[image: image14.png]




NEPOOL Energy Market Hub White Paper and Proposal

Hub Analysis Working Group 

NEPOOL Markets Committee
April 8 2004 (revised version)

The information contained in this document is provided for informational purposes only, and is subject to modification.  ISO-NE and its employees and agents are not responsible for any reliance on this document by any other user, or for any errors, omissions or conclusions contained herein.
I. Introduction

The behavior of prices at the NEPOOL Hub troubles some Market Participants.  Several of their concerns provide the focus of this White Paper, including the following issues: 

1. The real-time and day-ahead LMPs at the hub occasionally diverge when virtual trades in the day-ahead market cause binding constraints on hub nodes, creating congestion unrelated to physical energy flows.

2. Risk management becomes more difficult when prices at the hub are unpredictable.

3. Liquidity at the Hub has been declining.

The next section explores the concept of centralized trading locations, or hubs, and contemplates the requirements for a well-functioning, liquid hub.  Section III explores the foregoing issues in more detail.  With this background, section IV considers the structure of the New England Hub.  Section V compares the characteristics of the NEPOOL Hub and other energy trading hubs.  Finally, section VI presents analyses of alternative specifications of the New England Hub.

II. Trading Hubs

A. Overview: Energy Trading Hubs

The markets for other energy commodities, especially natural gas, offer guidance to the deregulating electric power industry.  The first electricity trading hubs were modeled after the centralized trading locations in the natural gas and oil markets.  The Henry Hub is the most frequently cited example of a well-functioning natural gas hub.  

The electricity and natural gas commodities are similar in many ways, but have fundamental differences limiting the application of this analogy.  An important distinction is functional.  Gas hubs are physical as well as financial locations, usually with storage facilities.  Being able to store a commodity affects the hub’s financial hedging activities.  In contrast, electricity hubs are not physical storage sites, but function only to facilitate financial transactions.

By the time the market for electricity in New England came into being, several electricity pricing hubs already existed elsewhere.  Their behavior can render significant insights into the desirable characteristics of electricity trading hubs.  The following subsection discusses these traits, and considers how hubs might best serve their customers. 

B. Electricity Trading Hubs

In general, a power trading hub provides a common point for commercial trading and hedging, making it easier for Participants to engage in these activities.  A major reason for the hub to exist is to help Participants hedge their exposure to risk in the real-time market, when electricity must be physically delivered.  The ISO’s role is to provide the best quality information available to assist the Participants in this endeavor.  A single trading location with transparent, predictable prices enables other agencies to develop viable futures’ contracts.  Well-functioning hubs encourage and support active trading, and share the following characteristics:

1. The supply of electricity available through the hub is unconstrained, and plentiful enough to meet substantial demand, promoting the delivery and withdrawal of energy
.

2. The hub price is an index that reflects price movements in different locations throughout the market, enabling Participants to more easily hedge locational price differences.

3. The hub price represents a broad segment of the market.

4. Price movements reflect underlying fundamental market influences, including supply and demand conditions, as well as transmission and other physical constraints.  

5. Prices at the hub move consistently with electricity prices in the surrounding area; that is, they do not diverge substantially from prices in the region when an individual constraint within the hub becomes binding.

6. Participants can use the hub to hedge their risks, with features in common with markets for financial derivatives.  To facilitate risk management, the hub must have the following attributes:

a. Credit validation services;

b. Robust prices; e.g. 

i. Resistance to manipulation, with enough pricing points so that it would take many constraints or virtual bids to move the price;

ii. Analogously, the hub cannot be subject to losing a significant proportion of its constituent parts.

The next section discusses existing trading hubs in the United States.

C. Hubs in Practice

The prices at liquid energy hubs are robust and predictable, reflecting underlying market fundamentals.  The most heavily traded electricity hubs consist of a large number of nodes that are unconstrained, enabling energy to flow freely into and out of the hub.  Table 1 compares electric power hubs in the U.S., and includes the Henry Hub for natural gas.  

Table 1: Hub Comparison

	Hub
	Characteristics
	Location
	Capacity
	Hub Pricing Methodology
	Virtual trading allowed @ Hub?

	NEPOOL
	LMP-Oriented hub

Situated between supply and demand centers
	West-Central Massachusetts
	32 nodes

Statistically chosen
	Simple average of constituent nodes’ LMPs 
	Yes

	PJM West
	LMP-Oriented hub Near significant amounts of power to the west, with considerable demand to the east
	Western part of PJM
	111 nodes

Statistically chosen
	Simple average of constituent nodes’ LMPs1 
	Yes

	New York
	No central hub:  load zones only
	New York
	Locational

Varies by load zone
	Weighted average of nodal LMPs in Zone
	Yes 

(Zone)

	Chicago
	Demand Hub
	Chicago
	204 Nodes

Statistically chosen
	Under development

	Midwest-ISO
	Possibly 4 hubs
	Midwest
	Statistically determined
	Under development

	Palo Verde
	Reflects value of nuclear power in CA.
	California, near significant sources of electricity. 
	Significant Unconstrained Supply Hub
	Under development

	Mid-Columbia
	Reflects value of Northwest Hydro
	Washington – Mid-Columbia River
	Large
	Trading hub only

	COB
	Pricing point
	California/Oregon Border
	No supporting infrastructure
	Trading hub only

	Henry HUB
	Natural gas hub
	Louisiana – Center of gas industry
	1.8 Bcf/day
	26 points
	Trading hub


1.
PJM’s Manual 11 refers to the hub price as the “weighted average” of all of the LMPs, but all of the weights are equal.

a) Henry Hub

Henry Hub serves as a centralized point for natural gas futures trading in the U.S.  Established in 1988, it was the first energy hub to trade futures contracts actively when it opened for business on April 3, 1990.  It interconnects with nine interstate and four intrastate pipelines, with access to markets in the Midwest, Northeast, Southeast, and Gulf Coast regions.  It is a geographically diverse hub with much capacity.  Sabine Pipeline is capable of making necessary deliveries to high-pressure pipelines, and can transport 1.8 Bcf/day across the Henry Hub.  

b) Western Electric Power Hubs

1. Palo Verde

The New York Mercantile Exchange (NYMEX) developed the first contract for electricity futures at this hub.  The Palo Verde hub is characterized by a significant amount of available (nuclear) capacity, and reflects the value of nuclear power to consumers in California.   

2. California-Oregon Border (COB)

This hub started trading about the same time as Palo Verde, but is not as active.  COB is a trading location without supporting infrastructure or capacity.

c) Eastern Electric Power Hubs

1. PJM West

The composition of the LMP-oriented hubs in PJM was determined through statistical analysis.  PJM-West turned out to be the most actively traded hub, because of its resistance to capacity constraints, and because it is situated between large demand centers on one side, and significant sources of supply on the other side.  The hub price signals the commodity value that load in the East places on lower cost generation in Pennsylvania.

2. Chicago hub

PJM has recently designed a load-oriented hub for the Chicago area.  Statistical analysis also guided the selection of the 204 nodes that comprise it.

3. MWISO Hubs

The Midwest ISO Hubs are currently under development.  Statistical analysis is being used to help determine the number and composition of the hubs.  Each hub is expected to consist of hundreds of nodes.

4. NEPOOL

The choice of nodes for the NEPOOL Hub was based on location, guided by statistical analysis.  The hub is comprised of 32 nodes, situated in the relatively uncongested west-central Massachusetts region, between supply and demand centers. 

The perceived problems at the New England Hub arise from occasional imbalances of virtual bids and offers, which the Hub designers could not anticipate.  Before SMD was implemented, no one expected the market rules to allow virtual bidding at the hub.  The next section considers the consequences of permitting virtual bids at the hub.  

III. Issues

A. Day-Ahead and Real-Time Price Divergence

In theory, prices in the day-ahead market should approach real-time prices over time, unless the differences can be explained by unexpected changes in the marketplace.  Persistent price differences driven exclusively by virtual transactions offer arbitrage opportunities to Participants, so that price divergence should be naturally self-correcting. 

Differences between the day-ahead and real-time prices that are not explainable by underlying fundamental market conditions fail to reflect New England’s supply and demand conditions.  This principle extends to all trading locations, not just to the hub.

B. Virtual Bids and Transmission Congestion 

The problem of transmission congestion caused by virtual bidding is similar to the foregoing issue.  In this case, virtual transactions create artificial congestion, reflected in high prices, relative to nearby locations.  If congestion in the day-ahead market does not have real physical causes, Participants can be expected to reduce or eliminate the congestion by placing additional virtual bids.  

The same conclusion reached above holds in this case: Persistent day-ahead congestion that is not attributable to underlying fundamental conditions leads to prices that fail to reflect New England’s supply and demand situation reliably. Again, this principle extends to all trading locations, not just to the hub.  

C. LMPs in Practice

Empirical evidence shows that the hub has not always been able to self-correct when its prices behave anomalously.  Real market limitations affect the quality, transparency, timeliness, and availability of information.  Buyers and sellers may not always have access to the same data.  Information asymmetries, lack of transparency, and missing or incomplete data mean that Participants cannot always act quickly enough to ensure the price convergence that theory expects.  Under such conditions, market predictability diminishes, traders are reluctant to bear the added costs of these additional risks, and the market becomes illiquid.  The following two subsections tackle the concepts of risk management and liquidity.

D. Risk Management

a) Risk, Predictability and Liquidity

As noted above, the issues surrounding price divergence affect all pricing locations.  These concerns seem to be more of a problem at the hub because Participants would like to use it as a common risk hedging location.  Therefore, it is essential for its prices to be well behaved: i.e. predictable.  Predictability is the hallmark of a functional, liquid market.

b) Day-Ahead and Real-Time Market Financial Instruments: FTRs and Futures Contracts

ISO-NE provides two mechanisms to assist Participants in managing their price risks – the day-ahead market and Financial Transmission Rights (FTRs).  Participants seek to hedge their risk exposure in real-time, when delivery actually takes place.  Conditions in the real-time market can change rapidly, exposing Participants to considerable price risk.  The day-ahead market serves as a very short-term ‘futures’ market for electricity, enabling Participants to spread their risks over time.  

Financial Transmission Rights (FTRs) act as spread options on day-ahead transactions.  Participants purchase FTRs to hedge their locational price risks.  

Many other financial instruments are available from institutions other than ISO-NE.  Examples include long-term future’s contracts and weather derivatives.  These markets can perform their intended functions well only if they are liquid, and to be liquid, they must be based on an understandable index. 

E. Liquidity

a) The Concept of Liquidity

“Liquidity” is not easy to define, but it is important for market performance.  Generally, it refers to freely flowing trade – the volume of trading, and the ease of finding counter-parties for offered commodities.  Liquidity is studied in financial markets using metrics such as bid-ask spreads, as well as transaction cost measures that consider how individual transactions move market prices.  As more Participants trade in the market, bid-ask spreads typically fall.  

b) Liquidity and Market Performance

Liquidity is important to market performance for several reasons:

1. Hedging market positions becomes increasingly costly as liquidity dries up, raising the cost of doing business. 

2. Diminishing liquidity may impede the flow of information within the market.  Barriers to obtaining information raise the costs of doing business, and Market Participants then must either make larger investments in information procurement on their own, or otherwise bear the risks of greater uncertainty. 

3. A lack of liquidity increases market risk by making it harder f\or market participants to adjust to changing market conditions.  

4. A liquid market is a more competitive market, which is beneficial to consumers.

These issues are important to the ISO as market manager.  The conditions necessary for liquid markets are the same as those required for efficient markets.  Competitive markets with easy access to good information are efficient markets, where prices tend to stay near the cost of production.  

The following section focuses on the NEPOOL Hub.

IV. NEPOOL Hub

Figure 1 shows the current NEPOOL hub in relation to the New England load zones.  The hub is centrally located between the supply centers of the North and West, and the load centers of Connecticut and Northeastern Massachusetts/Boston.

Figure 1: New England Power Market
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A. Description

The current NEPOOL hub consists of 32 nodes, connected to the system as follows: five are on 345 kv lines; one node is connected via a 230 kv line; and the remaining 26 nodes are on 115 kv lines.  These nodes were chosen prior to the implementation of SMD, guided by analysis of simulated LMPs.  The designers intended the hub to provide predictable price signals representative of LMPs throughout New England, thereby tempering the risks associated with trading at multiple delivery points.  

The hub price is the simple average of the LMPs of its constituent nodes – each nodal price is weighted by 1/32.  Thus, prices at the hub are calculated differently from zonal prices, where the LMPs of the component nodes are load-weighted before they are averaged together.  

With respect to the day-ahead energy market, the NEPOOL hub serves as a settlement location for increment offers, DEC bids, and internal bilateral transactions.  Because virtual transactions are allowed in the day-ahead market, the hub can be used as a trading point for hedging risks in the real-time market.  In real-time, the hub is exclusively a pricing location: the only transactions that can settle at the hub are internal bilateral agreements, and they have no direct influence on the real-time hub LMP.  

The NEPOOL hub meets several of the criteria essential for a well-functioning hub:

1. It is a part of ISO-NE, which provides credit and clearinghouse functions: ISO-NE requires Participants to comply with its Financial Assurance policy.  ISO-NE also functions as an impartial, non-profit clearinghouse.

2. It is normally resistant to manipulation, with well-defined mitigation procedures in place.  The hub’s location in a relatively congestion-free area limits the opportunities for exercising market power.

3. Situated in west/central Massachusetts, the hub reflects the distribution of supply and demand: NEMA and CT account for about half of the region’s demand and are net importers.  These areas pull power flows, while SEMA, Maine, and NH push power outward. 

B. Analysis

The hub occasionally experiences transmission congestion day-ahead, with no corresponding physical manifestation in real-time.  In such cases, it is an imbalance of increment and DEC bids that creates the binding constraints 

For the day-ahead market, Figure 2 shows the total number of hours that each transmission line in the NEPOOL system was congested between July 7 and October 21, 2003.  Lines constrained for at least 10 hours during this period are shown.  Constraints affected two lines in the hub for a significant number of hours day-ahead.  In the real-time market, no hub member node was constrained for more than five hours, with all but three lines experiencing no congestion at all over the entire period. 

Figure 2: Number of constrained hours, Day-Ahead  
 July 7 – October 21 2003 Total constrained hours ≥ 10
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Note: Pages A-17 to A-19 in the Appendix list the constraints and the number of hours congested in both the Day-Ahead and Real-Time Markets.

A binding constraint may not necessarily impact prices significantly.  Some transmission lines can be chronically constrained, but have little effect on prices, because the impact on the LMP depends on how sensitive the node is to congestion.  This principle is illustrated in Table 2.  Four hub nodes lie along the Millbury transmission line, which was constrained for several hours on June 3 2003.  Each node is very sensitive to constraints on its line, so that a binding constraint has a significant impact on nodal prices.  Quantitatively, each node has a generation shift factor of –1, which means that reducing withdrawals (load) by one MW at any of these nodes would decrease system costs by the marginal value (shadow price) of the constraint.  For example, if the marginal value (shadow price) of the constraint were $100 during these hours, reducing the amount of energy withdrawn at Barre by one MW would reduce system costs by $100.

Table 2: Millbury A 127-6 on June 3 2003

	Millbury A 127-6 Line

June 3, 2003

Hours Ending 09 –15

	Hub Node
	Generation Shift Factor

	Webster Street
	-1

	Barre
	-1

	Wendell Depot
	-1

	Paxton
	-1


Compared to the size of the system, the NEPOOL hub does not include very many nodes.  Since the simple average of the nodal prices defines the hub price, each node’s LMP contributes 1/32 toward the hub’s LMP.  In this situation, four highly sensitive nodes comprise 12.5 percent of the hub price, and can affect the price calculations significantly when the transmission line connecting them to the grid becomes constrained.  One way to avoid this outcome is to redefine the hub to ensure that virtual bids cannot create transmission congestion.  The following section considers three such alternatives to the current hub.  

V. Alternative hubs

Three alternative hub specifications were tested.  These hubs are described as follows:

1. The hub price, or index, defined as the load-weighted average of the LMPs for all of the load nodes in the system (“NEW
 Hub”).  The NEPOOL distributed reference bus is also load weighted, and when the load-weighting factors for the distributed reference bus and the hub are the same, the NEW hub is equivalent to the reference bus.  Ideally, then, the NEW hub price will equal the Energy Component of the LMP, which is relatively predictable.  The NEW hub incorporates hundreds of nodal prices, and circumvents the possibility that a few sensitive nodes can unduly affect the hub LMP. 

2. Removal of the four “problem” nodes, as mentioned in Tabled 2 of Section IV, leaving a hub with 28 nodes.  Since these nodes link to a line that does not have a large amount of transmission capacity, eliminating these nodes from the hub should produce more predictable hub price behavior.

3.  Sixteen geographically dispersed nodes make up an alternative hub.  These nodes tend to be very robust.  Many transmission lines transport energy into and out of the stations located within these nodes are, making it hard for large increment and DEC bids to create congestion at the node.

The following section summarizes the results of the analyses of these three hubs.  The Appendix includes additional details.

A. Alternative 1: The NEW Hub 

a) Overview

The NEW hub is a price index that is equivalent to the Distributed Reference Bus.  By definition, the NEW hub is robust.  A large infusion of DEC bids at the hub would be distributed to all load nodes on the system, affecting the LMPs throughout.  

The NEW hub also reflects the dynamic nature of the electrical system.  The system model is re-defined as nodes enter and leave, and the NEW hub price would automatically adjust to the changing network topology.  Although it will adapt to changing conditions, the index is predictable and representative of LMPs throughout the region, and it should correlate well with the other pricing points.

b) Results – Real-Time Market with the NEW Hub

The NEW hub was tested for five real-time cases, representing peak and off-peak hours, and periods with and without constraints.  The NEW hub with real-time conditions yielded the prices summarized in Table 3.  Defining the “hub” as a combination of the system-wide, load-weighted LMPs moved hub prices very close to the energy component.  The loss and congestion components in the NEW hub are equal to zero except for Case 2, where the loss component of – $0.01 is attributable to differences in precision between the model’s inputs and output.  Otherwise, the NEW hub real-time LMP is equivalent to the distributed reference bus price, which is the energy component.

Table 3: Hub Comparison – NEW Hub and Current Hub

	CASE
	LMP
	Energy Component
	Loss Component
	Congestion Component

	
	Current Hub
	NEW Hub
	
	Current Hub
	NEW Hub
	Current Hub
	NEW Hub

	1
	60.05
	53.51
	53.51
	1.09
	0.00
	5.45
	0.00

	2
	89.02
	83.80
	83.81
	1.53
	-0.01
	3.68
	0.00

	3
	56.36
	75.75
	75.75
	1.32
	0.00
	-20.71
	0.00

	4
	42.06
	41.08
	41.08
	0.98
	0.00
	0.00
	0.00

	5
	76.12
	74.53
	74.53
	1.59
	0.00
	0.00
	0.00


c) Results: Zonal Prices

The definition of the hub does not affect the real-time nodal LMPs; rather, the nodal prices are the foundation of the hub (and zonal) LMPs.  When the hub is re-defined, its LMP is influenced by a different set of nodes.  Since there are no virtual bids in the real time market, changing the hub’s definition will not affect the real-time dispatch.  The energy components for both hubs are the same, while the congestion and loss components differ.  This shifts the relationship between the hub LMP and zonal LMPs, changing the price differentials and correlation between the hub and the pricing zones.  

d) Results – Day-Ahead Market and the NEW Hub

The NEW hub was implemented in the ISO’s development system for the day-ahead cases.  The system is similar to the one that the ISO uses to calculate the published LMPs.  Because of technical difficulties, results for the NEW hub were close to, but not identical with, the Reference Bus in the initial test cases. 

1. For the first comparison, the cases were run under the conditions existing in the day-ahead market, for all hours, from November 20 through December 05 2003.  Table 4 summarizes the results for the NEW hub and the pricing zones.  The day-ahead NEW hub LMPs are not identically equal to the energy component, but the congestion component is relatively low, and on average, considerably closer to zero than in the other pricing zones.  

Table 4: Summary of Day-Ahead Cases with the NEW Hub 

	November 20 -

December 05 2003
	Energy Component
	LMP
	Loss Component
	Congestion Component

	Location
	Average
	Average
	Maximum
	Minimum
	Average
	Maximum
	Minimum
	StDev
	Average
	Maximum
	Minimum
	StDev

	NEW Hub
	46.11
	46.24
	75.36
	28.21
	0.08
	0.22
	-0.01
	0.05
	0.05
	0.63
	-0.53
	0.13

	Connecticut
	46.11
	47.67
	74.37
	29.14
	1.45
	2.44
	0.92
	0.31
	0.10
	3.00
	-8.42
	0.99

	Maine
	46.11
	42.08
	64.41
	26.70
	-2.53
	-1.51
	-4.11
	0.55
	-1.50
	2.17
	-16.48
	3.10

	NEMASS/Boston
	46.11
	46.98
	108.00
	28.27
	0.04
	0.17
	-0.04
	0.05
	0.83
	32.17
	-0.29
	2.91

	New Hampshire
	46.11
	44.99
	67.24
	26.85
	-0.65
	-0.36
	-1.05
	0.15
	-0.47
	0.21
	-9.61
	1.01

	Rhode Island
	46.11
	45.96
	71.83
	28.09
	-0.25
	-0.12
	-0.46
	0.08
	0.10
	3.03
	-9.61
	1.04

	SEMASS
	46.11
	45.35
	70.92
	27.72
	-0.86
	-0.49
	-1.37
	0.19
	0.10
	3.03
	-9.61
	1.04

	Vermont
	46.11
	46.63
	71.67
	27.33
	0.56
	0.98
	0.35
	0.12
	-0.04
	5.56
	-9.61
	1.07

	WCMASS
	46.11
	46.81
	72.89
	28.62
	0.60
	1.04
	0.38
	0.13
	0.10
	2.79
	-8.47
	0.93


2. The load distributions for the NEW Hub were then manipulated to ensure that the calculations for the hub LMP and the Reference Bus would be consistent. The results are shown in Table 5, in the four columns under the title “NEW Hub = Distributed Reference Bus.”  Table 5 shows that, unlike the initial NEW hub, the adjusted NEW hub LMP equals the energy component in three of the four cases.  In the case for hour 4, the LMP is higher than the energy component by the $0.02 loss component. With adequate data precision, the adjusted NEW hub LMP would always equal the energy component.  Since there are virtual bids in the hub, changing the definition of the hub will change the unit commitment pattern in day-ahead market, causing a different economic dispatch, with different clearing for bids.  A different energy component would result, and the day-ahead LMPs for nodes/zones would therefore be different for every alternative ‘hub.’  This outcome would not be the case in the real time market.  Test results also show that increasing the size of the DEC bid in the NEW hub may cause a higher energy component as well.  While it may produce congestion in transmission-restricted areas, the hub price will remain equal to the energy component, showing that the NEW Hub is robust.

Table 5: NEW Hub Comparison*

	
	Initial NEW Hub
	NEW Hub=Distributed Reference Bus

	HR
	LMP
	ENERGY
	LOSS
	CONGES
	LMP
	ENERGY
	LOSS
	CONGES

	4
	40.74
	40.84
	-0.10
	0.00
	60.00
	59.98
	0.02
	0.00

	8
	60.24
	60.43
	-0.19
	0.00
	98.29
	98.29
	0.00
	0.00

	19
	73.51
	73.89
	-0.22
	-0.16
	107.51
	107.51
	0.00
	0.00

	20
	67.00
	67.46
	-0.22
	-0.24
	101.88
	101.88
	0.00
	0.00


*Note:  To make the NEW hub equivalent to the reference bus necessitated increasing the actual load, resulting in a higher LMP at the hub. 

3. Table 6 lists the transmission constraints active in the four cases.  During these cases, constraints were imposed, yet there is no congestion in the adjusted NEW hub, verifying that it is equivalent to the reference bus.
Table 6: Constraints in the Day-Ahead Cases

	HE
	Constraint

	4
	GRANDAVE89003B-1      A LN

	4
	GRANITE K26-1         A LN

	8
	BAKER_ST_110-510-4_A_LN

	8
	BAKER_ST_110-511-4_A_LN

	8
	GRANDAVE89003B-1      A LN

	8
	MYSTIC  329-511-1     A LN

	8
	VT_YK   340           A LN

	19
	BAKER_ST_110-510-4_A_LN

	19
	BAKER_ST_110-511-4_A_LN

	19
	CT-IMP

	19
	GRANDAVE89003B-1      A LN

	19
	MYSTIC  329-511-1     A LN

	19
	VT_YK   340           A LN

	20
	BAKER_ST_110-510-4_A_LN

	20
	BAKER_ST_110-511-4_A_LN

	20
	CT-IMP

	20
	MYSTIC  329-511-1     A LN

	20
	VT_YK   340           A LN


The NEW Hub and FTRs 

B. Alternative Hub Definitions: Results

The other two alternative hubs were evaluated under existing market conditions, using the original production unit commitment schedule.  The hub was then stressed by including a large DEC bid.  The scenarios and cases were re-run with ISO-NE’s scheduling, dispatch, and pricing software (SPD).  The results follow, with additional details in the Appendix.

a) Scenario 2: Removal of the “problem nodes.”

This scenario removes the four nodes on the Millbury transmission line from the hub.  Table 7 compares the results for June 13 2003, hour ending 1100.  Removing these four nodes from the hub caused its LMP to fall, relative to the original case.  A DEC bid of 550 MW with an offer price of $75 set the LMP for the modified hub, but the total MW amount offered did not clear.  

Analysis of the modified hub shows that it could accommodate 300 MW more demand than the current hub; thus, the hub appears to be more robust without the “problem” nodes.  The additional 550 MW DEC demand caused prices for the other zones to increase as well: most noticeably, Rhode Island’s LMP rose by about $2.25.

Table 7: Hub Comparison: Removal of nodes on the Millbury Line from the Hub June 13 2003, Hour Ending 1100

	Pricing Location
	Original Case

($/MW)
	Hub Without Millbury Nodes

($/MW)
	Additional 550 MW Dec Bid

($/MW)

	Hub
	75
	66
	75

	Connecticut
	60
	61
	64

	Maine
	53
	54
	56

	NEMA/Boston
	54
	54
	54

	New Hampshire
	60
	60
	63

	Rhode Island
	70
	72
	84

	SEMA
	62
	63
	68

	Vermont
	63
	63
	67

	WCMA
	67
	67
	75


b) Scenario 3 - Scenario 5: Hub re-defined with new components.

A new, geographically dispersed hub consisting of 16 nodes with equal weighting (0.0625) was defined for this scenario.  The nodes are listed on page A-10.  The day-ahead cases for June 3, June 13, and July 8 2003 provided the basis for testing the modified hub.  For simplicity, one case was run for each day, using the stand-alone SPD (economic dispatch tool), without running the unit commitment tool again.  The purpose of this exercise was to analyze the robustness of the new hub construction.

c) Scenario 3: June 3 2003 

Table 8 shows the results for hour ending 13 on June 3, 2003.  The published day-ahead LMP at the hub was set by a DEC bid of $100.  In the modified hub, the same price/quantity bid was no longer marginal, and the LMP fell to $57.76.  Increasing the DEC bid to 4500 MW at $100 caused it to set the price again, but with a much greater quantity cleared -- 2500 MW, as compared to less than 100 MW in the original Production case.  In the 4500/$100 bid scenario, LMPs in the other pricing zones increased significantly over the original production case.

Table 8: Hub Re-defined
June 3 Hour Ending 1300

	Pricing Location
	Original Case

($/MW)
	Re-Defined Hub

($/MW)
	4500 MW Dec Bid

($/MW)

	Hub
	100
	58
	100

	Connecticut
	61
	63
	101

	Maine
	41
	49
	85

	NEMA/Boston
	60
	62
	101

	New Hampshire
	50
	55
	96

	Rhode Island
	61
	63
	101

	SEMA
	61
	63
	101

	Vermont
	58
	61
	100

	WCMA
	72
	63
	101


d) Scenario 4: June 13 2003

On June 13, hour ending 11, the LMP for the modified hub fell from $75 to $60, as shown in Table 9.  The configuration of the other zonal prices also changed.  When the DEC bid was increased to 4500 MW at $75, 1450 MW of it cleared.  In the original case, only 400 MW of DEC bid offers cleared.  The higher DEC bid did not create congestion in the Hub, but zonal LMPs rose to $70/MWh or more.  Hub prices appear to be more robust in this scenario. 

Table 9: Hub Re-defined
June 13 Hour Ending 1100

	Pricing Location
	Original Case

($/MW)
	Re-Defined Hub

($/MW)
	4500 MW Dec Bid

($/MW)

	Hub
	75
	60
	75

	Connecticut
	60
	61
	76

	Maine
	53
	57
	70

	NEMA/Boston
	54
	60
	75

	New Hampshire
	60
	64
	74

	Rhode Island
	70
	60
	75

	SEMA
	62
	59
	75

	Vermont
	63
	66
	76

	WCMA
	67
	62
	76


e) Scenario 5: July 8 2003

Table 10 summarizes the results for hour ending 15 on July 8, 2003.  The original hub price was close to $100.  Using the same bid data, the modified hub’s LMP fell to $88.  Hub congestion was not eliminated in this case, but the revised hub price is closer to the other zonal prices, demonstrating that is not as sensitive to virtual bidding as the original hub.  The Connecticut zonal price rose from $93 to $137, and the NEMASS/Boston LMP rose from $85 to $98, because the Manchester, Tewksbury, and Mystic nodes are part of the modified hub.

Table 10: Hub Re-defined
July 8 Hour Ending 1500

	Pricing Location
	Original Case

($/MWh)
	Re-Defined Hub

($/MWh)
	4500 MW Dec Bid

($/MWh)

	Hub
	100
	60
	87

	Connecticut
	93
	61
	137

	Maine
	73
	57
	72

	NEMA/Boston
	85
	60
	98

	New Hampshire
	81
	64
	80

	Rhode Island
	63
	60
	66

	SEMA
	83
	59
	81

	Vermont
	85
	66
	84

	WCMA
	88
	62
	86


In summary, any pricing location, however defined, is at risk of congestion from virtual trading.  Multiple transmission lines serve most pricing locations, and it would be difficult to define a hub that would be large and robust enough to be entirely free from the influence of congestion in the day-ahead market.  

One function of the day-ahead market is to provide hedging opportunities for Participants.  Congestion in the day-ahead market presents opportunities for Participants to arbitrage the price differences, both between locations and between the day-ahead and real-time markets.  

Appendix: Reference Analysis



I. NEW Hub

C. Real-Time Analysis – Five Cases

	Case 1
	LMP
	Loss Component
	Congestion Component

	
	Original
	NEW Hub
	Original
	NEW Hub
	Original
	NEW Hub

	Hub
	60.05
	53.51
	1.09
	0.00
	5.45
	0.00

	Connecticut
	59.82
	59.82
	0.71
	0.71
	5.60
	5.60

	Maine 
	6.27
	6.27
	-4.29
	-4.29
	-42.95
	-42.95

	Nemass/Boston 
	59.26
	59.26
	0.40
	0.40
	5.35
	5.35

	New Hampshire 
	43.24
	43.24
	-0.69
	-0.69
	-9.58
	-9.58

	Rhode Island 
	59.59
	59.59
	0.36
	0.36
	5.72
	5.72

	SEMASS               
	58.82
	58.82
	-0.43
	-0.43
	5.74
	5.74

	Vermont              
	57.82
	57.82
	1.19
	1.19
	3.12
	3.12

	WCMASS               
	59.59
	59.59
	0.99
	0.99
	5.09
	5.09

	Constraints:
	BASE_INTRFC_NS_ST
	Limit
	2534

	Case 2
	LMP
	Loss Component
	Congestion Component

	
	Original
	NEW Hub
	Original
	NEW Hub
	Original
	NEW Hub

	Hub
	89.02
	83.80
	1.53
	-0.01
	3.68
	0.00

	Connecticut
	89.34
	89.34
	1.75
	1.75
	3.78
	3.78

	Maine 
	48.96
	48.96
	-6.67
	-6.67
	-28.18
	-28.18

	Nemass/Boston 
	87.90
	87.90
	0.48
	0.48
	3.61
	3.61

	New Hampshire 
	77.22
	77.22
	-0.37
	-0.37
	-6.22
	-6.22

	Rhode Island 
	87.57
	87.57
	-0.09
	-0.09
	3.85
	3.85

	SEMASS               
	86.19
	86.19
	-1.49
	-1.49
	3.87
	3.87

	Vermont              
	86.74
	86.74
	0.78
	0.78
	2.15
	2.15

	WCMASS               
	88.65
	88.65
	1.40
	1.40
	3.44
	3.44

	Constraints:
	BASE_INTRFC_NS_ST
	Limit
	2514

	
	Original
	NEW Hub
	Original
	NEW Hub
	Original
	NEW Hub

	Case 3
	LMP
	Loss Component
	Congestion Component

	
	Production
	NEW Hub
	Production
	NEW Hub
	Production
	NEW Hub

	Hub
	56.36
	75.75
	1.32
	0.00
	-20.71
	0.00

	Connecticut
	54.21
	54.21
	0.91
	0.91
	-22.45
	-22.45

	Maine 
	38.38
	38.38
	-3.53
	-3.53
	-33.84
	-33.84

	Nemass/Boston 
	167.91
	167.91
	0.98
	0.98
	91.18
	91.18

	New Hampshire 
	46.76
	46.76
	0.63
	0.63
	-29.62
	-29.62

	Rhode Island 
	55.39
	55.39
	-2.00
	-2.00
	-18.36
	-18.36

	SEMASS               
	58.06
	58.06
	-2.28
	-2.28
	-15.41
	-15.41

	Vermont              
	52.24
	52.24
	0.95
	0.95
	-24.46
	-24.46

	WCMASS               
	59.39
	59.39
	1.35
	1.35
	-17.71
	-17.71

	Constraints:
	338_GOLDN_HL_F158-1_A
	Limit
	364

	
	BASE_INTRFC_BSTN
	Limit
	2516

	Case 4
	LMP
	Loss Component
	Congestion Component

	
	Original
	NEW Hub
	Original
	NEW Hub
	Production
	NEW Hub

	Hub
	42.06
	41.08
	0.98
	0.00
	0
	0

	Connecticut
	41.52
	41.52
	0.44
	0.44
	0
	0

	Maine 
	37.82
	37.82
	-3.26
	-3.26
	0
	0

	Nemass/Boston 
	41.39
	41.39
	0.31
	0.31
	0
	0

	New Hampshire 
	40.88
	40.88
	-0.20
	-0.20
	0
	0

	Rhode Island 
	41.19
	41.19
	0.11
	0.11
	0
	0

	SEMASS               
	40.32
	40.32
	-0.76
	-0.76
	0
	0

	Vermont              
	42.54
	42.54
	1.46
	1.46
	0
	0

	WCMASS               
	42.06
	42.06
	0.98
	0.98
	0
	0

	No constraints
	
	
	
	
	
	

	Case 5
	LMP
	Loss Component
	Congestion Component

	
	Original
	NEW Hub
	Original
	NEW Hub
	Production
	NEW Hub

	Hub
	76.12
	74.53
	1.59
	0.00
	0
	0

	Connecticut
	76.11
	76.11
	1.58
	1.58
	0
	0

	Maine 
	68.29
	68.29
	-6.24
	-6.24
	0
	0

	Nemass/Boston 
	74.98
	74.98
	0.45
	0.45
	0
	0

	New Hampshire 
	74.01
	74.01
	-0.52
	-0.52
	0
	0

	Rhode Island 
	74.73
	74.73
	0.20
	0.20
	0
	0

	SEMASS               
	73.03
	73.03
	-1.50
	-1.50
	0
	0

	Vermont              
	75.01
	75.01
	0.48
	0.48
	0
	0

	WCMASS               
	76.15
	76.15
	1.62
	1.62
	0
	0

	No constraints
	
	
	
	
	
	


II.
Alternative Hub Definitions

The scenarios presented here use the same unit commitment schedule as the original production runs.  The SPD (Scheduling, Pricing and Dispatch) software was then re-run.

D. Alternative Hub 2: Removal of four hub nodes on the Millbury Transmission Line

The examples in this scenario are based on the day-ahead case for June 13 2003, when the following system conditions prevailed:

1.
Outages affecting the hub: 

· App # 1520-P5, Line V174-2 to station Millbury at station N_Oxford, 6/13/2003, 5:00-16:00.

2.
Congested transmission lines in the hub:

·  B128 _MillburyA127-6 A LN 

· 135S PratJ J136S-3 A LN

1. 


Figure 3
 shows the results of the Production case.  The Millbury line was congested, and consistent with the sensitivities shown in Table 2, the prices of the hub nodes on this transmission line are correspondingly high.  These nodes are Webster Street, Barre, Wendell Depot, and Paxton with prices over $134  A DEC bid at  the hub of  $75/MWH was cleared in part, and became marginal.

Figure 3
[image: image3.wmf] 


2.
The four “problem” nodes: Barre 115, Paxton 115, Wbstr_ST 115, and Wendldpt115 were removed from the hub definition.  Accordingly, the hub weighting factors were increased from 0.03125 to 0.06250 for four other nodes: CARPTRHL345, LUDLOW  345, MILLBURY345, NORTHFLD345 to make the hub weighting factor summation as 1.  These four nodes were selected because they are on the 345KV system , and have less chance of being congested.  The results are shown in Figure 4.  In this case, the original marginal DEC bid to hub was all cleared, and the price at the hub fell from $75 to $66.63.  This test shows the hub robustness wasimproved by removing these four ‘problem’ nodes.

Figure 4: Testing case with 4 nodes removed from the hub definition

[image: image4.wmf] 


3.
To show the increase in DEC bids that could be cleared, an additional 550 MW of DEC bid were added to the modified hub, with an offer price equal to the Production hub LMP of $75.  Only a portion of this additional DEC bid (327.26 MW) cleared, and this bid set the price for the modified hub.  The modified hub could handle >300 MW more demand than the Production hub, showing the robustness of the adjusted hub.
Figure 5: Modified hub, adding 550 MW DEC bid

[image: image5.wmf] 


E. Alternative Hub 3: Hub re-defined with new components.  

The day-ahead cases for June 3, June 13, and July 8 2003 were used as the basis for testing the modified hub.  For simplicity, one case was run for each day, using the stand-alone SPD (economic dispatch tool) without running the unit commitment tool again.  The purpose of this exercise was to test the robustness of the new hub.  Sixteen nodes with equal weighting (0.0625) were specified, as follows:

	HC.MILLBURY115

	HC.MILLBURY345

	HC.NORTHFLD345

	HC.LUDLOW  345

	HC.LUDLOW  115

	HC.SANDY_PD115

	HC.SANDY_PD345

	HC.MYSTIC  345

	HC.MYSTIC  115

	HC.TEWKSBRY345

	HC.TEWKSBRY115

	HC.SCOBIE  345

	HC.SCOBIE  115

	HC.MANCHSTR345

	HC.MANCHSTR115

	HC.W_MEDWAY345

	


The congested transmission lines in this case were:

· Base _ MILLBURYA127-6        A LN

· 137 _ MILLBURYP142S-1       A LN

· 394 _ Scobie 326-1  A LN

1.
Figure 6 shows the results for the original Production case on June 3 2003, hour ending 1300.  A DEC bid of $100 was marginal, causing an LMP of $100 in the hub.  

Figure 6: Production case, June 3 2003, HE 13

[image: image6.wmf] 


2.
Figure 7 shows the results when the same bid data are used with the modified hub.  The hub price fell from $100 to $57.76.  

Figure 7: Modified hub with the same bid data, June 3 2003, HE 13

[image: image7.wmf] 


3.
Figure 8 shows that raising the DEC bid to 4500MW at $100 resulted in 2544.51 MW of it clearing, considerably more than the amount cleared for the original Production hub (< 100 MW).

Figure 8: Modified hub with modified bid data, June3 2003, HE 13

[image: image8.wmf] 


4.
Results from the Production run on June 13 2003, hour ending 1100 are shown in Figure 9.  The hub price was $75 in this case.

Figure 9: Production run, June 13 2003, HE 11

[image: image9.wmf] 


5.
With the re-specified hub and the same bid data and system conditions, Figure 10 shows that the hub LMP fell to $60.  Note that the configuration of the zonal prices has also changed, because some of the hub nodes are located in different zones than those in the original Production hub.  

Figure 10: Production bid data in modified hub, June 13, HE 11

[image: image10.wmf] 


6.
The DEC bid was increased to 4500 MW, with an offer price of $75.  It became marginal, with 1449.59MW clearing.  Note that the zonal prices increased to $70 or more, as shown in Figure 11 below.  The modified HUB could clear up to 1449.59 MW of DEC bid without becoming congested, much more than in the original Production case, where 400MW of DEC bids cleared.  In this case, re-defining the hub with these components appears to result in prices that are more robust.

Figure 11: Modified hub with modified bid data

[image: image11.wmf] 


7.
Figure 12 shows the original Production results for hour ending 15 on July 8, 2003.  The hub price is close to $100.  The congestion in the hub was due to the following transmission constraint:  

137 _ MILLBURYP142S-1       A LN

Figure 12: Production Case, July 8 2003, HE 15

[image: image12.wmf] 


8.
This case uses the modified hub with the same bid data as the Production case, with results as shown in Figure 13.  The hub price is $87.62 in this case.  

Figure 13: Modified hub with the same bid data.

[image: image13.wmf] 


6. Constrained Hours: July 7 – October 21 2003

	Constraint Name
	Day-Ahead Market
	Real-Time Market

	Canal 1 limit with BKR OOS
	204
	251

	BASE_INTRFC_ORR-SO
	
	332

	NRST
	311
	2

	Node_Highgate_Import
	274
	

	CT-IMP
	139
	77

	BAIRD   8909B-1       A LN
	65
	143

	BAKER_ST_110-510-4_A_LN
	206
	

	NWVT_I
	131
	

	PV20 LE
	129
	

	STALBN_T_K21-6_A_LN
	124
	

	Node_Phase2_Import
	122
	

	DEVON_RR_1650_A_LN
	114
	

	Node_Roseton_Export
	111
	

	NEEDHAM_148-522XY-2_A_LN
	109
	2

	Node_Highgate_Export
	95
	

	BSTN
	87
	6

	MILLBURYP142S-1       A LN
	91
	

	MILLBURYA127-6        A LN
	82
	7

	Node_Keswick_Export
	74
	

	BUCKSPRT_86-1_A_LN
	71
	

	ASCUTN_TW149S-1       A LN
	65
	3

	SO_HERO PV20-2        A LN
	63
	2

	ORRINGTN248           A LN
	61
	3

	TRUMBULL1710-1        A LN
	10
	53

	LEXINGTN_320-508-2_A_LN
	62
	

	WALTHAM_282-520-2_A_LN
	61
	

	PEACABLE_1470-2_A_LN
	60
	

	HORSPD_T108-4         A LN
	57
	

	SCOBIE  326-1         A LN
	55
	

	GREGGS  F162          A LN
	53
	

	RILEY_229_A_LN
	52
	

	BRIDGWTRS8-2          A LN
	48
	2

	BRIGHTON329-531       A LN
	33
	14

	BRIGHTON_282-520-1_A_LN
	45
	

	MASON   207-1         A LN
	41
	

	SWCT
	23
	11

	DEERFLD 373           A LN
	32
	

	BASE_INTRFC_NS_ST
	
	32

	SANDBAR_K22_A_LN
	30
	

	CANAL
	19
	11

	Node_Keswick_Import
	29
	

	GREGGS  K105          A LN
	28
	

	MYSTIC  329-511-1     A LN
	20
	8

	BATH    207-2         A LN
	26
	

	HAWKINS 250-517-3     A LN
	26
	

	NORWOOD 447-508-2     A LN
	12
	12

	WEBSTER M127          A LN
	23
	

	ORRINGTN249           A LN
	20
	

	ORRINGTN_247_A_LN
	19
	

	FRNKLNDR1788          A LN
	18
	

	RISE    T172S-4       A LN
	18
	

	RUMFORD 211           A LN
	17
	

	ASCUTNEYK149          A LN
	16
	

	E_SHORE 9X              XFMR
	16
	

	E_MERDEN1466          A LN
	12
	3

	Node_Shoreham_Import
	13
	

	BASE_TIVERTON_M13-6_A
	
	13

	BASE_TIVERTON_L14-6_A
	
	12

	ZB06_BLISVILL_K37-4_A
	
	12

	BROOK_ST117-1         A LN
	11
	

	CANAL   126           A LN
	11
	

	HUDSON  X116          A LN
	11
	

	RUMFORD 228           A LN
	10
	

	388_ORRINGTN_65_A
	
	10

	ZB04_SHAWINGN_1845_A
	
	10

	ZB11_KINGST_T_C155N-3_A
	
	6

	375M_SUROWIEC_81-2_A
	
	5

	330_S_AGAWAM_1821-IND_A
	
	3

	BASE_MANCHSTR_1767_A
	
	3

	D182_BRAYTNPT_C181S_A
	
	3

	P145_WEBSTER_V182_A
	
	3

	WARD_WAKFLD_J_T146-5_A
	
	3

	155N_KINGST_T_B154N-4_A
	
	2

	172S_JOHNST_T_S171S-3_A
	
	2

	1765_LUCHNI_J_1355-3_A
	
	2

	330G_W_CHRLTN_W175-2_A
	
	2

	332S_BRAYTNPT_E183E-4_A
	
	2

	B202_GARVINS_H137_A
	
	2

	BASE_INTRFC_MENH
	
	2

	BASE_INTRFC_NOSO
	
	2

	BASE_INTRFC_NRST
	
	2

	BASE_NEEDHAM_148-522XY-2_A
	2

	N214_GARVINS_H137_A
	
	2

	ZB10_SOTHNGTN_1910_A
	
	2

	ZB11_WARD_HIL_3X_3X
	
	2

	1765_COLONY_1588_A
	
	1

	205_REBEL_HL_67BHE_A
	
	1

	301_VT_YK_381_A
	
	1

	329_CHIPINHL_1810-3_A
	
	1

	329B_SOMERVIL_329-510-1_A
	
	1

	330S_MILLBURY_C129N-1_A
	
	1

	335_BELMNT_T_F19-1_A
	
	1

	BASE_BOGGY_BK_68BHE_A
	
	1

	BASE_E_SPRFLD_1322_A
	
	1

	BASE_TIVRTN_T_L14-5_A
	
	1

	M13_SYKES_RD_N12-1_A
	
	1

	ZB07_MANCHSTR_1767_A
	
	1








� For example, PJM established three trading hubs.  The most actively traded hub is PJM-West, which is situated between large supplies of relatively inexpensive energy and sizeable demand.


� New England Wide Hub; also elsewhere referred to as the “MegaZone” Hub.






