HQ VJO contract 
expires.  The HQUS PPA will provide annual energy volumes of approximately 1,000,000 
MWh per year (representing about 22 percent of GMP’s current annual energy 
requirements) during much of the delivery term, in a flat schedule during the peak 16 
hours of every day (i.e., 7x16). These deliveries are financially firm, and not contingent 
on the operation of particular generating units or transmission facilities.  In addition to 
the energy delivered, the PPA includes all environmental attributes of the power, at 
least 90 percent of which will be based on hydroelectric resources, helping GMP to 
maintain our low-emission energy profile at a relatively stable price that reflects a blend 
of general inflation and regional energy market prices.  No capacity is included in this 
purchase. 
 

• Granite Reliable Wind: GMP purchases about 80 percent of the output from a 99 MW 
wind plant located in northern New Hampshire, under a 20-year contract. This will 
supply about 5% of our energy requirements at a fixed schedule of contract prices. The 
output of the project includes unit-contingent energy, capacity (starting April 2016), and 
RECs. 
 

• Moretown Landfill Gas: In December 2008, GMP began receiving energy from 
Moretown Landfill Gas through a 15-year PPA. GMP receives 100 percent of the 3.2 MW 
plant output, which includes energy, capacity and RECs. This plant operates in a 
baseload mode to provide GMP around 25,000 MWh of renewable energy annually at a 
stable price. 
 

• Small Renewable PPAs: In order to help facilitate development of local small renewable 
projects across a range of technologies, GMP has entered into PPAs for the output from 
a number of these facilities. These purchases currently represent a small number of 
annual megawatt hours (about 5,000 MWh per year), but may grow in future years to 
the extent that economics of smaller-scale resources improve. 
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• Seabrook NextEra:  This PPA with NextEra for energy from its Seabrook nuclear facility 

will provide an estimated annual average of up to about 500,000 MWh of unit-
contingent energy starting in 2015. Deliveries under the contract are scheduled to 
decline by 10 MW (about 80,000 MWh per year) starting June 2021 and by another 10 
MW starting in June 2029.  
 
Beginning in June 2015, the PPA will also include deliveries of unit-contingent capacity 
to offset GMP’s obligations in the ISO-New England Forward Capacity Market. Similar to 
the long-term energy schedule, the capacity quantity exhibits a declining volume profile, 
with deliveries of 85 MW per month to start, dropping to 75 MW in June 2021, and 65 
MW in June 2029.   
 
Overall, the purchase provides low-emission baseload energy and capacity at relatively 
stable prices (with increases driven primarily by an index of general inflation), with the 
volumes ramping down gradually over time. 

Long-Term Statutory PPAs 

• NYPA: GMP receives approximately 0.5 MW of NYPA power, most of which comes from 
the Niagara Power Plant on the US-Canada border. Although the current NYPA contracts 
expire in 2017 and 2025, they are projected to remain available through the planning 
period. Delivery of NYPA energy can be shaped to correspond with the higher load 
periods of the day, and is expected to amount to about 5,000 MWh per year. 
 

• Ryegate:  Ryegate is a 21-MW woodchip-fired generator located in Ryegate, VT. A new 
10-year contract between Ryegate Associates and VEPP Inc. began in November 2012. 
The PPA has an estimated levelized price of roughly 10 cents per kWh over the life of 
the contract, with a portion of fuel price risk passed through the PPA price. The 
expected annual plant output is 172,000 MWh, of which GMP’s portion is approximately 
82%, or 141,000 MWh per year.  
 

• SPEED Standard Offer: Under the SPEED standard offer program, GMP purchases its load 
ratio share (presently about 78%) of up to 127.5 MW of eligible new renewable 
resources.  The PSB appointed the Vermont Electric Power Producers Inc. (VEPPI) as the 
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SPEED Facilitator to administer these resources, which include more than 40 solar, 
hydro, biomass, and methane generators that are less than 2.2 MW in size.6   
 
SPEED resources generally carry a fixed, levelized price for a term of 20 or 25 years.  
GMP estimates these resources will supply about 78,000 MWh per year to our portfolio 
in FY2015 and projects that this amount will grow to about 180,000 MWh per year when 
the program is fully subscribed. The actual volumes and cost will depend on the specific 
mix of renewable technologies that supply the program, and the actual capacity factors 
of those plants. The SPEED program is implemented by the Public Service Board as 
described in Rule 4.300, and its goal is to “achieve the goals of 30 V.S.A. § 8001 related 
to the promotion of renewable energy and long-term stably priced contracts for such 
energy that are anticipated to be below the market price.”7 
 

• VEPPI: GMP purchases approximately 78% of the output from Vermont’s Qualified 
Facilities.  The PSB appointed Vermont Energy Power Producers Incorporated (VEPPI) as 
the agent to administer these resources, which currently include 15 hydroelectric 
generating stations.  These are fixed-price, plant-specific contracts, the last of which will 
expire by 2020. 
 
A share of the output of these Qualified Facilities (QFs) is assigned to GMP’s power 
supply portfolio by Public Service Board Rule 4.100, which states that “The purpose of 
this rule is to encourage development of electricity through use of biomass, other 
renewable resources, waste and cogeneration, while giving due consideration to the 
duties and responsibilities of utilities. The rule implements the provisions of 30 V.S.A. 
Section 209(a)(8) and 16 U.S.C. Section 824a-3.”8 

Short-Term PPAs 

GMP sources a portion of its energy requirements each year through fixed-price energy 
purchases from the New England wholesale energy market. These purchases reduce our 
customers’ exposure to spot market energy prices, and to year-over-year volatility in power 
supply costs and retail rates.  GMP typically implements these market purchases on a layered 
basis with terms up to five years, so that over a five-year period the company’s power supply 

6 For more information, please refer to www.vermontspeed.com 
7 Vermont Public Service Board, 4.300 Sustainably Priced Energy Enterprise Development Program, 4.301 Purpose 
8 Vermont Public Service Board, 4.100 Small Power Production and Cogeneration, 4.101 Purpose 
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costs maintain some linkage to the New England wholesale energy market.  This prevents 
GMP’s retail rates from becoming disconnected from those of utilities in neighboring states – 
particularly during periods in which wholesale market prices are falling (as they did in the 2010 
to 2012 period). GMP purchases only from credit-worthy counterparties. All contracts are for 
firm energy (not unit contingent) settled at the ISO Internal Hub, and they do not convey 
generation attributes from particular sources. As a result, for purposes of describing the fuel 
mix and air emission profile of GMP’s power supply, these market purchases are represented 
based on a slice of the “system residual” mix in the NEPOOL Generation Information System. 

Currently contracted-for purchases total over 1 million MWh for each of FY2015, FY2016 and 
FY2017, about 300,000 MWh for FY2018, and about 100,000 MWh (Oct-Dec) for FY2019. Table 
3.1.7 shows total purchases by counterparty, and Table 3.1.8 shows monthly and total fiscal 
year purchases including volumes and total costs. The total costs reflect a number of factors, 
including the forward energy market outlook at the time that each purchase was contracted, 
and the period(s) and monthly volumes for which each purchase. The average price paid by 
GMP for these forward-market purchases in any given year is typically not an indication of the 
value of energy in that single period, but a weighted average value of multiple contracts that 
cover multiple delivery periods having widely varying market values. 

Table 3.1.7: Short-term Purchased Energy Summary by Counterparty 

Counterparty Remaining 
Contract Period Description MWh Cost 

J.P. Morgan FY2015-FY2018 7X24; volume varies by month 
and year 1,227,720 $73,133,609 

Shell FY2015-FY2017 Some flat by on- and off-peak; 
some shaped 883,745 $39,503,307 

ExGen FY2016 Oct and Apr-Sept mostly off-
peak shaped 189,520 $6,311,016 

Citigroup FY2015 & 
FY2017 FY2015 shaped; FY2017 7x24 578,775 $27,988,331 

NextEra FY2015-FY2016 Shaped 726,625 $35,652,058 

Total   3,606,385 $182,588,320 
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3.2 Potential New Supply Resources 

Broadly speaking there are only three categories of generation: fossil fueled, nuclear, and 
renewable. However, there are over a dozen specific generation technologies that make use of 
these resource types. Figure 3.2.1 shows an illustrative range of levelized costs of power9 for a 
variety of different technologies, and highlights the ones explicitly modeled in the resource 
plan. The following sections describe in more detail how GMP approaches these resources, and 
the rationale for the role they could play in maintaining a low-cost, low-carbon portfolio that is 
also diverse, flexible, and reliable. 

Figure 3.2.1 New Generation Supply Curve, Levelized Cost of Energy in 2012 $/MWh10

 
  

9 These levelized price ranges reflect national cost parameters and assumed capacity factors, and are not focused on 
the northeast region; they are presented for illustrative purposes only. 
10 “Levelized Cost and Levelized Avoided Cost of New Generation Resources”, Energy Information Administration, 
Annual Energy Outlook 2014, Table 2. Regional Variation in LCOE for New Generation Resources, 4/17/14 
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Renewable Generation 

GMP’s portfolio includes a variety of renewable resources including wind, solar, biomass, 
biodigesters, landfill gas, and both small and large hydroelectric resources. The following bullets 
describe how we think about each source of renewable generation. 

• Wind Power:  In terms of volume, GMP’s power portfolio already includes over 140 MW of 
wind, which is projected to meet between 8 and 9 percent of GMP’s current annual energy 
requirements.  On-shore wind projects in New England are often sited on mountains where 
a combination of difficult terrain and relatively distant transmission access results in higher-
than-average costs. GMP expects wind power costs to be at the high end of the range in 
Figure 3.2.1 (e.g., in the $85 to $100/MWh range).  In this price range, wind represents one 
of the most cost-competitive sources of new utility-scale renewable power in New England. 
 
The federal Production Tax Credit (PTC) expired at the end of 2013, but projects that were 
already in development as of that date may be able to qualify for a safe-harbor exemption. 
As a result, the resource plan uses an illustrative nominal levelized cost of $94/MWh for 
projects that have safe-harbor and are projected to be operational before 2017. After 2017, 
the cost of wind projects is modeled at $98/MWh plus inflation. 

 
As Figure 3.2.1 shows, off-shore wind is the most expensive source of new renewable 
generation. For this reason, it is not included in the resource plan.  In the long-term, 
offshore wind could be considered as a potential resource for GMP if the costs come down 
into a competitive range with other new renewable resources – for example, if large-scale 
offshore projects can be networked to achieve scale economies. 

 
• Solar Power: Solar photovoltaic power production in Vermont is growing rapidly as a result 

of strong policy support and improving economics. Both the SPEED standard offer program 
and the recent changes to the state’s net-metering statute have resulted in a substantial 
increase in the amount of solar power already developed and planned in the state. We 
expect development to continue at a significant pace through the end of 2016, when the 
federal Investment Tax Credit (ITC) is slated to drop from 30 percent to 10 percent of 
project capital cost.  In 2017, we assume that the levelized price of new utility scale solar 
power will rise from about $120/MWh to $140/MWh.  Because of solar power’s long-term 
trend of falling costs, we do not apply inflation to this number, and instead assume that 
technological improvements will hold the cost of solar power constant in nominal terms 
over time, offsetting the effects of inflation.  
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The total volume of solar power on GMP’s system (and in its resource portfolio) will reflect 
a combination of net-metering, SPEED standard offer projects, other PPAs, and GMP-owned 
projects.  This total is expected to grow substantially.  As noted above, net-metering 
installations have increased significantly in recent years and this trend is expected to 
continue.  The SPEED standard offer program has supported the deployment of tens of MW 
of solar projects in Vermont, and it appears likely that a clear majority of that program’s 
127.5 MW of cumulative capacity will be filled by solar projects. Declining costs of 
distributed utility-scale solar projects have made the most attractive projects cost-
competitive with large-scale renewable resource options like wind, so GMP expects to 
explore additional volumes through direct PPAs and/or project ownership.   
 
While actual solar volumes will depend on a number of uncertainties (e.g., costs of panels 
and installation, state net-metering policy, interest rates, availability of suitable sites, etc.), 
it is reasonable to expect that the collective volume of solar PV sources for GMP will 
approach or exceed 200 MW by the end of this decade.  This scale of solar capacity will 
represent over 25 percent of GMP’s current system peak, and at an illustrative 15 percent 
annual capacity factor would produce roughly 6 percent of GMP’s current annual energy 
requirements. 
 

• Hydroelectricity: Hydroelectric resources continue to represent the largest portion of 
renewable power in GMP’s resource mix, and are projected to meet about one-third of 
GMP’s total energy requirements over the next 20 years. As discussed above, the largest 
single source is the HQUS contract, which provides firm deliveries in accordance with a fixed 
schedule.  Looking forward, because hydroelectricity is a resource that can play multiple 
roles within the portfolio (renewable, zero-air emissions, stable price), GMP will continue to 
explore adding cost-effective hydroelectric resources to the portfolio as those opportunities 
arise.  In particular, GMP will continue to seek additional opportunities to increase output 
from its existing hydro plants and to develop new projects, although we expect that the 
scale of new projects that are feasible and cost-competitive will be limited.  GMP also 
expects to explore acquisitions of existing hydroelectric power, through PPAs and/or 
purchases of specific plants. 
 

• Biomass Power: As a joint-owner of McNeil and the majority off-taker of Ryegate, GMP 
receives about 5 percent of its energy requirements from woody biomass. As with all 
renewable resources, we will continue to investigate adding more biomass to the portfolio 
as those opportunities arise. However, newly constructed biomass plants appear less cost-
competitive than both wind and solar, in spite of their dispatchable (non-intermittent) 
output profile and ability to produce power in a baseload duty cycle (high capacity factor).  
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This is because new biomass plants tend to feature both a substantial capital cost ($/kW) 
and a significant fuel expense ($/MWh) to operate.  In contrast to wind and (particularly) 
solar, we are not aware of any technological changes that are expected to lower the cost of 
biomass energy in a major way over the next 20 years.  As a result, while GMP would 
consider many types of new renewable power including biomass, we have not modeled 
biomass as a new resource in the Resource Plan chapter. 
 

• Bio-Digesters: Methane-producing farm digester systems have been a part of the GMP mix 
for a number of years, and continue to be added under the Cow Power program. As 
previously mentioned, these facilities are owned by the farmers, with the revenue from the 
electricity and renewable credits flowing back to them. As GMP explores the next 
generation of these facilities, we believe that a GMP-owned model that incorporates both 
farm manure as well as pre- and post-consumer food waste could provide substantial 
benefit for Vermonters.   

 
The Vermont Legislature has recently taken a step forward with the passing of Act 148, 
which requires a phased-in approach to ultimately keep all food waste out of landfills.  This 
creates an opportunity to capture this abundant wastestream and turn it into energy, as 
well as heat and other products, such as compost.  This can further be combined with 
wastewater treatment facilities to produce additional methane, which can also be used to 
generate clean electricity. 
 

• Geothermal Power: GMP is not aware of any commercial-quality sources of geothermal 
energy for electricity production at present, so geothermal resources are not specifically 
considered in the resource plan.  

Most of the new renewable technologies discussed above are relatively capital-intensive, and 
are typically developed through long-term and stable-priced purchased power agreements or 
utility ownership.  In addition, several of the renewable technologies (most notably wind, solar, 
and hydroelectric) feature intermittent output profiles, which fluctuate significantly based on 
actual wind speed, incoming solar radiation, and stream flow.  These considerations and their 
applicability to GMP’s resource portfolio are discussed further in Section 7. 
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Fossil-Fueled Generation 

Although GMP’s portfolio includes a relatively small amount of energy directly from oil- and 
gas-fired generators, our short-term purchases are sourced from generation that includes fossil 
fueled generation from around New England, primarily from natural gas. Because natural-gas 
generation plays such a prominent role in New England’s power market, with new natural-gas-
fired plants appearing to be among the region’s most cost-competitive sources of new capacity 
in the Forward Capacity Market, this type of capacity is included in the resource planning 
chapter. Both a combined cycle and a combustion turbine (CT) are included to determine how 
the characteristics of an otherwise highly renewable portfolio would change in the presence of 
new natural-gas generation. 

Natural Gas Generation 

According to ISO-NE, natural-gas-fired generators set the energy clearing price in New England 
during most hours of the year. This means that natural gas is typically the marginal fuel 
resource in New England, and is among the lower-cost sources of electricity during most of the 
year. This is true not only for energy, but also for capacity. The most recent changes to the 
capacity market included revised values for the cost of new entry (CONE), which are based on a 
natural gas fired combined cycle (CC) unit. As the marginal-cost source of conventional 
generation capacity, the cost of a natural-gas CC unit is linked directly to the cost of capacity in 
the FCM. 

Peaking Resources 

Conventional fossil-fuel-fired peaking facilities will continue to play a significant role in 
providing both capacity and peaking energy for the foreseeable future. Because these resources 
are fast starting, they can also provide reserves to the ISO markets, and can enable greater 
levels of intermittent generation. In the context of the recent changes in the Forward Capacity 
Market (FCM) and the Pay-for-Performance program (PFP), new peaking resources are also 
likely to be a cost-competitive hedge against both capacity and energy prices. As a result, the 
Resource Plan evaluates the role of conventional peaking resources in GMP’s future portfolio. 

Oil & Coal Generation 

Oil- and coal-fired generation has been declining in New England for years, and are neither as 
cost competitive or as clean burning as natural gas. As a result, new coal-fired generation is not 
considered in the resource plan.  New oil-fired generation is only considered as a potential 
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peaking resource, which would likely generate only occasionally and not provide a meaningful 
portion of GMP’s energy supply. 

Nuclear Generation 

With a long-term PPA from NextERA increasing in size starting January 2015, GMP will receive 
about 10 percent of its energy requirements from nuclear power, which helps keep our 
emissions profile well below the New England average. This fraction of nuclear energy is far 
below GMP’s historical level of nuclear reliance, which exceeded 40 percent during the past 
decade, when GMP’s largest single power source was the Vermont Yankee plant.  Adding more 
nuclear power purchases to the portfolio could support GMP’s vision of low-cost, low-carbon, 
and reliable power, so GMP does not rule out purchasing energy from nuclear plants in the 
future. However, no new nuclear development is taking place in New England, and 
hydroelectricity can provide the same low emissions and price stability that nuclear sources are 
well-suited to provide, while also increasing GMP’s reliance on renewable energy. For these 
reasons, nuclear is not modeled as a potential resource in the Resource Plan chapter. 

Short-Term Contracts 

GMP utilizes shorter-term contracts to meet its needs that are not met through GMP’s owned 
resources and long-term commitments. Due to their flexibility, shorter-term purchase contracts 
offer GMP the ability to closely match its resources to its load requirements. Because short-
term purchases are negotiated a short time before delivery, they reflect then-current market 
conditions and therefore do not provide any meaningful protection against long-term market 
price trends. 

At the time of our last IRP, opportunities for contracting in the energy market, both the 
contractual options and potential counterparties, were somewhat limited due to the poor 
credit standing and weak balance sheets of many of the sellers in the market. We had assumed, 
however, that over the planning period, the wholesale energy market would improve in 
liquidity and product customization and that a significant market in bilateral contracts would 
return. This has indeed occurred. The market for short-term contracts is now quite liquid. There 
are plenty of offers for standard block contracts, with terms of a few days to a few years 
available on two exchanges, Intercontinental Exchange and NYMEX, as well as over the counter. 

Our analysis did not explicitly model any short-term hedging for GMP’s open energy or capacity 
position. In developing and scoring the portfolios, the load that is met through “market 
purchases and sales” is assumed to occur hourly at the spot price. Similarly, GMP’s open 
capacity position is priced at the forecasted FCM price. In actual practice, GMP typically 
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balances its loads and resources with short-term bilateral purchases so that its spot market 
exposure is limited to just a few percent on average. In the context of the IRP’s long-term trend 
analysis (which lacks the daily and monthly volatility of the actual spot market), the pricing of 
short-term purchases/sales using simulated spot market price is a reasonable approximation. 

Other pricing structures – such as options or collars – could also be available to hedge shorter-
term open positions. However, such alternative pricing structures are not traded on a standard 
basis today despite the liquid market for standard products. It is not clear whether the market 
for them will become liquid and competitive similar to the market for energy. As a result, we 
have not explicitly analyzed them in this portfolio analysis. We note, however, that at some 
point in the future, they could potentially be effective tools to help GMP manage price 
uncertainty.  

Non-Generating Resources: Demand Response & Energy Efficiency 

In recent years GMP has directly, and in partnership with firms like EnerNOC, helped some of its 
customers manage their consumption during peak-demand events. In addition, a number of 
GMP’s large customers participate in curtailable and interruptible retail rate programs. 
Together, these activities can reduce GMP’s capacity obligations, transmission costs, and the 
need for peaking power.  

Regional demand-response programs designed to allow large customers to reduce consumption 
in response to market prices complement GMP’s efforts. The regional programs should temper 
the volatility of market prices, reducing fixed-price contract premiums. To the extent this 
occurs, GMP will benefit from lower contract prices. Please refer to Chapter 6 for a description 
of the regional market context for demand response resources and energy efficiency. 

GMP will continue to support the acquisition of cost-effective demand response and energy 
efficiency through both regional and state mechanisms. For in-state energy efficiency, we will 
continue to work with Efficiency Vermont and make use of the CEED Fund. Please refer to 
Chapter 2 for a description of how energy efficiency savings were incorporated in GMP’s 2014 
IRP load forecast and subsequent resource analysis. 

Distributed Resources 

Distributed resources can come in many shapes and forms, from kW-scale biodigesters, PV and 
wind projects to MW-scale PV and aggregated demand-response resources. As GMP continues 
to develop as an integrated energy service company, we can see a world where distributed 
resources comprise everything from load control to battery energy storage to controllable 
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thermal storage technologies. Although conventional fossil-fuel-fired peaking facilities are likely 
to continue playing a significant role in our future capacity needs, GMP will continue to 
advocate for decreasing dependence on these resources and increasing our reliance on end-
use, distributed technologies.  

It will be critical that both markets and energy policy evolve to enable the value of distributed 
energy resources to be aggregated and monetized. This could come from a wholesale market 
(ISO-NE), or it could be developed at the distribution level, where a distribution marginal pricing 
(DMP) scheme could place a value on individual and highly localized resources in near-real time. 
However, the technologies that would enable this to happen are just now beginning to enter 
the market, and energy policies that would enable the technologies to participate in the market 
have not yet been adopted. In any event, GMP will be actively seeking cost-effective, 
commercially ready opportunities to deploy distributed resources as these trends emerge and 
mature. 

3.3 Conclusions for Resource Planning 

Figure 3.3 illustrates how GMP’s committed supply-side resources compare to the load forecast 
from Chapter 2. The projected annual energy output of GMP’s committed energy resources is 
sufficient to meet about 57 percent of GMP’s projected load over the 20-year planning period. 
This level of long-term, mostly fixed-price resource commitments strikes a balance between 
three important portfolio attributes: diversity, flexibility and stability. 

Figure 3.3 GMP’s Projected Energy Supply Compared to the Forecasted Load 
(Before REC Sales) 
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It is important to note that this chart depicts GMP’s portfolio of committed supply sources – 
that is, the mix of sources that will offset purchases in the ISO-NE energy market.  The chart 
does not necessarily depict the mix of sources that can be claimed to serve GMP customers in 
particular years.  That mix – which reflects ownership of renewable attributes or RECs - can be 
noticeably different if GMP sells RECs from some of these committed sources, or purchases 
RECs from other sources.  As discussed in Chapter 7, the renewable energy policy choices that 
Vermont makes in the coming years will have important effects on the fuel mix and emission 
profile of electricity supply that ultimately serves GMP customers. 

In terms of portfolio diversity, these resources are both geographically dispersed and 
apportioned amongst different fuels and technologies. The figure also makes clear that no 
single resource represents either a disproportionate percentage of GMP’s portfolio or a 
disproportionate percentage of its overall energy requirements.  

The largest resource in terms of MWh will come from short-term PPA’s, which preserve GMP’s 
flexibility to adapt to changes in load and/or market prices over time. Importantly, these same 
short-term PPAs also provide a measure of price stability because GMP’s hedge program covers 
100% of the forecast load with fixed-price resources before the operating year occurs.  

The major conclusion of this chapter for resource planning purposes is that the current balance 
between long-term and short-term supply commitments is congruent with the second 
conclusion from Chapter 2: “…load growth/decline rates are not a constraint on the acquisition 
of, or a driver of the need for, new resources.”  
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4. The Transmission & Distribution of Electricity 

4.1 System Overview 

Green Mountain Power provides electric service to approximately 260,000 customers in 202 

towns in Vermont. In 2013, the GMP transmission and distribution system delivered over 

4.3 million MWh of electricity; the peak load on the system was 762 MW. The backbone of the 

GMP delivery system is 976 miles of sub-transmission lines. The predominant voltages for the 

subtransmission system are 34.5 kV, 46 kV, and 69 kV. 

The primary supply to GMP’s 

subtransmission system is 

provided by Vermont Electric 

Power Company’s (VELCO’s) 

115 kV transmission system. The 

VELCO system, in turn, is 

interconnected to the bulk 

transmission systems administered 

by ISO New England, New York 

ISO, and Hydro-Québec at voltages 

of 115 kV, 230 kV, and 345 kV. 

GMP is also interconnected to 

National Grid in several locations 

at subtransmission voltages. 

The interface between the 

subtransmission system and the 

distribution system is comprised of 

147 distribution substations. These 

substations supply approximately 

300 circuits and 11,300 miles of 

distribution lines. GMP’s 

predominant distribution voltage 

is 12.47 kV. GMP also has a limited 

amount of distribution at voltages 

of 2.4 kV, 4.16 kV, 8.3 kV, and 

34.5 kV.  
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4.2 System Planning and Efficiency Initiatives 

Transmission and Distribution Planning Criteria 

Subtransmission 

GMP’s standard subtransmission voltages are 34.5 kV, 46 kV and 69 kV. Using the 

subtransmission system, GMP transmits power from VELCO and National Grid delivery points to 

GMP’s distribution substations, wholesale customers, and large industrial customers. The 

subtransmission system is planned according to the Equal Slope Criteria. The Equal Slope 

Criteria, discussed in detail in Appendix A, can be described as a modified N-1 criterion in which 

a reasonable balance is sought between the total costs of a given solution and the total benefits 

achieved. The goal is to achieve most of the benefit of adhering to a strict N-1 criterion but at 

substantially less cost. GMP’s operating criteria require system voltage to be between 95% and 

105% of nominal on the subtransmission system during all-lines-in operation and between 90% 

and 110% of nominal following a first contingency. Each element in the power delivery system 

has a thermal design load limit reflecting the load at which an element begins to overheat and 

fail. GMP applies a 100% maximum load limit on all elements during normal operation. For 

specific cases for limited periods of time during first contingency operation, we allow 

overloading, but only with the understanding that operators will take quick action to remedy 

the overload by any means necessary, including the use of load shedding. This criterion for 

overloading is explained further in Appendix A. 

Distribution 

GMP’s standard distribution system voltage is 12.47 kV/7.2 kV grounded wye1. We also employ 

a limited amount of 34.5 kV/19.9 kV distribution system facilities, but because of operating 

challenges with 34.5 kV equipment we restrict the expansion of this voltage to areas where 

34.5 kV distribution has already been established. A limited amount of 2.4 kV, 4.16 kV, and 

8.3 kV distribution remains on the system; however we are steadily converting these voltages 

to the standard 12.47 kV to improve voltage performance, reduce losses, accommodate load 

growth, and permit feeder backup between substations. The voltage delivered to customers 

adheres to the standards prescribed by the American National Standards Institute (ANSI) 

Standard C84.1. 

                                                        

1 A wye is a three phase, four-wire electrical configuration where each of the individual phases is connected 
to a common point, the “center” of the Y. This common point normally is connected to an electrical ground. 
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System Monitoring 

There are a number of data sources that are used by GMP to effectively monitor the 

subtransmission and distribution system. This information is used to make decisions regarding 

transferring load between circuits, removing substation banks for maintenance, correcting out-

of-standard voltages, interconnection of distributed generation, and addressing load growth in 

potentially constrained areas. This information can dictate where area studies will be needed 

and provides insight into areas where non-transmission alternatives may be effective in 

deferring capital upgrades. The information used to monitor the system includes: 

 Observations by line workers and substation technicians in the course of their daily 

duties. 

 

 The VELCO Long-Range Transmission Plan, which is updated every three years and 

identifies portions of the GMP subtransmission system that could violate 

subtransmission planning criteria considering forecasted load growth over the next 20 

years. 

 

 Line and equipment loading obtained from GMP’s supervisory control and data 

acquisition (SCADA) database. This database contains real power, reactive power, the 

status of capacitor banks, and phase unbalance data for the majority of our 

subtransmission lines and a number of our distribution feeders. SCADA data is essential 

in calibrating transmission and subtransmission load flow models that are used in 

planning studies. 

 

 Substation and circuit MV90 data, which includes real and reactive load and voltage 

data for substations and individual circuits. Selected substations have per phase 

metering to further enhance the understanding of critical circuit loading. 

 

 Additional monitoring equipment, including thermal demand ammeters and revenue 

meters, for those distribution feeders that are not monitored by SCADA or MV90. 

 

 Customer interval load data is presently available for a number of customers. Through 

the use of AMI, GMP’s goal is to have interval load data available for all customers. 

Customer interval load data can be combined with load data from other sources to help 

determine spatial loading of a circuit at a given point in time. 

 



  Integrated Resource Plan | 2014 

Page | 4-4 

 New relays, such as the Schweitzer SEL‐351, collect and store data including per phase 

current, voltage, real power, reactive power, and neutral currents. These relays have 

been installed at a number of substations and their data can be retrieved as needed. 

 

 Load loggers are portable devices that attach to an individual phase wire and record 

current flow in 1, 5, or 15 minute intervals. These devices are useful for analyzing phase 

balancing and determining spatial load distribution across a given circuit. 

 

 Tong tests are instantaneous current readings taken with a recording ammeter. Tong 

testing is useful for balancing loads and verifying load estimates. This information is 

often used when doing planned outage analyses. 

 

 Per Act 250, developers planning new load additions greater than 100 kW must submit 

an Ability-to-Serve request to GMP. These requests are reviewed to ensure that the T&D 

system can accommodate the proposed new load. All requests are stored in a database, 

and review of these proposed load additions and their respective analyses can provide 

an indication of system adequacy and the potential for future constraints. 

 

 Outage history and outage analyses, including identification of distribution feeders with 

the poorest reliability performance, are helpful in identifying system problems. Similarly, 

customer complaints, such as those involving reliability concerns, low voltage, and 

voltage flicker are valuable in identifying system weaknesses. 

 

 GMP’s geographic information system is used to locate aging infrastructure and 

equipment that may be in need of replacement. 

 

 GMP is continuing to develop its advanced metering infrastructure (AMI) in which 

meters that collect large amounts of data are deployed at most customers’ service 

entrances. In the future, GMP will be able to collect, sort and utilize increasingly detailed 

data, including energy use, real power, reactive power, and voltage levels for each 

participating customer. This data will be stored in the meter data management system 

(MDMS). The MDMS integrates the capabilities of the advanced meters, and the large 

amount of collected data, with GMP’s existing systems including the Customer Care and 

Billing (CC&B) system and the outage management (Responder) system. Efficient access 

by the engineering team to the MDMS, via new reporting and analytic tools, will greatly 

improve the capability and response time required to analyze electric system issues. 

Whereas traditional distribution analysis required little more than summer peak load 
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simulations, the growing complexity and variance of the distribution system makes the 

ability to efficiently calibrate load flow models even more important than in the past. 

These complexities are driven by customer loads, the marked increased in distributed 

generation interconnections, load management schemes, and automated protection 

strategies. The access to MDMS data will allow for the efficient and accurate 

development of an expanded “family” of distribution load models, including models for 

light loads, post-sundown peak loads, winter peak loads, and intermediate shoulder 

loads. The current timeline for AMI development is to have all voltage and VAR 

information reading into the MDMS by first quarter 2015. The remainder of 2015 will be 

used to retrieve, evaluate and correct the data. ORACLE’s® DataRaker analytics platform 

will be leveraged for analysis and reporting purposes in 2015 and 2016. A more detailed 

description of AMI and MDMS is included in Chapter 5 on GMP SmartPower. 

The Planning Process 

GMP conducts T&D system planning to assure that the electric system can deliver power to its 

customers safely and reliably while achieving a reasonable balance between costs and benefits. 

A number of efforts are required in the overall planning process. The three main steps in 

planning include: 

 Orientation: A system problem (or potential problem) is identified; information is 

gathered; coordination with likely stakeholders is organized and a study scope and time-

line are identified. 

 

 Study Development and Analysis: Necessary methods, tools and data requirements are 

identified to solve the problem. Analysis such as loadflow simulation is used to better 

understand system deficiencies. Alternative solutions are devised and studied using 

loadflow analysis, engineering calculations, and economic analysis as appropriate. 

 

 Decision Making and Action: Results are reviewed; conclusions are drawn; and 

recommendations are made and supported. These recommendations, typically in the 

form of a proposed project, may require various regulatory approvals. After all 

approvals are secured, the project is implemented. 

Generally speaking, there are three main drivers behind system planning: efficiency, reliability 

and growth. As illustrated by the individual projects discussed later in this chapter, many 

planning exercises encompass all three. Planning also includes consideration of non-

transmission alternatives (NTAs). As discussed below, GMP’s planning considers NTAs through a 

public process directed by the Vermont System Planning Committee (VSPC). 
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The T&D Planning process also recognizes that the performance of the transmission, 

subtransmission, and distribution systems are highly interdependent and cannot be viewed in 

isolation. In order to develop effective, least-cost plans, close coordination among these 

successive electric system levels is required. Planning coordination is discussed further below. 

GMP has 147 distribution substations supplying over 300 distribution circuits. Ideally, an 

integrated and comprehensive efficiency study would be performed periodically on every 

circuit. Unfortunately, it would not be a cost effective use of GMP’s limited resources to 

perform this level of detailed analysis for every location on the GMP system. In order to provide 

the maximum benefit for its customers, GMP uses available system data and screening 

methodologies to identify those areas that would most benefit from an in-depth examination of 

adequacy and efficiency improvements. These screenings identify circuits that have potential 

thermal or voltage constraints, inadequate power factors, phase imbalances, relay pickup 

overloads, or that otherwise do not meet GMP’s planning criteria. Many of these overall 

analyses require manual review of system data and the creation of numerous reports that are 

generated from multiple databases. Comprehensive system screenings are done on different 

timelines. For example, peak load reviews for all substations and circuits are typically done on 

an annual basis, whereas an overall review of all circuits’ power factor performance or phase 

imbalance would be done less often. If an individual circuit experiences a significant change, 

such as additional load, substantial distributed generation, or reconfiguration, then it would be 

flagged for review for efficiency opportunities. 

By focusing on the identified circuits, GMP is able to find those areas that would most benefit 

from efficiency improvements. All subsequent analyses for the purpose of addressing capacity, 

reliability, and asset management inadequacies also incorporate a review of loss-avoidance 

opportunities, including capacitor placement, reconductoring, voltage conversion, feeder 

balancing, and circuit reconfiguration. This strategy helps GMP direct its limited resources 

towards those circuits most in need of upgrades and most likely to provide cost effective 

opportunities for efficiency upgrades. 

GMP uses a number of strategies to screen circuits, including peak load reviews for substations 

and circuits. GMP is presently integrating a number of data resources into a single, company-

wide ORACLE® database known as the business intelligence (BI) tool. The BI tool combines these 

data sources and allows for the development of custom reports to streamline the screening 

process. The BI tool will also permit GMP to decommission numerous small databases and 

disparate reports while providing for a standardized and unified system of record. The 

development of BI reporting for transmission and distribution planning is budgeted for 2015. 

GMP is also implementing ORACLE’s® DataRaker. DataRaker is a cloud-based analytics platform 

that will allow GMP to leverage vast amounts of its AMI data to optimize operational 
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performance and to transform GMP’s voluminous AMI data into meaningful and useful 

information for business analysis. It is GMP’s goal to utilize BI reporting and DataRaker analytics 

to provide automated screening for all of its substations and circuits. The current timeline has 

the development of automated screening beginning in 2016. 

Planning Coordination 

VELCO and the Vermont System Planning Committee 

GMP participates with the Vermont Electric Power Company (VELCO) and the other Vermont 

distribution utilities in planning the Vermont transmission system. In 2005, the Vermont 

legislature amended the laws governing electric utility planning. Specifically, 30 V.S.A. § 218c(d) 

requires that every three years VELCO, in coordination with Vermont’s distribution utilities, 

develop a transmission plan (the Vermont Long‐Range Transmission Plan) that: 

 Identifies existing and potential transmission system reliability deficiencies by location 

within Vermont; 

 Estimates the date, and identifies the local or regional load levels and other likely 

system conditions at which these reliability deficiencies, in the absence of further 

action, would likely occur; 

 Describes the likely manner of resolving the identified deficiencies through transmission 

system improvements; 

 Estimates the likely cost of these improvements; 

 Identifies potential obstacles to the realization of these improvements; and 

 Identifies the demand or supply parameters that generation, demand response, energy 

efficiency or other non-transmission strategies would need to resolve the reliability 

deficiencies identified. 

30 V.S.A. § 218c(d) also establishes requirements for notice and public input regarding the 

development of the Long-Range Transmission Plan, requires that distribution utilities 

incorporate the most recently filed transmission plan in their individual least-cost integrated 

planning processes, and mandates that VELCO and the distribution utilities cooperate as 

necessary to develop and implement joint least-cost solutions to reliability deficiencies 

identified in the Long-Range Transmission Plan. 
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In 2007, in the context of Docket No. 7081, the Public Service Board developed a process for 

satisfying these planning requirements and established the Vermont System Planning 

Committee (VSPC). The VSPC is the body responsible for implementing the planning process 

and is comprised of VELCO, Vermont’s electric distribution utilities, public members, and 

members representing supply and demand resources. The goal of the planning process is to 

ensure the full, fair and timely consideration of all options to solve grid reliability in a manner 

that is transparent and public. Ultimately, the VSPC allows Vermont’s electric utilities to fulfill 

the public policy goal behind 30 V.S.A. § 218c(d), namely that the most cost effective solution 

gets chosen, whether it is a traditional transmission upgrade, energy efficiency, demand 

response, generation, or a hybrid solution. As part of this process, the VSPC coordinates with 

stakeholders at the local, state and regional levels. These stakeholders include ISO New 

England, which has the primary responsibility for transmission planning in the region; regional 

planning commissions; local energy committees; Vermont’s energy efficiency utility (EEU); and 

Vermont’s Sustainably Priced Energy Development (SPEED) facilitator. 

The transmission planning process, as approved by the Public Service Board and implemented 

by the VSPC, is comprised of the following steps: 

 Step 1: VELCO performs a transmission analysis and creates a draft plan. This 

transmission analysis is closely coordinated with ISO New England and considers a 

twenty-year horizon. The analysis also identifies deficiencies with subtransmission 

systems owned and operated by the distribution utilities.  

 

 Step 2A: The VSPC reviews the draft plan and makes a preliminary determination of the 

utilities impacted by reliability deficiencies. 

 

 Step 2B: Distribution utilities and VELCO determine the applicable reliability criteria for 

each reliability deficiency, identify transmission solutions, and determine the non-

transmission alternative equivalence. 

 

 Step 3A: VELCO conducts a preliminary NTA analysis for bulk transmission system 

reliability deficiencies where appropriate. 

 

 Step 3B: Distribution utilities together with VELCO conduct preliminary NTA analyses for 

subtransmission system deficiencies where appropriate. 

 

 Step 4: VELCO releases a draft Long-Range Transmission Plan. 
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 Step 5: The draft Long-Range Transmission Plan is subject to a statewide public 

involvement process. 

 

 Step 6: VELCO with the VSPC publish the Long-Range Transmission Plan. 

 

 Step 7: For each reliability deficiency or group of deficiencies, the VSPC refines the 

impacted utilities determinations. 

 

 Step 8: For each reliability deficiency or group of deficiencies, the affected utilities, 

VELCO, and the VSPC engage in a public involvement process and perform the required 

detailed NTA Analysis. 

 

 Step 9: For each reliability deficiency or deficiencies, the affected utilities, VELCO, and 

the VSPC, based on the results of the public involvement process, select a solution and 

determine cost allocation among the parties. 

 

 Step 10: VELCO updates the Long-Range Transmission Plan.  
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These steps are summarized in the following flow chart: 

Figure 4.2.1: Flow Chart of Planning Coordination 

 

 

The status of GMP’s projects subject to the VSPC process is contained in the VSPC 2014 Annual 

Report to the Public Service Board and Public Service Department, February 14, 2014 and is 

attached as Appendix B. 

The Consideration of Standard Offer Projects to Address Reliability Constraints 

In 2012, the Vermont General Assembly passed Act 170 mandating certain changes to the 

Sustainably Priced Energy Enterprise Development (SPEED) standard offer program, pursuant to 

30 V.S.A. §§ 8005a and 8006a. Among these changes is the exclusion from cumulative plant 

capacity of new standard offer plants that provide sufficient benefits to the operation and 

management of the electric grid. By orders in Docket Nos. 7873 & 7874, the Board adopted 

screening framework and guidelines that provide potential standard offer project developers 

with information on transmission and distribution constrained areas in which renewable 

generation may resolve the constraints. The Board-approved screening framework and 

guidelines uses VSPC processes, reporting mechanisms, and subcommittees to identify and 
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resolve T&D constraints via NTAs, including standard offer projects. These processes analyze 

the electric grid for reliability gaps, make recommendations to the Board regarding the 

potential for NTAs to mitigate those reliability gaps, provide stakeholders with the opportunity 

to comment on the VSPC recommendations, and result in Board decisions on whether an RFP 

will be issued for new standard-offer plants. 

GMP has been an active participant in the VSPC processes outlined above. Since the adoption of 

the screening framework and guidelines, GMP has brought forward no fewer than 17 

transmission and distribution constraints to the VSPC Geotargeting Subcommittee, and the full 

VSPC, for consideration and review. Among these constraints, two have been determined by 

the VSPC to be potentially resolvable through the use of NTAs, namely the St. Albans area and 

the Rutland area. Consistent with the above outlined processes, a reliability plan was developed 

for the St. Albans area and was provided to the Board and interested parties in April 2014. GMP 

analysis shows that the need date, even under a very aggressive growth scenario, is not until 

2021. Even under this scenario, it is unlikely that major upgrades would be required to address 

the deficiency.  As such, GMP is continuing to monitor the area.  A preliminary reliability plan 

for the Rutland area was also filed in April 2014 and further analysis is currently underway that 

may reveal the potential for cost-effectively addressing the reliability gap with some 

combination of targeted energy efficiency, demand response, battery storage, or distributed 

generation. GMP expects to file its updated reliability plan in April 2015. 

Other Electric Utilities 

GMP regularly communicates and coordinates with other electric utilities to share information 

and develop system upgrades that can benefit one or the other utility. Examples of this 

coordination include the following: 

 GMP is collaborating with the Vermont Electric Cooperative (VEC) in the Hinesburg area 

to relieve high loads on the GMP system. Specifically, a new 12.47 kV distribution feeder 

is under construction that will originate at the VEC Rhode Island Corners substation and 

extends into Hinesburg to supply GMP load and relieve loading on a long feeder that 

originates at the GMP Charlotte substation and extends over eight miles into Hinesburg. 

 

 Similarly, GMP has an agreement with VEC in which VEC supplies the GMP load in the 

Sheldon area in the short term to relieve a reliability exposure on GMP’s area 34.5 kV 

subtransmission system. GMP will resume supply to its Sheldon load following 

completion of the Georgia Interconnection Project, described in detail below under the 

heading Projects Completed or Under Construction. 
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 GMP is working the Burlington Electric Department (BED) to transfer ownership of a 

recently disconnected GMP subtransmission line to BED. This transfer of assets would 

provide BED with the opportunity to develop a low-cost express feeder from its Queen 

City substation into the downtown Burlington area. This arrangement would also benefit 

GMP by allowing GMP to avoid the expense of retiring and removing this line. 

 

 GMP provides bulk power, operational services, and engineering services to the Village 

of Jacksonville Electric Department (Jacksonville) and to the Northfield Electric 

Department. GMP recently collaborated with Jacksonville to study the feasibility of a 

proposed 150 kW solar installation in the Jacksonville service territory. 

 

 GMP is supplied by the National Grid subtransmission system at several interconnection 

points throughout the system. On an annual basis, GMP provides National Grid with 

load forecasts and power factor data to assist National Grid in fulfilling certain ISO New 

England planning and reporting requirements. 

 

 GMP is working with the Village of Ludlow Electric Department (Ludlow) to develop a 

primary-metered delivery point that would be connected to the Ludlow system for the 

purpose of supplying a proposed ski lift located within GMP’s service territory. This 

strategy avoids the need for GMP to upgrade several miles of single phase line to three 

phase line in its territory, lowers the cost to the customer, and helps the customer meet 

its project timelines. GMP is also collaborating with Ludlow on future configurations to 

supply expanding loads on the Ludlow system. These collaborations lower the overall 

cost of service for both utilities and optimize the use of existing distribution facilities. 

Conservation Voltage Regulation 

Conservation Voltage Regulation (CVR) is an energy efficiency program applied to an electric 

utility’s distribution system, involving measures and operating strategies designed to provide 

service at the lowest practicable voltage level in a cost-effective manner, while meeting all 

applicable voltage standards. Field studies have shown that, in general, a one percent reduction 

in the voltage delivered to customers results in a one percent reduction in energy consumption. 

To date, the primary strategy for implementing CVR has been the use of line drop 

compensation (LDC). LDC is a control device connected to tap-changing transformers and 

voltage regulators that measures feeder load current and computes the resultant voltage drop. 

The value of the voltage drop is then used by the tap changer or regulator to raise or lower the 

feeder voltage. 
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GMP supplies service voltage to its residential customers at 120 volts nominal with a range of 

+5% to -5% as required by ANSI Standard C84.1-2011. CVR has been implemented on a number 

of circuits for both the legacy GMP and legacy CVPS portions of the distribution system. On the 

legacy GMP system, the CVR strategy has been to use LDC to keep the end-of-feeder voltage as 

low as possible while maintaining this voltage at or above 114 Volts (i.e., 120 Volts -5%). On the 

legacy CVPS system, the CVR strategy has been to reduce the maximum service voltage by 2% 

resulting in a compressed service voltage range of +3% to -5% with 120 Volts nominal. This is 

accomplished by changing the central mean voltage (CMV) settings on distribution substation 

and line regulators from 122 volts to 120 volts. 

Not all circuits are appropriate for the implementation of CVR. These can include long circuits, 

circuits in which voltage regulation occurs at the substation bus, and circuits with large 

commercial and industrial loads in which customers provide their own voltage regulation. Some 

circuits that were previously on CVR have been removed from CVR to allow for circuit transfers 

during planned or contingency situations or because of complaints from sensitive customers. 

An emerging issue with CVR pertains to the installation of distributed generation on the 

distribution system. Large quantities of generation on a distribution feeder reduces the amount 

of current that LDC controls can detect, thereby reducing the apparent voltage drop across the 

length of the feeder and resulting in low voltages delivered to customers at the ends of feeders.  

GMP believes that, moving forward, further development of CVR should take advantage of the 

maturing advanced metering infrastructure (AMI) program. Among the strategies available with 

AMI is the integrated Volt/VAR control (IVVC) of distribution circuits. IVVC is a control strategy 

in which distribution circuit voltages along a given circuit are measured in real time. These 

voltage measurements are then used to optimize voltage regulator settings and capacitor bank 

switching. An IVVC pilot program will be conducted in 2015 and 2016 as part of GMP’s Rutland 

Grid Innovation project. This pilot program, together with the potential for the expansion of 

IVVC to other parts of the GMP system, is discussed further below under the heading 

Distribution Automation and System Management / The Rutland Grid Innovation Project. 

Power Factor Correction 

Appropriate reactive power (VAR) compensation through the placement of capacitors allows 

for a more efficient and less costly power delivery system and can reduce or postpone 

investments in system facilities. The majority of capacitor placements on the GMP system take 

place at the distribution level. To maximize benefits, it is generally best to correct reactive 

power flow closest to the load. When this is accomplished, efficiency opportunities are 

maximized through the use of lower voltage distribution capacitors that are generally less 
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expensive than higher voltage subtransmission capacitor banks. The close placement of VAR 

sources to loads also reduces losses. In addition, ISO New England strictly limits reactive power 

flow between reliability regions. ISO New England requires that VELCO hold its transmission 

system power factor to no less than 0.98. In turn, VELCO limits the power factor at GMP’s 

delivery points to no less than 0.95. GMP calculates power factor using real and reactive power 

obtained from GMP’s supervisory control and data acquisition (SCADA) database and from 

substation and circuit MV90 data. 

To help meet these limitations, enhance circuit performance, and decrease losses, GMP has 

performed capacitor optimization studies for the majority of its circuits. Several factors are 

involved with optimal capacitor placement including voltage drop, regulator placement, loss 

reduction, and capacitor costs. In 2011, GMP Legacy North completed a capacitor placement 

program that installed 93 capacitor banks totaling 57 MVAR on its distribution system. Moving 

forward, these analyses will be conducted when engineering judgment or monitoring suggests 

that loading, DSM efforts, growth, and circuit configuration require re‐evaluation of capacitor 

placements. As AMI is further developed, AMI VAR and voltage data will be used to assist in 

power factor correction analysis. GMP expects to develop reporting and analytics in 2016 to 

support these efforts. 

To incentivize customers to correct their power factors directly adjacent to loads, GMP Legacy 

North has set the minimum power factor required for customers to avoid a demand 

determination adjustment under its commercial and industrial tariffs to 95%. For the same 

reasons, GMP Legacy South increased its tariff power factor demand determination adjustment 

levels from 85% to 90% power factor. Among GMP’s long-term goals for integrating the Legacy 

North and Legacy South systems is consistency among its tariffs, including the power factor 

level used for demand determination adjustment. 

Circuit Balancing and Reconfiguration 

GMP analyzes the load balance among phases on a circuit whenever large single-phase loads 

are added to the system, feeder back-up studies are performed, or protection issues call into 

question the balance among phases. Swapping loads from one phase to another to balance 

circuits has the added benefits of reducing losses and improving voltage performance. In the 

past, phase imbalance was screened by reviewing available per-phase MV90 or relay data at the 

substation. The availability of AMI information will streamline this effort by identifying the 

distribution of circuit loads by phase. This could assist in identifying not only imbalance 

concerns at the substation, but also along the circuit at key locations including protective 

devices, tie points and distributed generation sites. 
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Similarly, GMP evaluates the relative loading of adjacent circuits and optimizes the normally-

open points between these circuits to lower losses, improve voltage performance, enhance 

circuit protection, and extend the load capabilities of substation transformers. Opportunities 

for circuit reconfiguration are most likely to occur in relatively densely loaded urban areas. 

Circuits that serve rural areas generally do not lend themselves to backup with other 

distribution feeders. 

The need to reconfigure circuits can be driven by many factors including capacity problems, 

reliability issues, interconnecting distributed generation, voltage complaints, low fault currents, 

and loss savings opportunities. In recent years, GMP has reconfigured circuits in the following 

areas: 

 Montpelier: Circuits between the Montpelier, Berlin and Mountain View substations 

have been reconfigured to manage area load growth and enhance feeder backup. 

 

 Essex-Colchester: Circuits between the Essex, Gorge, Ethan Allen, and Mallets Bay 

substations were reconfigured to address load growth in Essex that was driven in large 

part by a new, large industrial load. 

 

 Essex: Two circuits supplied by the Essex substations were reconfigured to help address 

growing commercial load in the Route 289 area. 

 

 Essex-South Burlington: An existing 4.16 kV circuit from the Airport substation in South 

Burlington was converted and joined to a 12.47 kV circuit from the Essex substation to 

accommodate a 2 MW solar generation project at the Vermont Air National Guard. 

GMP also sees a number of opportunities for circuit reconfiguration arising over the next 

several years. These include: 

 Barre: GMP plans to convert the remaining 2.4 kV and 4.16 kV circuits in the Barre area 

to 12.47 kV. As part of this effort, GMP will reconfigure these circuits to maximize feeder 

backup capabilities. 

 

 Waterbury: GMP plans to relocate its existing Waterbury substation and convert the 

associated feeders to 12.47 kV. As part of this project, GMP will reconfigure the area’s 

circuits to address load growth and to allow for feeder backup with the Waterbury 

Center substation 12.47 kV circuits. 
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 White River Junction-Wilder: GMP plans to rebuild its White River Junction substation 

and expand the number of circuits from this substation from one to three. As part of this 

project, GMP will reconfigure these circuits with the adjoining three circuits from the 

Wilder substation to optimize losses and enhance feeder back-up capability. 

 

 Winooski: GMP plans to construct a new 34.5 kV distribution feeder into Winooski from 

the Gorge substation. In conjunction with this project, 34.5 kV feeders from the 

Winooski and Ethan Allen substations will be reconfigured to better balance the loads 

among these three feeders and enhance reliability. 

 

 Dover-Wilmington: GMP plans to construct a new substation in Dover to supply 

expanding ski area loads. GMP will also reconfigure the circuits between this new 

substation and the Dover and Wilmington substations to better balance loads, improve 

reliability, and enhance feeder backup. 

Voltage Conversion 

GMP’s standard distribution system voltage is 12.47 kV/7.2 kV grounded wye. While a limited 

amount of 2.4 kV, 4.16 kV, and 8.3 kV distribution remains on the system, GMP has been 

steadily converting these voltages to the standard 12.47 kV to accommodate load growth, 

permit feeder back up between substations, improve voltage performance, and reduce losses. 

Voltage conversions over the previous three years include the following: 

 The distribution circuits supplied by the Westminster substation were converted from 

8.32 kV to 12.47 kV. This conversion permits back-up with feeders from the Bellows Falls 

Bridge Street substation. 

 

 The 4.16 kV circuit that supplies the Central Vermont Hospital in Berlin was converted to 

12.47 kV distribution. This conversion enhances reliability to the hospital by providing 

feeder backup to this circuit. 

 

 The 4.16 kV circuit supplied by the Marshfield substation was converted to 12.47 kV and 

is now supplied by the Plainfield substation. The Marshfield substation could not accept 

a mobile transformer whereas the Plainfield substation can accept a mobile 

transformer, thereby enhancing reliability to the loads supplied by this circuit. 
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 GMP converted the Gorge substation 4.16 kV circuits to 12.47 kV. This conversion 

relieved heavily loaded circuits from the Essex substation, balanced feeder loads, and 

provided limited feeder back-up between these circuits. 

Voltage conversions in the planning stage include the following: 

 The Barre area is served by distribution circuits at 2.4 kV, 4.16 kV, and 12.47 kV. As part 

of the larger Barre area upgrades, presently in planning and discussed further below, all 

2.4 kV and 4.16 kV circuits will be converted to 12.47 kV. 

 

 The existing 34.5 kV to 4.16 kV Waterbury substation will be rebuilt and relocated. As 

part of this rebuild, the substation and all of its circuits will be converted to 12.47 kV to 

accommodate future load growth and to permit feeder backup with circuits from the 

Waterbury Center Substation. 

 

 The Fair Haven and Hydeville substations supply 4.16 kV circuits. Conversion of these 

circuits to 12.47 kV is tentatively scheduled for 2018. These conversions will reduce 

losses and allow for improved backup between the Fair Haven, Hydeville, and Castleton 

substations. 

GMP does not have an explicit timetable for converting all of its lower voltage circuits to 

12.47 kV. Rather, the decision to convert a given circuit or area is considered on an individual 

basis and can be driven by a number of considerations including capacity constraints, the desire 

for feeder backup with adjoining substations, opportunities arising from the need to replace 

deteriorating plant, low voltage complaints, inadequate fault currents, and potential loss 

savings. Loss analysis for a voltage conversion considers line losses, substation transformer 

losses and distribution transformer losses. Given that losses vary as the square of the voltage, 

loss savings can be significant for highly loaded circuits that are converted. In addition, voltage 

conversions can provide opportunities for feeder reconfiguration and balancing with adjacent 

area circuits thereby providing further opportunities for loss savings. Voltage conversions can 

often be economically justified on the basis of loss savings. As with all capital upgrades, GMP 

evaluates individual projects’ costs and potential benefits, and selects those projects that 

provide the greatest value to its customers. 

Roadside Relocation 

A portion of GMP’s distribution lines traverse cross country and away from roadsides. For the 

most part, these line sections were originally constructed in rural areas in mid-1900s at a time 

when customer densities were relatively low and when there was less emphasis on the need for 
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highly reliable electric service. Unlike lines that are constructed roadside, cross country lines 

cannot be accessed by bucket trucks. The need to access cross country lines by foot or all-

terrain vehicles makes tree trimming, line maintenance, and outage restoration significantly 

more time intensive and costly. In addition, climbing remotely located poles can be a safety 

issue due to the fact that these poles are often older, smaller, and in poor condition. For these 

reasons, GMP has a strong preference to move cross country lines roadside whenever these 

lines require reconstruction. Despite the advantages of roadside relocation, however, there are 

factors that can inhibit GMP’s ability to relocate the lines. Among these can be cost, limited 

availability of roadside terrain, aesthetic impacts, or the inability to obtain needed easements 

or Act 250 permits. In these cases, one potential option, although costly, is to underground the 

line. In circumstances when a cross country line must be rebuilt in place, GMP may attempt to 

improve the line’s reliability through more robust construction, enhanced tree trimming 

clearances, installation of animal guards, or the use of poly-coated tree wire for primary 

conductors and transformer taps. 

Transformer Acquisition 

GMP adds and replaces distribution transformers on its system for a variety of reasons 

including unit failure, distribution circuit voltage conversion, load growth surpassing a 

transformer’s capacity, and storm damage. GMP adds transformers to its inventory that are the 

lowest life-cycle cost based on both the first cost of a given unit and the expected cost of 

demand and energy losses over the unit’s life. We determine the cost of life-cycle losses for a 

given transformer with an Excel®-based analytical tool developed in collaboration with the 

Public Service Department. The transformer acquisition tool assumes a 30-year total owning 

cost for transformers and is updated annually with appropriate avoided costs, financial data, 

and system parameters. Life-cycle loss factors are developed for each of the following size 

distribution transformers: 

 10 kVA and below 

 15 kVA 

 25 kVA 

 37.5 kVA 

 50 kVA 

 75 kVA and above 

The most recent version of GMP’s distribution transformer acquisition tool is attached as 

Appendix C. Substation transformers are evaluated, using the same analytical tool, on an 

individual basis. 
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GMP provides the resultant first cost, no-load loss, and full-load loss multipliers to vendors who 

then bid transformers with a given first cost and loss characteristics. GMP then evaluates these 

bids and selects for purchase the lowest life-cycle cost transformers available. GMP also 

requests bids for amorphous steel core transformers when purchasing distribution 

transformers and purchases these units if they are bid with the lowest life-cycle cost. 

Amorphous core units, while having a higher first cost, can have core losses one-third that of 

conventional steels. Amorphous core units are purchased when their extra cost is more than 

offset by the loss savings over the assumed 30-year life of the unit. 

Moving forward, GMP finds that it will be in its customers’ interest to diversify its purchases of 

distribution transformers from among suppliers. Recent experience shows that reliance on a 

single, low-cost supplier for a given size transformer can leave GMP vulnerable to unexpected 

production shortages and delays, thereby forcing GMP to purchase immediately-available, 

refurbished units to keep up with system demands. To mitigate against the risk of exhausting its 

transformer stock, GMP plans to purchase approximately 90% of its most popular sized 

distribution transformers from the lowest cost bidder, and to purchase the remaining 10% from 

the next-to-lowest cost bidder. 

Distribution Transformer Load Management 

As GMP’s advanced metering infrastructure (AMI) program matures, one of the benefits could 

be the development of a distribution transformer load management (DTLM) program. DTLM 

programs match individual distribution transformers to their respective loads with the goal of: 

 Optimally sizing new transformers, taking into consideration the existing loads, motor 

starting requirements, and the projected capacity and energy losses over the lifetime of 

the installation; 

 Replacing highly-loaded transformers that are sources of failures and high load losses; 

and 

 Replacing under-loaded transformers that are sources of excessive capital investment 

and no-load losses. 

Through the use of AMI, a link could be established between meter accounts and the individual 

transformer supplying these meters. This would allow: 

 Calculation of the coincident demand imposed on a given transformer; 

 Calculation of the energy supplied by the transformer; 
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 The calculation of load losses and no-load losses on the transformer; 

 The identification of overloaded units; 

 The identification of potentially under loaded units; and 

 The evaluation of the effects of anticipated load growth on the losses and remaining 

capacity of a given transformer. 

The development of DTLM could allow for the efficient management of transformer loading, 

postpone unnecessary transformer replacements, and identify overloaded and inefficient units 

that are in service. This program could be especially useful for areas in which the distribution 

voltage will be converted and a large number of transformers will be replaced. The utilization of 

ORACLE® BI reporting and DataRaker analytics will be required for the development of a DTLM 

program. The current timeline calls for the development of automated system efficiency 

screenings to be initiated in 2016. It is possible that a DTLM could be developed before the next 

IRP filing. 

Conductor Selection 

GMP selects conductors for its subtransmission and distribution systems that are least cost 

based on the conductors’ first cost together with the present value cost of the demand and 

energy losses of the conductor calculated over a twenty-year period. The least-cost conductor 

is selected for all new construction, line extensions, and line reconstruction. Using this least-

cost methodology, GMP has selected a number of standard conductors which have been placed 

into application charts known as wire nomographs. Wire nomographs are employed by system 

planners to select the appropriate conductor using the expected (non-contingency) conductor 

loading. However, before ultimately choosing a conductor for a given application, the planner 

will consider other factors including expected voltage drops, fault currents, post-contingency 

current levels, geographic constraints, and expected system changes. For example, 

reconductoring on the 34.5 kV subtransmission system in Chittenden County in recent years has 

used 795 ACSR conductor. Besides having very low losses under normal loads, 795 ACSR was 

chosen because it can carry the post-contingency thermal loadings of this system, be supported 

with single pole/cross-arm construction without the expense of excessively robust structures or 

short spans, and is a common conductor used in Vermont and New England thereby making it 

readily available under emergency conditions. 

Past studies have shown that, with few exceptions, reconductoring solely for the purpose of 

loss savings is not cost effective. The cost of new conductors, together with the new and larger 
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pole plant often required to support these conductors, will generally surpass the value of any 

expected loss savings. However, GMP does analyze the benefits of reconductoring whenever 

the reconstruction of subtransmission and distribution plant is required. The need to rebuild 

plant can arise to support road improvement projects, address age, improve degraded plant 

condition, relocate lines from cross-country to roadside, or establish feeder backup between 

substations. 

Implementation of T&D Efficiency Improvements 

Efficiency screening is a routine part of any GMP T&D system study or capital upgrade. As 

previously described, efficiency opportunities are captured through wire sizing, power factor 

correction, transformer purchasing, circuit balancing, voltage conversions, and circuit 

reconfigurations. The implementation schedules for these measures are project specific. For 

example, distribution transformer installations quickly capture loss-avoidance opportunities 

given that transformers generally are installed within one year of being evaluated using the 

least-cost transformer acquisition tool. The least-cost conductor for a given application would 

be selected at the time that the project is designed while the timing of project construction will 

vary depending on the scope of the upgrade and its priority in relation to other projects in the 

queue. Projects that provide multiple benefits, including combinations of asset management, 

feeder backup improvement, line relocation from off road to on road, capacity increases, as 

well as loss avoidance are given priority. These projects often involve a substation upgrade, 

subtransmission line reconductoring, or larger three phase distribution line upgrade. Such 

larger projects are typically completed in a three-to-five year period. Smaller projects involving 

individual distribution circuits, including capacitor placement, phase balancing, or load 

balancing among feeders typically take less time to implement due to their smaller scope and 

reduced preconstruction requirements. 

Distributed Generation Interconnection 

GMP supports the interconnection of distributed generation onto its transmission and 

distribution system. Over the past decade, federal and state incentives for the development of 

renewable distributed generation have resulted in a marked increase in applications and 

installations. Depending on the size of the generation and the method of compensation for 

power produced, developers of distributed generation would follow one of three paths: net 

metering, purchase power contracts through the Sustainably Priced Energy Enterprise 

Development (SPEED) programs, or direct purchase power agreements. 

Before interconnecting with the GMP system, each generator must receive a Certificate of 

Public Good (CPG) from the Public Service Board. As part of the CPG process, GMP ensures that 
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the generator can be interconnected to its system in a safe and reliable manner, consistent 

with applicable GMP, ISO New England, and Public Service Board procedures and requirements. 

GMP is active with the ISO New England Distributed Generation Forecast Working Group (DG 

Working Group). The DG Working Group considers various issues with distributed generation 

including national trends, interconnection requirements, under-frequency setting concerns, and 

interconnection costs. In addition, GMP continues to develop a number of tools to help 

distributed generation developers navigate the interconnection process. These tools include 

the following: 

 GMP has produced A Guide to Customer-Owned Generation & Distributed Resources 

(the DR Guide) which is available at: 

http://www.greenmountainpower.com/customers/distributed-resources/a-guide-to-

customer-owned-generation-and-distributed-resourc. The DR Guide provides resources 

to the developer including applicable tariffs, registration and application forms, enabling 

statutes, Public Service Board rules, trade association information, and regulatory 

contacts. The DR Guide also provides technical information in the form of service 

requirements, meter socket connections, a map of the GMP subtransmission system, 

and a map showing the location of GMP’s three-phase distribution lines. 

 

 GMP has developed detailed technical interconnection requirements which are 

provided in the Green Mountain Power Distributed Resource Interconnection Guidelines 

(Interconnection Guidelines). The Interconnection Guidelines are attached as 

Appendix D and provide developers with information on the interconnection process, 

equipment requirements, application instructions, screening criteria, and service 

extensions. 

 

 GMP has created, for internal use, a distributed resources database. This database 

contains information on distributed resources, both proposed for, and installed on, the 

GMP system. The database includes: the developer’s contact information; type of 

generator; the primary energy source; generator technical parameters; generator 

location; interconnection voltage; ancillary equipment; and site information. This 

database links to GMP’s CYME® distribution system planning software thereby 

automatically updating GMP’s planning models and streamlining any needed 

interconnection studies or future system analyses. 

 

 GMP has enabled on-line interconnection applications. Compared to paper submissions, 

the on-line applications have proven to be more efficient, secure and error free. The on-
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line applications automatically link to GMP’s distributed resources database. In the 

future, GMP hopes to automatically link its on-line applications with the Public Service 

Board’s emerging electronic case management system. 

 

 GMP is presently creating a Distribution Systems Information Map (the Solar Map) for 

use by distributed generation developers. The Solar Map displays, for any given location, 

the distribution circuit that is closest to a proposed development, the distance to that 

circuit, the number of phases that are available, circuit voltage, the distance to the 

substation, the amount of generation presently connected to the circuit, and proposed 

generation queue information for the circuit. Future enhancements to this tool are 

planned that would include the amount of generation that can be interconnected at any 

given location, solar irradiance information, and links to Agency of Natural Resources 

GIS environmental data layers. GMP is also developing a cost estimation tool to assist 

developers in estimating the cost of interconnection for a proposed generator at a given 

location. 

 

 GMP’s efforts to implement ORACLE’s® BI reporting and DataRaker analytics should 

provide more accurate and granular input into GMP’s CYME® loadflow circuit models. 

The improved circuit depictions will assist in proactively evaluating the impacts of DG 

penetration. 

LED Streetlight Replacement 

GMP has collaborated with Efficiency Vermont to develop the Municipal Streetlight Initiative. 

This initiative helps municipal customers improve the lighting efficiency on streets and in public 

spaces by re-examining their lighting needs and replacing less efficient streetlights with new 

light-emitting diode (LED) technology. As part of this effort, Efficiency Vermont has prepared a 

step-by-step “Guide to Improving Efficiency in Municipal Street and Public Space Lighting” 

available at 

https://www.efficiencyvermont.com/docs/for_my_business/lighting_programs/Street 

lightingGuide.pdf. 

The benefits of LED streetlights include: 

 Significantly reduced energy use; 

 Longer lasting lamps. The life of an LED lamp is at least four times longer than mercury 

vapor fixtures, thus lowering maintenance costs; and 
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 Improvement in the nighttime environment. LED fixtures are 100% full cut off, meaning 

that no light escapes from the top which reduces light pollution into the night sky and 

neighboring properties and decreases glare to motorists and pedestrians. 

GMP and Efficiency Vermont offer financial incentives for municipal customers to convert to 

LED lighting. Customers need only determine where to install LED lighting and what size those 

LED lights should be. GMP has developed street lighting tariffs that offer financial savings for 

LED lights when compared to older technology lights. 

In 2014, GMP collaborated with the City of Rutland to pilot a street lighting program that 

improves efficiency, streamlines streetlight repairs, and enhances public safety. This program 

installed 100 high-efficiency LED streetlights with intelligent controls in Rutland City together 

with 41 solar panels mounted on utility poles. The panels should produce about 12,800 kWh 

annually, enough energy to offset the lights’ use. These lights are the first on the GMP system 

with the ability to notify the company when they fail, thereby resulting in less down time, more 

continuous street lighting, and improved customer service. 

Emerging Opportunities and Challenges with T&D System Planning 

Electric Vehicles and Heat Pumps & the Effects of Load Growth on the T&D System 

Among the load types that have the potential for significant impacts on GMP’s T&D system are 

plug-in electric vehicles (EVs) and cold climate heat pumps. EVs are becoming increasingly 

popular throughout GMP’s service territory. As part of its load forecast for this IRP, GMP 

considered forecasts of EV penetration rates from the Vermont Department of Transportation 

and the Vermont Air Pollution Control Division together with goals established by the Vermont 

Comprehensive Energy Plan. GMP’s low, medium, and high outlooks for EV’s over the next 

10 years each shows a total penetration of 5% or less. In addition, heat pumps are beginning to 

displace fossil fuels for heating ventilation and air conditioning. Throughout the state, rebates 

are available promoting the adoption of heat pumps. GMP presently offers customers a lease to 

defray the up-front cost of installing heat pumps. Over the next 10 years, both the Energy 

Information Administration and Efficiency Vermont forecast heat pump penetration in Vermont 

to be approximately 5%. 

The overall forecast of load growth for the GMP service territory, including the effects of EVs 

and heat pumps, indicates essentially flat load growth through 2024 increasing to about 1% 

annual load growth from 2024 through 2034. The implications for increasing penetration of EVs 

and heat pumps on the T&D system appear to be twofold. First, given the forecast for modest 

increases in overall loads for the next twenty years, the effect of these new technologies on the 
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transmission, substation, and primary feeder levels are unlikely to be significant. Few areas of 

the transmission and primary distribution system are vulnerable to the effects of a few percent 

load increase. However, at a more local level, specifically at the distribution transformer and 

service wires level, the installation of these devices could have an effect. Currently, EV chargers 

have peak loadings in the 1 kW to 4 kW range. More powerful fast chargers can impose 

demands of up to 15 kW on the system. Residential heat pumps impose demands on the 

system generally in the 2 kW to 5 kW range. Depending on the types of appliances, the 

numbers of these appliances in close proximity, and the size of the existing distribution 

transformer and service conductors, installation of these devices could result in local 

equipment overloads and low voltages that in turn could require the installation of larger 

transformers, larger service wires, or dedicated (split) services. One method of anticipating 

locations where the penetration of EVs and heat pumps could cause problems is with the use of 

AMI and the Network Management System (NMS), described further below. Use of the NMS 

will help identify locations where loads are approaching thermal limits, voltages are marginal, 

and equipment upgrades would be required. 

Managed Charging  

To ensure the best use of the T&D system, EV charging will be managed to occur primarily at 

off-peak times. Researchers at the University of Vermont have concluded that, if charging 

occurs during off-peak hours, the Vermont grid is capable of supporting more than 100,000 EVs 

without the need to expand generation and transmission capacity.2 (As noted above, upgrades 

may still be needed at more local levels, most likely with larger distribution transformers and 

service wires.) By charging at off-peak hours, EVs could help fill late-night valleys in system 

demand which would mitigate line losses, lower the cycling stresses on generating units, and 

more efficiently utilize existing infrastructure. This would result in lower costs to customers and 

allow the electric system to satisfy EV demands without the need for significant upgrades. 

Managed charging of EVs can take several forms. Time-of-use rates are a relatively simple 

method whereby rates are developed to encourage off-peak charging, which flattens electric 

loads over the course of a day. While owners may plug in their EVs whenever they return home, 

charging timers or automated controls can be set to delay charging to correspond with a lower 

off-peak rate. 

                                                        

2 Letendre, Steven, Richard Watts, and Michael Cross. “Plug-in Hybrid Vehicles and the Vermont Grid: A Scoping 
Analysis.” University of Vermont Transportation Research Center, February 2008. 
http://www.uvm.edu/~transctr/pdf/Final_PHEV.pdf. 
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Another method by which EV charging can be controlled is through direct control by the utility. 

GMP has many years of experience with the direct control of residential water heaters. As EVs 

become more ubiquitous, similar direct control strategies can mitigate the negative effects of 

numerous EV chargers coming on at the same time by randomizing the time at which vehicles 

start charging. Direct control could also allow utilities to stop charging EVs when the grid is 

reaching peak demand and resume charging when system loads are lower. 

Vehicle to Grid Power Flows 

Apart from simply acting as loads, the battery storage capability of electric vehicles may, in the 

future, permit EVs to serve as a resource to the electric grid. For example, the balance of 

generation and loads in Vermont, and throughout New England, is managed by ISO New 

England. Presently, the most common balancing resources are natural gas generators that ramp 

up or down in response to changing loads. In the future, however, EVs may be capable of 

providing this resource. While gas turbines require several minutes to respond to changing 

demands, electric vehicle battery systems have the potential to provide near-instantaneous 

responses to grid operator signals. Using EVs as a resource in this manner would allow EV 

owners to participate in ISO ancillary service markets thereby providing value to both the grid 

and the EV owners. 

Another potential use of EV battery storage could be to supply energy to homes or businesses 

when demand is high. This peak shaving potential would be most advantageous to customers 

served on demand rates. With the appropriate interface technologies in place, EVs could also serve 

as backup power sources to customers during power outages. When fully integrated, EVs have the 

potential to enhance reliability, enable the more efficient use of existing resources, and allow for 

the greater penetration of renewable resources. 

Penetration of Distributed Generation 

The increased penetration of distributed generation onto radial distribution circuits presents 

numerous challenges to the planning and operation of the system. The challenge in 

interconnecting any given unit is a function of the size and type of the proposed generation, the 

relative strength of the electric system at the proposed point of interconnection, and the 

nature of the protection strategies in the area. As described in the Interconnection Guidelines 

at Appendix D, a series of studies may be necessary to identify potential problems and develop 

appropriate solutions. These can include a feasibility study, system impact study, stability study, 

and facilities study. Following these studies, GMP works with the generation developer to 

address the concerns of interconnecting a proposed unit and arrive at solutions. Among the 

issues that can arise from the increased penetration of distributed generation are the following: 
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 Thermal Loading: Equipment along the electrical path to the point of interconnection, 

including conductors, transformers, and voltage regulators, can potentially exceed their 

thermal ratings due to current contributions from distributed generators. 

 

 Operational Loading: Protective devices such as fuses and reclosers can exceed their 

thermal rating (above nameplate but below trip level) and operational rating (above trip 

level). 

 

 Reverse Power Flow: A relatively large distributed generator can cause reverse power 

flow through voltage regulators and protective devices. Devices not capable of proper 

operation during a reverse flow condition would need to be replaced with appropriate 

devices. 

 

 Voltage Fluctuations: Power injection from distributed generation into the grid can 

affect voltage levels. The most typical result is a voltage rise at the point of 

interconnection. Another concern is that induction generators can have a large reactive 

power inrush when first starting up resulting in voltage sags. Larger generators may 

need to come online in a gradual manner to allow distribution voltage regulation 

equipment to keep pace with changing voltage levels. 

 

 Islanding: Islanding is a phenomenon whereby distributed generation supplies loads that 

have been disconnected from the grid due to the operation of a protective device. 

Unintentional islanding is undesirable from a safety and reliability perspective. Without 

the strength provided by the larger grid, voltage and frequency can vary during islanding 

conditions causing damage to equipment and resulting in unsafe conditions. 

 

 Fault Current Contributions: Protection schemes on radial feeders are designed with the 

assumption that current flows into a fault through the upstream protective devices. 

Distributed generators can provide fault current from alternate directions resulting in 

the failure of existing protection. 

 

 Ground Fault Over-Voltages: High voltages can occur during ground faults in 

circumstances in which a proposed generator is not effectively grounded and there is a 

relatively large generation-to-load ratio in the area. 
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Distribution Grid of the Future 

Over the next few years, the GMP distribution system will continue to evolve and change as a 

result of changing customer needs, technology advancement, and public policy objectives. The 

distribution system will need to continue to provide cost effective, reliable, and secure services 

while it is utilized in ways that are different than it was originally designed. In particular, the 

amount of distributed generation on GMP’s system is expected to grow rapidly in this decade, 

with solar PV capacity (through a combination of net metering, SPEED standard offer projects, 

direct power purchase agreements, and GMP-owned capacity) likely to surpass 200 MW by the 

end of the decade. 

The specific impacts of this distributed generation on GMP’s distribution system are uncertain, 

and will depend on a range of factors – including the size of the distributed generation plants, 

where on the system they are located, and how closely together they are located.  In general, 

smaller and more dispersed plants tend to raise fewer operating concerns, while large projects 

which are located in concentrated areas (or far from load) have the potential to raise more 

serious operating issues and to face more costly interconnection requirements.  GMP has a 

systematic approach to screen proposed new distributed generation projects, with the goal of 

maintaining system integrity and reliability after the generation is operational.  Specifically, 

GMP screens significant distributed generation projects to assess their potential impacts on 

system performance and to identify interconnection upgrades and protection schemes that will 

be needed to maintain system performance. This approach is designed to ensure that the GMP 

distribution will continue to operate safely and reliably after distributed generation is installed.  

It is reasonable to expect, however, that as the penetration of distributed generation on the 

GMP system increases to unprecedented levels, the scale and cost of required interconnection 

investments for distributed generation at some locations may be substantial enough to make 

its cost-competitiveness uncertain. As noted earlier, GMP is seeking to address this concern by 

developing tools (e.g., the Solar Map, interconnection cost estimation tool) that we expect will 

help identify sites where distributed generation can be interconnected at relatively low cost, 

and help limit development at sites where interconnection would be particularly problematic or 

costly. 

GMP also recognizes that in the longer term, the proliferation of distributed generation plants, 

along with the emergence of energy resource technologies such as energy storage and electric 

vehicles, along with advances in other grid technologies including sensing and measurement 

equipment, advanced analytics and controls, power electronics, and telecommunications, will 

also require GMP to consider different planning and design methods, capital investment 

strategies, and cyber security requirements. 
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Planning and Design Considerations 

The continued growth of distributed energy resources being deployed on the distribution 

system and on the customer side of the meter will require GMP to take a more holistic 

approach to distribution system planning and design. The distribution system of the future will 

need to accommodate bi‐directional power flows from distributed and variable resources that 

can be redirected to different substations and feeders across the GMP system. To accomplish 

this, distribution designs may need to evolve from radial designs to other configurations 

including looped systems, self-healing networks, and micro grids. The operation of the 

distribution system may need to transition from passive/reactive management to active 

management with real time processing of large amounts of information and proactive 

operation of the system. This will need to be done in the context of cost effectively improving 

grid resiliency and reliability and enhancing system efficiency, while facilitating the integration 

of more and more distributed and renewable resources.  

Investment Strategies 

In addition to the traditional investments currently being made on the distribution system 

aimed at replacing aging plant, accommodating load growth, and improving system operability 

and reliability, GMP will need to invest a larger share of its expenditures on more sophisticated 

control and sensing equipment, advanced system protection designs, and SCADA enabled 

distribution devices. The investment in these technologies and equipment will be essential in 

facilitating integration of larger amounts of renewable resources and providing the opportunity 

for broader market participation by customers and third party energy resource providers, as 

well as improving system utilization and efficiency. 

Cyber Security 

As the distribution system becomes more sophisticated with increasing amounts of connectivity 

to more field devices and more interfaces between IT systems and field devices, the overall 

system becomes more vulnerable to cyber-attack. This is made more complex by the blurring of 

boundaries between the transmission and distribution systems. It will be important that the 

overall security of the system is maintained as the grid of the future is built out. To accomplish 

this, GMP plans to leverage its current experience with cyber security as well as the work that 

has been done in this area by other organizations including EPRI and other industry working 

groups. 
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NRG Partnership 

Among the steps GMP is taking to develop the distribution grid of the future is to partner with 

NRG Energy, a national leader in green energy solutions. Beginning in 2015, this partnership 

plans to bring innovative products and services to Rutland while furthering the development of 

an advanced distribution grid. Details of this program are contained in Chapter 5. 

4.3 Projects Completed or Under Construction 

This section describes GMP’s large transmission and distribution capital construction projects 

that have either been completed since the publication of GMP’s last Integrated Resource Plan 

in 2011 or that are presently under construction. 

Gorge Substation Voltage Conversion 

This project converts the GMP Gorge substation 4.16 kV distribution circuits to 12.47 kV. 

Prior to this project, the GMP Gorge substation in Colchester included 34.5 kV switching 

facilities; peaking generation; a 7 MVA, 34.5 kV to 4.16 kV transformer; and two 4.16 kV 

distribution circuits which serve approximately 600 customers in the towns of Colchester, 

Winooski and South Burlington. In addition, a 12.47 kV circuit originating from the GMP Essex 

substation was overloaded due to rapid growth in the area which resulted in low voltages to 

customers. The area had limited flexibility to serve existing and new loads or to provide feeder 

backup. 

This project removed the Gorge substation 7 MVA, 34.5 kV to 4.16 kV transformer as the supply 

to the distribution circuits, but kept the transformer as a generator step-up unit. For purposes 

of supplying distribution, the 4.16 kV transformer was replaced with a 14 MVA, 34.5 kV to 

12.47 kV transformer together with associated voltage regulators, station service transformer, 

and surge arresters. A transformer oil containment system was already in place following a 

substation upgrade that took place in 2011. The 4.16 kV distribution circuits were converted to 

12.47 kV. 

Installation of a larger transformer and conversion of the Gorge substation circuits to 12.47 kV 

increased the capacity of the area to serve existing and new load, allowed GMP to unload the 

overloaded circuit that originated from the Essex substation, corrected low voltages, provided 

for operational flexibility, and greatly enhanced feeder backup between the area’s Gorge, Essex 

and Ethan Allen substations. The project also helps defer the need for a new 115 kV to 12.47 kV 

substation in the Susie Wilson Road area of Essex. 
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3309 Subtransmission Line Relocation 

This project reconstructs and relocates approximately one-half mile of the GMP 3309 

subtransmission line in Winooski. 

The GMP 3309 line is a two-mile-long 34.5 kV subtransmission line which extends from the 

McNeil generating plant in Burlington to the Gorge substation in Colchester. In May 2011, 

spring flooding in the Winooski River severely damaged a one-half-mile-long section of the line 

that was located adjacent to the river and constructed with 336 ACSR conductor. Further 

damage to this section of line occurred during Tropical Storm Irene in August 2011.  

This project rebuilds this one-half-mile section of the 3309 line and relocates it away from the 

Winooski River. The majority of the construction is overhead, co-located with an existing 

distribution line, and uses 795 ACSR conductor. A short section of the line was placed 

underground using 1250 MCM aluminum cable. 

Reconstruction and relocation of this line is required to restore the connectivity of the 3309 line 

and to ensure system reliability and first contingency coverage. The upgrade of this section of 

line to the larger 795 ACSR conductor and 1250 MCM aluminum cable provides for future 

thermal needs under contingency. 

Barre South End Transformer Replacement 

GMP installed a new transformer and upgraded the oil containment system at its Barre South 

End substation. 

The GMP Barre South End substation is located in Barre and transforms incoming 34.5 kV 

subtransmission voltage to distribution voltages of 2.4 kV, 4.16 kV, and 12.47 kV via three 

separate transformers. On June 8, 2012, lightning struck the then existing 3 MVA, 34.5 kV to 

2.4 kV transformer resulting in a catastrophic failure of this unit. GMP replaced this transformer 

with a new, 5.25 MVA, 34.5 kV to 2.4 kV transformer that it had in stock. GMP placed this 

transformer on the same concrete pad as that of the failed transformer. There was no need to 

expand the substation fence or make any other significant changes to accommodate the 

transformer. 

In 2014, GMP upgraded the oil containment system surrounding the substation. This project 

installed one closed berm oil containment system with oil/water separators and associated 

drainage to prevent oil from migrating outside of the substation in the event of a large release 

and three closed oil containment systems under each transformer to prevent the oil from 

migrating into the water table in the event of a slow continuous release. 
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The transformer replacement allows GMP to continue serving its 2.4 kV distribution load from 

the Barre South End substation. The upgraded oil containment system lowers the probability 

that oil would migrate into surrounding waters following a release. 

Wilder Subtransmission Switching Station  

This project upgrades the GMP Wilder subtransmission switching station. 

The Wilder subtransmission switching station is a 46 kV single-circuit breaker switching station 

that provides a tie from the National Grid Wilder substation to the GMP 46 kV subtransmission 

system in Hartford. This substation contained equipment that was aged, did not meet modern 

codes or design standards, was near the end of its useful life, and in which replacement 

equipment was often no longer available. 

The upgrade project included the replacement of equipment, all within the existing switching 

station fence-line. The equipment that was replaced and upgraded included the relays and 

protection systems, SCADA and communications, control wiring, lightning arresters, station 

service transformer, air-break switches, ground grid, and battery system. 

This project replaced aging infrastructure, maintains proper system operation, and improves 

reliability. 

Woodford Road / Pickett Hill Substations 

GMP’s Woodford Road substation contained equipment that was aged and near the end of its 

useful life. Some of this equipment was upgraded and remains at the Woodford Road 

substation. The balance of the equipment was retired with replacement equipment located to a 

new GMP Pickett Hill substation. 

Prior to this project, the “old” VELCO Bennington substation, located adjacent to the GMP 

Woodford Road substation, contained 115 kV switchgear, two 115 kV to 69 kV transformers, 

and two 115 kV to 46kV transformers. VELCO recently constructed a “new” Bennington 

substation, located it approximately one mile north of the old Bennington substation, and then 

retired the old Bennington substation. VELCO reconstructed and relocated its Bennington 

Substation to address issues of design and reliability. At the same time, the GMP Woodford 

Road substation contained equipment that was aged and near the end of its useful life. The 

GMP Woodford Road substation included of 46 kV switching infrastructure and one 12.5 MVA, 

46 kV to 12.47 kV transformer supplying two 12.47 kV distribution feeders. 

The Woodford Road/Pickett Hill substations project: 
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 Constructs a new Pickett Hill substation, which contains upgraded 46 kV switchgear, 

adjacent to the new VELCO Bennington substation to accommodate the newly located 

115 kV to 46 kV source for the Bennington area; 

 Constructs several sections of new 46 kV transmission line to tie the Pickett Hill 

substation to the 46 kV subtransmission system; 

 Constructs one section of 69 kV transmission line to tie the new VELCO Bennington 

substation to the 69 kV subtransmission system; and 

 Upgrades and reconfigures the GMP Woodford Road substation. 

The upgrade and reconfiguration of the Woodford Road substation includes new bus work, 

switches, control building, breakers, relays, SCADA equipment, larger voltage regulators, 

batteries, station service transformer, oil containment and a control house. It also includes the 

addition of a high-side circuit breaker and transformer differential to better protect the existing 

transformer. 

This project maintains system reliability to the Bennington area, addresses aging infrastructure, 

and replaces aging equipment that has reached the end of its useful life and in which 

replacements are no longer available. The project also maintains proper system operation, 

corrects deficiencies that do not meet current NESC standards, and improves safety and 

reliability. 

Georgia Interconnection Project 

A new 115 kV to 34.5 kV interconnection is required in northwest Vermont for load serving and 

reliability. 

The GMP subtransmission system in northwest Vermont includes networked 34.5 kV lines 

bounded by the towns of St. Albans, Milton, Fairfax, Johnson, and Lowell. The summer peak 

load in this area is approximately 83 MW and is forecasted to be 101 MW in ten years. The 

supply to this subtransmission system is by VELCO 115 kV to 34.5 kV substation 

interconnections at Nason Street and East Fairfax, a 34.5 kV line from the 

Johnson/Lowell/Stowe area, and local hydro generators at Milton, Peterson, Clark Falls, and 

Fairfax. 

This system contains a number of deficiencies. Loss of the Nason Street source results in 

significant voltage and thermal violations at various points in the system. Loss of the East 

Fairfax source also results in thermal overloads and widespread undervoltages. The loss of the 



  Integrated Resource Plan | 2014 

Page | 4-34 

34.5 kV subtransmission line between the Nason Street substation and the Ben & Jerry's 

substation results in undervoltage at the Ben & Jerry's substation. 

To address these deficiencies, a new 115 kV to 34.5 kV supply into the subtransmission system 

is planned with an interconnection at Ballard Road in the Town of Georgia. The full project is 

comprised of the following components: 

 A new 56 MVA, 115 kV to 34.5 kV transformer at the VELCO Georgia substation together 

with oil containment and associated switchgear and controls. 

 A new GMP Ballard Road switching station to interconnect the VELCO source to the 

GMP subtransmission system. This switching station will be comprised of three-circuit 

breakers and associated foundations, relaying, disconnect switches, control building and 

SCADA. 

 A new two-mile-long 34.5 kV subtransmission line from the VELCO Georgia substation to 

the new GMP Ballard Road switching station to be located within an existing VELCO 

transmission line right-of-way. 

 Reconductoring of the five-mile-long GMP Milton to St. Albans 34.5 kV subtransmission 

line. 

 A new 5.4 MVAR, 34.5 kV capacitor bank at the VELCO East Fairfax substation. 

Berlin Substation 4.16 kV Retirement 

The 4.16 kV transformer and distribution circuit at the GMP Berlin substation was retired, and 

the associated load transferred to 12.47 kV distribution, to enhance the reliability to the Central 

Vermont Medical Center. 

The Berlin substation in the town of Berlin included a 10.5 MVA, 34.5 kV to 4.16 kV transformer 

and a 10.5 MVA, 34.5 kV to 12.47 kV transformer. The 4.16 kV transformer was 45 years old, 

near the end of its useful life, and supplied a single 4.16 kV circuit that was dedicated to the 

Central Vermont Medical Center. Because this was the only 4.16 kV circuit in the area, feeder 

backup was not available and a substation transformer failure would necessarily result in an 

extended outage to the hospital. 

GMP retired the 4.16 kV transformer at the Berlin substation and transferred the Central 

Vermont Medical Center load onto an existing Berlin substation 12.47 kV circuit. 
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This project enhances reliability to the hospital by removing an aged transformer from service 

and by providing feeder backup to the circuit that supplies the hospital. This project is 

consistent with GMP’s strategy of retiring older 2.4 kV and 4.16 kV systems and equipment to 

obtain loss benefits, increase operational flexibility, enhance reliability, reduce the 

requirements for spare equipment, and lower maintenance expenses. 

Marshfield Substation Rehabilitation 

The GMP Marshfield substation is being rehabilitated to address aging plant and improve 

reliability. 

The Marshfield substation is located in the town of Marshfield. Before the upgrade, the 

substation included 34.5 kV switching facilities; a 6 MVA, 34.5 kV to 4.16 kV transformer that 

was installed in 1926 that served as both a hydro generator step-up transformer and a 

distribution transformer; one 4.16 kV distribution feeder and associated recloser; and one 

34.5 kV distribution feeder with associated recloser and grounding bank. 

The substation is aged with clearances that do not meet modern code requirements and 

contains obsolete equipment. The transformer had reached the end of its useful life and had 

limited ability to support load growth on the distribution system. The 4.16 kV distribution 

voltage did not permit backup with the adjacent 12.47 kV feeder originating from the Plainfield 

substation and the substation could not accept a mobile transformer. The 34.5 kV distribution 

feeder could not be adequately protected during certain system conditions and maintenance 

procedures. 

This project installs a new 6 MVA, 34.5 kV to 4.16 kV generator step-up transformer, new steel 

structures, foundations, fence, and oil containment. The 4.16 kV feeder has been retired and its 

load moved to an adjacent 12.47 kV feeder out of the Plainfield substation. A second 34.5 kV 

distribution circuit recloser was added to provide for adequate protection under certain system 

conditions and maintenance procedures. 

This project replaces aged and obsolete equipment and structures, improves reliability, 

enhances safety, and allows for growth on the distribution system. 

West Danville Substation Rebuild 

This project rebuilds and relocates the GMP West Danville substation. 

Prior to this project, the West Danville substation was located adjacent to the GMP West 

Danville 1.25 MVA hydroelectric site for the purposes of connecting this generation to the GMP 
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subtransmission system and supplying a single distribution circuit. The substation included a 

1 MVA, 7.2 kV to 34.5 kV step-up transformer bank comprised of three single-phase 333 kVA 

transformers built in 1928. The substation also supplied one 7.2 kV single-phase distribution 

circuit. In 2012, the penstock, which feeds the hydroelectric station, experienced a catastrophic 

failure causing extensive flooding and damage to the generation building and substation. After 

the incident, two of the three single-phase transformers tested poorly and were not safe to re-

energize. 

This project rebuilds and relocates the West Danville substation on land that is adjacent to the 

old substation and owned by GMP. The rebuilt substation includes a new three-phase 1.4 MVA, 

7.2 kV to 34.5 kV step-up transformer with oil containment, station service transformer bank, 

one 34.5 kV gang-operated air break switch, enhanced protection schemes, and fused 

disconnect switches. The substation is constructed to modern code requirements, provides 

increased vertical and horizontal clearances, and is equipped with a security system and video 

surveillance. The distribution loads are no longer served from this location but rather are 

supplied by the GMP Barker Avenue substation in St. Johnsbury. 

This project returns the substation and generating unit to service, replaces obsolete equipment 

with modern infrastructure, better matches the transformer size to the generating unit, 

improves worker safety, enhances system reliability, and improves environmental safety. 

Marble Street to Danby Subtransmission Line Reconstruction 

This project rebuilds the 46 kV subtransmission line from the Marble Street switching station in 

West Rutland to the Danby substation in Danby. 

The 46 kV subtransmission line from Marble Street to Danby is comprised of structures that 

were installed between 1938 and 1951 and is conductored with #2 ACSR. Until 2011, this line 

was owned and operated by the Vermont Marble Power Division of OMYA (VMPD). In 2011, the 

VMPD assets were acquired by the Central Vermont Public Service (CVPS). These assets were 

subsequently acquired by GMP in its acquisition of CVPS in 2012. The Danby substation serves a 

single customer, the Danby Imperial Quarry, with a load of approximately 500 kW. Due to their 

age, the poles, crossarms and insulators were in poor condition and the line vulnerable to 

failures during storm events. 

As part of the Board-approved acquisition by CVPS of the VMPD assets, CVPS agreed to 

reconstruct this subtransmission line within the five-year period from 2011 to 2016. GMP is 

continuing this work, and the on-going rebuild includes the replacement of the line with new 
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poles, crossarms and insulators. The existing conductor is being re-used; however the 

structures are designed to accept a larger 477 ACSR conductor in the future. 

This project addresses the aging infrastructure and poor reliability of the existing 

subtransmission line and allows for a larger capacity wire in the future if needed. 

Taftsville to Wilder Subtransmission Line Reconductoring 

The 46 kV subtransmission line between the GMP Taftsville and Wilder substations is being 

reconductored to address aging infrastructure and reliability concerns. 

Prior to this project, the 9.4-mile subtransmission line between the Taftsville and Wilder 

substations included 3/0 ACSR and 336 ACSR conductor. Some of the conductor was installed in 

1929 and near the end of its useful life. Also, load flow analysis indicates that the loss of the 

VELCO Hartford 115 kV to 46 kV autotransformer could result in thermal overloads of this line 

and low voltages which could lead to wide-spread outages in the Hartford area. 

This project reconductors the 9.4-mile Taftsville to Wilder 46kV transmission line with 

556 ACSR. 

This reconductoring addresses post-contingency thermal overloads and low voltages and 

replaces aging infrastructure. The project also allows for future reconfiguration changes to 

accommodate the planned 46 kV subtransmission tap line to the new White River Junction 

substation. 

North Springfield Tap to South Street Subtransmission Line 

This project reconductors four miles of 46 kV subtransmission line from the North Springfield 

Tap to the South Street substation. 

The 46 kV subtransmission line from the North Springfield Tap to the South Street substation 

includes aged 4/0 ACSR that is near the end of its useful life. In addition, load flow analysis 

indicates that during peak summer loads significant thermal overloading occurs on this line 

following a National Grid Bellows Falls substation 115 kV bus fault. 

This project retires the existing 4/0 ACSR from the North Springfield Tap to the South Street line 

and replaces it with 477 ACSR, thereby increasing the thermal capacity of this line from 

25.9 MVA to 49.7 MVA. This project addresses aging infrastructure and allows for higher 

thermal capability following system contingencies. 
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St. Johnsbury Center Substation 

The St. Johnsbury Center substation is being upgraded to improve feeder backup in the area, 

enhance reliability, and accommodate load growth. 

Prior to this project, the St. Johnsbury Center substation was comprised of a 7 MVA, 34.5 kV to 

12.47 kV transformer and one 12.47 kV distribution circuit with associated circuit breakers. This 

transformer is 45 years old and recent testing indicated signs of insulation degradation. The 

distribution circuit breakers are aged and near the ends of their useful lives. The St. Johnsbury 

Center substation is limited in its ability to provide feeder backup for the area’s Barker Avenue 

and Bay Street substations. 

For this project, the existing 7 MVA transformer at the St. Johnsbury Center substation is being 

replaced with a new and larger 14 MVA transformer. The existing distribution circuit breakers 

will be replaced. The project also adds SCADA control to the substation’s two 34.5 kV motor-

operated air-break switches. 

The larger transformer will improve the ability of the St. Johnsbury Center substation to back up 

the circuits supplied by the Barker Avenue and Bay Street substations during emergency and 

planned outages and will accommodate future load growth. The second distribution circuit will 

more efficiently utilize the larger transformer capacity and decrease reliability exposure to a 

number of customers, including a large industrial load. Addition of SCADA to the substation’s 

two 34.5 kV motor-operated air-break switches will improve the operability and reliability of 

the subtransmission line supplying this substation. 

Woodstock Substation 

A second transformer is being added to the Woodstock substation to enhance reliability and to 

provide backup for the existing transformer. 

Prior to this project, the Woodstock substation included a single 10.5 MVA, 46 kV to 12.47 kV 

transformer and three 12.47 kV distribution circuits. This existing transformer is 43 years old 

and at peak load experiences 95% of its top thermal rating. There are no feasible backup or 

alternative methods for supplying these distribution circuits from other area substations. As 

such, loss of the Woodstock transformer would necessarily result in an extended outage to all 

customers supplied by these three circuits. 

Because the existing transformer has minimal capacity available, and because it is 43 years old, 

GMP believes that it is prudent to install a second transformer at the Woodstock substation. 

This project installs one new 14 MVA, 46 kV to 12.47 kV transformer, a new oil containment 
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system, high-side circuit breaker, control cabinet and associated switchgear. The project also 

installs new distribution circuit breakers and larger distribution voltage regulators.  

This project provides transformer redundancy to prevent the simultaneous loss of all three 

Woodstock substation circuits due to a single failure, allows for maintenance activities without 

the need to take an outage, and accommodates future load growth. The larger regulators 

(328 amp to 437 amp) allow for greater flexibility with circuit ties during planned outages and 

contingencies. 

4.4 Planned Projects 

This section describes GMP’s large transmission and distribution capital construction projects 

that have construction start dates within the three years following publication of this Integrated 

Resource Plan. 

Stratton Substation Transformer 

This project replaces an existing 14 MVA transformer at the Stratton substation with a 28 MVA 

transformer to increase capacity and enhance reliability. 

Presently, the Stratton substation contains two transformers. The #1 unit is a 28 MVA, 46 kV to 

12.47 kV unit and the #2 transformer is a 14 MVA, 46 kV to 12.47 kV unit. In addition, a spare 

28 MVA, 46 kV to 12.47 kV transformer is currently located at the Stratton substation site. The 

14 MVA unit has experienced loads as high as 14.1 MVA. 

Replacing the 14 MVA transformer with the larger 28 MVA transformer will adequately serve 

existing load, allow for additional area load growth, and provide backup capability in the event 

the #1 transformer failed or required maintenance during the winter season. 

White River Junction Substation 

The White River Junction substation needs to be replaced. 

Two substations operate in the GMP service area in and around White River Junction: the 

Wilder substation and the White River Junction substation. In recent years, GMP upgraded the 

White River Junction substation and its associated distribution system from 4.16 kV to 12.47 kV 

to accommodate load growth and to permit partial back-up with circuits originating from the 

Wilder substation. Over time, this upgrade has proved inadequate. 

A new White River Junction substation is necessary because of: 
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 Area load growth; 

 Limitations on the non-standard 13.8 kV transmission supply to the White River Junction 

substation off of the National Grid Wilder substation hydro generation bus; and 

 Limited ability to perform feeder back-up. 

This new substation would be comprised of a 28 MVA, 46 kV to 12.47 kV transformer; oil 

containment; high-side circuit breaker; 5.4 MVAR capacitor bank; three distribution circuits 

(with accommodations for a fourth circuit); voltage regulators; and SCADA control. 

GMP plans to locate the new substation by expanding the existing site on Lantern Lane in White 

River Junction. Supply to the new substation would be by way of a new 2.5-mile 46 kV 

transmission line, overbuilt on distribution, located along Old River Road in Hartford that would 

tap into the Hartford to Taftsville 46 kV line. This transmission line would replace the existing, 

non-standard 13.8 kV transmission supply that presently traverses over rugged and hard-to-

reach terrain. 

Wilder Substation 

As discussed immediately above, the Wilder and White River Junction substations are adjacent 

to each other in the Towns of Norwich and Hartford respectively. The capacity limitations for 

these two substations together with anticipated load additions could overload the White River 

Junction substation and leave a very small amount of capacity remaining at the Wilder 

substation. GMP is concerned that the narrow capacity margins remaining in the area could 

result in the area exceeding its capacity on very short notice. 

In addition to addressing capacity constraints, upgrade of the Wilder substation, in conjunction 

with the new White River Junction substation, would provide for robust feeder backup between 

these substations. 

Upgrade of the Wilder substation includes replacing the existing 14 MVA, 46 kV to 12.47 kV 

transformer with a new 28 MVA, 46 kV to 12.47 kV transformer together with installation of a 

high-side circuit breaker, oil containment, distribution circuit breakers, and feeder voltage 

regulation. 
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Haystack Substation 

A new substation in Wilmington, Vermont, to be named the Haystack substation, is required. 

This substation is needed to accommodate load growth, improve area reliability, and reduce 

system losses. 

The Hermitage Club (previously, the Haystack ski area) is undergoing extensive expansion and 

requires a supply for 10 MW of new load. The Dover substation, which presently supplies this 

ski area, does not have sufficient capacity for the proposed load. The other area substation, the 

Wilmington substation, is also unable to support the load. A new Haystack substation will have 

the additional benefits of accommodating future area growth, improving the limited feeder 

backup capability between the Wilmington and Dover substations, and significantly lowering 

system losses by placing the substation close to the load. 

The Haystack substation would be located adjacent to the Hermitage Club ski area and be 

comprised of one 28 MVA, 69 kV to 12.47 kV transformer with oil containment; a high-side 

circuit breaker; three distribution circuits with circuit breakers and voltage regulation for each 

feeder; motor operated load break switches; and SCADA. The new substation would be 

supplied by the existing 69 kV Searsburg to Dover subtransmission line. 

Graniteville and Wetmore Morse Substations 

The Graniteville substation needs to be rebuilt to address aging infrastructure and improve 

reliability. 

In Barre Town, among the substations supplying granite quarry loads are the Graniteville 

substation and the Wetmore Morse substation. The transformer at the Graniteville substation 

is a 3 MVA, 34.5 kV to 2.4 kV bank comprised of three individual 1 MVA units that are 90 years 

old. The transformer at the Wetmore Morse substation is a 1.5 MVA, 34.5 kV to 2.4 kV bank 

comprised of three individual 500 kVA units. Both substations are aged and near the end of 

their useful lives. 

GMP will rebuild the Graniteville substation with all new components including a 10.5 MVA, 

34.5 kV to 12.47 kV transformer, oil containment system, and associated bus work and 

foundations. Also included would be distribution feeder circuit breakers, voltage regulators, 

security system, and a control cabinet. The larger transformer will allow for motor starting at 

area quarries without voltage flicker concerns and will allow for future backup of the 

Websterville substation. An existing 2.4 kV distribution line between the Graniteville and 
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Wetmore Morse substations would be converted to 12.47 kV for the purpose of supplying the 

Wetmore Morse loads from the rebuilt Graniteville substation. 

Waterbury Substation 

GMP plans to relocate and rebuild its Waterbury substation. 

The existing Waterbury substation includes a 10.5 MVA, 34.5 kV to 4.16 kV transformer; voltage 

regulators; and three 4.16 kV feeders. This substation is located in Waterbury and is in a flood 

plain adjacent to the Winooski River. The other substation serving the Waterbury area, the 

Waterbury Center substation, contains a 14 MVA, 34.5 kV to 12.47 kV transformer, regulators, 

and two 12.47 kV feeders. 

The need to relocate the substation is driven by significant flooding of the existing facility that 

occurred during Tropical Storm Irene in 2011. The need to redesign and rebuild the facility is 

driven by load growth, the impact of several large customers, including the State of Vermont 

and Vermont Coffee Roasters, and the desire to obtain feeder backup for the area. The 

Waterbury area’s 4.16 kV feeders are approaching their capacity and cannot be backed up by 

the Waterbury Center substation because the feeder voltages are dissimilar. Rebuilding the 

Waterbury substation to 12.47 kV distribution voltage and converting the area’s feeders will 

allow for mutual feeder backup between the Waterbury and Waterbury Center substations, 

lower distribution line losses, accommodate new loads, and enhance the ability to 

accommodate distributed generation installations. 

The new Waterbury substation will be comprised of one 28 MVA, 34.5 kV to 12.47 kV 

transformer, a high-side circuit breaker, motor-operated load break switches for transmission 

line sectionalizing, oil containment, three distribution circuits with associated circuit breakers, 

voltage regulation at each feeder, and SCADA. Area feeders will be converted from 4.16 kV to 

12.47 kV. The new substation will be located outside of the flood plain, along Vermont Route 

100, and adjacent to GMP’s Middlesex to Duxbury Switch 34.5 kV subtransmission line. 

Third Winooski 34.5 kV Feeder - 16Y3 

A third feeder into the City of Winooski is needed. 

One 34.5 kV feeder, the 46Y1, currently serves the City of Winooski load. The adjacent 36Y5 

feeder, originating at the Ethan Allen substation in Colchester, backs up this feeder, albeit not 

at all hours of the year. This inability to provide full-time backup creates the need for a third 

34.5 kV feeder for the city 



  Integrated Resource Plan | 2014 

Page | 4-43 

This third feeder, the 16Y3, would originate at the Gorge substation. The recently completed, 

Board-approved, Gorge substation upgrade created a footprint and take-off structure to 

accommodate the 16Y3 feeder. To create the feeder, GMP must rebuild one-half mile of the 

existing 3309 transmission line between the Gorge substation and the downtown Winooski 

redevelopment area. This rebuild would upgrade the 3309 transmission conductor and install 

the 16Y3 feeder as underbuild on the same structures. Upgrades at the Gorge substation to 

accommodate the new feeder would include installation of a circuit breaker, reactor, and 

voltage regulators.  

Beyond reliability and feeder backup, other benefits accruing from this project include: 

 Upgrading portions of the 3309 transmission conductor to enhance its thermal 

performance; 

 Deferral of the need for future area substations; 

 Replacement of aged (over 60 years old) infrastructure that is near the end of its useful 

life; 

 Reduced line losses; and 

 Enhanced area voltage performance following certain contingencies. 

Danby Substation 

This project constructs a new 46 kV to 12.47 kV substation in Danby. 

A new Danby substation will feed a portion of the load presently supplied by the Wallingford 

substation. The Danby substation would also increase available capacity to serve new area load 

and provide feeder backup to the Wallingford substation. A further benefit would be to provide 

a 12.47 kV distribution supply to the Danby Imperial Quarry (presently served directly off of the 

46 kV system) which would give the quarry improved voltage regulation. 

A new Danby substation would likely be comprised of one 28 MVA, 46 kV to 12.47 kV 

transformer, oil containment, a 46 kV high-side circuit breaker, and associated fence, ground 

grid, communications and security. In addition, there would be two 12.47 kV distribution 

circuits and associated circuit breakers and voltage regulators. 

A new Danby substation would initially be supplied by the existing 46 kV Marble Street to 

Danby Quarry line. The next phase of the project would construct a new 46 kV tie line from the 
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existing Dorset substation to the Danby substation to form a network. Sequencing the project 

in this manner provides the following benefits: 

 The new substation, initially supplied by the existing 46 kV Marble Street to Danby 

Quarry line, would immediately provide capacity relief to Wallingford.   

 A new 46 kV line from Dorset would provide additional capability for the Danby 

substation and allow for additional capacity and backup capability for Wallingford. This 

line also takes two relatively long and weak radial 46 kV subtransmission lines, the 

Marble Street to Danby Quarry line and the Blissville to Dorset line, and reconfigures 

them into a network thereby enhancing reliability to the area. 

 With a 46 kV supply from Dorset in place, the Marble Street to Danby line can be 

reconductored to 477 ACSR without interrupting service to Danby substation customers, 

including the Quarry. 

 If required in the future, an even stronger, more reliable network could be established 

in the area by constructing a new 46 kV tie line from the existing Bromley substation to 

either the Danby substation or the Dorset substation. 

South Brattleboro Substation 

The South Brattleboro substation requires upgrading. 

Presently, there are two transformers located at the South Brattleboro substation: a 3.75 MVA, 

69 kV to 12.47 kV transformer that feeds two circuits, and a 14 MVA, 69 kV to 12.47 kV 

transformer that feeds two circuits. The 3.75 MVA unit is 54 years old and has limited capacity 

for feeder backup. The 14 MVA transformer is 27 years old and is also limited in its ability to 

provide feeder backup to area substations. Upgrades are needed at the South Brattleboro 

substation to address aging infrastructure and to provide enhanced feeder backup for the area.  

The upgrades to the South Brattleboro substation would be comprised of one new 28 MVA, 

69 kV to 12.47 kV transformer, oil containment, a 69 kV high-side circuit breaker and associated 

fence, ground grid, communications and security. In addition, there would be three distribution 

circuits with associated circuit breakers and regulators. Larger regulators would be installed to 

allow for greater flexibility with circuit ties during planned outages and contingencies. 
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Hinesburg Substation 

A new substation or other form of grid support is required to serve the town of Hinesburg and 

support local area reliability. 

Hinesburg is presently served by an eight-mile-long 12.47 kV distribution line that originates at 

the GMP Charlotte substation. The Hinesburg load is over 4.6 MW at peak (winter) and there is 

a likelihood of new load in the area from housing developments and the rehabilitation of the 

former Saputo cheese factory. The load concentration in Hinesburg, together with its distance 

from the Charlotte substation, results in potential thermal and voltage limitations as well as 

challenges to adequately protecting the distribution line from contingencies. To provide 

temporary support to the area, GMP recently connected a portion of this load to the Vermont 

Electric Cooperative Rhode Island Corners substation. 

Among the solutions for this area is the construction of a new 34.5 kV to 12.47 kV substation in 

Hinesburg. The substation would be comprised of a 28 MVA transformer with oil containment, 

high-side circuit breaker, associated fence, ground grid, communications and security, and two 

distribution circuits with circuit breakers and regulators. A new seven-mile-long 34.5 kV 

subtransmission line originating at the LeClair switch in Williston would be the supply to the 

substation. A substation solution would increase the available capacity to the area to serve 

existing and new load, allow for appropriate circuit protection, reduce losses, and provide 

feeder backup to the Charlotte substation. The new substation could also provide backup for 

Vermont Electric Cooperative circuits in the area and backup to circuits originating at the GMP 

North Ferrisburg substation. 

Alternatives for supporting this area will also be considered, including the use of distance 

relaying for protection together with generation and demand-side measures. Emerging 

technology solutions, including battery storage and the use of renewable generation 

interconnected to the system with reactive inverters will be evaluated. A more extensive 

discussion of GMP’s plans to employ emerging technologies is included in Chapter 5, 

GMP SmartPower. 

North Brattleboro Substation 

This project will upgrade underground cables at the North Brattleboro substation to improve 

reliability and increase the transfer capability onto North Brattleboro substation circuits. 

The North Brattleboro substation contains a 14 MVA, 46 kV to 12.47 kV transformer, 328 amp 

voltage regulators, and two 12.47 kV distribution circuits. The distribution circuits each have 
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350 MCM copper underground cable getaways. The transformer is connected to the 12.47 kV 

bus by a 750 MCM copper underground cable. 

The existing 350 MCM copper underground cable getaways have summer ratings of 384 amps 

which constrain the ability of the North Brattleboro substation to backup area substation 

feeders. The 750 MCM copper underground cables have summer ratings of 619 amps which do 

not allow for full utilization of the capacity of the 14 MVA transformer.  

To relieve these constraints, GMP will replace the substation cables with 1000 MCM copper 

cables. In addition, the existing 328 amp voltage regulators will be upgraded to 437 amp 

regulators. The larger regulators will allow for greater flexibility with circuit ties during planned 

outages and contingencies. 

Airport Substation 

This project relocates, converts and upgrades the GMP Airport substation. 

The existing Airport substation is located on the property of the Vermont Air National Guard in 

South Burlington and includes one 1.5 MVA, 34.5 kV to 4.16 kV transformer which is 59 years 

old; and two 4.16 kV distribution circuits. The 4.16 kV distribution circuits are the only circuits 

at this voltage in the area that do not allow for feeder backup from adjacent substations. The 

wood structures are aged with clearances that do not meet modern code requirements. The 

existing site is too small to accommodate rebuilding and expanding the substation. 

This project consists of installing one new 28 MVA, 34.5 kV to 12.47 kV transformer, oil 

containment, two or more 12.47 kV distribution circuits, and associated circuit breakers, 

voltage regulators, bus work, foundations, fence, ground grid, security system, control cabinet, 

and switchgear. The substation will be relocated to a new site that is on the property of, or 

close to, the Vermont Air National Guard. 

The new substation would be centrally located in Chittenden County and allow for the 

reconfiguration of existing circuit loads among the GMP Gorge, Ethan Allen, Dorset Street, 

Essex, and Tafts Corners substations. The project would enhance feeder backup in this area, 

extend the useful lives of these adjacent substations, address aging infrastructure, and improve 

safety and reliability. 
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East Middlebury to Smead Road to Silver Lake Subtransmission Lines Upgrade 

This project rebuilds 3.5 miles of 46 kV subtransmission line from the East Middlebury 

substation tap in Middlebury to the Silver Lake Hydro station in Salisbury to address post-

contingency thermal overloads and aged equipment. 

The East Middlebury tap to Smead Road 46 kV subtransmission line is approximately one-half 

miles long, has pole plant that is nearing the end of its useful life, and is conductored with 

4/0 ACSR that was installed in 1954. The Smead Road to Silver Lake 46 kV subtransmission line 

is three miles long, has pole plant that is in good condition, and is conductored with 4/0 ACSR 

conductor that was installed in 1937. The VELCO Connecticut Valley Study, which focuses on 

the need to upgrade the VELCO Coolidge to Ascutney 115 kV transmission line, shows that 

these two subtransmission lines are overloaded following certain contingencies on the VELCO 

transmission system. These post-contingency overloads expose the Connecticut River Valley to 

low voltages and possible voltage collapse. 

This project rebuilds the East Middlebury to Smead Road and Smead Road to Silver Lake 

subtransmission lines with new pole plant and installs larger 477 ACSR conductor to address 

post-contingency thermal constraints and enhance reliability. 

Mill Street Substation 

This project upgrades the GMP Mill Street substation. 

The Mill Street substation is located in Bennington and was constructed in 1974. It includes a 

14 MVA, 46 kV to 12.47 kV transformer, enclosed switchgear, and two 12.47 kV distribution 

feeders. Much of the substation equipment is aging and has reached the end of its useful life 

such that replacement parts and equipment are no longer available. Deficiencies exist in the 

control wiring, cabling, distribution panels, and grounding. 

This project replaces the existing transformer with a new 28 MVA, 46 kV to 12.47 kV unit and 

adds oil containment. The project also replaces the enclosed switchgear with new open-air bus 

work and installs new switches, breakers, relays, SCADA equipment, circuit regulators, 

batteries, station service and a control building. The project adds a high-side circuit breaker to 

provide better protection to the transformer. The underground getaways, presently 

350 MCM Cu, will be upgraded to 1000 MCM Cu to enhance feeder backup capability and 

support distributed generation. Larger regulators will be installed to allow for greater flexibility 

with circuit ties to the adjacent Lyons Street, South Bennington, Woodford Road and Silk Road 

substations during planned outages and contingencies.  
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This project addresses aging infrastructure, improves system operation, corrects deficiencies 

that do not meet current safety codes, and improves safety and reliability. 

East Barnard to Bethel Subtransmission Line Rebuild 

This project rebuilds the 46 kV subtransmission line from the East Barnard substation in 

Barnard to the Bethel substation in Bethel. 

Most of the structures on the six-mile-long East Barnard to Bethel line were installed in 1967 

and in 1986. The conductor on this line is 4/0 ACSR. While most of the structures are in good 

condition, some structures are nearing the end of their useful lives. Moreover, results from the 

VELCO Connecticut River Valley Study indicate that the existing 4/0 ACSR conductor will 

become overloaded following certain contingencies which could result in cascading line 

overloads and the loss of up to 40 MW of load. 

This project rebuilds the East Barnard to Bethel subtransmission line with new structures and 

larger 477 ACSR conductor to address potential post-contingency thermal overloads and the 

resulting loss of load. 

4.5 Planning Studies 

This section describes GMP’s large transmission and distribution planning studies that are 

planned to take place during the three years following publication of this Integrated Resource 

Plan. 

Barre Area Study 

The Barre area is presently served by three substations: the Barre North End substation; the 

Barre South End substation; and the Websterville substation. (A fourth area substation, the 

Barre substation, was removed from service in 2014.) These substations are generally 

characterized as aged with equipment that is reaching the end of its useful life. Each of these 

substations is supplied from the 34.5 kV subtransmission system and in turn supply, in varying 

amounts, distribution circuits at voltages of 2.4 kV, 4.16 kV, and 12.47 kV. 

GMP is engaged in an on-going process of converting all of the area’s feeders to 12.47 kV. 

Having all of these feeders at 12.47 kV will permit maximum flexibility in loading among the 

circuits, lower line losses, enhance feeder voltage profiles, permit feeder backup throughout 

the area, allow for load growth, allow for future installations of DG, and lower maintenance and 

equipment stocking costs. 
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The Barre area study, scheduled for completion in 2015, assumes that all of area’s distribution 

circuits have been converted to 12.47 kV. Among the goals of the study is to determine a 

configuration for the substations and circuits that will enable any one substation to be out of 

service while allowing all of that substation’s load to be served through feeder backup. The 

study will analyze the feasibility, costs and benefits of various area configurations and 

determine: 

 The number and size of the 34.5 kV to 12.47 kV transformers to be installed at each 

substation; 

 Whether the existing area 34.5 kV to 12.47 kV substation transformers should be 

re-used, relocated, or retired; 

 Any environmental or space constraints at the existing substation sites; 

 Whether a given substation should be relocated to another site; 

 Subtransmission line upgrades or relocations required to accommodate the substations; 

 Substation equipment upgrades that would be required; 

 The number of circuits supplied by each substation; 

 The location of the main-line feeders between substations; and 

 The amount of area load to be served by each substation. 

At the conclusion of the study, GMP will develop a plan and timeline for upgrading the Barre 

area substations and distribution feeders. 

Rutland Area Study 

The GMP system in the greater Rutland area includes the 46 kV subtransmission system and 

associated distribution system, concentrated customer loads in the Rutland and Cold River 

areas, and sparser loads to the south and west of Rutland. The primary supply points to this 

system are the VELCO North Rutland substation 115 kV to 46 kV transformer, VELCO Cold River 

115 kV to 46 kV transformer, and the VELCO Blissville 115 kV to 46 kV transformer. Also 

included in the area are the recently acquired VMPD 46 kV subtransmission system, distribution 

system and loads. The legacy VMPD system is supplied primarily by the VELCO Florence 115 kV 

to 46 kV transformer and is effectively islanded from the Rutland area 46 kV system. 
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Among the most problematic contingencies for this area is the loss of any one of the VELCO 

transformers. Following the loss of one of these transformers, at high load levels, at least one of 

the remaining two transformers can overload, accompanied by local 46 kV line overloads 

and/or system undervoltage. While load growth has been effectively zero in the past several 

years, further load growth, say from a single large customer, without remediation, will 

exacerbate these problems. Further, as discussed above, the recently acquired VMPD loads are 

sourced solely from the VELCO Florence 115 kV to 46 kV transformer. Connecting this system to 

the greater Rutland area system could enhance the reliability to these loads. 

The Rutland Area Study will be completed by April 2015 to inform the Rutland Area Reliability 

Plan which is required by the Docket Nos. 7873 & 7874 Attachment II Screening Framework and 

Guidelines. This study will consider the feasibility, costs and benefits of various upgrades to the 

Rutland area. Among the potential upgrades to be considered will be the installation of a new 

115 kV to 46 kV transformer located at the VELCO West Rutland substation, targeted energy 

efficiency programs, and strategically located generation. The study will also include 

consideration of the following: 

 Updated area load levels, load distribution, and load forecasts. 

 Whether an existing circuit breaker position at the VELCO West Rutland substation will 

be used by a proposed wind generation project. If this position is, in fact, utilized by the 

generation project, the cost of installing a new 115 kV to 46 kV transformer at the West 

Rutland substation would increase by approximately $10 million. 

 Confirmation that GMP’s solar generation initiatives in the Rutland area have effectively 

shifted the summer peak loads to post-sundown time periods. 

 Whether a proposed bio-gasification plant for the Rutland area, other generation, 

demand response, storage at the Stafford solar facility, or targeted energy efficiency 

would be effective in addressing the area’s thermal and voltage concerns. 

 An updated contingency analysis. 

 An updated economic analysis. 

 Whether closing a normally-open 46 kV tie between the Rutland subtransmission 

system and the legacy VMPD system provides reliability benefits to the respective 

systems. 
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Windsor Area Study 

The GMP service territory near Windsor is presently served by a single substation - the GMP 

Windsor substation. This substation includes a 14 MVA, 46 kV to 12.47 kV transformer that 

supplies three 12.47 kV distribution circuits. The Windsor substation attained its top nameplate 

rating in July 2013 highlighting the need to address thermal issues. Also, because there are no 

other substations in proximity to the Windsor substation, there are no opportunities for feeder 

backup in the area. 

This study, scheduled for completion in 2015, will consider the feasibility, costs and benefits of 

constructing a new substation to be named the North Windsor substation. This substation 

could conceivably consist of a 14 MVA, 46 kV to 12.47 kV transformer with oil containment that 

supplies two 12.47 kV distribution circuits. Supply to the substation could be via a 46 kV 

subtransmission tap line off of the existing 46 kV VELCO Windsor to GMP Taftsville line. The 

substation, if constructed, would also likely include distribution circuit breakers, feeder voltage 

regulators, steel structures, foundations, and a 46 kV high-side circuit breaker. If constructed, 

this substation would supply a portion of the load presently supplied by the Windsor 

substation, increase available capacity to the area to serve new load and host distributed 

generation, and provide feeder backup for Windsor area loads. 

Legacy VMPD North Subtransmission Lines 

The GMP Huntington Falls and Beldens hydro units are interconnected to the system via a 

14-mile-long 46 kV subtransmission line extending from Huntington Falls to the GMP Salisbury 

switching station. Until 2011, these hydro units and subtransmission line were owned and 

operated by the Vermont Marble Power Division of OMYA (VMPD). In 2011, the VMPD assets 

were acquired by Central Vermont Public Service (CVPS). These assets were subsequently 

acquired by GMP in its acquisition of CVPS in 2012. 

The proximity of the Huntington Falls to Salisbury line to other GMP 46 kV subtransmission lines 

provides potential opportunities for system improvements. These configurations were first 

studied in 2004 as part of a Middlebury and New Haven area study. This study will be updated 

in 2016 and will consider the feasibility, costs and benefits of the following potential projects: 

 The first potential project connects the Huntington and Beldens hydro units directly to 

the VELCO Middlebury substation. This could be accomplished by constructing a 

0.7-mile-long 46 kV subtransmission line, beginning at the point where the Huntington 

to Salisbury line crosses the GMP Middlebury Lower to VELCO Middlebury 46 kV line, 

and extending this new line segment to the VELCO Middlebury substation. This new line 
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segment would allow GMP to decommission a nine-mile-long section of the 46 kV 

Huntington to Salisbury line. 

 

 The second potential project constructs four miles of new 46 kV subtransmission line to 

connect Huntington to the VELCO New Haven substation. This would transform the 

radial line connecting the Huntington and Beldens hydro units to a networked line and 

allow GMP to return the 46 kV, 5.4 MVAR capacitor at the GMP Hewitt Road substation 

to inventory. 

The potential benefits of pursuing one or both of these projects include reduced reliability 

exposure, reduced maintenance expenses, enhanced aesthetics, improved system connectivity, 

and lower losses. 

Berlin to Mountain View Subtransmission Line Analysis 

The GMP 3325 line is a three-mile-long 34.5 kV subtransmission line that extends from the GMP 

Berlin #5 substation to the GMP Montpelier substation. At a point on this line one-half mile to 

the east of the Berlin substation is the Dog River Switch. The Dog River switch marks the 

starting point of a 0.7-mile-long radial tap line to the GMP Mountain View substation. 

The Mountain View substation supplies 12.47 kV loads in and around Montpelier and supplies 

two dedicated 4.16 kV circuits to the National Life Building in Montpelier. The Mountain View 

substation also provides feeder backup to Montpelier substation distribution circuits and 

Berlin #40 substation distribution circuits in the area. 

Preliminary analysis indicates that the one-half-mile section of the 3325 line between the 

Berlin #5 substation and the Dog River switch may be thermally overloaded following the loss of 

the 115 kV to 34.5 kV source at the VELCO Barre substation. Also, the 0.7-mile-long radial tap 

line from the Dog River Switch to the Mountain View substation may be thermally overloaded 

under certain feeder backup configurations. 

This study, scheduled for completion in 2015, will examine the thermal and voltage parameters 

of the 3325 line and the tap to the Mountain View substation. The study will consider normal 

peak loads, post-contingency scenarios, the impact of possible future distributed generation, 

and various feeder backup configurations. Following this analysis, options for system 

improvements will be developed. Possible improvements to the system could include 

reconductoring the 3325 line between the Berlin #5 substation and the Dog River switch; 

reconductoring the tap line from the Dog River switch to the Mountain View substation; retiring 

the Dog River switch and upgrading the radial tap to the Mountain View substation with a 
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two-line, in-and-out configuration; and upgrading the Mountain View substation with a 

high-side circuit breaker and 34.5 kV switching capability. 

4.6 System Reliability 

Vegetation Management 

In 2013, trees that contacted GMP’s overhead subtransmission and distribution lines accounted 

for 49% of all outages. To reduce tree contact outages and improve operational efficiency, GMP 

employs an integrated vegetation management program. GMP’s objective is to administer a 

long-term vegetation management program that provides for the safe and efficient operation 

of the subtransmission and distribution system, reduces service interruptions and power quality 

disturbances, provides a high level of customer satisfaction, and is executed in a safe and cost-

effective manner with minimum impact to the environment. 

Distribution 

In 2013, GMP trimmed 1,284 miles of its distribution system and removed 4,933 danger trees. 

Herbicide treatment on the distribution system covered an estimated 614 distribution 

line-miles. Statistics for the GMP vegetation management program, including dollars budgeted, 

dollars spent, and miles trimmed for the period 2011 to 2016 are provided in Appendix E. GMP 

also monitors the number of tree related outages on a monthly basis. Tree-related outages to 

date for 2013 are also provided in Appendix E. 

GMP’s distribution system vegetation management plan, provided as Appendix F, was updated 

in 2014 to reflect the combination of the Legacy GMP and Legacy CVPS systems. This plan 

details the relative composition of tree species on the system, provides growth rates for the 

dominant species, and lists low-growing compatible species. GMP’s distribution vegetation 

management program is designed to attain an average seven-year trimming cycle. This cycle 

was developed based on the species composition within the service territory, species’ growth 

rates, and the desired clearance from trees to energized lines. As of 2013, an average trimming 

cycle of 7.9 years had been attained. While GMP believes that a seven year cycle is optimum, 

variables that have prevented GMP from attaining this cycle length include budget 

considerations and the shifting of resources to areas that experience frequent interruptions. 

Factors determining the program needs in an area for a given period include the year that the 

area was last trimmed, frequency of service interruptions, customer density, and whether there 

are sensitive customers such as schools, hospitals, and customers on life support. 
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GMP’s standard for clearance from energized distribution lines to most species is 20 feet above 

and 10 feet beside the trees. Clearances are increased where there is a danger of ice and snow 

loading on conifer trees. Most villages, towns, and cities are maintained with greater frequency 

to maintain a reasonable canopy of shade trees. Rural circuits are placed on relatively longer 

cycles due to the greater clearances that can be obtained. The techniques used by GMP for its 

vegetation program include flat cutting, various pruning methods, mowing with large 

equipment, and the application of herbicides. Detailed descriptions of these techniques are 

included in Appendix F. 

Subtransmission 

In 2013, GMP cut 205 miles of its subtransmission system and removed 873 danger trees. 

Herbicide treatment on the subtransmission system covered an estimated 1,235 acres. 

Maintenance of the rights-of-way for hydroelectric penstocks also follows the vegetation 

management plan established for the subtransmission system. 

GMP’s subtransmission right-of-way management plan, provided as Appendix G, was updated 

in 2014 to reflect the combination of the Legacy GMP and Legacy CVPS systems. The GMP 

subtransmission system is maintained on a five-year cycle. This shorter cycle reflects the fact 

that the subtransmission system is a main supplier of power to large areas such as cities and 

villages, and that the loss of a single subtransmission line can negatively impact a relatively 

large number of customers. The average GMP subtransmission right-of-way width is maintained 

to 100 feet - 50 feet on each side of the centerline. The techniques used for the 

subtransmission system are similar to that of the distribution system and include flat cutting, 

trimming, mowing with large equipment, and the application of herbicides. Detailed 

descriptions of these techniques are included in Appendix G. 

In the application of its plan, GMP strives to be sensitive to the concerns of property owners 

and contacts property owners before working in the right-of-way. GMP also encourages 

property owners to use the land in its right-of-way in a manner compatible with the 

transmission of electricity. 

Herbicide Use 

Following manual and mechanical cutting, remaining vegetation is selectively treated with 

herbicides to reduce the density of tall growing species, promote desirable low growing 

vegetation, retard re-growth, and increase plant bio-diversity. This selective treatment with 

herbicides reduces overall environmental impacts, lowers costs, and decreases the volume of 

herbicides required for future maintenance cycles. 
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GMP applies herbicides in three ways: Stem and foliar application is typically used in areas 

where sprout growth is dense. Herbicide is applied so that it contacts only the target plants’ 

leaves and stem surfaces. This method eliminates 85% to 95% of the target plants in one year. 

Basal bark treatment is used to control susceptible woody plants with stems less than six inches 

in basal diameter. With this technique, herbicide is applied to basal parts of brush and stems 

including the root collar area. Cut stump treatment is used on recently cut tree stumps to 

inhibit the growth of stump sprouts. The primary advantage of this method is enhanced 

aesthetics as there is no brown-out or dead stems left standing. Cut stump treatment 

eliminates approximately 65% to 75% of the targeted plants. 

The optimum schedule for a foliar treatment is one growing season after mechanical cutting. 

This allows for adequate sprout growth, which is easily identified by the applicator, and which 

responds well to herbicide application. Stump treatment is performed as soon as possible after 

mechanical cutting with follow-up applications as needed during the next maintenance cycle. 

The application of herbicides on the GMP system is regulated by the Environmental Protection 

Agency and the Vermont Agency of Agriculture, Food & Markets. 

Substations in Floodplains 

A number of GMP’s substations are located within Federal Emergency Management Agency 

(FEMA) designated 100-year and 500-year floodplains. Under extreme weather conditions, 

these substations may be vulnerable to damage from flooding. The location of these 

substations follows closely with the history of settlement in Vermont. In particular, many of 

Vermont’s cities and towns, which contain concentrations of population, industry, and electrical 

loads, were settled within Vermont’s river valleys. Not surprisingly, power system 

infrastructure, including substations, is located close to these populations and their associated 

electric loads. To understand which of GMP’s substations may be located in floodplains, GMP 

cross referenced the locations of its substations with the available FEMA geographic 

information systems (GIS) floodplain maps. For Vermont, FEMA has developed GIS layer maps 

showing 100-year and 500-year floodplains for the counties of Chittenden, Washington, 

Rutland, Windsor, and Windham. These five counties contain 110, or 54% of GMP’s 202 

distribution, hydro, and switching substations. Of these 110 substations, 15 distribution 

substations, or approximately 14%, are located in either a 100-year or 500-year floodplain. 

Appendix H provides a list of these substations and their locations. Assuming that these five 

counties are representative of Vermont as a whole, this suggests that, in total, perhaps 28 of 

GMP’s distribution substations are located in either a 100-year or 500-year floodplain. 
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GMP believes that the most effective method to protect a substation against the risk of 

flooding damage is to relocate the substation out of the floodplain. However, relocating 

substations solely to mitigate against risks that could arise following infrequent weather events 

is a costly undertaking. For example, GMP’s planned reconstruction and relocation of its 

Waterbury substation, scheduled for 2015, is projected to cost over $2.4 million. 

Moving forward, GMP will avoid locating new substations in floodplains. For existing 

substations, GMP believes that the most cost-effective strategy for addressing the risks posed 

by substations in floodplains is to evaluate the costs and benefits of relocation at the time that 

a given substation is scheduled for a major upgrade. The need for major substation upgrades 

can be triggered by a number of issues including obsolescence, structure or equipment 

deterioration, load growth, or the desire for enhanced feeder backup with adjacent 

substations. The costs associated with relocating a substation to a new location can include 

transmission line additions to provide a supply to the new substation, distribution line upgrades 

required to relocate main feeders to the new location, and the environmental impacts of 

disturbing and developing a new site. 

As an example of the application of this strategy, and as stated above, GMP plans to rebuild and 

relocate its Waterbury substation in 2015. The need to rebuild this substation is driven largely 

by the desire to convert the Waterbury area from 4.16 kV distribution to 12.47 kV distribution 

and to provide for mutual feeder backup between the Waterbury and Waterbury Center 

substations. At the same time, the existing Waterbury substation is located within the 100-year 

floodplain of the Winooski River. The need to rebuild the Waterbury substation has provided 

GMP with an opportunity to relocate this substation out of the floodplain, which GMP intends 

to do, for a relatively small incremental cost. 

Pole Inspections 

GMP inspects all poles on its subtransmission and distribution system once every 10 years. 

Subtransmission poles are provided a full excavation inspection that entails a 360 degree 

removal of the soil to 18 inches below the ground line. The below grade portions of the poles 

are then wrapped and treated with an antifungal compound. 

GMP also checks the integrity of the subtransmission poles by: visually inspecting them to 

detect splits, holes, and abrasions; performing core boring; and carrying out sound tests for 

portions of the pole both above and below ground to detect soft spots or other internal 

imperfections. When decay is detected, the pole will be chemically treated in cases when its life 

can be reasonably extended. If the life of the pole cannot be extended, it will be replaced. 
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Distribution poles are excavated to eight inches below grade on two sides of the pole. Visual 

inspections are performed to detect splits, holes, and abrasions. GMP also performs core boring 

and sound tests for portions of the pole above the ground. Decayed distribution poles that fail 

inspection are simply replaced because, by that time, they generally fail to meet the current 

specifications for height and class. 

Underground Utility Damage Prevention 

Preventing damage to underground infrastructure is important to GMP from two perspectives. 

First, GMP owns and operates subtransmission, distribution, and fiber optic underground cables 

that are vital to system reliability. Damage to these facilities by outside parties can create 

serious safety hazards, compromise reliability, and result in costly repairs. Alternatively, GMP 

itself routinely engages in excavation activities, for example when utility poles are set. It is 

important that GMP perform these activities without damaging either its own facilities or those 

of water, natural gas, telephone and cable television. 

To avoid damage to our own and others’ facilities, GMP participates in, and adheres to the 

procedures of, Dig Safe® for the states of Maine, Massachusetts, New Hampshire, Vermont and 

Rhode Island. Dig Safe® is a not-for-profit clearinghouse that notifies participating utility 

companies of plans to excavate in areas where underground facilities may be present. In turn, 

these utilities respond and mark out the location of their underground facilities. When 

excavation activities occur within 18 inches of a marked facility, non-mechanical (hand-digging) 

means are required to prevent damage to the facilities. Dig Safe® is a free service that is funded 

by its member utility companies, including GMP. 

GMP’s participation in Dig Safe® is required by Vermont state law, 30 V.S.A. § 7001-7008. This 

participation is also codified by the Public Service Board in PSB Rule 3.800. Specifically, Vermont 

law and Rule 3.800 require that GMP: 

 Be a member of Dig Safe®; 

 Provide notice to Dig Safe® at least 48 hours (but not more than 30 days) in advance of 

excavation; 

 When notified by Dig Safe®, mark its own facilities within 48 hours; 

 Upon discovery of damage to underground facilities, forward an Underground Facility 

Damage Prevention Report to the Public Service Board and Public Service Department; 

 Construct its facilities to conform to the National Electric Safety Code; and 
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 Install subsurface markers above all underground facilities. 

GMP is in the process of formalizing its practices by developing the Green Mountain Power 

Underground Utility Prevention Plan. This Plan will be provided to the Public Service 

Department and any other interested parties upon completion. 

Aerial Patrols and Infrared Inspections 

Every spring and fall, GMP flies helicopters to perform aerial patrols of its entire 

subtransmission system. During these patrols, we fly close to visually detect danger trees, 

broken cross arms, floating phases, cracked insulators, displaced cotter pins, and other 

problems that can negatively affect the performance of the transmission lines. Aerial patrols 

are also conducted following major storms to assess possible damage. 

During the peak load period in August, GMP flies an additional aerial patrol to conduct infrared 

scans of both transmission lines and substations. Infrared scans employ an infrared camera 

mounted directly to the helicopter to identify hot spots that can indicate a failing conductor, 

corroded splice, loose connection, or other problem area where a line or substation is stressed 

and vulnerable to failure. From the ground, GMP also periodically performs substation infrared 

scans using hand-held infrared cameras. 

Power Quality Solutions 

Over the last few decades, the electric industry has paid increasing attention to the issue of 

power quality. Poor power quality adversely affects the reliability of the now ubiquitous 

computers and microprocessor-based equipment. 

Power quality is the relative frequency and severity of deviations in the incoming power 

supplied to electrical equipment from the customary, steady, 60 Hertz sinusoidal voltage 

waveform. Examples of poor power quality include voltage impulses, high frequency noise, 

harmonic distortion, unbalanced phases, voltage swells and sags, and total power loss. Because 

the sensitivity to such deviations varies from one piece of equipment to another, what might be 

considered poor power quality to one device might be acceptable power quality to another. 

GMP’s immediately responds to power quality issues that are identified by its customers. In 

most cases, GMP operations personnel are able to quickly identify and solve power quality 

issues. The majority of power quality issues are the result of inadequate wiring, failed 

connections, or poor grounding. When a power quality issue cannot be immediately resolved, 

GMP investigates the cause by using power quality recording devices installed at the customer’s 

premises. Once the cause of poor power quality is discovered, GMP informs the customer as to 
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its source. If the problem originates with the customer’s equipment, GMP assists the customer 

in finding appropriate consultants and vendors to help provide power quality solutions. If the 

problem originates with the transmission or distribution system, GMP immediately develops 

and implements a solution. In the future, the availability of AMI voltage information, by 

customer, may allow GMP to proactively address customer low voltage issues. 

Distribution System Protection 

Appropriate distribution system protection is necessary to prevent hazards to the public, 

protect utility workers, prevent damage to equipment, maximize reliability, and allow for 

prompt service restoration. GMP employs overcurrent devices on its distribution circuits with 

the goal of removing temporary faults and restricting the number of customers impacted by 

permanent faults. Specific strategies employed by GMP include the following: 

 Circuit loads are not permitted to exceed 66% of relay pickup settings. Exception can be 

made for circuits that feed only one customer (such as a ski areas) or at times of feeder 

backup. This strategy provides for 150% cold-load pickup capability. 

 

 Overcurrent protection, including circuit breakers, reclosers, and fuses, are sized and set 

to allow for maximum load current, cold load pickup, feeder backup, and load growth 

while maintaining the sensitivity required to detect bolted faults at that ends of the 

devices’ zones of protection. 

 

 Under normal circumstances, temporary protection operating sequences are set for 

“fuse saving.” Fuse saving is a strategy in which the initial operations of circuit breakers 

and reclosers are performed with a “fast” timing characteristic which allows temporary 

faults to clear before down-stream fuses operate. Fuse saving avoids permanent 

outages downstream of fuses, but subjects upstream customers to momentary 

interruptions. Fuse saving may not be appropriate for all circuits including circuits 

supplying customers that are especially sensitive to momentary interruptions. 

 

 Where justified, three-phase or single-phase electronic reclosers are deployed, in place 

of fuses, to provide additional capability and flexibility for present and future loads. 

Weather Event Planning and Response 

Severe weather events pose a significant threat to GMP’s system reliability. To exacerbate the 

situation, these events often occur with only 24 to 72 hours’ notice. To react quickly to an 
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anticipated weather event, GMP has established a culture of immediate response in which its 

employees are trained in preparing for weather events and executing the restoration plan. 

From experience, certain types and severity of weather predicate power outages. GMP 

subscribes to a weather monitoring service that the on-call storm director closely monitors for 

conditions that may cause outages. When potentially onerous weather is identified, the storm 

team is convened and a storm plan, commensurate with the threat, is put into effect. These 

efforts enable the storm team, field assessors, and field crews to mobilize before an outage 

occurs. GMP is also a member of the North Atlantic Mutual Assistance Group (NAMAG). As a 

member of NAMAG, GMP can request crews from around New England and beyond in the 

event that Vermont is faced with a catastrophic weather event. This proactive process has 

significantly minimized the duration of outages. 

In addition to nine on-call storm directors, GMP has adopted the Incident Command System 

(ICS) as a means of managing its restoration efforts. As part of the ICS process, the following 

teams have been established, each with an upper management “chief” and executive sponsor: 

 Incident Commander: The Incident Commander oversees the overall restoration effort 

and works directly with the ICS chiefs to ensure a safe, fast and effective restoration. 

 Operations: The Operations Chief assembles and supervises each district office 

dispatching team. The Operations Chief also has overall supervision of the line workers, 

contract crews, and tree crews. 

 Assessment: The Assessment Chief is responsible for assembling assessor crews and 

providing an inventory of the storm damage. 

 Logistics: The Logistics Chief oversees the logistics team and is responsible for securing 

rooms and meals for all field crews. 

 Information Technology: The Information Technology Chief is responsible for ensuring 

the 24/7 functioning of all computer hardware, software, and communications 

equipment during storm restoration. 

 Communications: The Communications Chief supervises, and ensures coverage for, the 

call center, public relations, press, and social media. 

 Safety: The Safety Chief is responsible for providing safety briefings to all contract crews 

and performs safety visits to crews during storm restoration. 
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Technology plays a significant role in managing weather events (see the section “Error! 
Reference source not found.” below for details). GMP uses several interrelated systems to 

manage its restoration efforts thereby allowing us to efficiently answer the high volumes of 

customer calls, manage the outages that have been reported, and maximize the use of available 

resources. GMP has recently completed installation of its advanced metering infrastructure 

(AMI) meters. AMI is enhancing restoration efforts by allowing storm organizers to contact or 

“ping” meters to determine which are out and which have had their power restored thus saving 

valuable crew time. 

As part of GMP’s restoration efforts, a focus is placed on restoring power to priority areas first.  

Priority areas include critical roadways that are blocked with downed wires, outages that are 

affecting the largest number of customers, and outages that are affecting key facilities including 

hospitals and patient care facilities. 

Outage Management 

Outage Analysis and Technology 

GMP employs a device-driven, highly integrated outage management system (OMS) known as 

Responder. Responder accepts a variety of customer and system information and outputs 

information useful for analyzing and responding to outages. 

Data input into Responder comes from a variety of sources: 

 Customer service representatives take phone calls reporting outages and input this 

information into our outage portal, which then automatically communicates pertinent 

outage data to Responder. GMP also employs an overflow call center that can be used 

to assist with large volumes of calls. Like the GMP customer service representatives, the 

overflow call center uses the same outage portal to log outages directly into Responder. 

 

 In a similar fashion, GMP’s integrated voice response (IVR) system uses pre-recorded 

voice messages and subsequent customer responses to automatically obtain the 

customer’s outage information, communicate this information to Responder, and if 

available provide customers with anticipated restoration times.  

 

 GMP customers can sign-up for a text notification service that allows users to report an 

outage as well as obtain the status of when power will be restored. Customers can also 

report outages and obtain status updates from GMP’s website. 
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 GMP’s geographic information system (GIS), which contains the locations of customer 

data, line types, and the interrupting devices, is also integrated into Responder. 

 

 Finally, GMP’s fleet truck tracking system is integrated with Responder which allows 

operators to track the locations of line crews and tree crews. 

Armed with this information, Responder predicts the discrete interrupting device that most 

likely operated for a given fault and provides operators with the device’s location. Operators 

can then dispatch line crews or outage assessors to confirm the operation of the device. Once 

confirmed, the line crew or outage assessor patrols downstream of the device to determine the 

cause of the outage. Once the cause of an outage is known, an estimated restoration time is 

established and crews are dispatched to restore power. 
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Outage History 

Below is a compilation of overall system outages for 2013 - the first full year of integration of 

Legacy GMP and Legacy CVPS - both with and without major storms. 

Table 4.6.1 2013 GMP Outages With Major Storms 

GMP 2013 Outages With Major Storms 

Outage Cause Customers Affected Customer Hours Out 

 1 - Trees 347,892  1,235,666 

 2 - Weather 78,247  353,889 

 3 - Company Initiated 23,605  42,041 

 4 - Equipment 70,257  125,260 

 5 - Operator 585  535 

 6 - Accident 41,540  66,098 

 7 - Animal 15,534  34,251 

 8 - Supplier 2,442  2,482 

10 - Other 977  4,200 

11 - Unknown 24,054  52,332 

Grand Total 605,133  1,916,754 
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Table 4.6.2 2013 GMP Outages Without Major Storms 

GMP 2013 Outages Without Major Storms 

Outage Cause Customers Affected Customer Hours Out 

 1 - Trees 269,399  669,267 

 2 - Weather 50,976  151,540 

 3 - Company Initiated 21,668  33,791 

 4 - Equipment 69,022  117,037 

 5 - Operator 585  535 

 6 - Accident 41,534  66,090 

 7 - Animal 15,534  34,251 

 8 - Supplier 2,442  2,482 

10 - Other 976  4,197 

11 - Unknown 21,918  42,100 

Grand Total 494,054  1,121,291 
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GMP annually reviews and analyzes outage data. In addition to analyzing overall trends, each 

year GMP identifies its worst performing circuits, develops a priority list, and implements plans 

to improve the reliability of these circuits. GMP creates a priority list by ranking each circuit by 

the number of customers affected by outage events and by total customer hours out. This 

priority list allows us to focus our available resources on the least reliable areas of the power 

system thereby cost-effectively improving overall performance. Coupled with a system-wide 

focus on preparedness, technology, and a proactive vegetation management plan, this initiative 

creates a comprehensive approach to advancing the reliability of our power system. 

The list of the 20 worst circuits represents the place where GMP first analyzes and targets 

improvements. Circuits making this list do not automatically result in a plan for capital 

improvements since other factors must be considered. For example, if the majority of the hours 

out on a given circuit were the result of a car pole accident, there might be no justification for 

undertaking additional improvements. Also, changing the operation or maintenance of a given 

circuit might be the best way to address an issue, as this requires no financial investment. For 

the 20 worst circuits identified in 2013, GMP has implemented improvements including road-

side rebuild projects, SCADA upgrades, and reconstruction projects. 

With the help of the BI tool (described above under the heading “The Planning Process”) GMP 

uses business analytics query tools to analyze and generate reports, including monthly reports 

that identify customers who have experienced a high number of outages over a short period of 

time. These reports help GMP to decide where improvement dollars may best be invested. 

Historically, these types of analyses were limited to institutional knowledge of an area and/or 

rudimentary outage report summaries. 

GMP continues to make significant investments in the reliability of its electric system. GMP 

invests approximately $50 million each year in capital upgrades to its transmission and 

distribution system. Examples of such projects include rebuilding substations, moving 

cross-country lines to the roadside, installing new protection devices, upgrading SCADA 

controls, and replacing end-of-life plant. All distribution rebuilds in which feeder back-up may 

be possible are performed with conductor large enough to support feeder back-up. These 

capital investments are in addition to the operation and maintenance expenses associated with 

vegetative management, pole inspections, aerial patrols, and infrared scanning. 

Smart Grid Technologies 

GMP will employ Smart Grid technologies to improve the functionality and reliability of the 

transmission and distribution system. A discussion of the overall development of 

GMP SmartPower is contained in Chapter 5. A number of recent and near-future developments 
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for the purpose of enhancing power system control and outage management are discussed 

below. 

Enhanced Communications and Data Acquisition 

The recently completed VELCO fiber network provides high bandwidth, secure, two-way 

communication from GMP’s substations to our control center. This enhanced, real-time 

communication improves data acquisition and the ability of GMP operators to remotely control 

substation equipment. Microprocessor-based substation equipment was installed over the past 

several years as part of the America Recovery and Reinvestment Act. This equipment is a 

significant upgrade over the electrometrical equipment that was present in many locations. The 

enhanced communication permits GMP engineering staff to more readily access substation 

data and allows overloaded and failing equipment to be more easily identified. 

Distribution Automation and System Management / The Rutland Grid Innovation Project 

GMP will pilot a number of distribution automation and system management technologies 

through its Rutland Grid Innovation project (RGI). Planned for implementation in 2015 and 

2016, RGI will use advanced technologies to improve system reliability, reduce system losses, 

and better prepare the Rutland area to accept increasing amounts of renewable energy. The 

specific elements of RGI include the following: 

 Micro Grid: GMP will interconnect the 2 MW Stafford Hill Solar project to a Dynapower 

2 MW/3.4 MWh energy storage unit to create a micro grid. During outages, this micro 

grid will have the ability to configure itself into an intentional island to provide 

emergency service for a high school/emergency center, local gas stations, and a fire 

station. GMP will also take advantage of the ISO-NE ancillary grid services markets to 

participate in the frequency regulation market. The energy storage installation will be 

utilized to provide peak shaving during high load periods. 

 

 Fault Detection Isolation and Recovery (FDIR): GMP will install fault detection, isolation, 

and recovery capability on nine circuits supplied by three substations in the Rutland 

area. Through the intelligent control of 18 reclosers at selected sectionalizing and tie 

points, the system will quickly isolate problems and restore power after the occurrence 

of faults on the system. 

 

 Integrated Volt/VAR Control (IVVC): IVVC will function to reduce feeder losses and 

energy consumption (conservation voltage regulation) by minimizing the average 

voltage at all locations while maintaining end-of-line voltages within acceptable 
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operating limits. IVVC will be integrated with AMI metering to control transformer load 

tap changers, switch capacitors, and compensate for detected low voltages. As part of 

RGI, an IVVC pilot program will be conducted in 2015 and 2016 on the South Rutland 

substation #72 circuit, a 12.47 kV circuit that serves a mix of residential and commercial 

customers in South Rutland and North Clarendon. This circuit also hosts the 2 MW 

Clarendon Solar project. Among the data to be collected from this pilot program will be 

the applicability of IVVC to circuits containing distributed solar generation, and 

relatedly, the applicability of IVVC as a tool to maintain voltage stability for areas 

containing high concentrations of DG. If operationally successful and cost-effective, 

GMP plans to expand IVVC to other parts of its system. The results of this pilot program, 

together with possible plans for the expansion of IVVC, will be reported in GMP’s next 

IRP in 2017. 

 

 Customer Education: GMP plans to install an innovative display at its downtown Rutland 

Energy Innovation Center to highlight the real-time configuration of the grid, 

demonstrate outage restoration, and show the penetration of local renewable 

generation flows. 

 

 Network Management System (NMS): GMP will install a suite of applications to assist 

system operators with the tools they need to perform switching, effectively manage 

distribution load flows, and forecast future load flows on the network. The NMS will 

have the capability to manage hundreds of key data points on the system, process the 

information in real time, and aid in the optimization of the grid and the integration of 

distributed energy resources. These tools will be critical to the oversight and control of 

the elements listed above. 

To implement RGI, GMP plans to install the NMS and associated field devices, hardware, and 

communications capability in 2015 and 2016. A significant aspect of the innovation associated 

with RGI is the overlap of various project technologies throughout the Rutland area. While GMP 

has already piloted certain elements of RGI, this project will be a proving ground where GMP 

attempts to standardize the installation and control of these technologies. If successful, RGI will 

allow grid innovation to expand to other communities throughout Vermont in a cost effective 

and efficient manner. 
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5. GMP Innovation 

The electricity distribution business is in an unprecedented state of evolution. Where the grid 
operators of the past were primarily matching predictable demand with centralized and easily 
dispatched supply, today’s grid operators are managing a growing penetration of intermittent 
distributed generation and increasing demand complexity.  

An additional challenge for the electric utility industry is load growth that is at best level, and 
more likely to decline, as a result of the combined effects of energy efficiency and continued 
growth of customer-owned renewable generation. At the same time, cost pressures are 
increasing as a result of region-wide trends that point toward higher transmission, capacity and 
energy prices. 

In the face of these challenges, GMP sees opportunity in embracing technology to advance a 
new business model. This requires strategic change as GMP’s role as an integrated utility 
evolves into a role in which we offer a full range of energy services to our customers.  GMP’s 
three-part strategy consists of the following: 

1) Create customer value 
2) Increase grid efficiency and intelligence 
3) Increase reliance on local grid resources 

Figure 5.1: GMP’s Innovation Strategy 
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Rutland – The Energy City of the Future 

To realize its three-part strategy, GMP intends to make Rutland a demonstration workbench of 
energy innovation for other communities throughout Vermont and the United States. As a 
citywide lab focused on rapid deployment of renewable technologies, smart grid capabilities 
including grid resiliency, energy storage, and thermal and electric efficiency, energy innovation 
can help Rutland foster and support a rapid and meaningful socio-economic turnaround. We 
envision that Rutland will be the regional leader in reliance on and development of these 
technologies and programs, and a key component of an electric vehicle (EV) program focused 
on the Route 7 corridor, and, as such, will demonstrate the value of locally produced renewable 
energy to the grid.  As we work through a variety of pilot programs in Rutland, we expect to 
take those that are most successful forward to the benefit of all of our customers in our service 
territory. 

These pilot programs, some of which have already begun, will include a la carte offerings as well 
as holistic energy services. These will likely include trials for air-source mini-split heat pumps; 
air-source hot water heat pumps; expansive installation of Level 2 and Level 3 EV charging 
stations; home automation and security offerings; micro-power; a range of consumer-focused 
solar projects; portable energy; a variety of grid resiliency efforts; and other new home energy 
services and programs. 

5.1 Create Customer Value 

GMP is focused intensely on identifying and delivering value for our customers. Our ultimate 
goal is to provide one-stop shopping for all of our customers’ energy needs. The services that 
we envision range from traditional electric services that are needed for powering homes and 
businesses to the delivery of new, innovative services and products such as EV charging, 
cutting-edge home-heating and cooling equipment that can reduce costs and environmental 
impacts, and new products and services that give customers personal, real-time information 
and remote control of their energy use.  In the coming years, GMP will pilot and bring to market 
a range of new energy products, tools and consumer options that will move GMP beyond the 
role of the traditional utility. These include renewable energy choices and opportunities that 
will give customers direct control of the environmental and pocketbook impacts of their energy 
consumption. 

Most essential and critical to GMP’s future strategy as a full services energy provider is how 
well it can create and expand value, while increasing comfort, for our customers. There are 
fundamentally two components to this value.    
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What is frequency regulation? 

The power grid relies on a number 
of “ancillary services” to keep 
supply and demand in balance. 
Frequency regulation is one of 
those services.  It refers to 
adjustments in power generation 
or demand on a time scale of 
seconds or less that are needed to 
keep the grid at 60 hertz.  At any 
given moment, if generation and 
demand are slightly out of phase, 
the frequency will deviate from 60 
hertz.  Devices such as batteries, 
generation, hot water heaters and 
electric thermal storage can be 
turned on and off rapidly to help 
bring frequency back to 60 hertz. 

The first component of value is directed at the customer in terms of savings on their own 
energy bill and ability to reduce their emissions profile. The air-to-air heat pump and the EV 
have both brought new capability for customers to decrease (and in some cases, completely 
remove) their dependence on oil and other fossil-fuel sources. Depending on customer 
suitability, these technologies can create substantial energy cost savings and reduce emissions.  

Through GMP’s eHome service, the company plans to develop what we believe will be the 
nation’s first utility-delivered holistic energy program. Through this program, customers will be 
able to address all of their home energy needs, from simple electrification to self-generation, 
home heating and cooling to automobile transportation. We are in the infancy of this effort; 
over the next one to two years, we plan to take the concept and first-home effort through a 
100-home proving ground in Rutland County to determine how best to provide these services in 
the most efficient, understandable and cost-effective way to all of our customers.  Starting with 
one home in Rutland, GMP has begun a pilot program to do three key things: provide 
customers with an unprecedented opportunity to lower their costs, increase their comfort, and 
improve the efficiency of their energy consumption. 

The second component of value is the services that 
customer devices can provide to the grid. 
Technological advances now allow for much 
greater involvement of customer devices with 
energy markets. Industry discussion of energy 
storage technology over the past few years has 
been focused heavily on batteries. While GMP 
regards this technology as very important, latent 
energy storage available on the customer side of 
the meter is as well. Existing hot water heaters, 
building envelope, commercial ice-based chilling 
and electric thermal storage are examples of this 
latent storage. To the extent GMP can grow and 
harvest this value, it can provide system benefits 
that can be shared with the participant customer 
and potentially others. By example, an electric 
thermal storage system can be used to reduce on-
peak electricity consumption, and with modern 
controls, to provide reserves and frequency 
regulation services to ISO-New England. 
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5.2 Increase Grid Efficiency and Intelligence 

At the heart of GMP’s vision is an ever-smarter electric grid and an intense focus on our 
customers’ needs. For decades, the traditional distribution utility model has been pretty simple: 
build and maintain a system to deliver centrally generated electricity over wires and poles to 
every corner of the service territory, as cost-effectively and reliably as possible. Today, this 
historical model is becoming antiquated.  

The modern grid is becoming more and more complex and dynamic. Thousands of customers 
are adopting their own intermittent solar generation. The introduction of EVs creates new 
demand profiles as well.  The new and emerging model requires integration of all of these 
supply/demand dynamics through newer grid technologies and most importantly, inherent 
capacity and storage capability behind the customer meter.  Our goal is to move to a grid model 
that is flexible, adaptable and interactive, as opposed to a one-way delivery mechanism. The 
first piece of this effort was GMP’s advanced-metering effort.   

Advanced-Metering Initiative (“AMI”) 

The successful completion in early 2013 of GMP’s smart grid investment project known as GMP 
SmartPower1 marked a key milestone in the ongoing evolution of Vermont’s electric grid. The 
deployment of new technologies is bringing a smarter grid to life for GMP customers.  These 
technologies include: 

� The deployment of new advanced meters; 
� Installation of additional substation and grid automation equipment; 
� Creation of a two-way communications network that allows grid devices to be monitored 

and operated remotely; and  
� Integration of these new technologies to state-of-the-art IT systems.  

By using smart grid data, GMP is better able to understand the frequency and duration of 
outages and can use this data to improve reliability, optimize power flows and control costs. 
GMP’s smart grid investment grant project has established a solid foundation for its new 
business model. 

1 GMPConnects was the name of the legacy GMP smart grid program.  Concurrent with the merger with CVPS, GMP 
adopted the name of GMP SmartPower. 
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Improved System Feedback 

With the new AMI system now in place, GMP estimates there are 9.5 billion data points 
received from the AMI system annually.  Fifteen-minute customer usage data will allow a better 
understanding of how the grid is operating, by improving the accuracy of the modeling of the 
system and having better transparency into system performance, including system efficiency 
and reliability.  

GMP is currently working on integrating AMI data into its enterprise data warehouse and 
analytical tools so that this huge data set can be transformed into useful information.  Starting 
in 2015, GMP operations staff will have a much more accurate and comprehensive view of 
system load customer-by-customer, circuit-by-circuit, and in aggregation. This broader 
information set will provide a much richer picture of when and where peak loads are occurring 
and when and where power congestion or bottlenecks may adversely affect customer service.  

In the future, equipment that is being overloaded as a result of load growth can be identified 
and replaced, or load can be reduced, before a failure occurs. Costs can be reduced, as 
equipment is right sized and equipment ratings are better aligned based on improved 
information about actual system load. 

Faster Service Restoration 

GMP is in the final stages of testing the integration of outage information transmitted by 
advanced meters with GMP’s outage management system. When the power goes out, an 
advanced meter sends a “last gasp” signal. This signal is fed into the outage management 
system (OMS), notifying GMP of a customer outage. These notifications will allow GMP to 
respond to potential service interruptions more quickly, especially in the middle of a business 
day or in the middle of the night when customers often do not report issues. In addition, the 
signals will provide a better sense of the location of the outage and the number of customers 
affected, so that appropriate resources can be dispatched to restore power as quickly as 
possible. 

Beyond Advanced Metering 

The AMI system was a critical first step in establishing the grid of the future.  However, more 
innovation is required as the industry continues to evolve. The proliferation of intermittent 
renewable generation on the grid and new technologies on the customer side of the meter are 
creating a system that requires increasingly sophisticated monitoring and control capabilities. 
New tools and information are needed to efficiently and effectively manage a grid that is made 
up of a mix of traditional and intermittent renewable generation, energy storage devices and 
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customer-owned technology, such as thermal storage devices and thermostats. GMP is also 
evaluating the use of a new distribution management system and customer-focused microgrid 
software to interface with the existing SCADA system. 

The future grid that GMP is working toward leaves behind the century-old uni-directional 
delivery model to favor a multi-directional marketplace where customers can in some instances 
be providers of services (energy, capacity, ancillary services) to the wholesale electricity market. 
The historic model has always taken customer demand as a given and constructed appropriate 
grid capacity to meet this demand, plus a margin of error.   

GMP has reimagined the grid structure so we can more deeply engage the customer and drive 
inefficiencies out of the system. Technology is evolving to a state where devices can now act on 
customers’ behalf to optimize energy usage patterns with no discernible impact to customer 
comfort.  Smart thermostats, controllable water heaters, thermal storage, smart appliances and 
smart PV solar inverters are examples of technologies that can offer significant benefits to the 
grid and create value for the customer if the right grid model is in place.   

By engaging customer assets as energy capacity and storage assets, we hope to create new 
efficiencies in the system through the use of responsive demand to meet variable supply. Doing 
so will inevitably create load factor efficiencies and reduce line losses through voltage 
regulation.   

Absolutely critical to this effort will be proper software to “choreograph” this supply-demand 
dance.  Portfolios of aggregated customer assets will need to be synchronized in their activity 
with signals from the distribution grid management system, wholesale power prices and even 
weather and electric demand forecasts. Imagine, for example, if controlled heat pumps or 
water heaters on a circuit could be used to ramp down demand in the event of a predicted 
cloud cover event for solar PV on that circuit.  Alternatively, these same devices could pre-cool 
or pre-heat a building in advance of a predicted system peak so that they could be shut down 
during the peak events, thus reducing ISO capacity or transmission charges that are based on 
system peak demand. 

Automation of this system is a key goal.  This type of complex interaction likely cannot be done 
manually, at least on a broad scale.  As an eventual evolution beyond automation, GMP hopes 
that these grid-equipment interactions will eventually be driven by a dense nodal market for 
energy products.  In that world, a liquid market determines time and geographically-
differentiated pricing for energy, capacity and other ancillary services at thousands of points on 
the system.   Customer devices and grid equipment would then choose to respond based on the 
price signal at any given time.  Such a system would allow the market to determine where a 
utility needs to invest capital in its network.  By monitoring market responses, or the lack 
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thereof, the utility could point its capital at those constraint points where the markets have 
chosen not, or are unable, to respond. 

None of this will be easy, as it represents a dramatic change from the system that exists today.  
GMP expects that this transition will take years because technological advances, system 
integration, and cultural and societal interactions with energy will have to evolve. 

Pricing Innovation 

These technology advances also inform how we think about electricity price innovation. The 
past few years have brought an evolution of thinking on customer rates and customer 
connectivity at a pace we have not seen before. Like all things related to smart grid, we are 
seeing an unprecedented acceleration of technology, operational and customer service 
opportunities. When GMP began its smart meter program back in 2010, the thinking was that 
the technology would create customer demand for dynamic or time-differentiated rate 
structures that would link grid power prices to the price of power accessible to customers.  

The envisioned rate structures ranged from simple time-of-use (TOU) structures to TOUs with 
additional incentives ranging from peak-time rebates and critical-peak prices to real-time prices 
where the price changes every hour or even every 15 minutes. In the latter case, prices 
presented to customers are the same as wholesale power prices.  At this same time, the belief 
was that the smart meter would serve as the central energy control gateway into the home or 
business through the Zigbee capabilities within the meters, which can connect with devices 
such as in-home displays and other smart devices and appliances.  Over the past several years, 
our outlook on rates and customer connectivity has evolved quite a bit.  Through pilots we have 
run and by leveraging the experiences of other utilities, we have come to see that some of our 
beliefs back in 2010 need to be updated or replaced with more contemporary thinking. 

Our thinking on dynamic rates has evolved as a result of watching how customers respond to 
signals, incentives and other stimulus intended to engage them in opportunities to lower their 
costs.  As a product of our critical peak pricing pilot, we saw relatively limited engagement and 
some confusion at times on the part of customers surrounding the stimuli and mechanisms that 
require them to pay attention or take action in order to attain the value from dynamic rates.  
Although dynamic rates and other customer feedback programs may continue to play a part in 
incentivizing efficient customer behavior(s), our thinking is now focused more on rates or 
programs that include the option for GMP to control elements of customers' electric load in 
some way, consistent with customer preferences and instructions.  We expect that as long as 
we keep customer metrics (home indoor temperature, for example) between certain upper and 
lower thresholds (thereby delivering comfort) the consumption associated with some electricity 
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end uses can be controlled to a sufficient degree to create value when we aggregate that load 
control capability across enough customers.  Such load control has the potential to allow GMP 
to save substantial grid operating and maintenance costs, and pass those savings on to our 
customers.  

However, controlled rates will not appeal to all customers.  Therefore, we believe there may be 
two sets of rates or rate programs. The first set would be designed for customers who just want 
a transactional relationship with GMP with no control involved. This kind of rate would have 
clear pricing rules to follow; customers who choose these rates would manage their electricity 
consumption behaviors based on the extent to which they have the ability and interest in 
responding to the pricing rules.  An example of this is GMP’s new large commercial customer 
demand response tariff.  In this program, large customers who can commit to a significant load 
reduction will get a share of the demand savings for their participation.   

The second kind of rates would look more like programs than rates, and would be for 
customers who want a more interactive relationship with GMP.  This may include access to 
different load-controllable devices and technologies, and has the potential to deliver greater 
savings.   An excellent example of this is GMP’s water heater load-management program.  

Currently, more than 16,000 GMP customers are enrolled in this program. Residential 
customers enrolled in this program pay a reduced rate for the electricity that they use to heat 
their water. In exchange, customers agree to allow their water heater to be turned off at 
certain times during the day, reducing load during periods when the demand for electricity is 
typically high.  The water heaters that are used as part of this program are well insulated so 
customers continue to receive hot water and are typically unaware that their water-heating 
units are being cycled on and off during the day.  

As a result of the success of this program, GMP is investigating the feasibility of offering 
additional load management and energy management choices that can help customers further 
save on their energy costs while maintaining comfort.  In the current electricity market 
environment of rising capacity market prices and regional transmission charges and potential 
for more volatile energy market prices, the value proposition for controlled water heating and 
similar programs appears to be improving. 

We have also changed our view on the role the smart meter will play in providing information 
and controls inside a customer’s home.  As stated earlier, our view as recently as 2010 was that 
the Zigbee feature in the smart meters would allow the meter to serve as the control gateway 
to the home.  We have seen tremendous advancements to home automation technologies and 
offerings in the past few years, with companies such as Apple, MicroSoft, Comcast, AT&T and 
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ADT all introducing some type of home automation gateway service that can manage home 
security, energy and surveillance.  

In these types of comprehensive home automation offerings, the utility meter is an actor in the 
home automation environment, but not the central gateway. We believe our meters may 
perform control functions in limited scenarios, but will more likely provide data and signal to a 
home gateway that intelligently coordinates the automation.  We believe the benefits of in-
home displays have been surpassed by smart phones and home automation gateways, which 
we now view as the primary customer interfaces. 

5.3 Increase Reliance on Local Grid Resources 

The third and final focus of GMP’s grid strategy is to decrease dependence on the bulk grid by 
leveraging more local grid resources. As discussed in Chapter 6, the New England region is 
facing an electricity supply situation that is becoming tighter from a capacity standpoint and 
more reliant on natural gas, which has its own supply constraints.  At the same time, costs for 
use of the regional grid are increasing. The result is a forward view of rising transmission, 
capacity and energy costs.  Accordingly, GMP intends to pursue all reasonable and cost-
effective sources of local, in-system supply. This may include but will not be limited to solar, 
wind, hydroelectric, combined heat and power, waste-to-energy and perhaps peaking plants 
fueled by natural gas and/or oil. 

As discussed in Chapter 7, GMP will seek a significant degree of diversity in its distributed 
generation portfolio.  Policy and technology gains have driven an increasing penetration of solar 
in Vermont over the past several years and this has created a cost-competitive resource, 
although considerations of intermittence and diversity will need to be managed as the scale of 
solar in Vermont is growing rapidly.  Waste to energy projects could be an area for growth in 
supply in Vermont.  GMP is evaluating projects now that could utilize manure, liquid waste from 
municipal water treatment facilities, wood and food garbage.  These types of facilities have 
typically been difficult to render cost effective given their small size.  GMP will seek to 
overcome this by achieving scale and recognizing value from ancillary products from the 
processing in the facility.  An example of such a project would a large-scale community digester 
that could accept waste from multiple feed-stocks (manure, food waste, etc), in a region to 
reach a scale where generation of electricity from the project would be cost effective.  By-
products from such facilities can also include livestock bedding that can be sold for additional 
revenue.   

Another distributed supply strategy that GMP is exploring is to expand the use of micro-grids 
featuring a combination of solar and storage, similar to its Stafford Hill project in Rutland.  The 
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Stafford Hill project will be used to island an emergency shelter.  Other future microgrid 
projects could be designed for grid resiliency in other relatively urban locations, or to defer 
distribution upgrades or island remote radial lines during outages.  GMP is working with 
partners to design modular solar + battery installations that would be optimized for economics 
and could be easily replicated for different locations. Solar + battery has not historically 
represented a cost-effective solution but has worked where there are distribution off-sets 
included and/or government grants are available, as was the case at Stafford Hill.  GMP will be 
actively seeking both in the near term.  We expect that the costs of both solar and battery 
storage will decline further over time and at some point, such installations may be cost 
effective as a source of incremental supply without subsidy. 

Beyond the solutions highlighted above, GMP will be actively seeking incremental opportunities 
to develop or acquire other forms of distributed generation.  Combined heat and power, new 
small-scale hydro and new wind facilities are prime examples used by other load serving 
entities but have proven difficult in the Vermont market for a variety of reasons.  That said, 
each of these brings value as a diversified resource and we intend to pursue them where 
possible. 

It is difficult to imagine a scenario where GMP could become completely reliant on in-state 
generation. Furthermore, Vermont is not an energy rich state and development of new 
generation will be difficult in such a large scale. As a result, we will likely rely on external 
sources for some percentage of electricity supply. However, cost-effective generation sited in 
our system will act as a hedge against regional supply risk. Local generation also has the 
potential to reduce energy losses on the transmission and distribution system, although this 
benefit tends to be quite location-specific and local generation in some sites can increase 
system losses. 

Partnering to Serve Our Customers 

Partnering with other providers and stakeholders is a mainstay of our approach to serving our 
customers.  The latest example is GMP’s partnership with NRG Energy, which will offer a series 
of new clean-energy products and services to help our customers manage their energy use and 
save money.  This partnership is part of our efforts to establish Rutland as the Energy City of the 
Future, and helps position the state as a leader in the movement toward cost-effective, 
sustainable energy solutions.  

In 2014, GMP has established numerous other partnerships, and we will continue to develop 
new ones as new technology and new partnership opportunities emerge.  In addition to NRG 
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Energy, some of the key partnerships that were formed or developed in 2014 are summarized 
in the following bullets. 

• Stafford Hill: To build the Stafford Hill Solar Farm, we partnered with the Shumlin 
Administration, Mayor Louras and city leaders, GMP's Energy Innovation Center, 
Stafford Technical Center, groSolar, the Vermont Clean Energy Development Fund, the 
Vermont Energy Investment Corporation (VEIC), and the Vermont Department of Public 
Service.  
 

• On-Bill Energy Improvement Loan: In partnership with NeighborWorks of Western 
Vermont, all GMP customers have access to a home energy improvement loan that can 
be repaid through a line item on the customer’s electric bill. 
 

• Residential Peak Energy Savings Pilot Program: In partnership with VEIC/Efficiency 
Vermont and OPower, 35,000 GMP customers participated in this innovative pilot 
program this past summer to use less energy during peak hours of the four hottest days 
of the summer. 
 

• Partnering with the Vermont Energy Investment Corporation: GMP will continue to 
collaborate with VEIC, a nationally recognized leader in energy-related activities, who 
operates Efficiency Vermont, to advance the energy policy of the state of Vermont in a 
way that maximizes benefits for Vermont energy customers and minimizes the negative 
environmental impacts of energy use.  GMP and VEIC have recently entered into a 
Memorandum of Understanding that outlines a flexible framework for the relationship, 
roles and activities in which GMP and VEIC will partner together going forward. 

5.4 Conclusions for Integrated T&D and Resource Planning 

Using the City of Rutland as a test-bed for rapid deployment of innovative energy services, 
GMP’s Energy Innovation Center will work with partners to pilot promising new products and 
services.  After these pilots have demonstrated their cost-effectiveness, environmental benefits 
and commercial readiness, we will scale up the programs to the entire service territory, and use 
the experience gained from the pilot phase to embed the programs in future T&D and resource 
planning.  In practice, this will take the form of incrementally greater system integration across 
the company.  We expect a continual evolution of products and services will be integrated into 
utility systems, utility planning, and into our customers’ behavior – with the goal of reducing 
costs, improving grid reliability and home comfort, and adding value for participants and non-
participants alike. 
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6. Regional Context for the Resource Plan 

New England’s electric power sector continues to evolve under the influence of both long and 
short-term trends. Long-term trends include increasing reliance on natural-gas-fired generation 
and the moderation of load growth. Shorter-term trends include recent policy developments 
such as the New England States Committee on Electricity’s (NESCOE) Initiative, which proposes 
to develop new infrastructure that would enable additional natural gas and renewable energy 
imports to New England.  

This chapter presents a summary of these regional market trends from the perspective of La 
Capra Associates (LCA), whose consulting practice and market modeling expertise is well-
established in New England and other regional markets. The following sections provide an 
outlook on the demand, supply, and transmission of electricity at the regional level, as well as 
outlooks for the wholesale markets for energy and capacity. The chapter concludes with LCA’s 
20-year market price forecast from its Northeast Market Model (NMM). 

6.1 Regional Demand  

Forecasted Peak and Energy Load 

Each year ISO-NE prepares a 10-year forecast of New England’s peak load and energy demand 
as part of its Capacity, Energy, Loads, and Transmission (CELT) report. The 2014 CELT1 report 
forecasts energy and peak load before the effects of future state energy efficiency programs2.  
This forecast is known as the ‘gross load forecast’ for purposes of this report. The next two 
figures show that ISO-NE forecasts the summer peak load and annual energy load to grow over 
the next decade at compound annual growth rates (CAGR) of 1.3 percent/year and 1.0 
percent/year respectively. Key drivers of the forecast demand growth include economic 
growth, Federal Electric Appliance Standards, and air conditioning penetration.3 

 

 

1 “2014 CELT Report”, ISO-NE, http://iso-ne.com/trans/celt/report/2014/index.html. 
2 ISO-NE refers to energy efficiency as passive demand resources (PDR). 
3 For more, see “Forecast Model Structures of the ISO New England Long-Run Energy and Seasonal Peak Load 
Forecasts” available at http://www.iso-ne.com/trans/celt/fsct_detail/2014/forecast_model_structures_2014.pdf. 
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Figure 6.1.1: Gross New England Coincident Peak Load Forecast4

 

 
Figure 6.1.2: Gross New England Energy Load Forecast5

 

4 “2014 CELT Report”, ISO-NE.  Does not include the impact of state energy efficiency programs. 
5 “2014 CELT Report”, ISO-NE.  Does not include the impact of state energy efficiency programs. 
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Energy Efficiency (EE) & Passive Demand Resources (PDR) Outlook 

The CELT Report also includes a forecast of energy efficiency based on the passive demand 
response (PDR) resources6 that have cleared in the Forward Capacity Auction (FCA).7 For the 
FCA period that begins in 2018-2019, ISO-NE’s forecast includes additional/incremental energy 
efficiency as a result of investments from state energy efficiency programs. The figure below 
shows the projected reductions in load as a percentage of gross load from the 2014 CELT. 

Figure 6.1.3: New England Energy and Peak Demand Reduction from PDR/EE

 

Demand Response (DR) 

Both active and passive demand resources participate in the FCA. The figure below shows the 
amount of active DR resources that have cleared the auction from 2014 through 2017 for each 
New England state. For 2016-17 (FCA7), the level of active DR dropped significantly from the 
level that had been clearing previously, and in 2017-18 (FCA8), it remained close to this lower 
level. Market participants have cited low capacity market prices in recent years, along with the 
administrative requirements of FCM participation, among reasons for the reduction in cleared 
DR capacity.   

6 Passive demand resources are energy efficiency measures; they do not involve dynamic deployment by the 
system operator.  
7 For more on the ISO-NE FCA, see the section below on Capacity Markets.  
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The tighter regional capacity balance and expected increase in FCA clearing prices (discussed 
later in this section) will tend to increase the financial value of reliable DR resources, and could 
potentially lead to a resurgence of cleared DR capacity in the FCM. This market context also 
makes it appropriate for GMP to explore additional DR resources – whether through the FCM or 
through GMP-administered retail pricing and load-control programs. One operational 
consideration that could limit the scale and/or increase the price of available DR resources in 
the future is that with a lower regional capacity surplus than in recent years, such resources 
could be called upon (i.e., participating customers may have to actually reduce their 
consumption) more frequently or for longer periods than they have in the past.   

Recently, a federal appeals court ruled that the States, not FERC, have jurisdiction to regulate 
DR.8 This ruling only affected FERC Order 745, covering Locational Marginal Price (LMP) 
payments to DR resources, but the ruling adds uncertainty to the outlook for DR’s inclusion in 
future capacity markets.  For now, ISO-NE is proceeding on the expectation that DR resources 
will be included in its wholesale markets for energy, capacity, and ancillary services. 

Figure 6.1.4: Active Demand Response Cleared in Recent FCAs.9

 

8 RTO Insider, “Court Throws Out Demand Response Rule”, 23 May 2014, http://www.rtoinsider.com/demand-
response-rule/. 
9 Data available from: http://iso-ne.com/markets/othrmkts_data/fcm/cal_results/index.html. 
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Net Demand Forecast 

The following two figures show forecasted load growth from the 2014 CELT Report net of 
energy efficiency or PDR. The net forecasted growth rates are substantially lower than those of 
the gross load forecasts, at 0.7 percent/year and 0.1 percent/year for peak load and energy 
demand respectively. 

Figure 6.1.5: New England Coincident Peak Load Forecast Net of EE/PDR

 

 

Figure 6.1.6: New England Energy Load Forecast Net of EE/PDR
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6.2 Regional Supply 

Current and Historical Generation Mix 

In New England, the current generation fleet is composed of a variety of resources, especially 
natural gas plants, with significant amounts of oil, nuclear, coal and hydro resources as well. 
Figure 6.2.1 shows the composition of the current fleet on a capacity basis by fuel type. 

Figure 6.2.1: New England Summer Seasonal Claimed Capability by Fuel Type10 

 

Since the late 1990s, New England has become increasingly reliant on natural gas generation 
and less reliant on oil and coal. However, the actual energy generated by fuel type can depend 
significantly on the relative prices of natural gas, oil and coal. Figure 6.2.2 shows historical 
energy generation in the ISO-NE region by fuel type. With low gas prices in 2012, natural gas 
generation increased significantly that year, mostly at the expense of coal generation.  Higher 
New England natural-gas prices since then have increased the demand met by coal, but not to 
levels experienced prior to 2008. 

 

 

10 ISO-NE, “2014 CELT Report”, Section 2.1, http://iso-ne.com/trans/celt/report/2014/index.html.  The ‘Other’ 
category includes biomass and landfill gas. 
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Figure 6.2.2: Historical New England Energy Generation by Fuel Type.11

 

Environmental Policies Affecting the New England Generation Fleet 

Renewable Energy 

All New England States aside from Vermont have mandatory renewable portfolio standard 
(RPS) policies. These policies require the Load-Serving Entities to serve customers with certain 
percentages of new renewable generation. Though some of the details vary, all five RPS policies 
have separate requirements for “new” resources that come online after a cutoff date (Class I), 
and existing resources.  

The eligibility requirements are relatively consistent across the New England States, meaning 
that many renewable resources (such as wind and solar) qualify for Class I Renewable Energy 
Certificates or Credits (RECs) in multiple states. In addition, most of the RPS requirements can 
be met with new renewable energy generated anywhere in the region. Because Maine has 
made allowances for some existing biomass to qualify for Class I, which does not qualify 
elsewhere, the Maine RPS does not appear likely to stimulate substantial additional new 
development in the way that the Connecticut, Massachusetts, Rhode Island or New Hampshire 
Policies are doing. That said, new renewables in Maine could be key suppliers to help the other 
states meet their goals. 

11 ISO-NE, “Net Energy and Peak Load by Source”, http://www.iso-
ne.com/markets/hstdata/rpts/net_eng_peak_load_sorc/index.html 
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The eligibility requirements for new renewables (i.e., the detailed definitions of fuels and 
technologies that count as renewable) in the other four states feature some notable differences 
which are beyond the scope of this IRP, but the requirements are sufficiently similar that it is 
reasonable to group these four markets as part of the “Premium Class I REC markets”.  
Compliance entities must purchase class-eligible RECs equivalent to a certain percentage of 
obligated load by a certain date each year. The competitive retail electric suppliers and 
distribution utilities that provide retail generation service in these states generally pass through 
the cost of these REC purchases to customers through their retail electricity prices. All four 
states allow some form of REC banking, enabling the application of a limited number of surplus 
RECs in a particular year toward future obligations. The table below summarizes the minimum 
percentage requirements by class from 2014 to 2023. 

Table 6.2.1: Premium Market RPS Requirements 

 2014 2015 2016 2017 2018 2019 2020 2021-
2023 

CT Class 1 11.0% 12.5% 14% 15.5% 17% 19.5% 20.0% 20.0% 
MA Class 1 9% 10% 11% 12% 13% 14% 15% 16%+12 
NH Class 1 5.0% 6.0% 6.9% 7.8% 8.7% 9.6% 10.5% 11%+13 
NH Class 2 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 
RI New 6.5% 6.5% 8.0% 9.5% 11.0% 12.5% 12.5%14 12.5% 
Load-
Weighted 
Average 

9.0% 10.1% 11.2% 12.4% 13.6% 15.1% 15.9% 16.5%+ 

This percentage schedule is likely to require vigorous development and/or imports of new 
renewable supplies. These requirements would result in about 16 percent of all New England 
electric energy being supplied by premium renewables in 2020.  

The Figure 6.2.3 illustrates the forecasted demand from 2013 to 2023, based on the state RPS 
policies. Demand is expected to grow from 8 million RECs to over 18 million RECs per year 
in 2023. Voluntary demand for new renewables (e.g., electricity customers seeking to increase 
their own reliance on renewables) will increase the demand above these RPS-driven levels by 
some amount, although the level of voluntary demand is presently modest. 

12 After 2020, an additional 1 percent per year with no stated expiration date. Percentages include an in-state solar 
carve-out. 
13 Yearly increments are 0.9 percent until reaching 15 percent in 2025 and maintained thereafter. 
14 Maintained in 2020 and thereafter, unless modified by state regulators. 
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Figure 6.2.3: Forecasted Premium REC Demand, 2013-2023

 

There has been a shortage of Class I RECs recently, which has driven REC prices close to 
Alternative Compliance Payment15 levels. Two states have responded to this shortage by 
changing their RPS requirements. Rhode Island delayed the schedule of increases in minimum 
requirements by one year starting in 2015, as reflected above. This also reduces the maximum 
renewable requirement in the last year of the RPS.  

More significantly, Connecticut has allowed the possibility of large hydro offsetting up to a 
quarter of its Class 1 requirements by 2020 under certain conditions. If the Public Utility 
Regulatory Authority (PURA) determines through a multi-step investigation that there is a 
shortage of Class I RECs, up to 1% per year of the requirement may be allowed to be satisfied by 
large-scale hydropower starting in 2016.  Such purchases, which would be capped at 5 percent, 
must be determined to be in the best interest of ratepayers, and may be procured by contracts 
up to 15 years long.   

15 Alternative Compliance Payments (ACP) are prescribed payments (in $/MWh) to be paid by retail suppliers that 
are unable to meet state RPS requirements for a given period.  In Connecticut and Massachusetts, the current 
ACPs are $55/MWh and about $66/MWh, respectively. 
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Greenhouse Gas Emissions 

All New England states participate in the Regional Greenhouse Gas Initiative (RGGI), a cap-and-
trade program aimed at reducing CO2 emissions from the power sector.  This affects prices by 
increasing the variable costs of large fossil-fuel-fired generators that are almost always on the 
margin. RGGI allowance prices have been minimal (generally below $3/ton) since the program 
began in 2009 because actual CO2 emission levels in the RGGI region have fallen well below the 
initial program caps.  

On Feb. 7, 2013 the RGGI states announced an Updated Model Rule that would tighten the caps 
significantly in 2014. A RGGI-commissioned study of the Updated Model Rule projects that 
emission allowance prices will rise from about $4 (2010$) per ton in 2014 to over $10 (2010$) 
per ton by 2020.16 RGGI auction results to date have benchmarked well to the Updated Model 
Rule forecast.  

Federal policy regarding greenhouse gas emissions in the electric sector remains uncertain.  In 
recent years, Congress has considered several legislative options that would create a cap-and-
trade market for CO2 emissions. So far, Congress has passed no bills. As legislative efforts to 
regulate CO2 emissions have stalled, the U.S. Environmental Protection Agency (EPA) has 
released proposed rules that would regulate carbon emissions at new and existing power plants 
under Section 111 of the Clean Air Act.  

Clean Power Plan  

On June 2, 2014 the EPA proposed regulations on carbon dioxide emissions from existing 
electric generating units (EGUs), with the goal of reducing emissions 30 percent relative to 2005 
levels by 2030. The draft rule, known as the Clean Power Plan, is part of President Obama’s 
Climate Action Plan issued in 2013. Authority for the Clean Power Plan is derived from section 
111(d) of the Clean Air Act, and the proposed rule applies to fossil fuel-fired EGUs in operation 
or under construction by January 2014. The EPA proposed New Source Performance Standards 
(NSPS) for carbon dioxide emissions from new EGUs projects under section 111(b) of the Clean 
Air Act in September 2013.  

The Clean Power Plan would require each state to set a standard of performance for carbon 
emissions from affected sources using what is known as Best System of Emission Reduction 
(BSER). The EPA has proposed BSER based on a combination of four basic “building blocks”:  

16  RGGI, Inc, Press Release, 2/7/2013, http://www.rggi.org/docs/PressReleases/PR130207_ModelRule.pdf 
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1. Efficiency improvements at affected plants;  
2. Increased dispatch of gas-fired units over coal-fired units;  
3. Adding and preserving generation from renewable and nuclear energy; and 
4. Demand-side management.  

The EPA has set proposed state emission rate targets based on its view of a reasonable state-
by-state application of BSER. States may collaborate with other states to propose multi-state 
compliance plans, including emission trading-based plans. However, other New England states 
could likely meet the proposed performance standards through existing state and regional 
policies such as renewable portfolio standards and RGGI.   

The timetable for implementation of the Clean Power Plan is highly uncertain. The EPA has 
proposed a timeline in which the rule is finalized in June 2015, and State Plans are due by June 
2016 with interim and final target deadlines are set for 2020 and 2030, respectively. However, 
numerous court, legislative and administrative challenges remain to be resolved before the rule 
can be implemented. Republican gains in the 2014 midterm elections appear to bolster 
opposition to the President’s entire Climate Action Plan. As a result, it appears highly unlikely 
that the Clean Power Plan will be implemented as proposed, or on the EPA’s timeline.  

Vermont is not covered by the EPA’s Clean Power Plan, because it has no affected plants, but 
since energy and capacity are traded in a regional market, changes in the regulation of 
emissions from in neighboring states could strongly affect the prices that GMP and other 
Vermont utilities pay for future wholesale market purchases. 

Generation Retirements 

Last year there were two major New England generation retirement announcements. First, 
Entergy announced in August 2013 that it plans to retire Vermont Yankee (VY) by the end of 
2014. Second, Energy Capital Partners announced in October, just 5 weeks after purchasing the 
1,500 MW Brayton Point plant from Dominion, that it intends to retire the coal plant by 2017.17 
These announcements followed several other plant shutdown announcements. The table below 
summarizes some of them. 

  

17  Providence Journal, “New owners to shutter outmoded Brayton Point Power Station by 2017”, Oct 8, 
2013, http://www.providencejournal.com/breaking-news/content/20131008-new-owners-to-shutter-outmoded-
brayton-point-power-station-in-2017.ece 
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Table 6.2.2: Recent or Announced Generation Retirements in New England 

Name Capacity 
(MW) 

Location Fuel 
Type 

Status Planned or 
Actual 

Shutdown 
Vermont Yankee 600 Vernon, VT Nuclear Shutdown 

Announced 
End of 2014 

Brayton Point 
(Units 1-4) 

1,500 Somerset, MA Coal/Oil Shutdown 
Announced 

2017 

Salem Harbor 
(Units 1-4) 

750 Salem, MA Coal/Oil Closed 2011-2014 

AES Thames 
 

450 Montville, CT Coal Demolition 2011 

Mt. Tom 150 Holyoke, MA Coal Shutdown 
Announced 

2014 

Bridgeport 
Harbor 2 

130 Bridgeport 
Harbor, CT 

Oil Shutdown 
Announced 

2017 

Norwalk Harbor 
(Units 1, 2, 10) 

350 Norwalk, CT Oil Deactivated 2013 

 

New Thermal Generation Development 

There has been little official activity regarding planned additions of thermal generation in 
recent years, when the ISO-NE market was in a surplus capacity position. The one major 
exception is Footprint Power’s plan to place a new natural-gas-fired, combined-cycle plant on 
the old Salem Harbor plant site in Massachusetts. Footprint faces opposition to the 674-MW 
facility, creating uncertainty around its future.18 Looking forward, it is likely that a more 
balanced regional capacity market, combined with emerging capacity market rules that incent 
reliable performance of capacity resources during shortage events, will stimulate significant 
power plant development activity. 

  

18 Aljazeera America, “Salem Power Plant Sparks Electric Debate”, 
http://america.aljazeera.com/articles/2014/3/28/salem-power-plantsparkselectricdebate.html 
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Total Regional Supply and Demand Outlook 

The New England power sector operates with significant surplus supply, but with the 
announced retirements and anticipated peak load growth, there will likely be a need for new 
capacity supply to meet reliability needs within the next five years. The most recent ISO-NE FCA 
auction for 2017-2018 failed to secure enough capacity to meet the 33,855-MW installed 
capacity requirement, leaving the region with a shortfall of 143 MW.19 The figure below shows 
the auction results graphically. 

Figure 6.2.4: ISO-NE FCA Results – Cleared Capacity vs. Capacity Requirements20

 

The resources that will ultimately fill the gap are not known, but new generation sources that 
compete to fill it are anticipated to primarily be renewable and natural-gas-fired plants.  
Imports from neighboring control areas, demand-side resources and repowering or reactivation 
of older plants in the region, in addition to new generating capacity, could also play a significant 
role in meeting regional capacity needs (and in setting capacity market prices).  

19 “Finalized Auction Results Confirm Slight Power System Resource Shortfall in 2017-2018”, ISO-NE, 2/28/14 
20 Ibid. 
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6.3 Regional Transmission Developments 

NESCOE Infrastructure Initiatives 

The New England states have collaborated in recent years through the New England States 
Committee on Electricity (NESCOE) to investigate areas of resource and policy development 
where a regional solution can prove to be in the best interest of each state.  Key questions have 
included: 

• Can regional procurement of renewable electricity sources increase renewable 
development, and help the States meet portfolio standards and greenhouse gas 
emission goals at the lowest possible cost? 

• How can the limitations on getting natural gas into New England, which is resulting in 
extremely high electricity prices in winter months, be alleviated? 

• Can a NESCOE Infrastructure Initiative facilitate the development of electric 
transmission between New England and neighboring regions, including Canadian 
Provinces? 

NESCOE commissioned studies to determine how increased natural gas pipeline capacity or 
increased imports from Canada would help lower the cost of electric energy in New England. 
These studies, while not universally accepted, indicated that significant but plausible increases 
in natural gas pipeline and/or electric transmission capacity can lower electric prices to a level 
indicative of expectations one would have for a working and relatively unconstrained ISO-NE 
market. 

One portion of the NESCOE initiatives relates to the development of additional electric 
transmission capacity to import more clean energy. NESCOE is working with stakeholders to 
develop an RFP for new transmission to bring 1,200 to 3,600 MW of low/no-carbon resources 
into the region. The introduction of such resources into the New England market would be 
thematically consistent with GMP’s resource planning goals, and GMP understands that over 
3,000 MW of proposed electric transmission import projects have been proposed for delivery 
into Vermont. It is not yet clear, however, how cost-competitive the electric import projects 
would be, or which project (or combination) would be preferable based on relative cost and 
other factors. GMP’s expectation, however, is that the capital costs associated with each of the 
proposed projects would be substantial. 

NESCOE representatives had also adopted a plan to increase natural gas pipeline capacity into 
New England, based on funding through the electric markets and ultimately electric customers 
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in New England. This plan stalled during 2014 since the failure of the administration in 
Massachusetts to secure legislative support for the initiative.  

Both the electric and natural gas components of the potential NESCOE initiatives could have 
significant implications for GMP’s electric customers – through their potential impacts on the 
wholesale electricity market (particularly during winter months), and through regional sharing 
of some or all of the associated costs.  GMP plans to continue to monitor the proposed electric 
and natural gas import projects, and to work with key Vermont stakeholders (including VELCO, 
other electric distribution utilities, and the Public Service Department to determine which, if 
any, of the proposed projects would be beneficial for our customers. 

Other Transmission Developments 

In addition to the potential for new transfer capability for imports of clean power, New England 
utilities and ISO-NE have completed or initiated several transmission projects within New 
England that will eliminate congestion and increase power transfer capability both north-south 
and east-west. These projects were pursued primarily to address potential reliability 
deficiencies on the bulk transmission system, and will enable the system to accommodate 
greater imports.  These transmission projects are: 

• Maine Power Reliability Program: Six new substations, upgrades to numerous existing 
substations, and the installation or rebuilding of 440 miles of transmission line in the 
communities from Eliot to Orrington in Maine.21 Expected in service date is 2015.22 
 

• New England East-West Solution: A group of related transmission projects addressing 
reliability needs in New England, including: 
 

o The Greater Springfield Reliability Project: Upgrades to 39 miles of transmission 
lines between Ludlow, MA, and Bloomfield, CT23 that are now fully in service.24 

21 Central Maine Power, “Maine Power Reliability Program Overview”, http://www.mainepower.com/program-
overview.htm 
22 ISO-NE, “Transmission Interface Transfer Capabilities: 2014 Regional System Plan Assumptions-Part 3”, 17 March 
2014, p. 14, http://iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2014/mar172014/a8_rsp14_transmission_interfac
e_transfer_capabilities.pdf 
23 Northeast Utilities, “Greater Springfield Reliability Project”, http://www.transmission-
nu.com/residential/projects/springfield/default.asp 
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o The Interstate Reliability Project: Transmission upgrades spanning three states 
on a line from Millbury, MA to Card Street Substation in Lebanon, CT.25 Expected 
in-service date is December 2015.26 
 

o Central Connecticut Reliability Project: Now in development to remedy 
reliability concerns in the central Connecticut area.27 
 

o Rhode Island Reliability Project: Includes several transmission upgrades in 
Rhode Island, including a new 345-kV line from West Farnum to Kent County.28 
Now in service.29 

 
• Boston Upgrades: Transmission upgrades due to the retirement of Salem Harbor and 

advanced NEMA/Boston upgrades, increasing Boston import capability in 2014.30 

  

24 Northeast Utilities, “New England East-West Solution”, http://www.transmission-
nu.com/residential/projects/neews/default.asp 
25 Northeast Utilities, “Interstate Reliability Project”, http://www.transmission-
nu.com/residential/projects/IRP/default.asp# 
26 ISO-NE, “Transmission Interface Transfer Capabilities: 2014 Regional System Plan Assumptions-Part 3”, 17 March 
2014, p. 11, http://iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2014/mar172014/a8_rsp14_transmission_interfac
e_transfer_capabilities.pdf 
27 Northeast Utilities, “Central Connecticut Reliability Project,” http://www.transmission-
nu.com/residential/projects/central/default.asp 
28 ISO-NE, “Regional System Plan Transmission Projects March 2013 Update”, p. 3, http://www.iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/projects/2013/final_march_2013_rsp_project_presentat
ion.pdf 
29 ISO-NE, “Regional System Plan Transmission Projects March 2014 Update”, p. 25, http://www.iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/projects/2013/final_march_2013_rsp_project_presentat
ion.pdf 
30 ISO-NE, “Transmission Interface Transfer Capabilities: 2014 Regional System Plan Assumptions-Part 3”, 17 March 
2014, p. 14, http://iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2014/mar172014/a8_rsp14_transmission_interfac
e_transfer_capabilities.pdf 
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6.4 Regional Markets 

Energy Markets and Prices 

ISO-NE operates a wholesale electric energy market in New England. The price of energy is set 
by the marginal, most-expensive generating units supplying power in each hour. The marginal 
energy costs/prices vary with location within New England in some hours, based on locational 
differences in losses and congestion on the transmission system. Because natural gas 
generation generally operates on the margin in New England, wholesale locational marginal 
prices (LMPs) track the price of natural gas (delivered to New England) fairly closely during most 
of the year.  

With the influx of shale gas and the stagnation of the national economy, natural gas prices and 
LMPs decreased in 2008 and 2009 and remained at lower levels than they had been historically 
through 2012. However, in the past two winter seasons natural gas pipeline constraints into 
New England led to regional natural gas shortages and increased reliance on oil-fired 
generation, which produced significantly higher LMPs. The chart below shows monthly 
historical Day Ahead LMPs for the ISO-NE Hub, which illustrates these trends.  

Figure 6.4.1: Average Monthly ATC Day Ahead LMPs for the ISO-NE Hub.31

 

31 ISO-NE, “Summary of Hourly Data”, http://www.iso-ne.com/markets/hstdata/znl_info/monthly/index.html 
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Natural Gas Availability and NESCOE Initiative 

Due in part to the winter LMP price spikes, NESCOE launched an Infrastructure Initiative to 
address the pipeline capacity shortage by increasing capacity to 1 Bcf/day above 2013 
levels. This additional pipeline capacity is intended to benefit the generation sector, and the 
costs will be borne primarily by electricity ratepayers. As noted above, the near-term outlook 
for this initiative is uncertain. 

Capacity Markets and Prices 

ISO-NE operates a forward capacity market (FCM) to procure enough generation capacity to 
meet its planning reserve margin and, therefore, maintain adequate system reliability. The ISO 
procures capacity primarily through the use of an auction. Initially, ISO-NE’s approved market 
design procured a fixed amount of capacity equal to the planning reserve margin in a form of a 
vertical demand curve. A vertical demand curve implies that a target amount of capacity will be 
procured regardless of the price. The resulting prices could swing dramatically from near zero 
or the established floor price when there was excess supply, to near the maximum when supply 
was insufficient.  

The established clearing prices for capacity were set by administrative floor prices through 
2016-2017 (FCA7), due to a material excess of capacity above ISO-NE’s estimated minimum 
requirement. This changed in the next auction, when the market experienced a slight resource 
shortfall that resulted in steep capacity price elevation - a byproduct of the vertical demand 
curve. Historical clearing prices are shown in the table below. 

Table 6.4.1: Summary of ISO-NE Forward Capacity Auction Closing Prices.32 
 FCA-1 

2010/11 
FCA-2 

2011/12 
FCA-3 

2012/13 
FCA-4 

2013/14 
FCA-5 

2014/15 
FCA-6 

2015/16 
FCA-7 

2016/17 
FCA-8 

2017/18 

$/kW-mo $4.50 $3.60 $2.95 $2.95 $3.21 $3.43 $3.15* $7.02/ 
$15** 

* FCA #7 concluded at the floor price of $3.15/kW-month in three zones—CT, ME, and ROP—with excess supply. In 
the NEMA/Boston zone, the auction concluded at $14.99/kW-month. All new resources in NEMA/Boston will 
receive the $14.99/kW-month clearing price; existing resources in the zone will receive $6.66/kW-month. 
** Administrative pricing rules were triggered in FCA #8. Most existing resources will receive $7.02/kW-month and 
all new resources will receive $15/kW-month in all zones except NEMA/Boston. In NEMA/Boston, the 
administrative pricing rules require all resources to receive $15/kW-month except one resource, which in the 
previous auction (FCA #7) opted for a five-year price commitment of $14.99/kW-month. 

32 ISO-NE, “Finalized Auction Results Confirm Slight Power System Resource Shortfall in 2017-2018”, p. 3, 
http://www.iso-ne.com/nwsiss/pr/2014/fca8_final_results_final_02282014.pdf. 
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Besides the effect of the vertical demand curve, the capacity price for 2017-18 was likely 
affected by uncertainties from potential new market design changes. The Pay for Performance 
initiative proposed by ISO-NE included modifications to the design to make each resource’s 
revenue contingent, in part, on its actual performance during periods when the amount of 
available capacity in New England did not meet ISO-NE system reserve requirements (typically 
from a few minutes to several hours at a time).  

The new market rules, partially approved by FERC, will result in payment transfers from under-
performing to over-performing resources, providing strong incentives for better performance 
during regional shortage conditions. These incentives will place a performance risk on all FCM 
resources, and this risk will presumably be priced in each resource’s bid in future capacity 
auctions, potentially elevating the prices. There is also a possibility that a significant amount of 
resources did not participate in the 2017-18 auction due to uncertainties regarding these 
market design changes. A relatively small amount of withholding or withdrawal for this reason 
or others has the ability to force a meaningful increase in the auction clearing price, particularly 
if the total amount of offered supply is close to the planning reserve margin target. 

In May 2014, FERC issued an order accepting ISO-NE’s revised system-wide demand curve and 
some changes related to the Pay-for-Performance initiative. The implementation of a sloped 
demand curve in the 2018-19 auction is important because it allows a tradeoff between 
reliability and cost. The sloped demand curve also helps mitigate strategic bidding in the market 
because it provides an auction price cap and flexibility to procure less capacity if the price is 
particularly high. The revised ISO-NE proposal is illustrated below. 
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Figure 6.4.2: ISO-NE’s Sloped Capacity Demand Curve and Key Points on the Curve

 

The approval of the demand curve and the partial approval of the Pay-for-Performance market 
rules by FERC removed significant uncertainty around the new structure of the market. 
However, the slight shortfall realized for 2017-18 and the retirements of inefficient resources 
may continue to place an upward pressure on capacity prices. In addition, to the extent that 
market participants include the risk of penalties for non-performance in their bidding 
strategies, there will be upward pressure on future clearing prices.   

On the other hand, the high capacity prices should encourage developers to build new, more 
efficient power plants, and encourage potential capacity suppliers of all types (including 
demand-side resources and imports) to fully evaluate their options to provide capacity to this 
more lucrative regional market. A large increase in qualified capacity for the next auction 
confirmed this dynamic. 

La Capra Associates’ (LCA) most recent base case capacity price outlook is shown in the table 
below. It is important to note that, given the changes to market rules and potential need for 
new resources in the near future, this forecast is subject to lots of uncertainty in the near term 
and the long term. It is also important to note that clearing prices under the sloped demand 
curve construct will likely feature large year-to-year volatility (e.g., price changes on the order 
of several $/kW-month), as changes of even a few hundred MW of capacity supply or demand 
in a particular auction can meaningfully alter the point at which the supply and demand curves 
intersect (and therefore the resulting clearing price). 
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Table 6.4.2: LCA New England Capacity Price Outlook 

Planning Year 
Closing Price   

($/kW-month) 
FCA-9 (2018/19) $11.86 

FCA-10 (2019/20) $12.04 
FCA-11 (2020/21) $12.28 
FCA-12 (2021/22) $12.53 
FCA-13 (2022/23) $12.79 
FCA-14 (2023/24) $13.06 
FCA-15 (2024/25) $13.33 
FCA-16 (2025/26) $13.61 
FCA-17 (2026/27) $13.89 
FCA-18 (2027/28) $14.19 
FCA-19 (2028/29) $14.49 

Ancillary Services Markets & Prices 

Power systems require ancillary services to maintain reliability and support their primary 
function of delivering energy to customers. At ISO-NE ancillary services are divided into the 
locational reserves market (which is comprised of Forward and Real-Time Reserves Markets), 
and the regulation market. The Forward Reserve Market is in place to ensure that sufficient 
sources capable of providing operating reserves will be available, while the Real-Time Reserves 
Market compensates units for operating reserves needed in Real Time.  

Ancillary services represent a relatively small fraction of wholesale electricity market costs in 
New England (roughly 3 percent in 2013, compared to 12 percent for capacity and 85 percent 
for energy), but their importance may increase in the future. State environmental policies in 
New England incentivize the integration of large amounts of renewable resources into the grid, 
including intermittent resources such as wind and solar. This integration effects the power 
system’s reserve, regulation, ramping and capacity needs, and are not easily quantifiable. 
Furthermore, these effects may grow over time as renewable resources become a larger 
percentage of the region’s generation. Studies33 suggest that the New England grid and market 
will be able to accommodate substantial amounts of intermittent power sources at costs that 
are not excessive, although the costs associated with integration of intermittent renewables 
could become meaningful over time as penetration increases. 

33 New England Wind Integration Study, December, 2010.  See www.uwig.org/newis_es.pdf and http://www.iso-
ne.com/committees/comm_wkgrps/prtcpnts_comm/pac/mtrls/2010/nov162010/newis_iso_summary.pdf  
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Scale of New England’s Wholesale Electricity Market 

The table below shows the wholesale electricity costs by market in 2013 compared with 2012.  
It is important to understand what these prices represent. There are three major market 
components related to the supply of electricity: energy, capacity and ancillary services. To serve 
customer load, the market participant referred to as the Load-Serving Entity (LSE) is charged for 
specific amounts of energy each hour, capacity each month and ancillary services based upon 
the amount of load it serves. A LSE may purchase all these components directly from the ISO-NE 
wholesale market. The LSE may also have supply of one or more of these components via 
contract or owned generation or demand resources. Contracts made directly between market 
participants are often referred to as bilateral arrangements. An LSE’s supply of these 
components serves to hedge all or some of the costs to serve their loads. These prices also 
indicate the revenue wholesale suppliers would receive if they sell each of these components 
directly into the market rather than through bilateral arrangements.  

Table 6.4.3: ISO-NE Wholesale Market Cost Summary34 
Type Annual Costs ($B) Average Costs ($/MWh) 

2012 2013 % Change 2012 2013 % Change 
Energy 4.77 7.49 57% 37.42 58.14 55% 
Capacity 1.19 1.06 -11% 9.36 8.20 -12% 
Ancillary Services 0.13 0.27 107% 1.04 2.12 105% 
Total 6.10 8.82 45% 47.81 68.46 43% 

The table also shows the year-over-year variation that has occurred recently in each market. It 
shows that the 55 percent increase in market clearing prices for energy drove a 43 percent 
overall increase in average electricity costs for all of New England.  This does not account for 
effects of bilateral arrangements, but represents the assumption for comparative purposes that 
all energy, capacity and ancillary services are supplied at their respective market clearing prices.  
In 2012 energy costs represented 78 percent of the total electricity costs. In 2013, the growth in 
energy market prices raised this to 85 percent.  

  

34 ISO-NE, 2013 Annual Markets Report, Table 1-2, p. 2, http://www.iso-
ne.com/markets/mkt_anlys_rpts/annl_mkt_rpts/2013/2013_amr_final_050614.pdf.  

Page 6|22 

 

                                                      



  Integrated Resource Plan | 2014 

REC Markets and Prices 

All six New England states have passed some form of energy policy legislation designed to 
encourage development of renewable energy projects. All except for Vermont have passed a 
Renewable Portfolio Standard (RPS) that requires minimum amounts of renewable energy by a 
specified date. The following chart shows the current RPS requirements in 2025. 

Figure 6.4.3: State Renewable Portfolio Standards35

 
 

Based in part on the fact that Massachusetts consumes the most electricity in New England, the 
RPS in Massachusetts has created the most significant incentives for the development of new 
renewable energy projects across the region. The following chart shows the price of MA Class I 
RECs over the past four years, based on broker quotes for RECs for delivery in each calendar 
year from 2011 to 2018. The market price for MA Class I RECs has ranged from a low of 
$15/MWh to a high of over $60/MWh. This means that in some recent years, the value of RECs 
to eligible new renewable generators has been comparable to the value of the energy they 
produce. 

35 Source: Final Regional Profile 2014, ISO-NE, page 2, http://www.iso-
ne.com/nwsiss/grid_mkts/key_facts/final_regional_profile_2014.pdf  
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Figure 6.4.4: MA Class 1 REC Market Prices by Delivery Year36 

 

  
  

36 Source: Sustainable Energy Advantage, September 2014 
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6.5 Natural Gas Supply Constraints  

A substantial build-out of interstate gas pipeline transmission infrastructure able to serve the 
greater Northeast region of the U.S. has been underway for several years.  The initial projects 
began as early as 2011 in Pennsylvania, but they did not provide immediate and direct benefit 
to the New England energy markets.  These early projects were built by Tennessee Gas Pipeline 
(TGP) and Texas Eastern Transmission (TET) to add interconnections in parts of Pennsylvania 
that lacked sufficient takeaway capacity to handle the swelling shale gas production that 
outstripped or were simply too far away from old conventional well pipeline taps.   

While these expansions did not provide for incremental delivery capacity across the border into 
New England, they did create conditions that are more favorable to subsequent pipeline 
expansions further “downstream”.  In this context, “downstream” includes those pipeline 
segments that directly serve the end-use markets of New York, New Jersey and New England.  
Because the New York/New Jersey market was seen as potentially huge (with local gas utilities 
planning to encourage oil-to-gas conversion for densely populated communities and multi-
family dwellings in urban areas), gas producers were willing to finance this initial wave of 
pipeline expansions through long-term contracts to make sure their production could access 
such a large market.  But these producers were not willing to finance further expansions on 
Algonquin Gas Transmission (AGT), which provides downstream delivery of TET volumes, or on 
TGP’s 200 Line in Zone 6.  Both of these pipelines directly serve Connecticut, Massachusetts, 
and Rhode Island, and interconnect at Mendon, MA. 

In the absence of “producer-push” pipeline expansions like those cited above, the market for 
natural gas must await the conditions that allow for “demand-pull” projects to be built. These 
conditions include a similar long-term view of markets as producers have, which means that 
demand-driven projects are most likely to be supported by local gas utilities, which must submit 
long-term plans for regulatory approval, and demonstrate sufficient contract resources to meet 
design peak day and peak winter weather conditions as well as on-system growth.  

The passage of legislation in Connecticut in 2013 further enhanced long-term market conditions 
by providing incentives to convert residential customers from oil to gas heat. As a result, 
Connecticut’s legislation led to the first major pipeline expansion in New England in decades, 
AGT’s Algonquin Incremental Market (“AIM”) project.  Connecticut’s legislation was followed by 
the State of Maine’s Energy Cost Reduction Act, which authorized the Maine Public Utilities 
Commission to enter into a contract for firm pipeline expansion capacity for a term of up to 20 
years. Subsequently, NESCOE sponsored a proposal to obtain participation by all six New 
England state governors in a contract for pipeline expansion capacity designed to serve the 
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electric generation market. The intent was to ensure that residential customers would benefit 
from lower rates for electricity from gas fired generation by providing for firm delivery of gas 
supply, elsewhere referred to as “the Governors’ Initiative”. 

Gas companies typically contract for incremental pipeline capacity to meet weather conditions.  
Since design peak day conditions are based on the coldest day in the past 10, 20 or even 30 
years, a design day is not necessarily likely to occur in any given winter period.  As a result, on 
many days of the year there is sufficient underutilized interstate pipeline capacity to allow 
marketers to deliver spot gas supplies to end-users, including electric generation customers.  
While some marketers may hold pipeline capacity as the original contracting party, many 
marketers rely upon taking assignment of local companies’ seasonally excess pipeline capacity.  
However, during the winter season this capacity may be recalled to meet local heat load.  At 
that time, those end users who can switch to alternative fuel for process needs may do so, and 
remaining customers bid up the price of spot gas delivered via any excess pipeline capacity 
remaining. These constrained plus the extreme daily spot price volatility experienced over the 
last two winters has caused projections for the delivered price of natural gas to New England 
over the next two winters to skyrocket. 

Thus, any project that increases capacity to deliver firm gas supply during the winter will have 
an impact on market prices for gas and electricity. The difference in spot prices here in New 
England compared to in the producing regions, especially for Marcellus production, is large 
enough to have caused both AGT and TGP to propose expansions on their systems scheduled to 
enter service from 2016 through 2019. A recent presentation by Platts/Bentek, which is cited 
below, summarizes the various producing region and market area pipeline expansions by year 
over this time frame. 

The first of these pipeline expansions is the AIM project, which adds 342,000 Dth/d of 
additional peak day deliverability and has an expected in-service date of November 2016.  As a 
result of AIM receiving FERC approval to begin construction next year, the futures price for 
Algonquin City Gate Basis has already shown some moderation for winter 2016 compared to 
this coming winter. AIM will bring welcome relief to the market in southern New England, but 
beyond 2016 local companies anticipate load growth that will increase their projections for 
design peak day requirements. Also, the AIM project extends only through Mendon, M.A., so it 
address peak day growth requirements for many Massachusetts companies served customers 
all the way to Maine.  

In anticipation of gas demand growth in Maine, AGT has announced a Phase 2 expansion, called 
the Atlantic Bridge project, which would add at least another 100,000 Dth/d capacity all the 
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way to Dracut, M.A. Significantly, the Atlantic Bridge project also will allow gas to flow north on 
Maritimes and Northeast Pipeline to ultimately serve Maine, and so far this project includes 
one anchor shipper, Unitil, which serves customers in Maine as well as Massachusetts and New 
Hampshire.   

TGP has proposed a major expansion to its 200 Line that traverses Northern Massachusetts 
from Wright, N.Y. to Dracut, M.A. This project, called Northeast Energy Direct (“NED”) includes 
a green-field pipeline, which could be sized between 600,000 Dth/d and 1,200,000 Dth/d. TGP 
recently announced that is has secured anchor shippers for the project, including four local 
companies. The project is designed to accommodate another green-field project that will 
interconnect with TGP at Wright, N.Y., which is also a major interconnection with Iroquois Gas 
Transmission System (IGTS). IGTS serves New York and Connecticut and can deliver gas supply 
into New England via Portland Gas Transmission. This green-field project is called Constitution 
Pipeline, which has an in-service date of winter 2015-2016. The Constitution Pipeline will bring 
an incremental 0.65 Bcf/d of shale gas supply from Pennsylvania to TGP at Wright, necessitating 
an upgrade of the facilities at Wright to allow this supply to flow in three directions, west to 
upstate New York, south and east to Massachusetts. 

Interstate pipelines serving the same market compete for throughput, and New England is no 
exception. In response to the TGP project, AGT has proposed a subsequent expansion to AIM 
and Atlantic Bridge, called Access Northeast, that it argues is more cost effective because it can 
be provided with mostly additional compression.37 All of these projects would have in-service 
dates after 2016.  An open question is whether the NESCOE proposal will go forward with a 
consortium of states acting as a “multi-party” anchor shipper and, further, whether it ultimately 
will be served by AGT’s Access Northeast or NED.38  While TGP has anchor shippers for NED that 
have contracted for 0.5 Bcf/d of capacity, it is encountering some local opposition to the 
project. AGT recently upped the ante for this competition by announcing that Access Northeast 
will become a joint venture between its parent, Spectra Energy, and Northeast Utilities, a 
holding company that includes franchise territories in Connecticut and Massachusetts. 

Some entities have argued that incremental pipeline capacity on a year-round basis is not 
needed to serve what may be only a 30 to 60-day winter deficit in the market. A consortium of 
energy companies including Liberty Utilities has proposed the development of a greenfield LNG 

37 See Spectra Energy’s letter to NESCOE dated June 27, 2014, 
http://www.nescoe.com/uploads/Spectra_EnhancingElectricReliabilityinNE_27Jun2014.pdf  
38 To remove any ambiguity, FERC recently clarified that there is precedent for approving pipeline projects that 
have multi-party anchor shippers. 
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liquefaction, storage and vaporization project designed to meet the winter needs in the region.  
The current plans are to locate the facility in Southeastern Massachusetts, possibly in 
Worcester County.  Details about this project are minimal, having only been announced publicly 
last June at the LDC Gas Forum Northeast held in Boston, but early marketing materials present 
plans to offer up to 0.2 Bcf/d of vaporization capacity and a target in-service date in the 2018-
2019 time frame. 

While all of these projects may not be built in the time frame specified or to the maximum 
capacity specified, taken together they have the potential to have a significant impact on the 
price of gas supply in New England in both summer and winter. Platts/Bentek calculates New 
England’s current winter peak day demand at between 3.5 and 4.0 Bcf/d. Platts/Bentek also 
estimates northeast Pennsylvania dry gas supply production at 8 Bcf/d in 2014 and growing to 
12 Bcf/d by 2019. A key question is whether and when some of this substantial growth in 
regional supply will find its way to New England.   

The combined capacity of AGT’s three pipeline expansions totals up to 1.5 Bcf/d. TGP’s NED 
project has anchor shipper commitments for 0.5 Bcf/d. Just this additional 2.0 Bcf/d of capacity 
alone represents a 50 percent increase in peak day capacity for New England by 2018. The 
additional 0.2 Bcf/d from the Northeast LNG project, plus a further build out of TGP’s NED 
project could add up to another 1.0 Bcf/d, for a 75 percent increase in peak day deliverability 
through the existing major constraint points at the Cromwell, C.T., Wright, N.Y., and Mendon, 
M.A., compressor stations.  

Since local gas suppliers must contract for capacity well in advance of when they will need it to 
meet design peak day requirements, it seems clear that this much incremental capacity would 
significantly lower the spot gas basis differential for New England. Already, the month-ahead 
spot basis differential for New England is sometimes negative compared to Henry Hub in the 
spring and fall shoulder seasons. And while the winter basis differential will likely remain higher 
than the rest of the year, especially for December through February, it would not be surprising 
for an equal weighted annual average New England basis to fall substantially, perhaps 
approaching $1.00 per mmBtu.   
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6.6 Regional Reliability Initiatives  

Winter Reliability Program  

On July 11, 2014 ISO-NE filed Docket No. ER14-2407-000 with FERC to ask approval for the 
2014-2015 Winter Reliability Program. The Commission approved the filing on September 9, 
2014. The Program has six components with assigned requirements:  

1. Compensation for unused oil inventory:  To participate in this component of the 
program, a Market Participant must notify the ISO by Oct. 1 and include an estimate of 
its expected level of oil inventory on Dec. 1. On Dec. 1, that inventory must meet or 
exceed the lesser of (i) 85 percent of the usable fuel storage capability and (ii) supply 
sufficient to operate the generator for 10 days at full load. 
 

2. Compensation for Unused LNG Contract Volume: To participate in this component of 
the program, a Market Participant must notify the ISO by Oct. 1 and describe the 
contract for which the Market Participant proposes to receive compensation.  
 

3. Incentives for Commissioning Dual Fuel Capacity: Pursuant to this component of the 
program, which is contained in Section III.K.5 of the rules, gas-fired generators that 
commission or re-commission dual fuel capability (i.e., the ability to burn oil as a backup 
fuel) will be eligible for compensation to offset some of those costs. Eligible generators 
are those that have not operated on oil since at least Dec. 1, 2011. To participate in this 
component of the program, a Market Participant must notify the ISO by Dec. 1, 2014 
and include a plan for commissioning, including a target date on or before Dec. 1, 2016. 
 

4. Demand Response: To participate to this component of the program, Market 
Participants can supply demand reductions to help maintain Thirty-Minute Operating 
Reserve by utilizing DR assets. These assets may be new resources which are not 
otherwise participating in the wholesale markets, or may be assets participating in FCM 
and have capacity in excess of what needed to meet their Capacity Supply Obligation. 
Instead of bidding into the market, Market Participants must provide a notice by Oct. 1 
regarding their interest, and ISO-NE will select assets based on capacity location and 
historical performance. Also, there is a limitation of 100 assets and a total of 100 MW 
for this component of the program.  
 

5. Partial Elimination of Higher-Priced Fuel Burn Requirement: This component proposes 
modifications to Appendix A of the Tariff to exempt Market Participants with dual fuel 
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resources from certain requirements on days when the price of natural gas and the 
price of oil approach convergence and gas prices are volatile. With these changes, when 
fuel markets are volatile, a resource will not be required to demonstrate to ISO-NE’s 
Market Monitoring that it burned the fuel associated with its offer that cleared in the 
Day-Ahead Market.   
 

6. Dual Fuel Auditing: ISO maintains the ability to conduct dual fuel audits and 
compensate the assets through Net Commitment Period Compensation (“NCPC”).  

GMP plans to participate in the first program component (by maintaining minimum oil 
inventory at some of its oil-fired peaking units), to offset some of the costs of the Winter 
Reliability Program.  It is also reasonable to expect that during some cold periods, the program 
will cause LMPs to turn out lower than they would have in absence of the program. 

Forward Capacity Market & Pay for Performance Changes 

Under the ISO’s FCM Pay for Performance (“PfP”) initiative approved on May 30, 201439, 
capacity resources that receive a base capacity payment (consistent with the existing market 
structure) will also be penalized or rewarded based on the energy or reserves they provide 
during reserve shortage events.  These penalties/rewards kick in for zonal or system-wide 
shortages that last for one five-minute interval or more.  The initial penalty/reward rate is 
$2,000/MWh; it will increase gradually over seven years to $5,455/MWh.  The losses realized 
by a capacity resource under the FCM PfP will be subject to certain monthly and annual caps, 
but the potential loss of revenue from poor performance in shortage events will be very 
substantial.  The PfP incentives will place a performance risk on all FCM resources, and this risk 
may be priced in each resource’s bid in future capacity auctions.  All else equal, this change will 
tend to put upward pressure of FCA clearing prices in the near term.  

The PfP initiative also included changes in the structure of the real time energy market. More 
specifically, pursuant to an Oct. 2nd order, the Reserve Constraint Penalty Factors (“shortage 
prices” or “RCPF”) for 30-minute operating and 10-minute non-spinning reserves were 
increased from $500/MWh to $1000/MWh and from $850/MWh to $1500/MWh, respectively. 
The Commission approved these changes on the impetus that the increase of the PCPFs will 

39 http://www.iso-ne.com/regulatory/ferc/orders/2014/may/er14-1050-000_5-30-
14_pay_for_performance_order.pdf  
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help incentivize performance in real time similarly to the capacity market incentives described 
in the previous paragraph. 

6.7 Northeast Market Model Forecast 

La Capra Associates models the ISO-NE electricity market and neighboring market regions using 
an hourly chronologic electric energy market simulation model on the AURORAxmp® software 
platform (AURORA). The model provides a zonal representation of the electrical system of New 
England, New York and neighboring regions.   

AURORA is a well-established, industry-standard simulation model that uses and captures the 
effects of multi-area, transmission-constrained dispatch logic to simulate real market 
conditions. La Capra Associates utilizes a comprehensive database that includes representations 
of power generation units, zonal electrical demand and transmission configurations.  La Capra 
Associates supplements AURORA’s default database (from its developer, EPIS Inc.) with custom 
updates and revisions of key inputs for the New England and New York markets, as well as more 
limited updates to neighboring control areas. 

La Capra Associates constructed this database from a number of established sources of 
information, including: 

• The U.S. Department of Energy, Energy Information Administration (EIA); 
• ISO-NE; 
• The New York Independent System Operator (NYISO); and 
• The New York Mercantile Exchange (NYMEX). 

The sections that follow provide more detail regarding key market driver variables for the most 
recent New England electric market outlook as well as a summary of key results. 
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System Definition 

For zonal modeling, AURORA project files define areas and zones, where zones are collections 
of smaller areas in the model.  Each pricing zone in the ISO-NE region is modeled as its own 
AURORA zone. This is the most granular view of New England that is practical within the 
AURORA zonal model.  In actual practice, energy congestion between zones within New 
England tends to be modest, so that average energy market clearing prices in Vermont tend to 
be similar to those in the rest of the region.   

New England Load and Demand-Side Management 

For the 2014-2023 period, the 2014 CELT report was used to estimate gross peak and energy 
load and peak and energy load net of energy efficiency (EE) as discussed earlier.  

Natural Gas Prices 

Because natural-gas-fired generation is so often on the margin in New England electric power 
markets, the forecast of natural gas prices is perhaps the most important variable to consider 
when forecasting wholesale energy spot prices. Natural gas price is also one of the most 
challenging inputs to forecast, due to the uncertainty in the market today. The following 
summary provides the forecast used by La Capra Associates. Wholesale natural gas prices 
within New England are described through two components: the commodity price at a 
benchmark location (the Henry Hub in Louisiana) and the difference between delivered price to 
New England and the benchmark price, referred to as “basis”.  Historically this basis closely 
represented transportation fees to bring natural gas from its distant supplies to New England.  
However, the transformation of the location of natural gas wellheads with the extractions of 
shale gas within the northeast U.S. now makes the basis more of an “implied basis” for cost 
comparison to Henry Hub rather than representative of long-haul transportation fees.  

Henry Hub Annual 

The primary source of our long-term Henry Hub forecast is the latest Annual Energy Outlook 
(AEO) Reference Case from the U.S. Energy Information Administration (EIA), which for this 
Northeast Market Model (NMM) run is the AEO2014 Reference Case (released April 2014). 
After several years of falling price forecasts, the price outlook has rebounded slightly in the 
AEO2014. The forecast of delivered prices to the New England electric sector is very similar 
between AEO2013 and AEO2014 (see Figure 6.7.1). AEO2014 is slightly lower than AEO2013 in 
the early years, and then a temporary run-up in prices brings AEO2014 higher in the late 2020s, 
before a drop in prices brings it back in line with AEO2013 in the 2030s.  
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Figure 6.7.1: Comparison of AEO Forecasts of Delivered Natural Gas Prices to NE Generators

 

We note, however, that the implied basis differential to Henry Hub has changed significantly 
between releases. The AEO2014 basis is more volatile than AEO2013, and even goes negative 
between 2017 and 2019. The AEO2014 Full Report notes a few significant natural gas modeling 
and assumption changes that help to explain the difference. EIA’s summary of key changes 
includes the following points: 

Revised network pricing assumptions based on benchmarking of regional natural gas 
hub prices to historical spot natural gas prices, using flow decisions based on spot prices, 
setting variable tariffs based on historical spot natural gas price differentials, and 
estimating the price of natural gas to the electric power sector off a netback from the 
regional hub prices. Note that estimating NG prices to the electricity generation sector 
based on hub prices, rather than the citygate prices as was done in prior years, is a 
better reflection of current market conditions, in which many large natural gas 
consumers are outside the citygate. 

Allowed secondary flows of natural gas out of the Middle Atlantic region to change 
dynamically in the model based on relative prices, which enables a larger volume of 
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natural gas from the Middle Atlantic’s Marcellus formation to supply neighboring 
regions. 40 

Furthermore, the market trends discussion notes the following: 

Delivered prices to … electric power consumers generally rise with Henry Hub prices in 
the projection, but the lower 48 average spot price increases at a slightly slower rate 
than the Henry Hub spot price, because regional production growth in areas that do not 
serve the Henry Hub is somewhat faster than growth in areas that supply the Henry Hub. 
In particular, dry gas production in the Marcellus shale play, which predominantly serves 
the Northeastern and Mid-Atlantic regions, grows from 1.9 Tcf in 2012 to 5.0 Tcf in 2022 
in the Reference case, before declining to 4.6 Tcf in 2040. 41 

The EIA points above indicate that the Henry Hub price is less indicative of the commodity price 
of natural gas in the new modeling approach used for the AEO2014.  Extreme caution must be 
used in developing independent forecasts of the New England basis differential and adding it to 
the AEO2014 Henry Hub price. 

New England Effective or Implied Basis Differential 

We assume that the basis differential paid by natural gas generators in New England is tied to 
the Algonquin City-Gates basis.  The basis differential to New England is a highly uncertain 
variable at this time. After remaining fairly stable at an annual average of around $1/MMBtu for 
most of the last decade, price spikes in the last two winters brought the 2013 annual average 
basis to more than $3/MMBtu. Recent prices and current futures prices indicate that the basis 
will remain high at least through 2015.   

LCA does not, however, consider it likely that the current condition of natural gas markets in 
New England will persist in the long term.  Furthermore, it is LCA’s judgment based on 
experiences procuring power on behalf of clients recently that the futures transactions for the 
basis differential are currently pricing in a very high “risk premium” that caters to only the most 
risk-averse gas buyers.  

40 EIA (April 2014) AEO2014 Full Report, pp iv-v. http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf.  
41 EIA (April 2014) AEO2014 Full Report, p MT-21 (PDF p 106). 
http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf. 
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We expect that over time the extreme basis differentials we are seeing currently, which ISO-NE 
has labeled “unsustainable”, will be mitigated by pipeline expansions underway and being 
planned, ISO-NE market changes and system operations changes, regional policy initiatives to 
support pipeline expansion in the region, and market responses from alternative fuel suppliers, 
demand response providers, and imports of power from Canada and New York (where pipeline 
expansion is leading those efforts in New England).  Some of the market initiatives that support 
the reduction of basis differential include ISO-NE’s strategic planning initiative in 2010 to 
address natural gas issues affecting electric system reliability; ISO-NE’s specific market and 
operational solutions (e.g., see ISO-NE 2013 Regional Energy Outlook); and the market design 
enhancements that ISO-NE is developing (including the Pay-for-Performance Initiative discussed 
above) to provide better incentives for firm fuel supplies and improved operations. 

Northern New England Basis 

The Algonquin City-Gates price provides a reasonable proxy for delivered natural gas prices for 
generators in southern New England. Natural gas-fired generators in Maine and New 
Hampshire face additional expense due to additional distance from inexpensive shale gas 
supplies to the southwest. The LCA forecast of this additional basis is $0.53/MMBTU on an 
annual average basis, with seasonal range of $0.32 - $0.80/MMBTU (see Figure 6.7.2 below). 
The forecast is based on backhaul usage rates on the Maritimes and Northeast Pipeline and 
Portland Natural Gas Transmission System short term reservation rates.   

Figure 6.7.2: Northern New England Basis Differential to Rest of New England 
(Algonquin City-Gates) 
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Other Fuel Prices 

Currently we rely on the prices in EPIS’s default North American database for oil and coal.  
These assumptions are summarized in Table 6.7.1 below.  Note that in AURORA, the actual coal 
price will vary by unit based on the unique adders for transportation in the default database.  In 
addition, oil prices are indexed to the assumed Henry Hub natural gas prices. 

Table 6.7.1: Key Fuel Prices (Nominal $/MMBTU) 
 2014 2019 2024 2029 2033 

No. 6 Fuel Oil $21.88 $23.27 $26.11 $29.41 $32.79 

Coal Delivered to NE $4.10 $4.52 $5.03 $5.59 $6.07 

Greenhouse Gas Emission Prices 

La Capra Associates’ Reference Case of the Northeast Market Model (NMM) incorporates 
greenhouse emissions pricing from RGGI and from an assumed federal-level policy42. RGGI’s 
Updated Model Rule forecast price is also incorporated. Federal policy regarding greenhouse 
gas emission remains a far more uncertain outcome as discussed in more detail in the Regional 
Supply section. Our modeling assumes that a national CO2 pricing program is implemented in 
2020 as forecast in the “Low” case of Synapse Energy Economics, Inc.’s 2013 Carbon Dioxide 
Price Forecast. It is believed that in this analysis, Synapse likely overestimates the current view 
in the market of potential CO2 pricing that would result if such a pricing program were 
implemented, so the “Low” case is appropriate. The following figure shows the forecast for the 
New England Region. 

 

 

42 In the Avoided Cost Docket (7873/7874), the Department chose to adjust the Reference Case to remove the 
effects of federal-level carbon policy, and it is this case that forms the base assumptions of the Resource Plan in 
Chapter 7. 
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Figure 6.7.3: CO2 Emissions Price Forecast for New England Region

 

NOx and SO2 Emission Prices 

NOx and SO2 emission allowance prices and applicability (i.e. what generators will be subject to 
emissions limits) are extremely uncertain right now because the Cross-State Air Pollution Rule 
was vacated. NOx and SO2 emission prices are also a relatively minor component of energy 
prices in New England because of the low emission rates of marginal generators (mostly gas 
units). Our forecast assumes zero SO2 allowance prices and $27.41/ton (2013$) NOx 
allowances43 until the onset of national carbon pricing in 2020, which we assume will eliminate 
any residual NOx and SO2 prices. These emissions prices apply for most generators in 
Connecticut, Rhode Island, and Massachusetts. Most generators in Vermont, New Hampshire, 
and Maine are assumed to pay no price for NOx and SO2 emissions. 

New England Existing Resources 

We compare the EPIS default database of existing New England resources to the 2014 CELT list 
of generators (Section 2.1).  All generators greater than 25 MW in size are compared 
individually to their CELT entry for summer and winter capacity, fuel designation, and zone. 

43 Prices are derived from the Avoided Energy Supply Cost Study from 2013. See http://www.synapse-
energy.com/Downloads/SynapseReport.2013-07.AESC.AESC-2013.13-029-Report.pdf. See pp 4-2 to 4-4 (PDF pp 
102-104). 
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Other characteristics, such as heat rate, retirement date, and bidding adders, may be spot 
checked and adjusted based on other sources. 

New England Resource Retirements 

The assumptions related to retirements of existing generating units are developed as part of 
the thermal expansion development process. The schedule of retirements is based on the de-
list bids from the ISO-NE FCAs and is adjusted to reflect LCA’s most current understanding of 
likely retirements. For years in which no FCA auction had yet cleared, professional judgment 
was used to determine an expected life for the oil-fired and coal-fired units remaining online in 
New England. Vermont Yankee is assumed to retire at the end of 2014 in accord with Entergy’s 
announcement that it is closing the plant. Similarly, Brayton Point station is assumed to retire in 
2017. 

Table 6.7.2: Cumulative Retirements Since 2012  
(Cumulative MW of Summer Capacity) 

 2014 2019 2024 2029 2034 

Coal 150 1,393 1,921 2,304 2,304 

Oil 909 1,527 2,538 3,659 4,467 

Nuclear 604 604 604 604 604 

Total 1,663 3,524 5,063 6,567 7,375 
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New England Renewable Generation Additions 

The New England renewable generation additions assumed are summarized in Table 6.7.3 
below. Renewable generation is assumed to be built primarily in response to state RPS policies, 
not to meet regional capacity needs (though partial credit for capacity is assumed in meeting 
ISO-NE’s net installed capacity requirements).  

Table 6.7.3: Cumulative New Renewable Generation Added Since 2012  
(Cumulative MW of Summer Capacity) 

 2014 2019 2024 2029 2034 

Wind - 1,462 2,243 3,686 4,901 

Biomass/Landfill Gas - 7 10 10 10 

Solar Photovoltaic 225 1,349 2,220 2,922 3,484 

Hydro/Tidal - 23 32 35 51 

Total 225 2,841 4,505 6,653 8,446 

Given the relatively liberal RPS in Maine, we have assumed that Maine will be able to satisfy its 
RPS going forward with biomass facilities that are already online.  For this reason, we have not 
modeled the Maine RPS in determining the regional RPS demand. 

RPS requirements are assumed to continue increasing per their current legislated schedules.  
Beyond these schedules, RPS requirements are assumed to be fixed.  Additional long-term 
demand for new renewable supply is due to increases in load growth. 

New England Thermal Generation Additions 

Future additions of thermal generating capacity are calculated by first determining a forecast of 
future New England installed capacity requirement, (NICR), net of existing tie benefits. This is 
determined by using the reference case load forecast from the most recent CELT Report and 
applying an average pool reserve requirement. For this forecast, the pool reserve requirement 
was determined to be 13.9 percent. 

Once the NICR requirement is determined, the available supply is determined.  Supply is made 
up of existing resources less retirements, plus new demand-side management (passive and 
active), projected imports and forecasted new renewable generation. The 674-MW Footprint 
project, slated for the current Salem Harbor site, has cleared, and Footprint assumed it to come 
online in May 2016 at the earliest.    
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Once the net of these resources is determined, any shortfall in meeting the NICR requirement is 
met with a combination of generic natural gas-fired combined cycle (CCCT) plants and generic 
simple cycle combustion turbine (SCCT) units.  The first generic SCCT is added in 2017 and the 
first generic CCCT is added in 2020.  Professional judgment is used to determine the location 
(zone) and type (SCCT or CCCT) of each added unit. 

Table  following table shows the results of the current ISO-NE thermal build out forecast.   

Table 6.7.4: Cumulative New Thermal Generation Added Since 2012  
(Cumulative MW of Summer Capacity) 

 2014 2019 2024 2029 2034 

Natural Gas CCCT - 674 1,474 2,674 3,474 

Natural Gas SCCT - 300 1,500 3,000 4,500 

Total - 974 2,974 5,674 7,974 

Transmission Topography 

Transmission is represented as single composite links between zones. Key attributes that can be 
defined for each individual link are wheeling costs, transfer losses and transfer capability. In 
addition to the limits on individual links, there are also aggregate constraints on multi-link 
“internal interfaces” within ISO-NE. AURORA is capable of modeling such multi-link transfer 
constraints, and our modeling of internal interfaces in ISO-NE is based on the 2013 Regional 
System Plan assumptions.  

Our model assumes the following upgrades to the existing New England transmission system: 

• The Maine Power Reliability Project (in-service 2015); 
• Northern Pass (in-service 2019); 
• New England East-West Solution (Greater Springfield Reliability Project in-service 2013;  
• Interstate Reliability Project in-service 2018); and 
• NEMA/Boston upgrades in-service 2014. 
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Results 

Forecasted zonal marginal clearing prices (MCP) largely follow the assumed natural gas and CO2 
emissions prices.  The following figure (below) illustrates this trend.   

Figure 6.7.4: C-MA (NE Hub proxy), VT Clearing Prices, Natural Gas Fuel Price & CO2 Price.44

 

In addition, congestion and losses are forecasted to have minimal impact on Vermont prices 
compared to the Central Massachusetts zone, which is used as proxy for the New England Hub 
price. However, as indicated earlier, the uncertainty surrounding the markets, especially in 
regard to natural gas prices and greenhouse case emission prices, creates considerable 
uncertainty around future electric generation wholesale prices in New England. This forecast 
should be considered as one credible outlook among many. 

44 For the purposes of plotting CO2 prices, we assume a marginal CO2 emissions rate of 120 lb/MMBtu, which is the 
approximate rate of a gas-fired unit (though on the high side to roughly account for coal and oil occasionally being 
on the margin). 
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7. Resource Plan and Portfolio Evaluation 

As the opening sentence of the Executive Summary states, “GMP strives to deliver low-cost, 
low-carbon, incredibly reliable energy services to our customers.” In the context of resource 
planning, GMP also manages two additional objectives: portfolio diversity and a balance 
between flexibility and stability. The following section describes these five attributes in more 
detail, and explains what they mean and how they are measured. The modeling methodology, 
portfolio design, results of the resource plan and portfolio evaluation follow. Because the 
inputs to the Resource Plan are so numerous, the end of the chapter describes the various 
input variables and renewable policy scenarios in more detail. Readers who prefer to approach 
this topic from the bottom-up may want to read Section 7.5 before Section 7.4.  

7.1 Portfolio Objectives & Performance Metrics 

Low-cost is a relatively straightforward objective, and we use the average portfolio cost in 
$/MWh as the relevant performance metric. The Resource Plan also benchmarks the portfolio 
to average market rates ($/MWh) representative of the power costs that other utilities and 
retail electricity suppliers in New England would face.  

Similarly, low-carbon is also a straightforward objective to measure, and is quantified in two 
ways. First, the pounds of carbon emissions per MWh are tracked and compared to average 
regional emissions rates. Second, GMP tracks the percentage of renewable energy that is 
generated and retained in the portfolio using the NEPOOL GIS.1  

Reliability is primarily a function of distribution reliability, which is measured using the System 
Average Interruption Frequency Index (SAIFI) and the Customer Average Interruption Duration 
Index (CAIDI). From a resource planning perspective, reliability carries a responsibility to lock in 
or hedge power costs to provide a measure of price stability to GMP’s customers. This aspect of 
reliability is measured by how completely we hedge our load requirements before the 
operating year begins. 

Portfolio diversity is a multi-faceted measure reflecting the size of different resources in the 
portfolio, their location, fuel source and technology type. By maintaining diversity in the 
portfolio, price risk is mitigated and reliability is maintained because no single adverse event is 
likely to impact other resources in the portfolio to the same extent or at the same time. The 
two performance metrics for diversity are the percentage of a resource’s MWh share of the 

1 NEPOOL GIS stands for New England Power Pool Generation Information System. 
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total energy requirements (load), and the fuel source percentage. The following table 
summarizes the five resource planning objectives, and their performance metrics. 

Table 7.1 The Five Resource Planning Objectives and their Performance Metrics 

Objective   Performance Metric / Attribute 

Low-Cost 
• Metric 1: Average portfolio cost ($/MWh) 
• Target 1: Average portfolio cost is less than the regional benchmark 

 

Low- 
Carbon 

• Metric 1: Portfolio emissions rate (lbs/MWh) 
• Target 1: Portfolio emissions rate is well below the regional benchmark 
• Metric 2: Percentage of renewable energy in the portfolio (%) 
• Target 2: Compliant with State renewable goals 

Reliability 
• Metric 1: SAIFI & CAIDI 
• Metric 2: Percentage of resource commitments compared to loads 
• Target 2: Portfolio is 100% hedged before the operating year or month begins 

Diversity 

• Metric 1: Ratio of MWhs to total energy requirements by resource 
• Target 1: No single unit, location or counterparty is greater than 25% of total 

energy or capacity requirements 
• Metric 2: Fuel source percentage 
• Target 2: Maximize low-carbon resource percentages (renewables and 

nuclear) and limit high-carbon resource percentages (fossil fuels) 

Flexibility 
/ Stability 

• Metric 1: Long-term ratio of fixed priced MWh to total energy requirements 
• Target 1: The percentage is allowed to float as long as the portfolio remains 

below regional rate benchmarks under high and low market conditions 
• Metric 2: Resource expiration sequence and duration 
• Target 2: Resource expirations are layered, and do not expire all at once 

Finally, the balance between portfolio flexibility and stability is primarily measured by the size 
of GMP’s long-term, fixed-priced resource commitments compared to the total energy 
requirements. The higher the percentage of resource commitments, the more stable the 
resulting portfolio costs tend to be. The tradeoff is that the portfolio also becomes less flexible, 
and it will not respond as much or as quickly to changes in the wholesale markets.  

For example, in a market environment where prices are rising, portfolio stability is often valued 
more highly than portfolio flexibility because of the rate pressure that accompanies rising 
prices. However, when prices are falling, portfolio flexibility is desired so that customers can 
benefit from falling prices. As a result, portfolio flexibility represents a tradeoff, and to strike a 
balance between flexibility and stability, we track the long-term resource percentage in the 
portfolio, along with a regional power market price benchmark.  

Page | 7-2 

 



  Integrated Resource Plan | 2014 

The final measure of portfolio flexibility and stability is the sequencing or layering of expiration 
dates of resources over time. Flexibility can be balanced with stability when long-term 
resources (PPAs primarily) expire in different years and different amounts expire at different 
times.   

Because these five objectives are frequently interrelated, they must be kept in balance with 
each other. The pursuit of any one objective to the detriment of another creates a tradeoff that 
is not desirable under different circumstances. An historical example that the industry has faced 
is over-investment in the T&D system to maximize reliability. This can cause rates to rise and 
the low-cost objective to suffer. The opposite is also true. Cutting capital investment to reduce 
costs can diminish reliability over time.  

In today’s market environment, a good example of this tradeoff is New England’s heavy reliance 
on natural gas as a generation fuel. Although gas-fired generation is relatively low carbon and 
low cost, diversity is being lost as natural gas’ share of the generation mix continues to climb. 
This level of natural-gas reliance is now causing winter reliability and price volatility problems. 
In any event, successful resource plans seek to balance all five objectives, and as markets, policy 
and technology change, the portfolio must be managed to maintain a state of dynamic 
equilibrium between them. 

7.2 The Resource Plan Methodology 

GMP’s resource planning process combines three common analytical methods to gain insights 
into how different portfolios perform under a range of future market conditions. They include: 

• Budget estimation; 
• Portfolio-based, multi-attribute scenario analysis; and 
• Sensitivity analysis. 

Budget Estimation 

The resource planning process begins with the Company’s current portfolio of committed 
resources, and then makes changes that are contained its current five-year budget. These 
changes include contract expirations such as the HQ-VJO contract, and the addition of new 
resources such as those that are being acquired as part of the SPEED Standard Offer Program. 
After these changes are made, the remaining resources are projected from Year 5 to Year 20 
using estimates of their price and volume on a monthly on-peak and off-peak basis. The 
portfolio strategies and key specific assumptions are summarized in Table 7.2.1. 
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“How can GMP meet Vermont’s renewable 
goals while maintaining a low-cost 
portfolio that also strikes a balance 
between diversity, flexibility and stability?” 

Portfolio-Based Multi-Attribute Scenario Analysis 

Using the Reference Case as a starting point, we designed three hypothetical portfolios that 
meet GMP’s energy requirements using plausible combinations of new resources from Section 
3.2, Potential New Supply Resources. The portfolios were designed to answer the question, 
“How can GMP meet Vermont’s renewable goals while maintaining a low-cost portfolio that 
also strikes a balance between diversity, 
flexibility and stability?2” We also designed 
a series of policy portfolios to estimate the 
cost of different potential Vermont 
renewable energy policies. All of these 
portfolios are described in Section 7.3, 
Portfolio Design. 

The performance metrics in Table 7.1 are described here as attributes. For each of the five 
objectives explained previously, most of these attributes3 are estimated annually for each of 
the portfolios using base assumptions for market prices, inflation and electric vehicle 
penetration. High and low scenarios were then applied to the portfolio using five different 
inputs. The major price inputs were market prices for energy, capacity and RECs. These 
forecasts were formed using input from several external experts and our own assessment of 
market prices and risks. The portfolio attributes were also estimated using different outlooks 
for general inflation and changes in electricity demand as measured by the penetration of 
electric vehicles. The details of these five forecasts and the rationale that supports them are 
discussed in more detail in Section 7.5. 

The portfolio-based, multi-attribute scenario analysis is summarized by the following equation. 

Portfolio + Scenario = One Set of Attributes 

Because there are five portfolios that are tested against low-, base- and high-input variable 
scenarios, a total of 15 attribute sets were evaluated as part of the Resource Plan. The base 
scenario attribute set for an illustrative Preferred Portfolio concludes section 7.4, and the rest 
of the attributes sets are included in the Appendix. 

2 Note that reliability does not appear in this statement. This is because the analysis presumes that GMP continues 
to hedge 100% of its load requirements before the operating year, and that T&D planning and investments 
continue to satisfy the SAIFI and CAIDI metrics. 
3 The only attributes that are not estimated as part of the Resource Plan are SAIFI and CAIDI. 
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Sensitivity Analysis 

The use of sensitivity analysis allows us to gain insight into how sensitive a portfolio’s attributes 
are to sources of uncertainty. The sources of uncertainty that were analyzed include wholesale 
market prices for energy, capacity and RECs, electricity demand and inflation. GMP is a price 
taker in the ISO markets for energy, capacity and renewable energy credits (RECs), and these 
markets are all known to be subject to substantial changes from year to year. To gain insight 
into how each of these markets can impact a portfolio, single and bivariate sensitivity analysis is 
used to estimate and visualize a range of portfolio cost outcomes. The results are visualized 
using tornado charts that rank each of the five variables in terms of their impact on the net 
present value (NPV) of the portfolio’s 20-year costs. These results are shown in section 7.4. 

The IRP’s Alignment with GMP’s Financial Forecasting 

The first five years of the resource-planning model were calibrated to match GMP’s then-
current five-year financial forecast. However, once the 20-year model was calibrated, a limited 
number of changes were made to update and extend the base case assumptions. The primary 
change was that the energy and capacity prices in the resource plan were forecasted by La 
Capra Associates4. As a result, the base forecast in the IRP does not match up precisely to 
GMP’s internal financial forecast. For many of the models’ key components, including PPA 
volumes and prices, the inputs are the same, and the bottom-line cost projections are similar. 

The resource plan estimates and analyzes net power supply and purchased transmission costs. 
These costs represent the majority of GMP’s cost of service, and they tend to change directly 
under the alternative strategies and scenarios discussed in this chapter. Capital-related costs of 
all existing and future (T&D) assets, administrative and general expenses, and non-power 
operations and maintenance costs are not modeled. As a result, the resource plan 
appropriately reflects tradeoffs in power supply costs and related metrics, but is not a forecast 
of total retail electric rates that our customers would pay under the different scenarios. 

Nominal Analysis  

The resource-planning model is an entirely nominal analysis. All of the costs and prices in the 
analysis are expressed in nominal dollars (including the effects of general inflation in the 
economy) and reflect prices that are projected to occur in each year in question. The installed 
costs of the resources that are added to the portfolios are priced in nominal levelized terms. 

4 These market prices are also consistent with the energy and capacity price forecasts that the Department of 
Public Service proposed in Docket 8010, related to long-term avoided costs. 
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This means that the fixed costs of those resources are priced the same in Year 1 as they are in 
Year 20, and perform much like a home mortgage, as their costs do not rise with inflation from 
year to year.  

7.3 Portfolio Design 

As shown in Table 7.3.1, the portfolio design includes a Reference Case and three hypothetical 
supply portfolios. All of these portfolios meet Vermont’s renewable policy goals with different 
amounts of renewable resources and/or resource attributes (RECs). In this context, “resources” 
typically refer to particular types of power plants; in practice these resources could be deployed 
either as PPAs or as GMP-owned generation. Furthermore, the word “attributes” typically 
refers to low-priced RECs from existing renewable resources, primarily hydroelectric and 
biomass generation.  

The portfolio design also includes a set of narrowly defined renewable policy cases that 
estimate the costs of adopting different Renewable Portfolio Standards (RPS) in Vermont. The 
purpose of this design is to compare the costs and other portfolio metrics associated with 
several different portfolios and different renewable policies. When sensitivity analysis is 
conducted on each portfolio, we can also gain an understanding of which variables impact the 
cost results the most. 
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• Portfolio 1 meets the 2017 SPEED Goal by adding an illustrative 80 MW of utility-scale 
wind and 25 MW of solar. Eighty MW of new wind was chosen because it is presently 
the lowest-cost large-scale new renewable resource, and there are at least 500 MW of 
SPEED-qualifying wind projects in the region that could be completed by 2017. Although 
GMP could meet the SPEED Goal with wind projects alone, solar is also a cost-effective 
resource. To create more diversity in the 2017 portfolio, and to reflect the improving 
cost-competitiveness of solar projects, an additional 25 MW of solar (above volumes 
from net metering and the SPEED Standard Offer program) was added to meet the 
SPEED Goal. In actual practice, the actual mix of new renewable sources could vary 
significantly based on the availability and pricing of actual renewable projects, and GMP 
expects to pursue smaller amounts of other distributed renewable sources as well. 
 
In keeping with current practice, the premium RECs associated with all SPEED-eligible 
resources are assumed to be sold to keep costs low for our customers. The TRTs are met 
by purchasing low-priced RECs from existing renewable generators. Projected open 
positions for energy and capacity (i.e., projected GMP needs not met by committed 
resources) are assumed to be met with future wholesale market purchases.  
 

• Portfolio 2 is the same as Portfolio 1, but incrementally adds 150 MW of wind, 155 MW 
of solar and 275 MW of existing hydroelectricity to meet the state’s increasing Total 
Renewable Targets. We believe that this represents one diversified and plausible mix of 
generation that could actually be developed and/or acquired in Vermont or the region 
over the next 15 to 20 years. 
 
In keeping with current practice, we assume that the premium RECS produced by these 
resources continue to be sold, and that low-priced RECs are purchased and retired to 
keep the renewable percentage high enough to meet the state targets, and keep the 
portfolio’s costs and emissions low. 
 

• Portfolio 3 is the same as Portfolio 1, but adds 100 MW of combined cycle and 100 MW 
of combustion turbine capacity in 2020. This is one of the earliest years that a new 
thermal unit could clear the Forward Capacity Auction (FCA), get permitted and 
complete construction. The MWs of installed capacity where chosen in part because 
they represent scalable round numbers, but more importantly, because in total they 
approximate the level of capacity and energy benefits that are received from the 
hydroelectric resources in Portfolio 2. 
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Like Portfolios 1 and 2, the targets are met by purchasing low-priced RECs, and the RECs 
from SPEED-qualifying renewable projects in the portfolio continue to be sold. The 
result of these design choices is a portfolio that maintains the attributes of a low-cost 
and low-carbon portfolio, but has a noticeably different risk profile than either 
Portfolios 1 or 2. 

Renewable Policy Cases 

• Case 1 – Meet the State Targets by Purchasing Low-Priced RECs: To estimate the cost 
of complying with the targets using low-priced RECs, we first assume that all premium 
RECs are sold5. Then low-priced RECs are purchased and retired to maintain a 
renewables percentage that meets the targets. 
 

• Case 2 – Low-Case RPS: To estimate the cost of a low-case RPS, we assume that the 
RECs that are associated with the SPEED Standard Offer Program are retired beginning 
in 2017. This represents about a 2 percent RPS requirement. Then this case increases 
the RPS requirement by the growth in the Standard Offer Program over time, until it 
reaches its statutory maximum volumes in the early 2020s. After the Standard Offer 
Program concludes, the RPS is assumed to increase by 0.5 percent per year, ultimately 
reaching 8.5 percent in 2035. Premium RECs are retired to satisfy the RPS requirements, 
but RECs in excess of those requirements continue to be sold. 
 

• Case 3 – Middle-Case RPS: This case assumes that a 5 percent RPS takes effect in 2017. 
This requirement is assumed to grow to 7 percent in 2019, and then is held constant at 7 
percent for the remainder of the forecast period. Premium RECs are retired to satisfy 
the RPS requirements, but RECs in excess of those requirements continue to be sold. 
 

• Case 4 – High-Case RPS: This case assumes that the SPEED Goal is turned into a 20% RPS 
requirement that becomes effective in 2017. This means that the RECs associated with 
all of GMP’s SPEED-qualified projects are retired.  

5 Regardless of exactly how Vermont renewable policy evolves, GMP expects to continue retiring RECs sufficient to 
cover customer subscriptions in voluntary renewable power programs (e.g., Cow Power).  This ensures that 
customers supporting such programs are being served by the fractions of renewable power that they have 
subscribed for, and that their use of renewable power is truly additive (i.e., does not simply reflect a transfer of 
renewables between subsets of GMP customers). 
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An Illustrative Preferred Portfolio 

As the results of the portfolio analysis were being analyzed and understood, we designed a 
fourth portfolio that would exhibit as many of the preferred attributes as possible without 
sacrificing the overall balance between them. Specifically, we sought to design a portfolio that 
was not only low cost, increasingly renewable and low carbon, but also maintained diversity, 
reliability, and a measure of flexibility. This portfolio was designed based on a multi-attribute 
approach – based on review and discussion of the 15 attributes sets from the portfolio design, 
using the metrics described above.   

Because the Reference Portfolio is about 50 percent exposed to the capacity market, we 
designed the Preferred Portfolio to include 200 MW of new long-term capacity resources. 100 
MW of existing hydroelectric capacity and 100 MW of peaking capacity were added to limit 
capacity market exposure, while maintaining a low-carbon emissions profile. Note that 
although combustion turbine peaking plants do emit carbon, they typically are economically 
dispatched at such low capacity factors that the impact on the portfolio emission profile is small 
and manageable. 

The Preferred Portfolio also includes a substantial amount of new renewables in the form of 75 
MW of wind and 155 MW of solar capacity. However, it does not include as much renewable 
capacity as Portfolio 3. This is primarily because our analysis of the attributes of Portfolio 3 
showed that portfolio flexibility began to erode substantially. Specifically, the cost of Portfolio 3 
was relatively insensitive to changes in regional market prices because the long-term hedge 
percentage was very high.  

More solar than wind capacity is added to this portfolio over time. Although wind is the 
cheapest source of renewable energy today, we chose to add more solar because its decades-
long history of price declines point to a future where solar may displace wind as the lowest-cost 
renewable resources. Small solar installations also tend to be easier to site, and can be more 
distributed in terms of geography and scale, which means that there are many more locations 
where solar can be developed compared to wind. 

As in all of the portfolios, low-priced REC purchases for a portion of the portfolio are a 
significant aspect of the design. These purchases enable some premium RECs to be sold to keep 
customer costs low, while maintaining a low level of portfolio carbon emissions. These REC 
purchases – as a complement to other renewable resources that are procured via long-term 
PPAs or plant ownership - also serve to maintain a degree of flexibility in the portfolio. We 
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anticipate using a hedging program for RECs that is similar to the one that is used today for 
short-term energy purchases.  

The primary design assumptions of the illustrative Preferred Portfolio are summarized in the 
following table, and are followed by a bulleted explanation of how the portfolio fulfills the five 
portfolio objectives. 

Table 7.3.2 Composition of the Illustrative Preferred Portfolio 
Resource Acquisition Strategy Assumptions 

• Balance low cost and low 
carbon with three  attributes 
that limit risk: diversity, 
flexibility, and reliability 

• Same as 2017 portfolio plus: 
• Low-carbon energy: 75 MW wind and 155 MW PV 
• Low-cost, operable capacity: 100 MW each of existing 

hydro & a combustion turbine 
• Enables low-price RECs to meet a significant portion 

of total renewable targets 
• An RPS equal to Standard Offer program +0.5 

percent/yr. 
 

• Low Cost Objective and Attributes 
9 Adds cost-effective new renewables and existing hydro, and enables low-priced 

RECs to fulfill a portion of total renewable targets. 
9 Increases the long-term resource percentage to hedge inflationary costs. 

 
• Low Carbon Objective & Attributes 

9 New & existing renewables plus nuclear power yields a low emission profile. 
9 Low-price RECs meet the state targets and retain low CO2 emissions. 

 
• Diversity Objective and Attributes 

9 Wind is limited to about 20 percent of the portfolio’s energy (~300 MW). 
9 Solar grows to about 12 percent of the portfolio’s energy (~400 MW). 
9 Hydro remains a cornerstone at 45 percent of the portfolio’s energy (~500MW). 

 
• Flexibility Objective and Attributes 

9 The long-term committed resource percentage increases to a range of 75 
percent to 85 percent. 

9 This hedges power market risk, while preserving some flexibility to adapt to 
changes in market prices, electricity demand, policy and technology. 
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• Reliability Objective and Attributes 
9 More hydro and peaking capacity provides operable capacity that enables 

renewables integration until grid-scale storage is economically competitive. 
9 More long-term resources create a more stable portfolio in terms of rates. 

7.4 The Portfolio Evaluation: Results and Conclusions 

The results of the portfolio analysis are summarized in the following sections. Please refer to 
the Appendix for a complete set of output tables and graphics for each portfolio. 

Results of the Multi-Attribute Analysis: Low Cost Objective 

At a summary level, the results of the portfolio analysis appear in the following figures. The first 
figure shows the projected societal cost (which includes the external cost of CO2 emissions) of 
each portfolio under each of three potential scenarios of long-term power market prices. The 
second figure shows the “customer cost” of the portfolios, which does not include the external 
cost of carbon. 

Figure 7.4.1: Projected Societal Cost of the Five Portfolios ($M NPV)

 

- 

- 

- 
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Figure 7.4.1 shows how effective low-priced RECs are in reducing societal costs. Note how they 
drop from the Reference Case in every portfolio that was tested. This is a result of meeting the 
Total Renewables Targets in general, but is also a result of meeting them with varying amounts 
of existing renewable projects and/or low-priced RECs.  

Figure 7.4.2 shows the range of customer costs for each of the four portfolios and the reference 
case. Because GMP’s energy and capacity requirements are more hedged in each of these 
portfolios, both figures show a range of cost outcomes that is narrower than the reference 
case.  

Figure 7.4.2: Projected Customer Cost of the Five Portfolios ($M, NPV) 

 

One observation from this and the preceding figure is how narrow the cost outcomes are for 
the 2032 portfolio. This is a direct result of an increasing long-term hedge percentage that 
reaches 100% during the latter half of the forecast period6. This level of price stability is 
certainly a good thing in a rising market, but would be considered problematic in a falling 
market. As a result, this portfolio is considered a boundary case. The opposite boundary is 
formed by the reference case which is only 57% hedged over the forecast period. When the 

6 Recall that this portfolio meets essentially all renewable goals with long-term PPAs or owned generation. 

- 

- 

- 
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two portfolios are viewed together, the high-level tradeoffs between each portfolio can be 
seen, and judgments can be made about what balance to strike between flexibility and stability. 

Another observation from these two figures is that for the expected-market scenario, the cost 
outcomes for the various portfolios are fairly similar. This is due to a design feature analysis 
that affects the price of each new resource that was priced into each portfolio. In the long run, 
competitive markets should produce prices at a point where marginal revenues equal marginal 
costs. In other words, the profit or net present value of any new resource, regardless of its fuel 
or technology type, should not produce excessive (or at significantly different levels of) profits. 
This is the primary reason why the expected market scenario costs in the previous two figures 
are so similar. 

Figure 7.4.3 shows that under the expected market price scenario, the cumulative rate pressure 
of each portfolio almost doubles by 2035. In high energy and capacity price scenarios, 
cumulative rate pressure ranges from 100 percent in the highly hedged 2032 Portfolio to 130 
percent in the comparatively unhedged Reference Case. These results are a product of the 
underlying contract terms, many of which increase annually with inflation. They are also a 
product of the forecasts of energy and capacity market prices which are also inflationary in 
nature. This result foreshadows one of the conclusions of the sensitivity analysis, that inflation 
is a key cost driver across all of the portfolios. 

Figure 7.4.3 Cumulative Rate Pressure in 2035
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Figure 7.4.4 shows that the portfolio costs are lower than the projected regional benchmark 
regardless of what path future prices follow. This is partly a result of the fact that the 
neighboring states are incurring significant net costs to retire RECs to meet state RPS programs 
(particularly consumption requirements for new or Class 1 renewables), while Vermont 
presently has no RPS. This lower-cost outcome is also made possible by the existence of the 
present portfolio and the fact that the analysis is starting from a place where GMP’s costs are 
lower than the regional (average) benchmark.7  

Nevertheless, the projected cost advantage persists across different price futures and 
portfolios. Figure 7.4.4 shows that the rate advantage decreases in a lower-market-price 
scenario, and it increases in a higher-market-price scenario. The widest variation around the 
Expected Prices scenario is created by the 2032 Portfolio. As we have noted before, this 
portfolio is highly hedged, and is comparatively inflexible and unresponsive to changes in 
market prices. Therefore it is not surprising that its relationship to the regional benchmark is 
more variable than that of the other portfolios whose relationship(s) to the benchmark are 
comparatively stable. Even in the Low-Price scenario, the 2032 Portfolio still exhibits a modest 
estimated cost advantage over the regional benchmark value. 

Figure 7.4.4 Portfolio Cost Ratio to the Regional Benchmark in 2035

 

7 Most of GMP’s committed power sources are relatively cost-competitive at present, relative to current market 
conditions and longer-term forecasts. 
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Results of the Multi-Attribute Analysis: Low-Carbon Objective 

La Capra Associates’ Reference Case forecast of the regional average emissions rate declines 
from about 600 lbs/MWh to 500 lbs/MWh over the forecast period. This is a result of inefficient 
units being retired and replaced with more efficient, cleaner generation (including significant 
amounts of zero-emission renewables) over time. GMP’s reference case portfolio compares 
favorably to the regional average, and fluctuates around 400 lbs/MWh until major contract 
expirations start to increase the portfolio emissions rate in the 2030s. 

Figure 7.4.5 Carbon Emissions Rates Compared to the Regional Average

 

The projected carbon emissions of all of the other portfolios (except the reference case) decline 
from about 400 lbs/MWh in 2016 to between 100 and 200 lbs/MWh in the 2030s. This is a 
direct result of complying with the state renewable targets, and is partly accomplished by 
buying low-priced RECs. To the extent that this strategy is not enabled by state renewable 
policy, the emissions of these portfolios will be closer to (but still less than) the emissions in the 
Reference Case portfolio. 
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Total Renewable Percentage 

Consistent with Vermont’s total renewable targets, all of the portfolios increase their 
renewable percentage by 4 percent of retail sales every three years. This leads to a predictable 
increase from 55 percent in 2017 to 75 percent in 2032, as shown in Figure 7.4.6. 

Figure 7.4.6 Total Renewable Percentage

 

The relevant comparison for this trajectory is the Reference Case portfolio, which declines from 
about 40 percent renewable in 2017 to about 30 percent in 2035. Note that the reference case 
leaves the total renewables targets unmet, and that it assumes the following.  

• Essentially all premium RECs are sold, which means that these sources cannot be 
counted as part of the power mix that GMP customers consume, and  

• No new renewable sources are procured.  
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Results of the Multi-Attribute Analysis: Flexibility/Stability Objective 

The flexibility of the portfolios is primarily measured by the ratio of long-term resource to load. 
This percentage changes over time as loads change, and as power supply resources are added 
and/or expire. Based on this metric, the least flexible portfolio is the 2032 Portfolio because it 
hedges a higher percentage of GMP’s load requirements through time, and effectively all of it 
by FY2026. The most flexible portfolios are the Reference Case and the 2017 Portfolio, both of 
which become less hedged and therefore more flexible over time.  

Figure 7.4.7 Long-Term Resource to Load Ratio 

 

Note that the long-term resource percentage drops in all of the portfolios near the end of the 
planning period. This is due largely to the expiration of the Granite Reliable wind contract in 
FY32 and a large decline in the NextEra contract in FY35. 
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Results of the Sensitivity Analysis 

Table 7.4.1 summarizes the results of the sensitivity analysis, and shows the change in each 
portfolio’s societal cost8 in response to each input variable. This change is labeled “Societal Cost 
Range %” in the table, and represents the range of cost outcomes between the low to the high 
market price scenarios. The variables are ranked on a scale of one (most change) to five (least 
change) based on how much the uncertainty in that variable can change the overall societal 
cost. As a result, the variables with the lowest total score are the ones that have the most 
impact on the societal costs across all five of the portfolios. The societal cost variances range 
from 12 percent up to 19 percent, and the reference case and 2017 portfolio exhibit the most 
estimated volatility while the 2032 and Preferred portfolios exhibit the least. 

Table 7.4.1 Ranking of Variables and the Societal Cost Range 

Portfolio Number 1 2 3 4 5  

Variable 
Reference 

Case 
2017 

Portfolio 
2032 

Portfolio 
CC/CT 

Portfolio 
Preferred 
Portfolio 

Total 
Score 

Energy 1 1 4 1 1 8 
Inflation 2 3 1 2 2 10 
Capacity  3 2 5 3 5 18 

Load 4 4 3 4 4 19 
REC Price 5 5 2 5 3 20 

Societal Cost Range % 19% 18% 12% 16% 13% 
 

The market price of energy is the variable that most affects societal cost variance across the 
portfolios, followed by inflation, capacity, load, and the REC Price. Both the Reference Case and 
Portfolio 3 (CC/CT) followed this exact order, while Portfolio 1 (2017) followed it closely. 
Portfolio 2 (2032) differed the most in the variable rankings, with inflation being most 
important, followed by the REC price. This is due to the portfolio’s large percentage of fixed-
price renewable power, resulting in a limited remaining exposure to future market purchases 
and their associated prices. Finally, GMP’s Preferred Portfolio was similar to the overall results 
except that REC prices rose to third-most important in determining societal cost variance, and 
capacity fell to last.  

The fact that energy is the dominant variable should not be too surprising. Although energy 
costs are stable for both PPAs and owned generation (particularly hydro, wind and solar), they 
can be quite volatile. Furthermore, energy costs make up a substantial majority of the 

8 Societal Cost is measured by the NPV of the net power supply, transmission, and externalized carbon costs over 
the 21-year forecast period. 
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portfolio’s cost structure. For most portfolios, energy costs are so heavily weighted that it 
would take a great deal of volatility in the other variables to overcome energy’s importance. 
The one exception to this is Portfolio 3 (2032). Because of its large share of renewable power, 
inflation and RECs are the No. 1 and No. 2 variables in the sensitivity analysis ranking. 

Inflation averages out to be the second most important variable causing variance, and it is 
always one of the top three because of its influence on PPA and capacity prices. In Portfolio 3 
(2032) it’s the No. 1 variable.  

Capacity market prices rank either second or third in driving societal cost variance in the 
Reference Case, 2017 Portfolio and the CC/CT Portfolio. In the 2032 and the Preferred 
portfolios, capacity ranks fifth. This is because both of these portfolios are much more hedged 
in terms of capacity than the others. Because the rate of general inflation is not something GMP 
can influence, this implies that capacity market prices are the second-most important risk that 
GMP can seek to manage on behalf of its customers in the coming years.9  

Load growth from electric vehicles only ranks fourth in affecting societal costs. This outcome is 
the result of assuming that EVs could trend toward the 2050 Comprehensive Energy Plan (CEP) 
Goal, where EV-related loads become 15 percent of all electricity sales over the forecast period. 
Because this trend is so nascent and the EV loads are currently so small, this outcome is 
speculative, and because technology will undoubtedly improve over this time period, the 
impact that EVs could have on GMP’s load is likely to be smaller than this analysis implies. 

Finally, the price of RECs ranks lowest among the five variables. This is because REC costs and 
revenues are currently a small part of GMP’s cost structure. However, RECs are the No. 2 and 
No. 3 risk in the 2032 and Preferred Portfolios. This result reflects how renewable both of these 
portfolios are in terms of owned and/or long-term contracted resources, and the fact that 
premium REC sales can offset a noticeable portion of GMP’s net power costs (as they do today). 
As Figure 7.4.1 shows, REC prices are indicated as the third-most-important risk to the 
preferred portfolio, and because inflation is not something GMP can expect to manage, it is 
actually the second-most-important risk to the preferred portfolio.10 

  

9 The market for bilateral capacity purchases is relatively illiquid, so GMP expects that solicitation of multi-year 
capacity purchases will entail a more intensive effort (with more uncertain results) than for energy and RECs. 
10 GMP has found a fairly liquid market for REC sales of up to several years in duration; the market for longer-term 
REC sales appears much less liquid. 
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Results of the Renewable Policy Cases 

The results of the policy scenarios appear in Table 7.4.2. The lowest-cost approach to meeting 
Vermont’s total renewable targets is presently to purchase low-priced RECs from existing 
renewable resources such as hydro and biomass. The price of these RECs was modeled within a 
range of $3/MWh and $13/MWh. This is well below the price of premium or new RECs, which 
were modeled between a range of $10 and $40/MWh. 

Table 7.4.2: Customer Cost Estimates of Different Renewable Policy Scenarios 
Policy Scenario 2018 Cost ($M) NPV ($M) 

Purchase Low-Price RECs for TRTs $0.75  $143  

Low (Standard Offer) RPS = 2% + 0.5%/Yr $2.90  $97  

Medium RPS = 5-7% $8.20  $154  

High RPS = 20% $30  $454  

 
If a Renewable Portfolio Standard (RPS) is adopted in Vermont, the costs of compliance will rise 
in direct proportion to the level of RECs that must be retained for compliance. The number of 
potential RPS designs (in terms of eligible resources, and amount and timing of requirements) is 
essentially infinite; this IRP analysis illustrates the cost implications of several discrete 
hypothetical designs. The lowest-cost RPS that this IRP quantifies is an illustrative RPS for new 
renewable resources in which the RECs from the SPEED Standard Offer program are retired. 
After the present Standard Offer program is completed, the RPS is assumed to increase by 0.5 
percent per year through 2035, when it would reach 8.5 percent of retail sales. The medium 
RPS represents a higher initial RPS requirement of 5 percent that rises immediately by 1 percent 
per year until it reaches 7 percent in 2020. Finally, the high RPS envisions an RPS that 
transforms the 2017 SPEED program goal of 20 percent renewable energy generation into a 
mandatory RPS (requiring retirement of premium/new RECs) in the same amount. This is the 
highest-cost outcome, and would add an estimated $30 million to GMP’s net power costs 
(equivalent to roughly 5 percent of retail rate pressure) in 2018. 
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Outputs of the Preferred Portfolio 

The following figure shows the results of the sensitivity analysis for the illustrative Preferred 
Portfolio. Energy prices and inflation are the most-important drivers of societal costs in this 
portfolio, followed by the price of RECs. Electric vehicle loads are fourth, and capacity prices are 
the least important variable.  

Figure 7.4.8 Tornado Chart for the Preferred Portfolio (NPV, $M)

 

The following table includes all of the attributes for the preferred portfolio by year, and is 
organized to highlight the outputs across four categories: flexibility, cost, carbon emissions and 
renewability. This portfolio illustrates what appears to be an appropriate balance between 
portfolio flexibility, low and stable costs, low-carbon emissions, and an increasingly renewable 
portfolio that includes more new renewable resources, more existing renewable resources, and 
more RECs than the present portfolio. This portfolio also includes the cost of the hypothetical 
“standard offer RPS” from the previous section. This was chosen to bring Vermont into the 
same policy framework as the rest New England, and would presumably allow GMP and other 
Vermont utilities to sell surplus RECs to help meet RPS requirements in neighboring states. 
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7.5 Inputs to the Portfolio Analysis 

This section describes a range of key input assumptions to the portfolio analysis. 

Energy Price Forecast 

The base energy price forecast is from La Capra Associates (LCA), as provided by the Public 
Service Department in the current long-term Avoided Cost docket (8010). This forecast includes 
the expected (internal) price of carbon as captured by the Regional Greenhouse Gas Initiative 
(RGGI) program, and does not include external carbon costs.  

The low energy price forecast is formed by scaling the base case energy price outlook down by 
20 percent11, which approximates the annualized variance in long-run average energy prices. 
The high energy price forecast is formed by scaling the base case price outlook up by 20 percent 
and then adding the Synapse Energy Economics Low Case forecast of carbon prices12. This 
yields a slightly steeper upward trajectory of the price curve in the high case. All three price 
forecasts can be seen in the Figure 7.5.1.  

Figure 7.5.1: Energy Price Forecast Cases ($/MWh) 

 

11 The 20 percent scaling factor for the high and low market price forecasts approximates the historical variance in 
average ISO-NE spot market prices which is estimated at around 25 percent. Forward market price variances are 
estimated at around 17 percent. 
12  See External Carbon Cost Forecast section below.  
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External Carbon Cost Forecast 

The external cost of carbon was calculated based on the difference between an assumed 
marginal carbon abatement cost of $100/ton13, and the cost of carbon that is internalized into 
the energy market price forecasts. In the base and low energy price forecasts, the internalized 
carbon costs are equal to La Capra’s forecast of carbon prices for the Regional Greenhouse Gas 
Initiative (RGGI). For the high-energy-price forecast, the RGGI carbon price and the Synapse 
Energy Economics’ Low Case carbon forecast are internalized in the energy price. This is the 
reason the slope of the high forecast is steeper than in the base and low forecasts. The 
following figure shows the internalized carbon price forecasts.  

Figure 7.5.2: Internal Carbon Price Forecast Cases (Nominal $/Ton)

 
  

13 Source: ‘AESC 2013’, Page 4-24, Synapse Energy Economics 
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Capacity Price Forecast 

Consistent with the energy price base case, the capacity price base case is set to the prices that 
were provided by LCA for the Avoided Cost docket. The high-capacity-price outlook is set to 75 
percent of the auction starting price, and this produces prices that are 6-18 percent higher than 
the prices in the base case. The low capacity price outlook is set to 75 percent of the Offer 
Review Trigger Price (ORTP), and this produces prices that are about 40 percent lower on 
average than the base case.  

The different forecasts of annual clearing prices can be viewed in the following figure, and 
represent GMP’s expected range of long-run average capacity prices. These prices approximate 
the prices that GMP would pay for its unhedged capacity position, and the rationale for these 
ranges is discussed below. 

Figure 7.5.3: Capacity Price Forecast Cases ($/kW-mo)

 

The context for the three forecast cases is formed by the recently approved sloped demand 
curve for the upcoming Forward Capacity Auctions (FCAs). Auctions are now designed to 
acquire enough capacity to meet the Net Installed Capacity Requirement (NICR) most, but not 
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all of, the time. The sloped demand curve enables the auction to clear more or less than this 
volume depending on the cost of capacity that is being offered into the auction.  

Figure 7.5.4: FERC Approved FCA Demand Curve14 

 

 

The process that produced this demand curve also established a revised estimated Cost of New 
Entry (CONE). The auction starting price is set to 1.6X ‘Net CONE’, which for FCA9 is equal to 
$17.73/kw-month, and is the maximum price of capacity. The Net CONE value itself is 
$11.08/kw-month, which represents an estimate of the cost of building a new natural-gas-fired 
combined-cycle unit after subtracting energy and ancillary market revenues.  

The mean of the auction is represented by ISO-NE’s consultant at $11.05/kw-month, which (by 
design) is very close to Net CONE. The standard deviation of the upcoming auctions is estimated 

14 “a14_the_Brattle_Group_locational_capacity_demand_curves_06_11_14.pptx”, ISO-NE, Slide #3. 

Parameter Cap NICR Foot

Price ($/kW-m) $17.73 $13.16 $0.00

Corresponding RM in FCA 7 9.0% 12.1% 21.1%

Reliabil ity Index (1-in-x) 1-in-5 1-in-10 1-in-87

% of NICR 97.2% 100.0% 108.0%
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at $3.68/kw-month (33 percent variance) and a simulation of clearing prices showed a 
distribution that clears above $17/kw-month 8 percent of the time15.   

Figure 7.5.5 Simulated FCA Clearing Price Distribution

 
 
The choice to use 75 percent of the auction starting price for the high price outlook and 75 
percent of the ORTP trigger price for the low outlook was made in this context. This represents 
a range of prices that are slightly less than the 33 percent variance that is assumed in the 
market design. This decision is supported by our observation that the ORTP trigger-price 
mechanism will effectively narrow the range of likely bids into the auction. 

Furthermore, we have chosen the high and low cases such that the low case is substantially 
lower than the base case while the high case is only marginally higher. The reason for this is the 
capacity market remains a fundamentally binary market, despite the change to a sloped 
demand curve. As a result, it is reasonable to expect prices to revert to the long-term mean in 
most of the auctions.  We also observe that because significant new generating plants (e.g., 
industry-scale combined cycle or simple cycle combustion turbine plants) are estimated to be 
profitable at prices near net CONE, it is reasonable to expect that prices above net CONE would 
attract significant competition from such market entrants – making sustained clearing prices 
above this level unlikely.   

15 “a09_simulation_results_by_draw_initial_candidate_curve_07_02_14.xlsx”, ISO-NE, Rest of System 
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Furthermore, peak demand growth in New England is projected to be modest, and it seems 
reasonable to expect that lower-cost capacity resources (perhaps including EE, DR, imports, or 
new renewables) could meet the projected capacity need and set the clearing price in some 
years.  Together, these considerations suggest that auctions will be biased toward clearing with 
surplus capacity in most years, and that the low-case outcomes will be lower and more 
frequent than the high-case outcomes. 

REC Price Forecast 

To determine REC market price forecasts, we used a combination of current broker quotes, 
Sustainable Energy Advantage’s (SEA) Renewable Energy Market Outlook (REMO), and the 
aforementioned energy and capacity price outlooks. In the near term (vintage 2014-2017), we 
consider broker quotes to be the best proxy for future spot prices. After 2017, the SEA outlook 
provides price guidance that is analyzed in the context of the energy and capacity market price 
projections.  

In the long run, the sum of energy, capacity and REC prices should roughly approximate the 
long-term cost of new entry for new renewable projects. As a result, we assume that REC prices 
will soften in the coming years as energy and capacity market prices increase. This implies that 
future renewable projects would need less additional revenue from RECs to make them cost 
competitive with more traditional generation. Figure 7.5.6 shows the low, base and high case 
outlooks for MA Class 1 REC prices. 

Figure 7.5.6: Premium (MA Class 1) REC Price Forecast Cases 
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The base price outlook falls over the coming five-year period from a 2015 average price of 
roughly $55/MWh, leveling off at $25/MWh in 2020. This is consistent with the shape of recent 
broker quotes and consultant forecasts that expect a declining real price of RECs in the long 
run. GMP believes this is reasonable because technology should continue to bring down the 
cost of new renewables over time, just as it has done with wind and solar. In addition, energy 
and capacity payments should increase as mentioned in the preceding sections.  In any 
particular year, however, prevailing REC market prices can vary strongly based on changes in 
regional renewable supply (e.g., completion and timing of new renewable plants) and demand 
(e.g., electricity demand growth, changes in state RPS programs). 

The high and low cases are $15/MWh higher and lower than the base case outlook, 
respectively. This represents a 60 percent range from the base case, which is at the high end of 
the historical variance experienced in recent years. However, given the uncertainties key 
factors – including future renewables policy (including federal tax credits); technological 
progress; and the development of a limited number of large projects, we feel that this is a 
reasonable range over which to test the portfolio.  

For context, the alternate compliance payment (ACP), which acts as a price ceiling for RECs, is 
currently $66 for Massachusetts Class I RECs and $55 for Connecticut Class I RECs. We expect 
that if prices remain near the ACP for any sustained period, states would likely make policy 
changes (expanding eligibility to other resources, decreasing RPS levels, etc.) to ease price 
pressure and reduce the costs of the RPS; several states have taken steps to enable such 
program adjustments.  

  

Page | 7-30 



  Integrated Resource Plan | 2014 

REC Revenue Forecast 

Figure 7.5.7 shows our forecast of net REC revenues16 using the REC price forecast from the 
previous section. The significant drop-off in net revenue is due to a combination of our base 
case RPS assumption (requiring the retirement of some RECs) combined with a general halving 
of premium REC prices.  

Figure 7.5.7: Net REC Revenue Forecast Cases 

 

GMP has sold portions of our expected REC volumes through 2017 to stabilize GMP’s net power 
costs. Due to the uncertainty of future renewable policy in Vermont and other New England 
states, at this time GMP has not sold any significant volumes of RECs beyond 2017. Using the 
base case VT RPS assumption, the difference between the high and low price outcomes results 
in about a $10 million annual swing in GMP’s REC revenues starting in 2018. 

  

16 Please note that several GMP PPAs for renewable energy include a specific charge for purchasing RECs from the 
project; for accounting purposes these costs are netted against total REC revenues. 
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Existing, Low-Priced RECs and the Total Renewable Targets (TRTs) 

An important assumption in the portfolio design is that RECs from existing renewable sources 
(such as small- and large-scale hydro) can fulfill part of the State total renewable targets. The 
price of RECs from existing hydroelectric and biomass plants is currently much lower than the 
price of new or Class I RECs – on the order of $1/MWh or less. Looking forward, it is not clear 
whether market prices for existing RECs will remain at these modest levels, or will be bid up as 
a result of renewable policy changes or voluntary demand.  As illustrated in the following figure, 
we assume that the market price of these RECs will increase somewhat over time, to a range of 
about $3/MWh to $13/MWh in the long-term.   

Figure 7.5.8: Price Forecast Cases for Existing Low-Priced RECs 
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Vermont Renewable Portfolio Standard Scenarios 

Currently, state-level renewable portfolio standards (RPS) are the most important drivers of 
renewable development in New England. RPS programs generally require prescribed amounts 
of electricity consumed in a particular state to be supplied by certain types of eligible 
renewable sources, and these policies are having a significant impact on the New England 
generation mix.  

Vermont is the only New England state that does not have a consumption-based RPS. Rather, 
the SPEED statute (created in 2005) establishes targets for renewable generation. Specifically, 
the SPEED program establishes a goal that Vermont electric utilities support – through PPAs or 
ownership of renewable power plants - the generation of new renewable electricity in the 
amount of 20 percent of retail load starting in 2017. Unlike an RPS program, the legislation does 
not require the associated renewable generation to be claimed as consumed in Vermont. In 
fact, the program allows and encourages the sale of RECs from the resources used to meet the 
SPEED Goal. Vermont also has total renewable targets starting at 55 percent in 2017 and 
increasing to 75 percent by 2032. These targets can be met through a combination of new and 
existing renewable generation, including large-scale hydro and REC purchases. 

The primary goal of the 2005 SPEED legislation is to encourage new renewable generation, 
which it has done successfully. However, because the SPEED program differs from the RPS 
programs in neighboring states – and GMP and other Vermont utilities are ramping up 
renewable generation and selling increasing volumes of RECs to meet RPS goals in other states 
– it is attracting attention. Specifically, because the SPEED program entails the counting of 
eligible renewable generation against percentage targets, Connecticut is presently questioning 
(through a regulatory proceeding) whether RECs associated with SPEED projects are consistent 
with the Connecticut RPS program, or represent an implicit double-counting of renewable 
attributes. 

GMP believes that the SPEED program (which establishes goals for generation rather than 
consumption) is consistent with the sale of RECs to other states for compliance with RPS 
(consumption) goals – and in any case, Vermont’s SPEED goal for new renewables does not 
start until 2017.  But we recognize that Vermont’s SPEED program differs structurally from the 
renewable programs of neighboring states, and that these differences raise questions as to 
whether the SPEED program as currently configured – including Vermont’s current practice of 
selling RECs to neighboring states – will be sustainable in 2017 and beyond. This policy 
uncertainty poses challenges for GMP’s planning and budgeting, and it could limit our ability to 
lock in REC revenues through bilateral sales. Another uncertainty is that the while the SPEED 
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program establishes a clear goal for supporting new renewable generation in 2017, it does not 
explicitly establish generation goals for future years.   

These uncertainties indicate that Vermont’s renewable policy is likely to be in transition in the 
near future; refinements to Vermont’s policy framework could take a range of forms. GMP 
notes that one important goal of a low-cost Vermont renewable policy would be to enable 
Vermont utilities to continue to sell a meaningful amount of RECs for RPS compliance in 
neighboring states.  Removal of Vermont’s unique SPEED generation goal would appear to be a 
critical step in that direction, aligning Vermont’s renewable policy framework more closely with 
those of neighboring states, and seemingly removing a potential appearance that Vermont 
RECs are being double-counted.  

An RPS (requiring the retirement of some amount of RECs from new renewable sources) would 
align the state programs further – although as illustrated in this chapter, GMP’s portfolio 
already features a significant renewable component and many of the portfolio attributes (price 
stability, diversity, low emission profile) that RPS programs are designed to advance. GMP 
therefore believes that if a RPS program is advanced in Vermont, it should be designed to limit 
the cost to electric customers and to maximize flexibility in compliance options. 

For our middle case analysis, we have assumed for illustration that Vermont will adopt an RPS 
requiring the retirement of premium (Class 1) RECs starting at 5 percent of load in 2017, 
increasing to 6 percent in 2018 and 7 percent in 2019, remaining at 7 percent thereafter. This 
level of RPS would entail meaningful retirement of RECs from new renewable sources and 
would entail significant compliance costs, but would be significantly smaller and less costly than 
the current Class 1 RPS program designs in four of the five other New England states (see 
Chapter 6).   

As an upper-bound case, illustrating the highest-cost scenario, we have assumed an RPS equal 
to the SPEED Goal; 20% percent of load in 2017 and remaining at that level in the future. This 
scenario is very high cost and we believe it is an unlikely scenario. However, if other states in 
the region started to exclude Vermont SPEED RECs from eligibility for RPS compliance, it would 
have the same financial effect as a 20 percent RPS.  

As a lower-bound case, we have assumed that we retire RECs in proportion to the size of the 
Standard Offer Program plus 0.5 percent/year after the program ends in the early 2020s. This 
results in an RPS that starts at 2 percent in 2017 (about 120,000 premium RECs) and ends at 8.5 
percent (about 500,000) in 2035.  

The estimated costs of these hypothetical RPS policies, as well as the cost of meeting the state 
targets with low-priced RECs, are contained in the following table. In 2018, the state target can 
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be met by purchasing low-priced RECs for a cost of about $750,000. If the Low or Standard 
Offer RPS were adopted, an additional cost of almost $2.9 million could be anticipated, which 
would equate to about a 0.5 percent rate increase. The Middle or Expected RPS would cost 
about $8.2 million, a 1.4 percent rate increase. Finally, the High or Maximum RPS would cost 
$30 million, which equates to a 5 percent rate increase. 

Table 7.5.4 Estimated Costs of Possible Vermont Renewable Portfolio Standard Policies 

Policy Scenario 2018 Cost ($M) NPV ($M) 

Purchase Low-Priced RECs for TRTs $0.75 $143 

Low/Standard Offer RPS = 2.0% - 8.5% $2.9 $97 

Middle/Expected RPS = 5.0% - 7.0% $8.2 $154 

High/Maximum RPS = 20%            .         $30 $454 
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Weighted Average Cost of Capital (WACC) & Inflation 

The cost of money and inflation are central inputs into the IRP analysis. The cost of money was 
approximated using GMP’s current 50/50 capital structure and Weighted Average Cost of 
Capital WACC of 7.55 percent. The base case outlook for inflation is 2.25 percent, which is 
consistent with GMP’s financial planning. A low case of 1.25 percent and a high case of 3.75 
percent were chosen based on the 20-year history of inflation since 1995. For context, inflation 
over this period averaged 2.38 percent with a standard deviation of 0.9 percent. 

Figure 7.5.9: Historical US Inflation Since 199517 

 

  

17 ‘CPI-U: All Items’, Federal Reserve Bank of Cleveland, www.clevelandfed.org/research/data/us-
inflation/chartsdata/ 
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New Wind and Solar Price Forecast 

The costs associated with onshore wind and photovoltaic generation facilities vary depending 
on a number of factors that include location, size, components used during construction, 
complexity of construction, permitting costs, and tax incentives. Based on current market 
conditions, we believe that the cost to construct an onshore wind facility will average 
approximately $94/MWh levelized, while the cost to construct and operate a photovoltaic 
facility will average approximately $120/MWh levelized.  

Tax incentives are an important component in the (net) cost of generation facilities, and 
changes in both the Production Tax Credit (PTC) and the Investment Tax Credit (ITC) are 
included in our forecast of new wind and solar prices. Although it expired at the end of 2013, 
the PTC is typically still available for wind generation facilities that are grandfathered. If a 
project was undertaken that was not eligible for PTC, the projected levelized cost is about 
$121/MWh.  

The ITC is available for a range of projects, with photovoltaic projects being eligible for a credit 
equal to 30 percent of the capital costs18, excluding any transmission upgrades. This credit is 
available through Dec. 31, 2016, after which it will drop to a 10% credit. There are no 
“grandfathering” provisions for the ITC, so a project that is completed after the Dec. 31, 2016 
deadline would only be eligible for a 10 percent ITC. This raises the projected average price to 
$140/MWh.  

Table 7.5.5 Levelized Cost of New Wind and Solar (2017 $/MWh) 

Project Type 
$/MWh 

with Federal Subsidy 
$/MWh  

without Federal Subsidy 
New Solar $120 $140 
New Wind $94 $121 

 

  

18 Offsetting the ITC value somewhat is a reduced basis for tax depreciation. 
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New Combined Cycle (CC) and Combustion Turbine (CT) Price Forecasts 

Two sources of new, gas-fired generation were modeled in the IRP. Beginning in 2020, the costs 
of combined cycle and a combustion turbine units were estimated using capital and operating 
cost estimates from ISO-NE and the Brattle Group that were published earlier this year during 
the capacity market redesign. These costs are estimated to total about $15.45/kW-month for 
the CC and about $10.77/kW-month for the GT, both plus fuel costs. 

Table 7.5.6 Levelized Cost of New Combined Cycle and Combustion Turbine Capacity19 
(2020$) 

  
Resource Type 

Nominal 
Capacity Heat Rate 

Capital 
Costs 

Fixed O&M 
($/kW-yr) 

Variable O&M 
($/MWh) 

Cap 
Factor 

MW Btu/kWh $/kW-mo $/kW-mo $/MWh % 
2x1 CC 715 7,437 $12.12 $2.55 $2.80 87% 

2x0 Frame CT 417 10,577 $8.58 $1.62 $4.36 18% 

Existing Hydro Price Forecast 

Acquisition of existing hydro is modeled in the resource plan using the forward price of energy 
and capacity from the date at which the resource is added to the model. No REC costs are 
assumed.  As a result, the cost effects of adding hydro to the portfolio are negligible under base 
case price assumptions. However, adding fixed price resources like hydro does reduce the 
portfolio’s sensitivity to market price volatility.  

19 ‘Net CONE Estimates for Potential Reference Technologies (2018$)’, Brattle Group for ISO-NE, March 2014 
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7.6 Future Resource Planning Items 

The following sections describe three emerging issues that we expect to be integrating into 
future resource plans.  

Increasing Reliance on Intermittent Power Sources 

Most of the leading renewable power sources developed in Vermont to date, and the largest 
new renewable sources available in New England, are intermittent.  That is, the amount and 
timing of output from these sources (solar, wind, and hydroelectric) can vary strongly on an 
hourly, daily, monthly and annual basis depending on actual solar conditions, wind speed, and 
river flows. From a power supply portfolio perspective, a key feature of these sources is that 
their output can be forecast with reasonable confidence on a long-term average basis. As a 
result, the inclusion of these sources in GMP’s power supply portfolio stabilizes GMP’s power 
supply costs and retail rates over the near-term and long-term. Intermittence does, however, 
have some implications for GMP’s power supply portfolio that are likely to increase as GMP’s 
reliance on intermittent sources increases. 

First, new generators must be interconnected so that short-term fluctuations in their output 
are not disruptive to the safe and reliable operation of the delivery system. This consideration is 
addressed during the interconnection process, when required protective equipment and 
system upgrades (if applicable) are identified. Increasing volumes of distributed generation 
(including renewables) can generally be accommodated on the GMP delivery system, although 
the cost-competitiveness of renewable generation at some potential sites could be eroded by 
the cost of required system upgrades. Studies of the regional bulk transmission have reached 
similar findings.20 

Once intermittent renewable plants are operational, the volume of their output can fluctuate 
greatly around the long-term average, particularly on a short term (i.e., hourly to daily) basis.  
These fluctuations can affect a utility’s net power supply costs in the following ways: 

• Increased or decreased net energy purchases from the ISO-NE energy spot market; 

• For many newer renewable plants, increases or decreases in REC revenues and 
Production Tax Credits; 

• Fluctuations in the timing of energy output (particularly during occasional events of 
extremely high or low spot market prices) can affect the average value of a plant’s 

20  “New England Wind Integration Study”, GE Energy for ISO New England, 12/5/2010, www.uwig.org  
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energy output, and therefore GMP’s net power costs.  Also, as penetrations of wind and 
solar capacity in New England increase over time, the average market value of these 
sources could decline somewhat, relative to the average of market prices across all 
hours. 

• Finally, under the new ISO-NE Pay-for-Performance program (which will take effect in 
several years; see Chapter 6), intermittent plants are likely to experience significant 
over- and under-performance during ISO-NE shortage events, translating to additional 
payments or penalties. 

Historically, intermittent renewable output has not produced an extreme degree of short-term 
variance in GMP’s net power costs. Key reasons for this include: 

• Fluctuations in intermittent output have not been strongly correlated with market 
prices in the ISO-NE energy market; other factors (e.g., natural gas prices, weather) have 
been much more important price drivers. As a result, the financial effects of short-term 
fluctuations in intermittent output above and below long-term averages across different 
hours and days have tended to offset each other.   

• GMP’s renewable portfolio features several aspects of diversity. GMP obtains 
intermittent renewable energy from a mix of hydroelectric, wind, and solar sources, and 
each of these technologies are supplied by multiple plants.  For example, the GMP hydro 
fleet consists of numerous plants that rely on several Vermont rivers. In addition, a 
substantial fraction of GMP’s intermittent power is obtained through PPAs under which 
GMP pays a $/MWh price for energy actually produced. 

• GMP purchases a significant fraction of power from Hydro-Quebec, under contracts that 
are backed by a system of hydroelectric plants. These contractual deliveries are not 
subject to interruption based on fluctuations in output from individual plants.   

GMP expects to actively explore additional intermittent supplies, because several types 
(hydroelectric, solar, wind) appear to be among the lowest-cost renewable options in the 
region. To the extent that GMP’s reliance on intermittent sources increases over time, 
particularly if New England’s reliance on intermittent sources increases as well, the financial 
risks and costs associated with intermittent output are likely to increase.  

While these considerations appear to be secondary in nature (i.e., not likely to fundamentally 
change the cost-competitiveness of the leading renewable sources, or their relative rankings), 
the absolute dollars at stake will increase. We therefore expect that the quantification and 
management of intermittence will become an increasing focus of GMP’s planning and 
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operations over time. In addition to the maintenance of a diverse portfolio of renewables, 
other tools that could help mitigate the risks associated with intermittent output are: 

 

• Improved forecasting methods. The more accurately the output of intermittent sources 
can be forecast ahead of time, the more GMP will be able manage its market exposure. 

• Purchases of RECs and energy separately. 

• Deployment of energy storage sources, particularly if the cost and/or performance 
characteristics of storage resources improve significantly over time. 

• Contractual methods (e.g., insurance). 

PV Penetration, Peak Loads, and the Value of Solar 

According to the Distributed Generation Forecast Working Group (DGFWG), the amount of PV 
capacity in New England will grow from a base of about 500 MW in 2013 to over 2,500 MW in 
2023. This represents a fivefold increase in 10 years, and equates to over 600 MW of operating 
capacity and energy production on the summer peak day. 

Table 7.6.1 Solar PV Penetration Forecast for New England21

 

21 Distributed Generation Forecast Working Group, ISO-NE 2014 
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As solar penetration increases, the peak hour is expected to migrate from the midafternoon 
into the early evening hours. The following figure shows how the 2013 peak day load curve 
would be affected by the DGFWG’s forecast of PV penetration in five-year increments. 
According to this estimate, the peak hour moves to hour ending 1800 by 2020. This implies that 
solar capacity that is added after this date is no longer operating during the peak hour, which 
diminishes its value for capacity and transmission purposes. Orienting solar projects in a more 
westerly direction and adding storage can conceptually address this impact, but absent cost-
effective grid-scale storage, it is difficult to escape this outcome. 

Figure 7.6.2 New England’s Peak Day “Duck” Curve
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Pay for Performance (PFP) 

Now that FERC has approved ISO-NE’s PFP modifications to the capacity market, generators 
must be operating during scarcity conditions on the grid or they face penalties. These Penalty 
Performance Rates (PPRs) range from $2,000/MWh in FCA9-11 to $5,455/MWh in FCA15 and 
beyond. About 300 MW of GMP’s portfolio is unit contingent, and will be exposed to the PFP 
incentive mechanism. 

A key feature of the PFP mechanism is the Balancing Ratio (BR), which is equal to the system 
load plus the reserve margin divided by the Capacity Supply Obligation (CSO). The balancing 
ratio is calculated based on the actual system loads during each scarcity event, and as long as 
GMP’s portfolio performs at or about the balancing ratio percentage, the portfolio will not 
experience any significant positive or negative financial outcomes.  

However, for every 10 percent that the portfolio over- or underperforms compared to the 
balancing ratio, we estimate that the portfolio could gain or lose $60,000 to $160,000 in 
revenue per scarcity event. If there are 10 scarcity events per year, then the financial incentive 
amounts to $600,000 to $1.6 million per year. The following table estimates the financial 
incentives that the unit-contingent portion of the supply portfolio faces, assuming a forecast of 
the future CSO/ICR, a 22,500-MW system load during scarcity conditions, and 10 scarcity events 
per year.  
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Table 7.6.1 Pay for Perform
ance Penalty Estim

ate 

Start 
End 

FCM
 

ICR / 
CSO

 
U

nit 
Cont. 

PPR 
Balancing 

Ratio 
Portfolio 

Perform
ance 

PFP Score  
Scarcity 
Events 

PPR 
M

onth 
M

onth 
Year 

M
W

 
SS CSO

 
$/M

W
h 

22,500 M
W

 
%

 
22,500 M

W
 

#/Yr 
$ 

Jun-18 
M

ay-19 
9 

35,078 
307 

 $2,000  
64%

 
54%

 
-30 

10 
($605,909) 

Jun-19 
M

ay-20 
10 

35,234 
307 

 $2,000  
64%

 
54%

 
-29 

10 
($588,451) 

Jun-20 
M

ay-21 
11 

35,391 
307 

 $2,000  
64%

 
54%

 
-29 

10 
($571,070) 

Jun-21 
M

ay-22 
12 

35,548 
307 

 $3,500  
63%

 
54%

 
-28 

10 
($969,092) 

Jun-22 
M

ay-23 
13 

35,707 
307 

 $3,500  
63%

 
54%

 
-27 

10 
($938,944) 

Jun-23 
M

ay-24 
14 

35,865 
307 

 $3,500  
63%

 
54%

 
-26 

10 
($908,930) 

Jun-24 
M

ay-25 
15 

36,025 
307 

 $5,455  
62%

 
54%

 
-25 

10 
($1,370,059) 

Jun-25 
M

ay-26 
16 

36,185 
307 

 $5,455  
62%

 
54%

 
-24 

10 
($1,323,693) 

Jun-26 
M

ay-27 
17 

36,346 
307 

 $5,455  
62%

 
54%

 
-23 

10 
($1,277,533) 

Jun-27 
M

ay-28 
18 

36,508 
307 

 $5,455  
62%

 
54%

 
-23 

10 
($1,231,576) 

Jun-28 
M

ay-29 
19 

36,670 
307 

 $5,455  
61%

 
54%

 
-22 

10 
($1,185,823) 

Jun-29 
M

ay-30 
20 

36,833 
307 

 $5,455  
61%

 
54%

 
-21 

10 
($1,140,273) 

Jun-30 
M

ay-31 
21 

36,997 
307 

 $5,455  
61%

 
54%

 
-20 

10 
($1,094,925) 

Jun-31 
M

ay-32 
22 

37,161 
307 

 $5,455  
61%

 
54%

 
-19 

10 
($1,049,777) 

Jun-32 
M

ay-33 
23 

37,327 
307 

 $5,455  
60%

 
54%

 
-18 

10 
($1,004,829) 

Jun-33 
M

ay-34 
24 

37,493 
307 

 $5,455  
60%

 
54%

 
-18 

10 
($960,080) 

Jun-34 
M

ay-35 
25 

37,659 
307 

 $5,455  
60%

 
54%

 
-17 

10 
($915,529) 

Jun-35 
M

ay-36 
26 

37,827 
307 

 $5,455  
59%

 
54%

 
-16 

10 
($871,175) 
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8. Integration and Implementation Plan 

As an integrated energy services company, GMP is partnering with other companies, non-
profits, and our policy makers to offer our customers an expanding array of choices. Reliable, 
low-cost, and low-carbon energy service is the foundation. Innovative, cost-saving customer 
programs combined with more renewable and distributed energy resources is the destination, 
and the following table summarizes the activities that GMP is planning to pursue as a result of 
the 2014 integrated planning process. 
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Table 8.1 Im
plem

entation Plan 
Functional Area 

Activity 

Energy 
Innovation 

Develop an integrated array of cost-saving custom
er program

s that m
eet a range of custom

er energy service needs for 
HVAC, hot w

ater, hom
e autom

ation, and transportation. 

• O
ffer ductless m

ini-split heat pum
p leases to the entire custom

er base. 
• O

ffer grid-enabled and/or heat pum
p w

ater heater leases to the entire custom
er base. 

• O
ffer sm

art hom
e and electric vehicle charging program

s to the entire custom
er base. 

G
eneration 

Increase long-term
 ow

nership of cost-effective renew
able energy sources such as hydro, solar and w

ind. 

• Com
plete construction of the Stafford Hill project. 

• Construct and/or acquire new
 w

ind and solar generation to fulfill the 2017 SPEED goal. 
• Acquire existing renew

able generation as opportunities arise, to help fulfill Verm
ont’s Total Renew

able Targets. 

G
overnm

ent 
Affairs 

Advocate for cost-com
petitive and custom

er-focused renew
ables policies that: 

• Continue to encourage investm
ent in cost-com

petitive new
 renew

able energy projects. 
• Enable full and fair participation in regional REC m

arkets. 
• Create flexibility to fulfill renew

able policy goals w
ith both new

 and existing resources.  

Pow
er Supply 

M
aintain a low

-cost, low
-carbon and reliable pow

er supply. 

• Develop, sign and seek regulatory approval for new
 long-term

 PPAs to fulfill the 2017 SPEED goal. 
• Arrange m

arket purchases of RECs to help fulfill the 2017 Total Renew
ables Targets. 

• Hedge GM
P’s forecasted energy requirem

ents for up to five years in advance, using layered m
arket purchases. 

• Seek bilateral capacity purchases to hedge forecasted capacity requirem
ents three years in advance of the operating 

year, using layered capacity m
arket purchases of up to five years w

ith opportunistic longer-term
 purchases. 

Transm
ission &

 
Distribution 

Plan for a m
ore efficient and intelligent grid that enables greater custom

er participation, distributed resources and 
renew

able generation. 

• Prepare the grid for greater penetration of distributed resources by piloting energy storage, controlled EV charging, 
sensing and m

easurem
ent equipm

ent, advanced analytics and controls, pow
er electronics, and telecom

m
unications 

technologies. 
• M

axim
ize use of the AM

I and N
M

S to identify opportunities w
here efficiency and distributed resources can address 

system
 constraints during the planning process. 
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