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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.  
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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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Table 7.3.1 Summary of Portfolio Design 
# Resource Acquisition Strategy Assumptions 
0 Reference Case:   

• What is the cost of GMP portfolio of committed 
resources under future market conditions?  

• No new PPAs or generation are added to the portfolio 
• The SPEED Goal & Total Renewables Targets (TRT) are left 

unmet 
• No forward hedging transactions are assumed 

1 Meet 2017 & 2032 Renewables Goals and Targets:  
• How much capacity is needed to meet the SPEED 

Goal? 
• What is the cost of meeting the SPEED Goal? 

• Modify the Reference Case by adding enough new 
renewables to meet the SPEED Goal 

• Add 80 MW of large wind, and 25 MW of large solar 
• Purchase low-price RECs to meet the TRT 
• Post-2017 resource acquisition is frozen 

2 Meet 2032 Renewables Goal with Owned Generation 
• How much new capacity is needed to meet the 2032 

TRT? 
• What is the cost of meeting the TRT with owned 

and/or PPA-based resources? 

• Modify #1 by adding a plausible mix of new & existing 
renewables to meet the 75% 2032 TRT 

• Add 150 MW new wind, 155 MW of new solar, and 275 MW 
of large, existing hydro. 

• Continue to sell premium RECs, and purchase low-price RECs 
to replace them to meet the TRT 

3 Meet 2032 TRT with Low Priced RECs and Add 
Conventional Generation 
• What is the cost of conventional thermal generation, 

and how does it affect the portfolio cost compared to 
high penetrations of renewable energy? 

• What role could thermal generation play in a portfolio 
of increasing renewable generation? 

• Modify #1 by adding 100 MW of combined and 100 MW of 
combustion turbine capacity 

• Continue to sell premium RECs, and purchase low-price RECs 
to replace them to meet the TRTs 

• Do not add any new renewable development, which isolates 
the role of thermal generation in the portfolio. 

P Renewable Policy Cases 
• What is the cost of purchasing low-priced RECs to 

meet the TRTs?  
• What is the first-year (2018) cost of a Vermont RPS?  

 

• Modify the Reference Case to meet the TRTs with the 
purchase of low-priced RECs 

• Modify the Reference Case, and retire new renewable RECs 
to comply with three different sized VT RPS requirements. 
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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 
 Adds cost-effective new renewables and existing hydro, and enables low-priced 

RECs to fulfill a portion of total renewable targets. 
 Increases the long-term resource percentage to hedge inflationary costs. 

 
• Low Carbon Objective & Attributes 

 New & existing renewables plus nuclear power yields a low emission profile. 
 Low-price RECs meet the state targets and retain low CO2 emissions. 

 
• Diversity Objective and Attributes 

 Wind is limited to about 20 percent of the portfolio’s energy (~300 MW). 
 Solar grows to about 12 percent of the portfolio’s energy (~400 MW). 
 Hydro remains a cornerstone at 45 percent of the portfolio’s energy (~500MW). 

 
• Flexibility Objective and Attributes 

 The long-term committed resource percentage increases to a range of 75 
percent to 85 percent. 

 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 
 More hydro and peaking capacity provides operable capacity that enables 

renewables integration until grid-scale storage is economically competitive. 
 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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Table 7.4.3 Multi-Attribute Output Matrix for the Preferred Portfolio  

(Base Case Energy & Capacity Prices) 

 

 

Flexability Cost Carbon Renewability

Year
Fiscal 
Year

Retail 
Sales 

(MWH)

LT 
Resource 

%

Approx. 
LT Price 

Exposure 
%

Net PP & 
Tx Costs 

($ M)

Ave. 
Portfolio 

Costs 
($/kWh)

Cum Rate 
Pressure 

(%)

Market 
Reference 

Cost 
($/kWh)

Portfolio 
/ Mkt. 

Ref

Portfolio 
CO2 

Emissions 
(lbs/MW

H)

% of 
Regional 
Sys. Mix 

Portfolio 
CO2 

Emission
s (Short 

Tons)

External 
Cost ($ 

M) SPEED %

Total 
Renewable 

%

Total 
Renewable 

Goal             
%

0 FY15 4,262,458 75% 35% $380 0.084$    5.8% 0.110$       77% 362 61% 815,161 $81 13% 51%
1 FY16 4,281,594 69% 41% $386 0.079$    7.5% 0.107$       74% 394 70% 896,320 $89 13% 40%
2 FY17 4,285,299 84% 26% $389 0.081$    8.2% 0.102$       79% 271 50% 614,944 $62 20.0% 55% 55%
3 FY18 4,292,504 83% 27% $418 0.082$    16.2% 0.108$       76% 252 45% 573,914 $59 55%
4 FY19 4,298,392 83% 27% $439 0.088$    22.1% 0.116$       76% 232 43% 528,353 $55 55%
5 FY20 4,299,370 89% 21% $464 0.093$    29.0% 0.121$       77% 199 37% 454,144 $47 59% 59%
6 FY21 4,295,026 91% 19% $478 0.099$    32.8% 0.126$       79% 218 41% 497,028 $53 59%
7 FY22 4,316,349 90% 20% $489 0.102$    35.8% 0.129$       79% 221 43% 507,494 $55 59%
8 FY23 4,346,817 87% 23% $497 0.105$    37.7% 0.133$       79% 196 38% 453,049 $50 63% 63%
9 FY24 4,365,167 86% 24% $511 0.107$    41.2% 0.139$       77% 201 39% 465,635 $53 63%
10 FY25 4,375,192 86% 24% $527 0.110$    45.6% 0.145$       76% 197 40% 458,008 $53 63%
11 FY26 4,397,634 86% 24% $545 0.114$    50.1% 0.152$       75% 170 35% 398,745 $47 67% 67%
12 FY27 4,423,060 85% 25% $563 0.118$    54.5% 0.157$       75% 175 35% 412,355 $50 67%
13 FY28 4,457,950 85% 25% $581 0.122$    59.0% 0.162$       75% 170 36% 402,915 $50 67%
14 FY29 4,482,415 84% 26% $601 0.126$    64.1% 0.169$       74% 147 31% 350,759 $45 71% 71%
15 FY30 4,509,066 82% 28% $623 0.130$    69.3% 0.174$       75% 159 34% 380,393 $50 71%
16 FY31 4,535,832 83% 27% $636 0.135$    72.5% 0.177$       76% 156 34% 376,046 $50 71%
17 FY32 4,573,729 84% 26% $643 0.138$    73.6% 0.177$       78% 130 27% 317,629 $43 75% 75%
18 FY33 4,604,885 81% 29% $655 0.139$    76.3% 0.180$       77% 134 27% 328,641 $46 75%
19 FY34 4,646,272 80% 30% $678 0.142$    81.5% 0.184$       77% 133 27% 327,888 $47 75%
20 FY35 4,688,329 75% 35% $709 0.147$    88.4% 0.190$       77% 149 29% 371,994 $54 78%

NPV $11,213 $1,139
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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.  
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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 Performance Penalty Estimate 

Start End FCM 
ICR / 
CSO 

Unit 
Cont. PPR 

Balancing 
Ratio 

Portfolio 
Performance PFP Score  

Scarcity 
Events PPR 

Month Month Year MW SS CSO $/MWh 22,500 MW % 22,500 MW #/Yr $ 
Jun-18 May-19 9 35,078 307  $2,000  64% 54% -30 10 ($605,909) 

Jun-19 May-20 10 35,234 307  $2,000  64% 54% -29 10 ($588,451) 

Jun-20 May-21 11 35,391 307  $2,000  64% 54% -29 10 ($571,070) 

Jun-21 May-22 12 35,548 307  $3,500  63% 54% -28 10 ($969,092) 

Jun-22 May-23 13 35,707 307  $3,500  63% 54% -27 10 ($938,944) 

Jun-23 May-24 14 35,865 307  $3,500  63% 54% -26 10 ($908,930) 

Jun-24 May-25 15 36,025 307  $5,455  62% 54% -25 10 ($1,370,059) 

Jun-25 May-26 16 36,185 307  $5,455  62% 54% -24 10 ($1,323,693) 

Jun-26 May-27 17 36,346 307  $5,455  62% 54% -23 10 ($1,277,533) 

Jun-27 May-28 18 36,508 307  $5,455  62% 54% -23 10 ($1,231,576) 

Jun-28 May-29 19 36,670 307  $5,455  61% 54% -22 10 ($1,185,823) 

Jun-29 May-30 20 36,833 307  $5,455  61% 54% -21 10 ($1,140,273) 

Jun-30 May-31 21 36,997 307  $5,455  61% 54% -20 10 ($1,094,925) 

Jun-31 May-32 22 37,161 307  $5,455  61% 54% -19 10 ($1,049,777) 

Jun-32 May-33 23 37,327 307  $5,455  60% 54% -18 10 ($1,004,829) 

Jun-33 May-34 24 37,493 307  $5,455  60% 54% -18 10 ($960,080) 

Jun-34 May-35 25 37,659 307  $5,455  60% 54% -17 10 ($915,529) 

Jun-35 May-36 26 37,827 307  $5,455  59% 54% -16 10 ($871,175) 
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