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VELCO REPORT 

GII Decision Framework 
 

SUMMARY 
The New England Governors’ Infrastructure Initiative (“GII”) seeks to address a perceived failure of 
the market to bring timely investment in new energy resources by proposing additional natural gas 
pipelines and new interconnections to the hydro and wind resources in Canada or elsewhere via 
electric transmission.  Vermont Electric Power Company, Inc. (“VELCO”) has requested La Capra 
Associates’ assistance to develop a decision framework within which to evaluate the potential value, 
if any, of natural gas pipeline and transmission projects developed under the GII to Vermont 
ratepayers.  This report presents the results of an initial analysis of the GII using the decision 
framework developed by La Capra Associates for VELCO’s use in evaluating the value to Vermont of 
representative GII projects and subsequent projects.   

The La Capra Associates’ analysis (“Analysis”) does not evaluate particular projects.  Rather, it uses a 
set of reasonable, but postulated, assumptions to characterize the potential impacts of adding supply 
into the region with gas and transmission infrastructure projects of the sort under discussion.   The 
Analysis looks at projects with scope similar to those being considered by the GII and which are 
roughly cost comparable.  The Analysis does not evaluate the potential of VELCO taking an equity 
position in a transmission project through the state.  The decision framework applied and metrics 
used provide a sound structure for evaluating actual projects and deciding if and to what extent 
Vermont should support gas pipeline or transmission infrastructure projects. 

Findings & Recommendations 
 Regional support of investment in gas pipeline that relieves constraints and expands 

import capability allowing for the largely unrestricted supply of an additional 600 
MMcf/day of natural gas into New England may benefit the utilities in Vermont.  Our 
Analysis suggests that the addition of gas supplies lowers gas price and locational marginal 
pricing (“LMP”) volatility and reduces the exposure of the Vermont utilities to extreme market 
outcomes which may allow the State’s utilities to more cost effectively manage their power 
supply portfolios in the future.  Moreover, the costs of gas pipeline investment are likely less 
than the expected power supply cost reductions relative to Status Quo conditions. 

 On the other hand, regional support of investment in electric transmission to deliver up 
to 1,200 MW of energy from New York or Canada into New England to first 
approximation appears to provide little, if any, benefit to the utilities in Vermont.  The 
Analysis suggests that adding incremental energy imports at this scale has little impact on risk 
exposure, and that the net benefits calculus depends more on the cost of the project and the 
structure of contracts over the line.1  To that end, there is no reason to believe that 
contracting parties will offer to sell energy below prevailing market prices.  Furthermore, 
we find that the costs of the transmission investment are not likely less than the expected 
power supply cost reductions relative to Status Quo conditions. 

1  Because the VT utilities are generally capacity short, a transmission project that has an associated power contract that includes 
some capacity may be beneficial to the state.   
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 The Vermont utilities’ existing portfolios address most of their energy needs over the next ten 

years.  Hence, the majority of the benefits of supporting incremental infrastructure projects 
accrue between years ten and twenty of the study period.   

 Given the level of uncertainty regarding infrastructure needs and developments in 
New England, particularly more than ten years into the future, VELCO and the state’s utilities 
should evaluate alternatives to supporting gas pipeline expansion recognizing broader market 
activities and power supply risk management strategies in both the gas and electric 
transmission arenas exist. 

 Gas LDC’s are signing contracts with pipeline companies and pipelines are being built/expanded. 
 Merchant transmission companies are pursuing projects independently from GII. 
 ISO New England is putting in place programs and market rules to address near and long term 

reliability and incentive issues. 
 Distributed generation is having greater (still uncertain) impact on system operations and load 

growth. 
 Consider the menu of available investment options, financial hedging instruments and contracts. 

 VELCO and the State’s utilities should carefully examine the costs and benefits of any project proposal 
relative to the assessed cost of achieving similar benefits with other risk mitigation and power supply 
strategies. 

 Consideration of gas supply or import infrastructure investments should be considered as part 
of an integrated resource planning strategy and evaluated on that basis. 
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BACKGROUND 
The New England Governors’ Infrastructure Initiative (“GII”) seeks to address a perceived failure of 
the market to bring timely investment in new energy resources by supporting additional natural gas 
pipelines and new interconnections to the hydro and wind resources in Canada or elsewhere via 
electric transmission. Representatives of the six New England states and myriad regional 
stakeholders have been discussing options for how to affect the goals of the initiative for 
approximately eight months. Several gas pipeline and electric transmission projects are being 
discussed and options for scheduling the pipelines and recovering project costs have been proposed.  
The interests of the New England states are not all the same, but the expressed hope is that the 
benefits of the initiative (both gas and electric) will accrue sufficiently broadly to the region to allow 
for an equally broad based allocation of the costs.   

The Governors Infrastructure Initiative has four stated goals:2 

1. Improvements to power system reliability, 

2. Reductions in regional greenhouse gas emissions and access to low carbon energy 
sources, 

3. Diversification of power generation sources, and 

4. Reduction of regional natural gas and/or electricity prices. 

The cost-benefit calculus is  uncertain  for Vermont ratepayers  given that vertically integrated 
utilities in the state manage their power supply exposure forward through a regulated process, have 
largely limited their exposure and, unlike other states, Vermont does not currently have a statutory 
renewable portfolio standard that the electric transmission portion of the GII is aimed in part at 
fulfilling (i.e., Vermont utilities do not intend to buy power delivered via the new electric 
transmission project(s)).          

 

NEED FOR GOVERNORS’ INFRASTRUCTURE 
INITIATIVE 
Constraints on the gas pipeline system limit the availability of gas-fired generations (particularly 
at short notice) during periods of high gas demand by Local Distribution Companies (“LDCs”) 
during the coldest days of the winter months.  While there have been no regional capacity 
shortages attributable to the inability of gas-fired generators to procure fuel, ISO New England 
(“ISO”) does have to prepare operating plans that include sufficient non-gas fired generation to 
provide reserves across the operating day, even in the case of gas-shortages.  The cost of these 
actions is reflected in reserve market prices and NCPC charges assessed to load in the region.  
To address this reliability issue, ISO has entered into close coordination with the gas-pipeline 
operators, is implementing rules that allow generators to better manage fuel supply through 

2 New England Governors Regional Energy Infrastructure Initiative, presented to The New England Electricity Restructuring 
Roundtable by Steven Clarke, Assistant Secretary for Energy Commonwealth of Massachusetts, April 11, 2014 
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price, has modified the rules around the maintenance of replacement reserves and the pricing 
of reserves, is implementing strong performance incentives in the Forward Capacity market and 
has developed a winter-focused fuel inventory program.  The winter fuel inventory program was 
put in place to ensure sufficient oil inventory on site at oil and dual-fuel capable resources to 
ensure reliable operations through periods of expected gas shortfalls during the winter.  The 
winter 2013/14 program was deemed a success and a similar program (expanded to include 
Liquefied Natural Gas (“LNG”)) has been filed with the Federal Energy Regulatory Commission 
(“FERC”) for winter 2014/15.  

In addition to the potential reliability benefits, regional policy-makers want access to the low-
cost gas generally available from points south-west of New England (including Marcellus shale 
gas).  Their goal is to increase access and to reduce costs to gas customers, and possibly to reduce 
wholesale electricity prices, potentially benefiting electric ratepayers in the region—with an eye 
to economic development and regional competitiveness.3    

With the exception of Vermont, the New England states all have adopted Renewable Portfolio 
Standards which require minimum amounts of retail electricity supply to be provided from 
qualifying renewable sources. 4  Additionally, all of the New England States have a goal to reduce 
carbon emissions by 75 to 85 percent of 2001 levels by 2050.5  Given the amount of wind, hydro 
and solar resources available in New England and the cost (political and financial) of building 
transmission into the region, the most viable sources are seen to be in Canada (and to a lesser 
extent in New York) where large hydro facilities and wind farms may be able to export a 
substantial amount of low carbon energy if connected via transmission to points within New 
England. 

The governors, through the GII effort are seeking proposals for investment in electric 
transmission infrastructure sufficient to deliver 1.2GW to 3.6GW of clean (low or no-carbon) 
energy resources and a funding mechanism to support 600 MMcf/day in gas pipeline 
investments above the planned Algonquin Incremental Market expansion (“AIM”) (342 
MMcf/day) and Tennessee Gas Pipeline Connecticut expansion (“TGP-CT”) (72 MMcf/day). 

Gas Pipel ine 
The headroom above gas LDC needs has shrunk considerably and incremental pipeline 
construction to meet future gas LDC needs may not be sufficient to meet the quickly increasing 
gas-fired generation demands into the future.6  Our Analysis supports the position that over the 
long-term, in a market environment where the dominant base-load electric generation 
technology continues to be natural gas-fired combined-cycle combustion turbines, regional 
power system reliability and wholesale price stability are likely best achieved via maintaining a 
margin of available gas supply delivery capability above the LDCs’ peak demand requirements.  

3  New England Governors’ Commitment to Regional Cooperation on Energy Infrastructure Issues, December 6, 2013. 
4  Five of the six New England states have renewable portfolio standards (“RPS”).  The class 1 renewable supply targets by state 

in 2020 are NH 10.5%, ME 10%, MA 15%, CT 20%, and RI 12.5%.  The requirements under each state’s RPS are not uniform 
and the same types of resources may not qualify to meet the standard of all states. 

5 New England Governors’ Conference Climate Change Program. http://negc.org/main/?do=page&id=39. 
6  This is a point of some debate amongst the stakeholders to the GII discussions. 
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Assuming that electric and non-electric gas loads continue to grow at the rate of one and three 
percent per year, respectively, even with the addition of the AIM (342 MMcf/day in 2016) and 
TGP-CT (72 MMcf/day in 2017) projects, the expected increased availability of dual-fuel 
capability in response to ISO New England’s Winter Reliability Program (3,500 MW), and market 
response to the incentives under the FCM Pay-for-Performance design (2,500 MW), for a total 
of 10,000 MW gas/oil capable resources by winter 2018/19, our Analysis suggests that the gas 
pipeline system will not be able to support both peak day non-electric generation and generation 
demands beyond the next ten years. 7,8  Figure 1, Gas Pipeline Headroom, shows that with the 
AIM and TGP-CT projects, the existing pipeline system is unable to support peak day gas 
demands (gas LDC and electric generation) beyond 2018, even with the addition of a substantial 
amount of incremental dual-fuel capability, the system is unable to support peak day gas 
demands much beyond 2025.   

 

Figure 1 

Gas pipeline projects are built generally after gas LDCs or producers have committed to a 
minimum level of firm reservations through an open season process.  The gas-fired generation 
in the region has historically not purchased firm transmission service, but rather has purchased 
interruptible service, essentially using capacity not used at the moment by the gas LDC.  
Ultimately gas LDCs have priority rights over the firm pipeline capacity they have purchased.  It 
is reasonable to expect that gas LDCs will continue to contract for firm pipeline capacity at least 
minimally capable of meeting their expected future peak demands.  An unresolved question is 
whether the practice we have seen over the last decade coupled with new gas-fired generators 
purchasing released firm capacity to meet their needs will continue to be a viable strategy over 
the long term. 

The pipeline companies have argued that the gas-fired generators should purchase firm service.  
The biggest obstacle to this to date has been economic.  First, until recently, there has been 
sufficient interruptible service available that there was no economic justification for paying the 

7  The Analysis Group, on behalf of ISO New England prepared an estimate of dual-fuel resource participation in the Winter 
Reliability Program,   Presentation to NEPOOL Markets Committee, May 2014. 

8  The Analysis Group estimated that 6,000 plus MW of dual-fuel would be economic under the FCM Pay-for-Performance rules. 
Assessment of the Impact of ISO-NE’s Proposed Forward Capacity Market Performance Incentives, September 2013. 
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premium for firm service.  Second, there has been little incentive under the current electricity 
market paradigm for generators to make long term commitments to gas pipelines, when their 
obligations are all short term in the electricity market. 

The Pay-for-Performance changes to the Forward Capacity Market (“FCM”) may alter the 
economic calculus for some generators.  The Pay-for-Performance rules create strong financial 
incentives to perform (produce energy) when required during stressed power system 
conditions.  The analysis prepared by The Analysis Group for ISO New England in September 
2013 suggested that, while for many resources the most economic means to inoculate against 
the risk of gas shortages is to re-commission or install dual-fuel capability, for some resources it 
may be economic to secure firm pipeline capacity. 9,10 

The discussions with the stakeholders and NESCOE recently have moved beyond the 
infrastructure investment (financing can be addressed by a special purpose entity authorized by 
the several states) and have been evaluating how and by whom the incremental pipeline 
capacity will be managed.11  Discussions have included issues such as how one might provide 
priority access to gas supply from the new pipeline(s) to gas-fired generators (the so-called 
Incremental Gas for Electric Reliability (“IGER”) model) and whether gas-fired generators should be 
compelled by some means to make reservations on these new projects.12  The New England 
Power Generators Association (“NEPGA”), for example, does not support the out-of-market 
intervention contemplated by the GII initiative.13  Absent the buy-in of the region’s generators 
(either agreeing to the capacity management framework or voluntarily entering into firm 
pipeline service), the efficacy of GII supported gas pipeline investment as a means of meeting 
the long term reliability and gas supply adequacy concerns of the region is an open question.  

Electric Transmission  
The transmission projects that have been discussed to date in the GII forum do not directly, nor 
predictably, address the reliability issues of the region.  The principal purpose of these 
transmission projects is the import of additional energy from low carbon sources to allow the 
region to meet RPS and proposed carbon reduction targets.  Secondarily, such imports from non-
gas sources would reduce fossil fuel dependence, broadly, and natural gas dependence, in 
particular.  Ultimately, the magnitude of the impact depends on how much transmission 
capability is installed and how much energy is delivered. 

For example, to support the high end of the GII range (3,600 MW) from sources in Canada, Hydro 
Quebec (“HQ”) may have to invest in additional resources.  Also, the existing wind and hydro 
power sources currently in New York and Canada have limited capacity value and as such, 
contracts with resources in these regions are likely to involve mostly economy energy 

9  Ibid 
10 Analysis Group has estimated the cost to re-commission 3,500 MW of dual-fuel units at $12 million.  The Brattle Group in analysis 

for both ISO New England and PJM has estimated the cost of installing dual-fuel capability to be around $0.50/kW for new 
resources, slightly higher for existing units. 

11  Billing and collection through the ISO New England tariff is still an open question.  While a tariff can be structured to allow ISO-
NE to perform the function, it is an open question that FERC can approve such a construct.  

12  Refer to the documents located www.NESCOE.com. 
13  Refer to http://www.nepga.org/files/library/NEPGA_Position_Regional_Infrastructure_Expansion.pdf. 
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transactions.  Historically HQ has sold its surplus energy into New England in response to broad 
changes in market opportunities (e.g., a systematic rise in natural gas price).  Review of import 
data does not corroborate a view that HQ can or does export energy in response to spot market 
conditions.  Anecdotally, this winter past, the lowest imports from HQ occurred when the spot 
prices in New England were highest and the system most stressed.  Part of this might be 
explained by the fact that while it was extremely cold (i.e., demand was highest) in New England, 
conditions were similar in Quebec, reducing what would otherwise have been available for 
export.14  Importantly, the value of one or more transmission lines, whether they connect New 
York-based or Canada-based resources to New England will depend on the terms and conditions 
of the contracts. 

Finally, ISO New England operators have, in response to system conditions, limited imports to 
manage the size of the Phase 2 loss of source contingency.15  One should reasonably expect the 
ISO to restrict imports from time to time on any new large DC interconnection in response to 
real-time power-system conditions.  Such restrictions limit the benefits provided from large 
resources during peak conditions and highlight the need to understand fully their impact on the 
power system across a range of conditions to assess such projects. 

Require Firm Gas Supply 
Some have asked if the problem of insufficient pipeline investment could be more simply 
resolved by requiring gas-fired generators to purchase firm pipeline service.  It is not clear who 
would establish and enforce such a requirement.  For example, ISO New England does not have 
the authority under its tariff to require a gas-fired generator to contract for firm pipeline service.  
The FERC has ruled that generators are obliged to procure fuel to ensure they are able to operate 
consistent with their supply offers, but has not extended that ruling in such a way to suggest it 
would support a requirement that gas-fired generators secure firm pipeline service.  To do so 
for gas-fired generators and, at the same time, not require oil or coal fired generators to secure 
firm transportation would likely be deemed discriminatory and unsupported by the Federal 
Power Act.  Moreover, as discussed above, a wholesale requirement that all gas-fired generators 
procure firm pipeline service is likely uneconomic.  Such requirement would increase the cost 
of entry for new gas resources (the impact felt as a possible increases in capacity prices) and 
would put incumbent gas-fired generators at a competitive disadvantage relative to other types 
of generation (the fixed cost of the firm pipeline service are not short run costs reflected in spot 
energy prices).   

Impact of  Eff iciency Programs and Renewable Resource Investments 
on Need 
Our Analysis assumes the same level of electric-side energy efficiency and renewable resource 
penetration as does the La Capra Associates regional electricity price base-case.  Figure 2, 

14 HQ reached its all-time peak demand this past winter after reaching its previous all-time peak in January 2013 
15 Phase 2 is rated for 2,000 MW, but it is generally operated between 1,200 MW and 1,500 MW in part to limit the size of the 

system’s largest single source contingency. 
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Cumulative Renewable Resource Additions, summarizes the cumulative renewable resource 
additions into New England over the next twenty years.  

 

Figure 2 

The net effect of the energy efficiency is energy load growth reductions of 14% per year and 
capacity demand growth reductions of 11% per year by 2023.  If the gas LDCs were able to reduce 
their demand growth to two percent per year rather than three percent per year (as we have 
assumed), then our analysis suggests that the existing pipeline infrastructure could reliably 
support (before natural gas prices again become quite volatile) power system operations under 
the Status Quo assumptions without additional gas pipeline investment for a few additional 
years.  Of course, increased gas LDC demand growth has the opposite effect.    
 
However, anecdotally, gas demand-side management efforts have historically not been as 
effective, nor are they as mature as similar energy efficiency efforts on the electric-side.  The 
types of available effective measures and their costs are uncertain and may be prohibitive 
relative to the cost to the LDC of securing additional firm pipeline capacity. 
 

DECISION FRAMEWORK 
The Analysis approaches the support of and possible investment in incremental infrastructure 
as the evaluation of a hedge being considered as a component of a possible risk management 
strategy.  The Analysis evaluates the relative impacts on Vermont’s aggregate power supply 
portfolio position assuming that no other actions will be taken over the period of the Analysis to 
hedge out any of the currently unhedged position.  We characterize the impact on the risk profile 
of the portfolio consequent to adding each hedge-project component.  We also consider the cost 
of the hedge-project.  For the purpose of this Analysis, we contrast the hedge-project against the 
relative power supply costs under each scenario.  The combination of these factors provides a 
first approximation of the benefits of the hedge-project under consideration.   
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The Analysis study period is twenty (20) years; we look at 2015 through 2034.  The study does 
not evaluate particular projects.  Refer to Tables 10 and 11 in the Technical Appendix for a list 
of projects that are under discussion.  Rather, the Analysis looks at projects with scope similar 
to those being considered by the GII and which are roughly cost comparable.  We look at a 600 
MMcf pipeline with an initial estimated cost of $400 to $1,200 million and a 1,200 MW DC 
transmission facility with an initial estimated cost of $1,200 to $2,400 million.16  The Analysis 
examines the relative risk exposure and power supply costs of the Vermont utilities under four 
scenarios detailed in the next section: 

1. Status Quo 

2. An additional 600 MMcf/day of natural gas supply to New England 

3. Import of 850 MWh/hr into New England 

4. A combination of scenarios 2 and 3 

Scenarios 
The study examines four scenarios.   

1. Status Quo—The purpose of this scenario is to establish a performance base-line for the 
aggregate Vermont portfolio.  The merits of adding gas pipeline capacity and/or electric 
transmission capacity are then estimated relative to the Status Quo results.  This scenario 
assumes that the AIM and TGP-CT gas pipeline expansion projects proceed and go into 
service in 2016 and 2017 respectively.17  In addition, this scenario assumes that the ISO 
New England winter reliability program as filed in July 2014 is approved by FERC and 
continues in effect until the FCM Pay-for-Performance rules are implemented. Consistent 
with the analysis provided by ISO New England to stakeholders in the discussion of the 
program, we assume 3,500 MW of dual-fuel capability is added (primarily through re-
commissioning of existing capability).  Finally we assume that an additional 2,500 MW 
of gas-fired capacity will choose to add or re-commission its dual fuel capability in order 
to manage exposure to penalties under the FCM Pay-for-Performance rules in winter 
2018/19.18  Figure 3, Capacity Retirements by Fuel Type, summarizes the retirement 
assumptions over the twenty year study period.  The extent to which incremental gas 
supply or imports impacts regional energy prices will affect the economics of the 
incumbent generation fleet, particularly base load and renewable resources whose 
production cost is not tied to the price of natural gas, may alter the timing of retirements.    

16 The estimated gas project cost is based on review of data regarding completed expansion projects available at 
www.eia.gov/naturalgas/data.cfm, EIA-NaturalGasPipelineProjects.xls.  The estimated transmission project cost is based on 
announced cost estimates for Clean Power Link and Northern Pass, subject to the cost uncertainty bands assumed in the ISO 
New England planning process.  Refer to Planning Procedure No 4, Attachment D, Table 1.  

17 It is likely that Atlantic Bridge and the M&NE expansion will also be completed within the next few years relieving constraints and 
allowing for the delivery of as much as another 600 MMcf/day. 

18  The Analysis Group, Assessment of the Impact of ISO-NE’s Proposed Forward Capacity Market Performance Incentives, 
September 2013. 
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Figure 3 

2. Add gas supply—The purpose of this scenario is to determine whether and to what 
extent increasing the amount of gas delivered to New England via pipeline impacts 
regional natural gas prices, LMP and Vermont utilities’ exposure to extreme spot market 
outcomes.  This scenario includes the Status Quo assumptions plus it assumes that 
investments are made by 2017 that allow gas deliveries into the region to increase by 
600 MMcf/day, the GII target amount.   

3. Add electricity import capability—The purpose of this scenario is to determine 
whether and to what extent increasing the amount of energy imported into New England 
impacts natural gas prices, LMP and Vermont utilities’ exposure to extreme spot market 
outcomes.  This scenario includes the Status Quo assumptions plus it assumes that 
investments are made by 2017 that allow energy imports into the region to increase by 
850 MWh/hr delivered each hour over a nominal 1,200 MVA line.  The assumed 
deliveries relative to the capability of the facility is based on the average capacity factor 
of Phase 2 calculated as a function of maximum deliveries observed during the winter 
months of the last two years.  The assumed deliveries are held constant in each hour and 
are not negatively correlated with average daily price as was the case during winter 
2013/14 over the Phase 2 facility. 

4. Add a combination of additional gas supply and electricity imports—The purpose 
of this scenario is to determine whether and to what extent a combination of gas and 
transmission capacity impacts regional natural gas prices, LMP and Vermont utilities’ 
exposure to extreme spot market outcomes.  This scenario includes the Status Quo 
assumptions plus it assumes that the gas pipeline expansion and transmission expansion 
assumed in the previous two scenarios. 

The Model  
The study uses a Monte-Carlo simulation model to generate distributions of outcomes for the 
key variables: natural gas price and LMP.  These outputs are used to estimate the Vermont’s 
aggregate risk exposure to wholesale electricity prices and natural gas prices over the next 
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twenty years.  To characterize risk exposure, we use a measure called Expected Shortfall (also 
called Contingent Value at Risk (“CVaR”)) to quantify the dollar-exposure to extreme market 
outcomes under each scenario.  As usually employed, Value at Risk (“VaR”) and Expected 
Shortfall are used to measure exposure to losses on a portfolio.    We are extending the idea of 
losses to mean the costs incurred.  Expected Shortfall is used as a proxy for the extreme power 
supply cost scenarios against which the state’s utilities generally hedge.  Figure 4 is a schematic 
representation of Expected Shortfall. 

 

Figure 4:  Expected Shortfall 

We estimate daily Expected Shortfall at the 95% not-to-exceed confidence level.  In this 
application, daily Expected Shortfall is the weighted average of all spot purchase costs which are 
greater or equal than VaR in the worst 5% of market outcomes.  VaR is a threshold value such 
that the probability that the cost of spot purchases exceeding that value on any given day is 5%.   
The use of Expected Shortfall allows us to characterize exposure to costs in the extreme tail-end 
of the distribution of potential outcomes, and as such is a conservative risk measure in this 
context.   

Finally, we estimate the total cost of supplying the portion of the portfolio exposed to wholesale 
electric prices from the market under the four scenarios studied.  On a present value basis, the 
incremental cost or savings associated with each scenario relative to the Status Quo case is 
compared to the estimated cost of building gas pipeline and transmission in the region.  This is 
a first approximation and not a comprehensive assessment of costs and benefits.  The goal of 
this calculation is to determine, based on a comparison costs and benefits, whether it would 
make sense to further refine the analysis in the context of specific projects. 

Expected shortfall 

Median 

Expected 
Value (Mean) VAR Level = .95 
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Vermont’s Exposure to Wholesale Gas and Electric Prices 
The Vermont Utilities have, to varying degrees, hedged their exposure to wholesale electricity 
market prices through a combination of contracts which are not indexed to prevailing electricity 
or natural gas prices and generation, none of which burns natural gas, and much of which are 
renewable resources.  In aggregate, the utilities in the state will supply almost 95% of their 
energy load through such committed resources in 2015; by 2024 this percentage falls to just 
under 60% and by 2034 to just under 50%.  The utilities do have a large contract with HQ-US 
which, when fully ramped up, will supply around 20% of the Vermont’s energy load under a 
complex pricing formula indexed to wholesale electricity prices.  The pricing formula considers 
historical prices and other indices to calculate a price for the current delivery year.  In no case 
can the year over year price change by more than plus or minus 15%.  By the end of the twenty 
year study period, if the Vermont utilities were to seek no additional hedges, they would 
purchase just over 30% of their supply from the whole sale electric spot market with another 
20% indexed to wholesale electricity prices.  Refer to Figure 5, Vermont Utility Supply Sources.  

 

Figure 5 

It is important to point out that the utilities in the state are not homogenous regarding 
contracting and hedging practices, load growth, and expected market exposure.  Some utilities 
are currently long energy supplies and are likely to remain so throughout the study period, 
others are short and will become more so (absent additional contracting or investment 
activity).  For those that are long energy supply, the imposition of any incremental cost 
associated with new infrastructure is a pure tax (reallocation of funds from one to the benefit 
of another).  Such distributional impacts have not been studied in detail, but should be 
understood as decision making process proceeds.  In all cases, the utilities in the state are short 
capacity and will meet their capacity needs via Capacity Market purchases. 
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RESULTS 

Prices  
Adding 600 MMcf/day of natural gas supply into the region across all market conditions reduces 
the number of hours when the pipeline system becomes constrained and the system conditions 
that produce constraints become more extreme.  This is reflected in the 95% not-to-exceed 
values taken from the simulated distributions of price outcomes (see Figure 6, Natural Gas 
Prices).  As one looks out past ten years, the system once again becomes constrained more 
frequently and price volatility begins to creep upward (note that some of that upward price 
pressure comes from the underlying natural gas prices at Henry Hub). 

Importing 850 MWh/hr puts some downward pressure on natural gas price volatility by 
displacing some amount of natural gas fired generation, thus reducing natural gas demand.  
However, imports are not scheduled to coincide with gas pipeline system constraints.  As 
discussed above, review of historical data suggests that deliveries from HQ, for example, 
have been at their lowest during such conditions.  Thus, the impact on natural gas price volatility 
is muted and the resulting prices are not materially different from those of the Status Quo 
scenario.  

 

 

Figure 6 

The impact on LMPs follows directly from the changes in the natural gas prices.  A summary of 
the distribution of average daily LMP outcomes for the Status Quo scenario is presented in Figure 
7, Average Daily LMP Estimates.  As can be seen here, as we move into the future and the 
uncertainty around the build out of infrastructure, fuel prices, and loads increases, so does the 
variance in the LMP. 
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Figure 7 

Moreover, regional LMPs are highly correlated with natural gas prices and gas-fired generation 
sets the price most of the time.  Consequently reductions in natural gas price volatility directly 
impact LMP volatility.  This relationship is illustrated clearly in the 95% not-to-exceed values 
taken from the simulated distributions of price outcomes (see Figure 8, Daily Average LMP).   

 

Figure 8 

Portfol io Risk  
Both the addition of natural gas supply and the import of additional energy into the region 
appears to reduce the riskiness of the Vermont utilities’ existing aggregate supply portfolio as 
measured by Expected Shortfall at the 95% not-to-exceed confidence level.  While the Analysis 
suggests a reduction in risk exposure with the incremental energy imports, the difference does 
not appear material and the in fact the difference is not statistically different from the Status 
Quo case at the 0.05 significance level.  As presented in Figure 9, 2014 PV Maximum Expected 
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Shortfall, the additional natural gas supply scenario appears to reduce the risk of serving the 
currently unhedged load from the spot market by as much as 25%.       

 

Figure 9 

Since it is likely that Vermont’s utility managers will eventually hedge their positions, the 
reduction in price volatility implicit in this risk reduction would likely translate into lowered 
hedging costs in the future.  Do note that the benefits erode as gas demand growth begins to 
outstrip the pipeline system capacity assumed in the Analysis.  Decisions made by gas 
consumers (LDCs and generators) that effect pipeline expansion decisions in the second half the 
study period will have a strong bearing on the persistence of the risk mitigation offered by 
investments made in pipeline or transmission in the next few years. 

Power Supply Cost  
In addition to assessing the effect of adding gas supply or energy imports into New England on 
the riskiness of the Vermont utilities’ existing portfolio, we estimate the cost of serving load 
under each scenario relative to the Status Quo scenario.  To estimate the cost of supplying at 
market the portion of the projected aggregate utility load, we use the expected value of the LMPs 
from the simulated distribution.  Refer to Figure 10, 2014 PV Market Purchases for a summary of 
the present value of the expected annual market-based purchases. 
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Figure 10 

During the first ten years of the study period much of Vermont’s load is hedged.  Thus the 
majority of the benefits of the additional infrastructure is realized in the latter half of the study 
period.  Table 1, PV Benefits to Vermont, summarizes the benefits to the Vermont utilities under 
each scenario on a present value basis over the first ten years and second ten years. 

Scenario 1st Ten 
years 

2nd Ten 
years 

20 
years 

Gas Add ($87.8) ($140.7) ($228.5) 
Trans Add ($31.0) ($34.9) ($66.0) 
Gas & Trans Add ($103.5) ($185.9) ($289.4) 

Table 1:  PV Benefits to Vermont ($millions) 

 
Around 2024, under the additional natural gas supply scenario, the cost of serving the Vermont’s 
load with the existing portfolio is approximately 15% to 20% lower than estimated under the 
Status Quo scenario on a present value basis, discounted to 2014 value at 8% (refer to Figure 11, 
2014 PV Cost Vermont Utility market Purchases--% of Status Quo).  The additional energy imports 
scenario has a lesser impact, reducing costs relative to the Status Quo by no more than five 
percent across the period studied, but otherwise is generally not materially superior to the 
Status Quo scenario, and as with Expected Shortfall, the difference is not statistically different 
from the Status Quo case at the 0.05 significance level.   
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Figure 11 

Finally, the estimated power supply cost benefits to the Vermont utilities relative to the Status 
Quo case for each of the scenarios, along with the estimated cost of recovering the investment 
(including return on investment) in a gas pipeline project and a transmission project of the sort 
discussed above, are summarized in Table 2, Comparison of Supply Cost Benefits to Project Costs, 
below.  For the gas pipeline project, we assume a total investment ranging from $400 million to 
$1.2 billion and a target after tax ROE of 8%.  For the electric transmission project, we assume a 
total investment ranging from $1.2 billion to $2.4 billion and a target after tax ROE of 13.5%.  
The infrastructure is assumed to be in service in 2017.  All values are presented as a present 
value over 20 years, discounted to 2014 at 8%.   

Scenario PV Vermont 
Market 

Purchases 

PV Project Cost 
Est. 

PV Vermont 
Allocation Est. 

@4.5%19 
 ($millions) 

Add Gas ($228.5) $391 - $1,174 
 

$18 - $53 

Add Transmission ($66.0) $1,622 - $3,244 
 

$73 - $146 

Add Gas & 
Transmission 

($289.4) $2,013 - $4,418 
 

$91 - $199 

 
Table 2:  Comparison of Supply Cost Benefits (green) to Project Costs (20-year PV, red) 

  

19 Approximately Vermont’s share of New England on a load ratio basis. 
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The addition of 600 MMcf of incremental gas supply to the region reduces price volatility and 
has the potential to reduce exposure to high price outcomes (as measure by Expected Shortfall) 
by some 25%, reducing the total cost of meeting Vermont’s projected loads with its existing 
portfolio by approximately $230 million.  Thus, to first approximation, it appears that 
supporting a strategy that adds gas supply into New England may be a viable component of the 
Vermont Utilities power supply and risk management strategy.  To establish the cost 
effectiveness of this strategy, in addition to more detailed data on the cost and operational 
characteristics of specific projects under considerations, additional analysis is required to price 
out and determine the availability of alternative hedges.  If, for example, a series of call options 
can be purchased that have effectively the same impact on the portfolio as additional gas supply, 
but in total is less costly than supporting a gas pipeline, then the gas pipeline may not be the 
preferred option from a price risk management perspective.  That said, incremental gas supply 
may also bring with it some cost effective reliability and environmental benefits that may 
enhance the favorability of such an approach – reducing the need for out-of-market operator 
actions to manage system conditions, potentially lowering Net Commitment Period 
Compensation Charges (“NCPC”) and reducing reliance on oil-fired resources to meet peak 
system demands. 

Importing additional energy, at least at the scale examined in this Analysis, appears to have more 
modest benefits. Applying the logic used on the gas pipeline, it appears that the transmission 
project is, at best, a wash and may be a net cost.  The benefits of the combined gas and electric 
transmission projects appear favorable given the strong subsidizing effect of the gas pipeline.  
Since the incremental benefit of adding the transmission project is substantially less than the 
incremental cost, it is doubtful that the cost of the physical hedge would outperform other 
hedging instruments available in the market place.  Again, additional analysis would be required 
to price out and determine the availability of alternative hedges.      

 

CONCLUSIONS 

Gas Pipel ine 
Regional support of investment in gas pipeline that relieves constraints and expands import 
capability allowing for the largely unrestricted supply of an additional 600 MMcf/day of natural gas 
into New England may benefit the utilities in Vermont.  Our Analysis suggests that the addition of 
gas supplies lower gas price and LMP volatility, reducing the exposure of the Vermont utilities to 
extreme market outcomes.  Moreover, the costs of such an investment, assumed to fall in the 
$400 million to $1,200 million range, are likely less than the expected power supply cost reductions 
relative to Status Quo conditions.  However, because the Vermont utilities’ have covered most of their 
energy needs over the next ten years, the majority of the above mentioned benefits accrue between 
years ten and twenty of the study period.   

Given Vermont’s current portfolio position, VELCO and the State’s utilities should evaluate their 
options regarding support of gas pipeline investment in the context of broader market activities 
and their likely impact on available risk management strategies.  For example, as has been the 
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historical practice, gas LDCs continue to expand pipelines to meet their needs.20  In addition, 
novel business arrangements (e.g., Master Limited Partnerships, equity joint ventures among 
pipeline companies, producers and marketers) offer new ways to support the financing of new 
pipeline projects.21  Also, changes in the wholesale electricity market rules (i.e., Pay-for-Performance 
changes to the Forward Capacity Market) may make it economic for some gas-generators to purchase 
firm pipeline service (or avoid the need by installing dual-fuel capability, so as not to compete with 
the LDCs for scarce pipe on peak days).  All of this activity may add natural gas supply to the region 
or moderate demand.  Given the level of uncertainty regarding infrastructure needs and 
developments, particularly more than ten years into the future, VELCO and the State’s utilities 
should carefully examine the costs and benefits of any project proposal relative to the assessed cost of 
achieving similar risk mitigation and power supply cost management results through alternative 
strategies.    

Electric Transmission 
Our Analysis suggests that regional support of investment in electric transmission to deliver up to 
1,200 MW of energy from New York or Canada into New England may not provide much benefit, if 
any, to the utilities in Vermont.  The Analysis suggests that while adding incremental energy 
imports reduces risk exposure, the net benefits calculus depends more on the costs of the 
transmission project and the structure of contracts over the line.22  With assumed project costs 
in the $1.2 billion range (comparable to the costs that have been discussed in connection with 
the Anbaric project, for example), projected power supply cost reductions are not likely materially 
less than Status Quo conditions.  As with the gas pipeline, because the Vermont utilities’ have covered 
most of their energy needs over the next ten years, any available benefits accrue mostly between 
years ten and twenty of the study period.  VELCO and the State’s utilities should evaluate their 
options regarding support of transmission investment in the context of broader infrastructure 
needs and evolving market conditions and their likely impact on available power supply and risk 
management strategies.  

Study Limitat ions  
The study essentially represents a best-case set of conditions for any infrastructure additions.  
Some of the limitations are the study are presented below.  For the purpose of the characterizing 
the choices before the VELCO Board at this time, these limitations are not material.  This study 
provides a means of framing the central issues and focusing future discussions and possible 
study.  This study does not provide a basis on which to decide whether to invest in any particular 
project.   

Some or all of the following may need to be addressed in future to comprehensively assess the 
performance of an investment option under consideration. 

20  E.g., AIM, TGP-CT, Atlantic Bridge 
21  E.g., Central Penn Line 
22 Because the VT utilities are generally capacity short, a transmission project that has an associated power contract that includes 

some capacity may be beneficial to the state.   
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 Impact of constraints on either the gas pipeline or transmission system.  The increments of 

gas pipeline capability and transmission-based imports are assumed to be available to the 
region under all operating conditions.  Depending on the specifics of the projects in question, 
this assumption may not be true.  An evaluation of the potential benefit of any actual project 
should consider operation impacts and constraints on the ability of the project to deliver 
benefits across a range of operating scenarios. 

 Refinements to the econometric relationship between gas price and pipeline supply 
headroom. 

 Potential market substitution effects that may, in response to price, reduce demand for gas-
dependent technologies. 

 Impact of any feedback that may exist between gas pipeline headroom, has availability, and 
investment choices under FCM Pay-for-Performance. 

 The availability and cost of alternative hedging strategies (financial instruments or 
investments) with performance similar to the infrastructure options evaluated. 

 Distributional impacts on Vermont electric utilities. 
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TECHNICAL APPENDIX 
 

 

MODEL STRUCTURE 
La Capra Associates created a spreadsheet model to study the impact of transmission and/or 
gas pipeline additions on New England locational marginal prices (“LMPs”).  The core of the 
model is the relationship between natural gas pipeline headroom (unused capacity) and the 
natural gas basis differential between the primary New England delivery point (Algonquin City 
Gate) and Henry Hub.  The model calculates pipeline headroom based on New England electric 
and natural gas supply and demand and then uses the relationship between pipeline headroom 
and natural gas basis to predict the price of natural gas delivered to New England.  Given the 
price of natural gas, forecasts of other fuel costs, generator heat rates and the percentage of time 
each resource is on the margin, we calculate an LMP. 

Key inputs to the model include: electric demand, LDC natural gas demand, non-natural gas 
fueled generation supply, natural gas pipeline capacity, fuel price forecasts, resources on the 
margin in ISO New England and unit heat rates.  A Monte-Carlo simulation was conducted based 
on this model and several key variables were modeled as distributions rather than as fixed 
values in the simulation.  The variables modeled as distributions were hourly energy demand, 
non-natural gas electric supply and gas basis.  In the simulation three output variables were 
tracked: pipeline headroom, natural gas delivered price and LMP.  The simulation was run for 
10,000 draws, which allowed us to analyze the possible outcomes for each transmission or 
pipeline scenario modeled. 

The strength of using a Monte-Carlo simulation is that the output is the range of outcomes that 
are possible from the distribution of inputs.  For that reason, it is a great tool for understanding 
the risks and potential benefits of a decision.  There are many more complex tools available for 
modeling LMPs including production cost models which model resources and loads to a much 
greater degree of detail than the model created to this study.  A more detailed model could yield 
more precision, but for the scope of this study a Monte-Carlo spreadsheet model was sufficient.   
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ASSUMPTIONS 
Energy Demand  
Three parameters around energy demand were used in the model, peak winter hourly demand, 
average winter hourly demand and minimum winter hourly demand.  We calculated these 
parameters from ISO-New England’s hourly load forecast for 2014 and assumed that they grew 
at approximately one percent per year.  Table 3 contains the values used from the sample years. 

Table 3: New England Energy Demand 

Energy Demand (MW) 2014 2019 2024 2029 2034 
Winter Peak  22,585 23,537 24,227 25,531 26,905 
Winter Average 16,261 16,947 17,444 18,382 19,372 
Winter Minimum 9,965 10,385 10,690 11,265 11,871 

 

In the model the peak, average and minimum demand described above were used to model the 
distribution of possible demand outcomes.  We used a triangle distribution with the minimum 
demand as the minimum, the average demand as the likeliest outcome and the peak demand as 
the maximum demand. 

Energy Supply 
The non-natural gas fueled generation supply is bounded in the model by low and high values.  
The low value includes the available nuclear plus 50% of the installed hydro and coal capacity 
plus the assumed imports.  The high value assumes the nuclear plus 85 percent of the available 
coal, oil, hydro, pumped storage, wind, Mystic 8 and 9 and other resources plus the total assumed 
imports.23  The data and calculations for representative years are shown in Table 4. 

23  Mystic 8 and 9 have a dedicated gas supply and do not compete with other gas-fired resources for pipeline sourced supply. 
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Table 4: New England Energy Supply 

 Resource Type 2014 2019 2024 2029 2034 
A Coal 2,230 896 368 - - 
B Nuclear 4,627 4,027 4,027 4,027 4,027 
C Hydro 1,914 1,937 1,946 1,949 1,965 
D Oil 4,832 4,593 4,030 2,879 2,469 
E Pumped Storage 1,661 1,661 1,661 1,661 1,661 
F Wind 776 2,238 3,019 4,462 5,677 
G Other 1,727 2,858 3,683 4,385 4,947 
H Mystic 8+9 1,500 1,500 1,500 1,500 1,500 
I Max NE Non-Gas Supply      
       
J HQ Phase 2 1,100 1,100 1,100 1,100 1,100 
K Highgate 200 200 200 200 200 
L New York 500 500 500 500 500 
M Total Imports = (J+K+L) 1,800 1,800 1,800 1,800 1,800 
 Low Supply = .5(A+C)+B+M      
 High Supply = .85(A+C+D+E+F+G+H) +B+M 

 

The low supply and high supply numbers are used to create a uniform distribution of non-gas 
supply in the Monte Carlo Analysis with the low supply as the lower bound and the high supply 
as the upper bound.   

Natural  Gas Supply 
To determine the potential natural gas supply in New England, we looked at the current pipeline 
capacity, future additions and LDC peaking capacity.   

Current pipeline capacity is based on data provided by the financial information and data collection 
firm SNL.24  We gathered data on the scheduled delivery capacity for gas pipeline points in New 
England classified by three distinct point types from January 1, 2011 to December 31, 2013. The point 
types include “Plant,” the point at which gas is received from a gas processing plant via a pipeline, 
“Delivery to LDC,” point at which gas is delivered to a local distribution company, and “Delivery to an 
End User,” point at which gas is delivered to an end user, typically customers that are large enough 
to receive their natural gas directly from the pipeline. The data collected represents the daily average 
for each point. We selected the NAESB (North American Energy Standards Board) cycle “Intraday 2” 
to represent the daily capacity. This cycle is nominated at 5:00pm the day the gas flows, confirmed 
at 8:00pm the day the gas flows, and the schedule quantity is available by 9:00pm the day the gas 
flows. 

24  https://www.snl.com/About-Us.aspx?name=aboutSNL 
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Calculations are shown below for the maximum daily pipeline capacity for New England by year. 
The example is for one of the years, below labeled “y1.” “dx,” “da,” etc., are meant to represent 
different days with no particular order throughout “y1.” 

Max(PC)d,y1 = Max(AGT)da,y1 + Max(IGTP)db,y1+Max(PNGTS)dc,y1+Max(MNP)dd,y1+ 
Max(TGPC)de,y1 

 
Where: 
PC= Pipeline Capacity 
AGT= Algonquin Gas Transmission L.L.C. 
IGTP =Iroquois Gas Transmission System L.P. 
PNGTS =Portland Natural Gas Transmission System 
MNP =Maritimes and Northeast Pipeline L.L.C. 
TGPC =Tennessee Gas Pipeline Company L.L.C. 

Daily point capacity for these New England points was totaled by gas pipeline. The result was 
daily scheduled capacity for the five gas pipelines serving New England: Algonquin Gas 
Transmission L.L.C., Iroquois Gas Transmission System L.P., Portland Natural Gas Transmission 
System, Maritimes and Northeast Pipeline L.L.C., Tennessee Gas Pipeline Company L.L.C. To 
determine the total maximum pipeline capacity for New England, we identified the maximum 
daily scheduled capacity for each pipeline by year, which occurred during different days 
throughout the year, and added the five data points together. The result was a maximum New 
England pipeline capacity for each year.  

We included two planned additions: Spectra’s Algonquin Incremental Market Expansion (AIM), 
which will bring 342 MCF/day in 2016 and Tennessee’s Connecticut Expansion which will bring 
72 MCF/day in 2017.  The natural gas LDCs have 1,500 MCF/day of peaking capacity which 
allows them to meet the demand on the coldest winter days.  The analysis does not include any 
explicit provision for injections of LNG.  The effect of such injections, were they to occur, is 
largely indistinguishable from the effect of natural gas fired units turning to distillate fuel oil as 
an alternative to gas when the pipelines are constrained.  Gas pipeline capacity assumptions are 
shown in. 

Table 5:  Summary of Available Gas Capacity Available to gas LDCs and Electric Generators 

 2014 2019 2024 2029 2034 
Existing Pipeline Capacity 3,900 3,900 3,900 3,900 3,900 
AIM  342 342 342 342 
Connecticut Expansion  72 72 72 72 
LDC Peaking Capacity 1,500 1,500 1,500 1,500 1,500 
Total Gas Capacity 5,400 5,814 5,814 5,814 5,814 
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Gas Demand 
New England daily gas demand is calculated as the sum of LDC demand and electric generator 
demand.  LDC demand is assumed to start at 3,100 MCF/day and to grow at three percent per 
year.  Based on data from the Energy Information Agency, the average growth in non-electric 
generator demand in New England over the last ten years has been 2.7%.25  Given the expressed goals 
in Connecticut and Maine regarding oil-to-gas conversion, we assume that non-electric generation 
consumption will grow at three percent per year into the future.  This assumption may underestimate 
near-term growth and overestimate long-term growth.  Electric generator demand is calculated in 
the model based on electric demand and non-gas supply. All demand not met by non-gas supply 
is assumed to be met by electric generators fueled by gas. 

Pipeline Headroom 
Pipeline headroom is defined as the difference between the pipeline capacity and capacity used 
by LDCs and electric generators.  It is a key input to the Monte-Carlo simulation as the 
relationship between headroom and natural gas basis, drives the natural gas price simulation. 

Historical  Pipel ine Headroom 
Historical daily headroom was calculated as the difference between the total scheduled capacity 
for the five pipelines for that day and the aforementioned maximum New England pipeline 
capacity for that year. The calculation is shown below for the daily headroom for New England 
by year.  The example is for one of the years, below labeled “y1.” “dx,” “da,” etc. are meant to 
represent different days with no particular order throughout “y1.” 

HR dx,y1 =Max(PC) d,y1 –((AGT)dx,y1 + (IGTP)dx,y1+ (PNGTS)dx,y1+ (MNP)dx,y1+ (TGPC)dx,y1) 

 
Where: 
PC= Pipeline Capacity 
HR= Headroom 
AGT= Algonquin Gas Transmission L.L.C. 
IGTP =Iroquois Gas Transmission System L.P. 
PNGTS =Portland Natural Gas Transmission System 
MNP =Maritimes and Northeast Pipeline L.L.C. 
TGPC =Tennessee Gas Pipeline Company L.L.C. 

Forecast Pipel ine Headroom 
Going forward, headroom is defined as the total gas capacity minus the total gas demand.   

Fuel Prices 
Fuel price forecast for coal, distillate and residual oil and natural gas are included in the model.  
Forecasts for coal and oil were obtained from the US Energy Information Agency’s Annual 
Energy Outlook (“AEO”) 2014. Natural Gas prices in New England are the sum of two values, the 

25 www.EIA.gov, National Gas Consumption by State and End-Use. 

lacapra.com July 30, 2014 Appendix—Page 5 
 

                                                           

http://www.eia.gov/


VELCO REPORT :  T ECHNICAL APPENDIX  
 

forecast as delivered to Henry Hub and the basis difference between Henry Hub and the 
Algonquin City Gate (the delivery point in New England).  Our Henry Hub natural gas forecast is 
also based upon the AEO.  We have modeled the basis as a variable dependent on pipeline 
headroom in the Monte-Carlo simulation, which is described more fully below.  The fuel price 
assumptions used in the model are included in Table 6. 

Table 6: Fuel Price Assumptions 

 2014 2019 2024 2029 2034 
Natural Gas (Henry Hub) $3.86 $5.19 $6.20 $7.63 $9.83 
Coal $3.31 $4.05 $4.49 $5.17 $6.10 
Oil Distillate (F02) $23.69 $24.85 $32.75 $42.13 $55.36 
Oil Residual (F06) $18.44 $13.63 $18.76 $25.46 $34.28 

 

Natural  Gas Basis 
The natural gas basis difference between gas delivered to Henry Hub and gas delivered to New 
England was modeled as a function of pipeline headroom.  Historical natural gas spot prices 
were sourced by the financial information and data collection firm SNL.  SNL gathered the prices 
from the NYMEX market data provided by DTN Energy Services.  The historical basis was 
calculated as the difference of the spot price published at Henry Hub and Algonquin City gates. 
We used daily prices from January 1, 2011 to December 31, 2013, which excludes holidays and 
weekends when trading does not occur.  

The relationship between headroom and basis was studied by looking at the historical 
headroom described above and historical natural gas prices.  To better understand the 
relationship between headroom and basis, we plotted the historical basis verses headroom as 
shown in Figure 12.  Both variables were unitized (shown as a fraction of the maximum value).   
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Figure 12:  Relationship of Basis to Pipeline Headroom 

 

The historical data suggested a regime change when headroom was smaller than 660 MMcf/day.  
Based on the historical data, we broke the data into to samples: one when the headroom is 
smaller than 660 MMcf/day and one when it is greater than 660 MMcf/day.  A one-way ANOVA 
was conducted and confirmed (for α = .05, F = 44.4 > Fcrit = 3.9) that the two samples were 
drawn from statistically different distributions.  The “low”-headroom sample has a mean of 
11.27, median of 8.0, and a standard deviation of 11.08 and the “high”-headroom sample has a 
mean of 2.09, median of .49, and a standard deviation of 7.72.  Distributions were then fit to the 
population data for basis and are shown in Figure 13 and Figure 14. 
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Figure 13: Basis Distribution if Headroom is less than 660 MMcf 

 

 

Figure 14: Basis Distribution if Headroom is greater than or equal to 660 MMcf 
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Locational  Marginal  Price Calculat ion 
The cost of electricity is calculated for each resources type based upon the fuel price assumption 
described above and the assumed heat rate of each resource type.  The heat rate assumptions 
are included in Table 7 below. 

Table 7: Heat Rate by Fuel 

Fuel Heat Rate  
Natural Gas 8,000 
Coal 10,000 
Oil-Residual (F06) 10,000 
Oil-Distillate (F02) 8,000 

 

The LMP was calculated by multiplying the cost of electricity for each resource by the amount of 
time that resources was expected to be on the margin.  Historical data from ISO-NE was used to 
develop an estimate of what percentage of time each resource type would be on the margin.  
Because pumped storage and hydropower have traditionally followed natural gas pricing when 
bidding into the market, those resource were grouped with natural gas for developing our 
forecast of marginal resources.  We also removed coal as a potential marginal resource in 2018 
due to planned coal retirements.  This approach tends to over-state the sensitivity of the price 
to natural gas prices under very light load and under extreme gas price conditions.  Refer to 
Table 8. 

Table 8: Marginal Resource Percentage 

 2014 2019 2024 2029 2034 
Natural Gas 90.1% 98.6% 98.6% 98.6% 98.6% 
Coal 8.5% 0.0% 0.0% 0.0% 0.0% 
Oil-Residual (F06) 1.4% 1.4% 1.4% 1.4% 1.4% 
Oil-Distillate (F02) 0.0% 0.0% 0.0% 0.0% 0.0% 

 

Dual Fuel Resource 
Currently there are about 4,000 MW of primary natural gas resources which can also burn oil.  
We assume that when the price of natural gas reaches the price of distillate oil, these duel fueled 
units will burn oil.  We have accounted for this in the model by changing the marginal resource 
percentage when the price of natural gas is greater than or equal to the price of distillate oil.  
When this happens we assume that the marginal percentage of distillate oil units is equal to the 
fraction of natural gas units that are duel fueled multiplied by the marginal resource percentage 
of natural gas units shown in Table 8 above.  We have assumed there will be an additional 3,500 
MW of dual-fuel capability as a result of the ISO-NE winter program in 2015 and an additional 
2,500 MW in 2019 when the FCM Pay-for-Performance rules go live.   
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The impact on the marginal resource calculation on days when dual-fuel fired units burn oil is 
shown in Table 9 below. 

Table 9: Marginal Resource if Natural Gas Price is Greater than Distillate Oil Price 

 2014 2019 2024 2029 2034 
Natural Gas 68.1% 44.9% 48.6% 54.6% 58.0% 
Coal 8.5% 0.0% 0.0% 0.0% 0.0% 
Oil-Residual (F06) 1.4% 1.4% 1.4% 1.4% 1.4% 
Oil-Distillate (F02) 22.0% 53.7% 50.0% 44.0% 40.6% 
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TABLE 10:  LIST OF PROPOSED PIPELINE PROJECTS  
Name Owner Path Capacity Online Date Cost (MM) Status 
Atlantic Bridge Spectra Ramapo, NY to Beverly MA; 

would (or could?) add 
compression in Weymouth, 
MA to allow  bi-directional flow 
for physical delivery to 
Maritimes and NE 

200-600 
MMcf/d 

Nov 2017  Late stage negotiations with 
regional LDCs; anchor shipper 
Unitil-Maine confirmed for 100 
MMcf/day 

Algonquin 
Incremental 
Market Expansion 

Spectra Additional Capacity from 
Marcellus to Algonquin City 
Gates through Mendon, MA, 
replaces existing pipeline with 
larger pipe, upgrades 
compressor station capacity. 

342 
MMcf/day 

2016 $1,000 Filed FERC application Feb 2014, 
expect FERC certification Q1 
2015, Plan to begin construction 
Q2 2015 

C2C PNGTS Will expand capacity between 
Pittsburg and Westbrook, ME, 
allows Marcellus gas to enter 
NE from the north; the first 
tranche of this project is to re-
contract capacity that was not 
renewed by past shippers. 

335 
MMcf/day 
(up from 168 
MMcf/day) 

Nov 2016 $0.6/Dth = 
15 year 
rate 

No Construction Needed, 
Expanded Upstream capacity 
creates more volume 

Team 2014 Spectra/Texas 
Eastern 

Project is a series of upgrades 
to expand the Texas Eastern 
system to accommodate 
increased natural gas 
production in Appalachia and 
deliver this gas to markets.  
Will deliver gas to NJ. 

600 
MMcf/day 

2014 $500 Under Construction 

Northeast Energy 
Direct 

Tennessee Links PA to Wright NY and  
Wright, NY to Dracut 

0.8 – 2.2 
Bcf/day 

 

Nov 2018  Risk Assessments and Timelines 
Complete, Stakeholder Outreach 
Underway.  Announced open 
season LDC commitments of 500 
MMcf/day. 
 

Connecticut 
Expansion 

Tennessee  72,100 
Dth/day 

Nov, 2016  
 

 P.A.s executed, FERC 
Filing Prep  
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Name Owner Path Capacity Online Date Cost (MM) Status 
South to North Iroquois Interconnects w/ Dominion at 

Canajoharie, Algonquin at 
Brookfield, CT and 
Constitution at Wright, to 
serve Northern New England 
and Eastern Canada  

300,000 
Dth/day 

  Under review; “minor 
modifications” to existing system 
required, no formal Open Season 
yet. 

Wright 
Connection 

Iroquois Adds new interconnect with 
Constitution Pipeline, to bring 
incremental Marcellus supply 
to markets served by  Iroquois 
and TGP, requires TGP 
expansion downstream, IGTS 
SoNo and potential IGTS 
marine link to Long Island for 
Caithness Power and NGrid 
oil conversion market. 

Up to 
650,000 
Dth/day 

March 2015 
(contingent 
upon receiving 
FERC certificate 
order by mid-
summer 2014) 

$75 Filed application with FERC June 
2013 under CP13-502; currently 
in Environmental Review and 
public comment phase. 

New England 
Power Gen 

Spectra Incremental to AIM, Atlantic 
Bridge 

1 Bcf/d 2017-2019  Proposed to NESCOE 

Salem Market 
Bridge 

Spectra 1.2 mile 16” dia. lateral to 
serve Footprint Power Project,  

115,000 
Dth/day 

2016 $60 Still under development, pre-filed 
with FERC under PF14-5-000, 
state level review on-going. 
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TABLE 11:  LIST OF PROPOSED TRANSMISSION PROJECTS 
Name Owner Path Capacity Online Date Cost (MM) Status 
Northeast  
Energy Link 

Emera/ 
National Grid 

The Northeast Energy Link is 
a proposed 230-mile 1,100 
MW direct current (DC) 
transmission line delivering 
renewable energy from 
northern and eastern Maine 
and eastern Canada into 
southern New 
England. Current project 
planning is considering an 
underground transmission 
line route utilizing existing 
transportation corridors in 
eastern Maine, New 
Hampshire and 
Massachusetts.   

1,100 MW 
DC Line 

target 2019 $2,000 http://www.northeastenergylink.c
om/ 

Deepwater Wind Deepwater 
Wind 

This is not a transmission 
project, but rather a 
proposed offshore wind 
project off the coast of RI. 

Up to 1,500 
MW 

  Secured site through Federal 
Auction 

Green Line Anbaric/ 
Cianbro/ 
Powerbridge 

Aroostook County Maine to 
Boston, MA 

1,000 MW 
HVDC 

   

New England 
Clean Power Link 

TDI New 
England 

Canadian Border to Ludlow, 
VT 

1,000 MW 
HVDC 

 $1,200 http://necplink.com/index.php 
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Name Owner Path Capacity Online Date Cost (MM) Status 
Northern Pass Northeast 

Utilities/Hydro 
Quebec 

Canada to Deerfield, NH 1,200 MW target 2017 $1,400 Some Permits Filed 

http://www.northernpass.us/per
mitting-approvals.htm, 

Lots of studies in document 
library  
http://www.northernpass.us/doc
ument-library.htm 

Grand Isle 
Intertie 

Anbaric Trans-
mission 

Plattsburg, NY to Burlington, 
VT 

400 MW   http://anbarictransmission.com/p
rojects/grand-isle-intertie/ 
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